
R-3896-11

TECHNICAL MANUAL

OPERATING INSTRUCTIONS

F-1 ROCKET ENGINE

(ROCKETDYNE)

~
ra..'~ LATEST CHANGED PAGES SUPERSEDE

~
fi.\.' ~~ THE SAME PAGES OF PREVIOUS DATE
~ Inllrt changed pagllinto ballc©' N01't£ publlcanan. Dllt,ay .up....d.d paqll.

PREPARED UNDER AUTHOlrITV OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

'. 1APRIL 1969
CHANGE NO. 14 - 9 OCTOBER 1972



LIST OF EFFECTIVE PAGES

1\·3396·11

NOff Th, f"""''''" ". tlo., I..' "ff'<1od b, I~. d'l(I"'i" '" ,,,d,ro••d
by 0 '~''',ol 10 ... ,0"1'>" ""tt, """'lIml 01 til, page

TOTAL NUMIH OF 1""01:5 IN THIS 'UIUCAnoN IS 400 CONSISTING t)f THI fIOUOWtNO:

"",. C"""" 'UlJ'
!Jog. Chon9t

IUlHI
Pogo Chong.

No No No No. No No Ill....

1 II I~' .....•...•• 1', 0 (kt j .!. 1·)1'l lhru 1-')') ••• " 'I "i'-p )11 ~_lI'lA/:..'-1~fl., . II .. b ."111.\ )I, I hili Itll', •...• I', 'I 0, t ,.!. 1-1,0 ...... 'I - Ill''' :'(1 :"-1'1 ... II /, '1m 71
I , 'I ~,.p ,il l-l,(l,\ thlll l-MIIl. 1', 'I 0" ,J 2-:m .. ) .:.'H '\I·r ,0
11 \1"l! 11 i ..... " " AJlt 7:? l-~d ...•..... , , , , 111 :.! Apr 2-21., ... I', 'J "" 'J
h 1111'11 hA 1\\11. 1'. Ij (II, -, 1412 tllnl I-h'j., , " 'I ~L'P 7'1 :.'-n thrn,., thrll ,I. .... 1', 'I Or 1 ,:! 1-1,(1 •••• 0 •••••• , , 'J " ",., 7" :?-:?1!:'-:.?'I. I, .... 10 f'l'h 71l

," t hrlJ \ 1{', .•• " \ Ap' i':! 1-1,7, ••.•••••• , • , " l~ ~"P )0 :?-:.!'i tllIn :.'-'Jh ••. II (Jrllllilitl

1111. ....... I', 0 Ill't ." \-1... , , , ••.•••••••
"

, .•. 1n .'''', III 'o.!-:,,n •• ,,,, I, .10 .',,1, id
~H \IF, .. ,.:,: " I, '\1'1 7'o.! I~"I", .••. ..... 7 .'o.!1i Ap, 711 ...!_:.!M thl'lI

,Il tl"" l ..iO. , , , , •••••••• " "
Ap, 7~ :.!-:.!I<,\ ':.!-:!lill. 1', " 0, t -"

d Ii \ ,lilli", - .... }It ~h,) h'l 1-7IlA/I-7011., ••• , I'• 'J 0" 7'...! :.!-:.!'I ..•• , , 1', 'I ()rl 7'.1
Ix •. II OrlJl:I,"li 1-71 thrll :!_~H, ...•.. " J Ih'( 711

• Ihi q 'l\ ....... 11 I, ·h'~· 71 1"'7.!,\/I-i':IL", •. I'. 'I 0" 7~ :!_~lJ\ ''.1-11)11. I, • ••. HI F,· II 7(1
xli .. 1', 'I (I.-t 7:.! 1-7~ ........ "" • ; " O. t I,') ..'-11 thr II ~-'l"'I. II .... UI l.,:: Irllt!

II.. ....... " ... " " ·\F 7.! 1_7', thrll 1-7l1 . II lJ Ill" 11Illi 1 '...!-~', .• , I, 1(I .',.h ,(I

~IL" ..... 1', 'I oet .. 1-7"" ... ,."" . '. ~! [l,'p 7" ~>-l', \ I'...!_ .;,;,\: : : : " (II lllll'''l,-
Iill .. .. """ .. " " 'III' 7.! I-iii thr!! 1-7I'\L. II (11'iJl:lrml :!-1'1 11I111 :.!-1f>" , 'I (1,1 "1
Ih ... ...... " .. " [)rl.ltillnl I-,lill ..... , ..... " " H"I 70 :.1-1f~\ till 'I
I\ 'n I , ) .... :!rI /\pr 71l 1-71'\(' .••••••••.• , I, .... ]() F"lo iO ',!-1t.4 ''...!-1hH. , ... 1', '. <,~ t 7.!
I-I,., , II .", OllJl:lufl.L L-7l'l1l .......••••. II Orij[lull1 :.1-17 .••.... II (ll lllillll!

1-'1, ... 7 •. , ,:.1H ,\pr 711 1-7kE/I-7I-lF ...... 'J 2111'(' 7n '...! -'l'l. .. .......... (, ", .10 r,·" 70
1-1 .... 'I , l)\'r 70 1-7')·, ........ ·• . 7 ' , , .'...!Ii Apr 711 ~-1'1. " "" Or'I/lllllll

1-'1." .. " " Apr 7:.! 1-."\0 ••. .......... ., .• 11l FIb 70 :.1-'tO tunl :!-'tl ..• " ",,10 t'l'h 71l
I-j thru I~, .... 11 II Hn)' 71 1-'-11 thru 1"""':.1 ••• " " ..Il,r 7~' ~-'.:.! tllr,1 :.!-'I'j ••• II "" Or II( In.. !
1-7 .•••• ,,· ••••. 1, .... 10 .,,,h 7U 1~1 ...• """ ••• " .. " 10 Yt'h )0 :.!-'.') til r11 '...!-'.I" , 11 " 'In\' 71
1-< 1I11 II 1-'"1. ... 11 "", 71 I~II thru :.!-'.7 t1lr\1 ~-'.~, .. " (I r iIt: I 1111 I

\-10, ... ", ... " , 'I Ol't (,ll I~U/I-'l',l1.", •• 11
" <or 11 :.'-'.'1 .. , , , 7 .2~ '\111 iO

1-11, .• ""." •• 11 (, MIl.)' 71 I-.R'i ...• , , , •• , , • , 12 •• , ,:!'\ AIJ,II: 71 2-'iD "" ........ " ., .. 10 ft'lJ 70
I-I~ Ihrll I-tIl •• 1'. I) Oct 7f! I-R{" "'"'''''' 11 ... Orl,ll:inal ~-Ojl •• ,." •• ,." , " Ori a: irllt I
I-I OJ. " rrj~lnn1 1417,.,., •••• ,., , 'I "., " [Jt'r 7" 2-'i:.! tllru :.!-~,}, , . 11 h ~lli.'" 71
1-1(" , , •• , , ..••• II, "net 72 l-oRfl, .......... ,. II Otillilial 2-')', tIIr'l
1-17, ,

"Urt (." I-Fl tl thru 1_'10. , , h .... 111 I/"b 7" 2-'j'j/2-lh",., ... 11 " Apr 7J

I-IA...... """ 11 (, MIl)' 71 1-'11 thru '-1 thrll 1-:.111. ... 1', 'J O,t ,-
I-Ifl", .... ",. , I 'I 0,. fll) 1-1):..A!I_ll211 ••••• , 11 b ~a)" 71 ,-2C tluu
\-20 ~hru 1-:."!l •• 1', I} Ort 72 I"'n t1ll'u 1-')'1 ... " I) ~"il 7' 1-2r./"Hdl, , • '.' , , " " '\l'r 7:t
1..:.!2 •• ,.,.", •.• 7 .".28 .\pr 70 l-'Jlll-'llt 11 h ~11Io)' 71 1-1 ..•••.. ,"'" , 1 .. :.11 '\('11' h':
1-.!1 ...• , , " .•.• " .... 10 F'b 70 1-1)7/1-<1'1.::: :::: 11 h "la)' 71 ,-'" ....""", .. h .... 10 )·f.h '0
1_2'/ thru 1-:2'.D. 7 ••• ,28 ApI' 70 1-1)1)., ••• """ ,. " Orlllllnll i 1-'; ....• ".", ••• " "" 'J :-:1'1' 71l
1-21, .•.• , ••••• , u .... Orllt\llal I-lOO.,., •. "." , , , D,,, 7D 1~1. ...... ",,, . I · ... 21 Apr fill

1-2r.. ...., , .., .. , .... " "'" 70 I-I A!. •• ........ H 'I SI'T' 70 '-7 t1,ru 1~",., , '" ,10 .'t'!, ill
1-'27. . . , , , , , ., . P. .... , ')d 7'.!. 1-102 thrll 1-101. 'I , f1"r iO 1-9", , ......... I .... :!1 ..11'1' l,')

I-:.:'ll. thru 1-2'l•. ,. .... 10 y,.b 7D 1-10', thrll 1-10j. H , 'l('P 70 1-10" . H '. 'f' II 70
I-~ll. ....... " .. 12 ", .21 ,\lIlt 71 1-106 •• , , ••.•... 'J , Ill' I' 711 1-11 thru 1-12. 1 · , ,.:.11 Apr ilf)

1··11 lllrll 1-1:.1 .. '. flr11llnfl.\ 1-107 thl'lI \-IO~ , 11 (,1'1(\) 1\ 1-11"" ........ II .... 'J ',p 70
1-11. "" .. , .... 7 , , , ,~I'l Apr 7" 1-109 tltrll I-Ill. 0 urhllial 1.. \1, thr\!
1-1', I hIll 1-1'; " 'J ""

, Ill'c 7° 1-11'2 ••••• ", .... , II Ort (,'I 1-l',AI1-}l'Il"." , I~ " ,,~,!1 ,\11£ 71
1-1(, .. D Orlailll'1 I-Ill tllrll I-II', • 0 Orijfllll\l 1~1'l.... " , ". " I:.> .....n ,\1/": 11
1-17, • , , • , .• , . , , I, ".,10 F"h 70 L-ll'i .. .. ......, , , II (In f,') ,-11, .. , 1 1.11 f.')
I-'fl .... " 'I Srp 7<1 I-Ill, .. " ", •.... " (Jrll!:lnnl 1-17 .... , , , . , , , , . H " 'l,.1' ill
]-}l) •••• , '" , .•. (, .... }rl ", if) 1-117. , , , , ...••• , , fl Or t I,ll l-11'l thru
1-'10 thrll 1-'<1 • , , , 0" (jrJ I-11K tt,rll 1-12/1, II OllAltlllil '-~OAlH:!O'l. .. , , . " " !l.,'c 7°
1-'12 .•• ", , •.... , 'I <,p 70 1-1:.1') ••••• "", •• " .•.• ~'!1 ..lull: 71 1-~1 tl1TIl 1-~!, .. 1'2 · .•• :!, .\\l1l 71
1-'.2.\ thrll I-12b •..• ,.", ..• 1I (, H:ty 71 'Hn tl11"ll
1-',:2rIt -!,'2IJ. , • , , " 'I ~cp 7" 1-12i' thrll 1-12~. 'I , .. , J 'co 7" ,\-:l/tAl1-2'jll., . , .... " <0;"11 ;0
1-'11 thru 1-'1'; •• • , ~cp 70 2-1 thru 2-'.", • 'J ,." 2 Ilt.·c 70 1-21 tllr"
l-'j(, thru 2-', tlln, 2..(,. ... 0 .... Orid",,1 }-:!MA/J-2MfJ •... H "' . '. ~l'P i'O
l-!i6A/I-'lfiR ..••• 'I 2 Ik'e 70 2~7 •.•••.•• , ..... 7 .. ,,2!'! Ap, 70 1-:.!(l •• , , , , •••••. , 1 . ... 21 Apr M
1.....1 tllTIl I-'IR •• q '2 lwe 70 2-+1 •••••••••••• " 8 'I S"p 70 1-10 •• , •• , •• , •• , , " ., •. to Ft'!t ill
l-'itiA thru 1-'IRI1 , , ~("P 70 2-9 ........•••. " 0 OrlJdllal 1-11 HUll 1..1:1, , , I:! •..• ~1 ,\1Ijl: 71
1..I,8r!l-'lflD .. ,. , " " Ap' 72 2-10 thru ~HOIJ.. " 9 0, t 72 1-J3..• , •• , ••••• , I "" " tlet hl)

1..1,1), .•••••• , , ,. 0 ori«lnal 2-11, •• ,., ••••• , • 0 Orldnal 1--", thl'u
]-50 .. ., ......., 7 ••• ,2fo Arr 70 2-12., .....•••••• IJ <, Ap, 72 1-)'.A/1-1.11., •••• 12 ,,:.!~ .tul: 71
1-')1 thru 1..52, , 0 Orh;1nal 2-13.""" •••••• '" ? eet 72 1-15 .•• ,., ' H "" 'I ~('I' 70
]-';1 ..• , •••••••• 8 .... 0 "~V 70 2-1"' •. , .•.•••• " , 13 Ii ApI 72 '~)fI, , , .•.. , , , ... c, .. " 10 Fp!J ;0
I~'jll,.".,•..... " "" Ori,ll:ina1 2-1 '). , • , . , , , , •••• 0 Orlglntl.\ 1-11 ........ II 'I <;"1' iO
1-;5 thru 1-";11, , , , .. , 0 ~i!P 7' ~-\I,•.......••••• (, ••. ,10 FE'I) 10 1-1l'l. ..... "", .. I~ .... :!1 ,\llj' 71
J-';7 •• ,., •.•...• 6 •••• 10 .'I'h 70 2-17 thru 2-1H,. , , 2 J)('c 70 1-1'1 thJ'lI J-'.o" , " .... 'I "'''II ;0

Upon receipt of the ~nd and Il.Ibsequen' ChtHl1)toS to this lll'Chni«a1 ttl{ll\wl. perlOllI1el re,p<m"ble Itlr mtlm'olnll'lg Ih" publicCltlon In currenl,'olu, Will
olsce"ClI'llllJl ulf p,eYtClUS tI~rlges how: beol!'ra rtouived and Incorporated, AetlOl'l Ihould ~ laken promptly.f Ihe publication IS lntomplele.

Th\s pase renects the current Iltatu.!1 of the complete: manu.p.l. All PaRElJJ lIeted ml,ll!tt be in the manL!al to make this
pubHcation current and complete.

'-------~...;..----------------_----I

A Change No. 14 - 9 October 1972



'.IST OF EFFECTIVE PAGES --------------,

(ho"'911
No hHJ'

'. " Ill'l' '"• '. -':.p 7"

'.
, ,." 70,
'. ~"I" 70

f, • •• ,10 ",\,1, 'ill

" 'I <'p ';"0
(, ,. .111 "(01, ill

9 "'.
.. Ill'r 'it)

"'
9 0" h9

7 , ••• :.!~ '\P,. 71'

" '. ':;".' ,0
'.

.. Ih'r 7"

" '. 'ep 70
'I , 111'1' ,0
" 'I -':\'p 7"
'I . Ilrr 'iO
'I '. III.. r 70

12 .... :..'1 Au.ll "h •••• 11l .'.,h 70
H .... 'I ";"11 ;n

" 'I ","p 7"

" . ,Hi i'o(OtJ 70

" 'I '-\l'r iO
f, • •• ,I () }'('h 70

" '. -;"r 7n
I:..' · •• ,:11 AliI{ "I:.? •••• 21 Au.ll "'J .. [le, 7"

" .... 'I ""'p 7°

'. , .. , , "", 70

1...1,1 lhrn 1-4:! ..
1~"1 .. , , , .
l...J.', .. , , , , , .
l...l.~ thrll '~'iO,

l-~OA 11_'i(lI'l. ..
l-'jl thru 1-;11"
1-'l7 ....•. , . , , , ,
l-'jA thru
1-"~"\ Il-'ilolll, , ••.
1-')<) .•••••. , , •••'-/,0 thru ,-til ..
l-(,';.! ••••••.

'-I". ,.. , , .....
\-/>', ••.•..•••.• ,
l~lj ....
l-f.l,. . .
1-IIl,t/l-/lt,fj.", .
l-f,' "
l·.(J~ tllr'! 1-(,(".
1-,1), •..•••.•.••
1-70,\/1-7011., •••
1-71 , .
1-7.! ••....•••..
1-7'~ lhfll "i~7'1 ..
1-7

'
,,\ ... , , ...•. ,

1-7'.lI. , , •• , •. , , •
1-7/d' thrll '-7',11
1-7') tlll'lI l-;'MI,
',,77, , . '" , ..
1-7~. , , .
1-7'1., ........•.
1~() tllfu
l~OAf'5~Oll•••••
.l-!ll thru 1-41::1 ••
1~1 thru 14V, ••
l--i=!~,lJ)-+lII!l" ..•
141$ thru 1..a7 ..
1-AS thnl
,-AA,\ '1_B!ln ....•
1-..'<1) tlll'U lJjn ••
1-90A 1)_I)()Jl, , •••
"j-'1I, •••••.
1-?..! Illrll l_tlJ ••
}_Ij', thnl
'l-'lbA/J-'Uln .•.••
"5-'17 1I,ru 1-'"iR ••
l-t)lj thru 1-11)(),
1-1111. .......
l-IO:! thru
1-IO'.,\! 1-1 0'.11 ...
1·101. , ••• , ••.
"5-10(, HltLI
1-1 flIIC/1-1 Ol,n ...
1-107 .•.. , , ••.••
,-lOR ... " ..... ,
1-10'1 thrn 1-111
1~1I2 thru 1-1 n
1-11'•• , ..••.. , ..
1-11'.;\, •••• , ••••
}-I1'.n, , , .
3-111)" .
'-116, ..•• ' •• , •.
3-117 •.••• , ..••.
]-IIB .
1-119 " ..
)-120 thrll ]·121
J-12~....•.. " ••
1-121, , •••• , ••••
1-12'...... " ....
1-12'.A thru
1..12'ln ••• , , ••••.

" , .• . :.11 AlII{ 71
'I , fle, 7"

IJ , .p' "• .... , ll.. c 70
'J .... , "", 70

(, .... 10 'rb 7•

• 'I ".'p 70
11 (, Ma)' "11 .... il "'1lI~ "'. "., .. [., 70

12 • ••• :..'''5 .\\l1l: 71
'I , n.. r 70, .... 'J ~"r 70
'J .... , "", 70

I:..' ' ••• :..'1 ALI~ "h . .. ,10 Pl.'h 7"

IJ
" 'p, (2

" .. , , 'I Sl.'p 70
'J .... , nrc iO

" 9 !'~p 711
h •••• 10 Fcb 70

IJ .... " '" 7"
(, •.•• 10 F... b 7., .., . 'l ""'1> 70
6 " . 10 V,b 7.

IJ ,., , I. Apr 72
; ,hI I 6q
I •••• :l!J Apr 6;

" 9 "iep 70
I • ••• 23 Apr 6?

" 'J , •7.
1 ... .',n Apr 69
9 .... 21)(o\," 7.

7 '" ,::!R Apr 70

fQ9' (honge
No No

1-12/,1' .. "1412~11.."" .• , , "1-1:.!'j ... ,,,, .... 7
'-12/, till II 1-1:!7 "1-12f\, , . , .. , . , .. II
1-129,.""" . 'I
1-1 ~U. , .•..• , .•. "1_11f1,\11·1101l, .. I'.
\_111 .. " .. , .. II.
1-11:.1 thll]
1-n~r. .. , • .... 7
1-1 '211. .. "1-111 IlInl 1-1V.
~-11~,........... ,
1-1 'Ii thru ~-1 '.0 '.
1··1'.1", ..... ,. II
1-1'1:.1 thfl1 1-111')

"j··ll,h •... "." •• II
l-l't7 thl'lI 1-1 !jH "1-1!,HA •... ,
1-1101111 .....• , ••• 7
1-10\1) .......•.. , 7
'MI ')0 lliru 1-1'I!1
1-1')')., ••• ,., .. , 11
1·[')6 thrll '1-1 'iH '.
.\-1 tllfll '\-1 .. " (.

A-I•.. ......... " "A-'i thru A...(,." , 'I
A-7,." ••••• ". , II,... thrn
A~')/.\-IO....••.• 1',

, •• , 1) "l.p 7\)
,," ~ (kor 70
.... :'111 Apr 70
· ." 'l H~p 7()
• ... I, MI}' 71
•• ,. :.! [!for 7(1

. ... w P... b 70
,',' q Ort 7':!.
• • " lJ Oct 7:.1

, , ,.:til AlII' if)
",. rl ""II 70
, • " II .\\1$1" (,I~

• , •. 211 Arr 71)
h AUIl III
h ,"!n.\' ]I
II AUK 6l)
II Mlil 71
fl "tl~ (,')

'J ""I' 70
• •.• :JH Aflr 'iO
" .. ::11 AliI' 70
,." II AtIlt (,lj

. .•• '. Arl' 72
•••• h AUIl (,l)
, ••. 11, p,'b in

'J :O:C'P 70
:.! [:h.'l' 7(l
(I "lillY 7!

l) Of t 72

Pas·
No

(hM9(1

No 'uu.

Change No. 14 - 9 October 1972 Die



R-3896-11

TABLE OF CONTENTS

Cont~nts

PARAGllAPII PAHAGllAPIl.!!!!:!i.

TN'l'RO DlJr. rr0N

I !!)I'fl,INI': Of' ENGIN!': OI'!-llATING
INSTRUCTIONS INf'OI~!tITTON ••••••••••.

2 F2'1GINI-; OI'ITh'TING INSTllUCTIONS
(I-m) ~ONTllO;, AND llf:vISION SYSTUoI.

..1 I'X:P Approvn 1 Bns(') i Dc> ••••••••••••

JL Tndl'x of OH'N Chnnp;ps ••••••••••••
..l. I':nt:tiuf> Bn8(>lin(' MTl ('onfi~ul'4\tion .
1 AnmU:vIATIONS .
" 1ll·:t'TNITIONS ..
1iA ~Y}mOLS ••• , ••••••••••••••••••••••
5 AnlHTToNM_ nA1A ANn T~'f'OI1MA'UON ••
6 CONFlli\lJlATION JpI-ljTIF!('A1'Im!. .,."

.!J.. }o'-l Hockt'L "JlRitw 0 ••

2.. ~n) SyH tt'llI •••• , ••••••.•.••••.•.•••

SI£TION r
OPJo:lL\TINIl nfJlunUOO':NTS

1-1 Scheduled Authorized Field
Ac t..iv i tics •••••••••••••••••••••••

1..2 Non"5nhcdull,'cl Authorized
Field ACtlVJtlc9 .0 0

1.1 INSPWTIONS , .
1.1.1 Overn 11 h'ngine Visua 1 Inl!lpcction

tor Un installed Engines Our inK
Receiving Inspeotion •••••.••••.••

1.1.2 Overall En~in. Visual Inspe.tion
for Unin~tQlled Engines in
Storo~(, ••.•••••••.••.••..•••...•.

1.1. j Ovpra 11 Bug ine Viauol IIlspcction
for Installed Eh~incs in Storagt'

1.1.4 Ov~r811 Engine Visual Inspeotion
for Installed Engines Prior to
Stage Shipment to MAP cr MTF ••.•.

Ll./IA Overall t-;np;ine Visuol Inspeotion
for Installed En~ine8 Durin~

Hccciv 1 lip; Ilispection ot MAP ••••••
1.1.1ID Overall ~,llginc VUH\lll Inspection

for Jll~tnlled En~incs Prior to
Sta~e Shipment to KSC ••••.••••...

l.I.5 Overali EnM;ille Visual Inapecticm
for Installed Engines During
ll(!ceiviug Inspection at Mn~

and KSC ••••••••••••••••••••••••••
1.1.6 Overall ~Dgine Visual Inepection

SUbsequent to Engine Statio Test
and Test Abort .••••••••••••••••••

1.1.7 Th~u~t Chamber Nozzle Exteusion
Visual Inspection Durih~

neCl;' i\' iUIl: Inspection •••••••••••••
1,1,8 Th~~t1st. Chamber Nozzle fixtcnsion

ViAtllll Inspection Subsequent to
·Engine Static Tpst .•••...•••••.•.

1.1.9 Thrust Chamber Tubes Visual

vii

vii
v j i i
x
xi
xi
xi
xii
:di.
xiii
xiv
w

1-2

1-7

1-10

1-10

1-12

I-I}

1-1'1

1-16

1-18

1-21

1-2}

1-23

1.1.10

1.1.11

1. 1.12

1.1. 12A

1. 1.12B

1. I. I}

] . 1.15

1.1.16

1.1.17

1. 1.18

I. 1. lSA

1.1.19

1.1. 20

1.1. 21
1. 1. 22

1.1.2}

1.1.27

1.1.28

1.2
1.2.1

1.2.2

Thrust Chamber Injector
Contamination InHpection ••••••••
ThrURt Chamber Injeotor
Da~ge Inspection •••••••••••••.•
Thrust Chamber Drain Adapter
Torque Verification ••• o •••••••••

Engine Joints Closure Removal
Verification at MTr .
Engino .Joints CioHurc Removal
VerifiCAtion ot KSC ••••.•••.••••
Checkout Valve Ground Position
Verification •••.•••••..•••••.••.
Propellant Valves Closed
Verification •.•.••.•••••••••.•.•
I,QX DolDO and (jus Generator LOX
Injector Purge Operation
Vorification •••.••••••••••.••.•.
Uypcrgo 1 Installed Switch
Pickup Verification •.•••..••••••
Igniter Links In~tD llod
Vcrificntion .••••..••••.••..••.•
Turbopump Hoater Po.....er on
Verification .••••.••••••••••••••
Tul'bopump WX Seol Purge
Verifioation .•••••••••.•...•••••
LOX Dome Dud Gos Generotor LOX
Injector Purge orf Vorification
for Abort Prio~ to GOB Generator
Ignition ••••••••••••.•.•.•.••.••
!.OX Dome and Gas Generator LOX
Injector PurMe off Verification
for Abort After GOA Generator
Ignition ••••••••••..••••••••••.•
Cocoon Purge on Verification ••••
Thermal Insulation Visual
Inspection ••••••••••.•••••.••.••
Overall tngine Visual ID~pection

for Un\ustolled Engino~ ~io~ to
Shi plDt:'nt ...••••••.••••••..••••••
TbruHt Chomber NvJjz!lJ Extension
Visual In~pection Subsequent to
Lounch Allor" ••••..•....•••••••••
Thrust Chamber Nozzle Extension
Fastener Torqu~ Verification
Subsequent to Ststio Test Abort
Tbrnot Cbamber Dratn Plug
Torque Verification •••••••••••••

ELECmrCAL TES1'S ..
Flight IoatrumcJ' c.ation System
Function Teat ~or Uninatalled
Engines ••••..•••..••••••••••••••
Flight Insttumentotion System
F\mction Te~t for InstaI.Lt'd
Engines •••.•••••••••.•••••••••••

1-2"

1-2Jv\

1-24D

1-25

1-25

1-25

1-25

1-25

1-25

1-25

1-26
1-26

1-26

1-26

1-28

1-28

1-28

1-28

1-28

1-}2

Inspection............. • ••.•• •••• 1-24

Underlined numbers denote figures.
Underlined titleo denote pri~ry paragraphs.

Change No. 8 - 9 September 1970 i



Contents

PAHAGIL-\PI!

R-3896-11

TABLE OF CONTENTS
(continued)

j1.Af.AOIlAI'JI

1 ,~..!, r;
1.2.6

I .~!. 7

1.2.8

1.2.9
1.~.10

1.2.11
1.2.12

1.2.11

t.:.!. I')

1.1
1.1.1
1.1.1

1 •"5 •"

1. J. r;

1.:1 Jl

l .1.7

1.1.H

1.1.10

1.3.11

1.3.12

1.1.13

1.3.15

1.3.16

Turhop1ltllp UPAtpr F'lIIu; t i rill 1'1'·8t ••
Hyp~r~/)\ In8tallNI Switlolh
Func tion Teet .•....•.•.•......•.
Checkout Va I V(" T~n1tn~ Teet .•••..
~;Ilttine Rafet,r Circuits ~"unctioll

TelJt at mfr" •....................
~:IIKine RafC't.r Circltits PUllction
1eat at KSC •.••••.••••...•••••••
EII~ille Sequence Vel'ificalion
TI"Bt .••.. , •.••••.•.••.••••.••...
I~nit('lt' Tcnt ......•..•.......•..
Tilert Tgni tel' T('!d .
l~ni t('1' Harness Contimd ty Test.
Vibratf:m ~afcty Cutoff Vcri~·

fication T~f.1 t .•••••.•••••••.•.••
TI1rll8t OK PnHHlll'£" ~witch

Punctioll Test, .••...... t ••••••••

Ij,Xllitel' Hnl'ucHB Continuity A.ud
TllAlllation Rp8istOllCP Tpst ••••••
Checkout Vnlv(' Jo:nginl' Ih>tUl'J)
switch Position Verificntiou ••••

U:AK AND FlINCTION TI·:~rH ••...•.•.
Tu:rhopump Torfilw 'I'P9t ... , .••.•..
1'hru6t OK PI'PABlIl'P foiwitch L('nk
and Functioll Test .•.....•....•..
I,OX ~ome oJld Gas (jellt~ratOI' 1,OX
Injector PUJ'~e Lcnl( nut! Function
Teet ror tJninatal t~'d 1·lugin1'8 ....
I,OX Dome Bnd Goa Gem»·o.tol' LOX
Ill.loc tor 1'u rj.l;c Lenk und FUl1c t i on
'reat for Installod ]';nginea
nt flAl' .
LOX Domt- and Goa GplH>ratOl' LOX
Injector Purge L('ak atld FUhctioll
Toot at MTF nnd KSC ••••.••••••••
LOX Pump Sca] Purge Lrnk al"'d
FUllction 1'cst at MAP BllU K.JC ••••
I,OX Pump gl'al Pnrgp Ll'81( (HId
FUllction T('~t at ~ff1" ....•...•.• ,
COf'oon PllJ·I.!;C" Systpm LC'nk ond
FUlle tiOIl Tt>j,l tat MAP •......•....
(:OCClUII Plll'p;'e- Systl'Dl Lpnl. lUll!
1"unction Te-at at KSC .
IIcat Exchanger Hf?lium '1ystPIn
Le-nk Test for Uninstallel1
Engiue-I!I ••.••••••••••••••••.•••••
Heat F..xchangcl' Helium System
Loak Toot at KSC ..•....•.•......
J{(>nt Exchan/:{I:'l' HC'lium System
Leak Too' at MTF .......•..•.....
Hcoot F..xchangel' U,,1ium SYf.ltem
Leak 1'cst at MAF Subaeflul'nt LO

Stnt~c Tclllt •••••....•••••••• , •••
Heat Bxchan,u;ol' LOX Systt>m I,N'lI(
Test for Uninstallcd En~iuc8....
1I~>at t~chRngel' LOX SystclU Leak
'r('~t at KSC .. , ...•.......•••••••
Heat ExchonA:C'r LOX Systl:'m lleak
TflfiJt ~t. MTF." ••.••••••• " ••.••.

1-1/,

1-111
1-1

'
,

I-V;
1-1'1

1-16

1-17

1-;7

1-18

[-1,)

1-18

1-18

1-;1)

1-19

1-1,0

I-',l

1.;.17

1.1.11)

1.3.19A

1. 1. 1')))

1.1.21

1. 1.:..!'j

1. 'L2b

I. :L2R
1.3.~l)

1.1.10

1.1,")2
1.1.13

1.1.1';
1.1. ViA
1.1.1H

1.1. "\1)

1.3./11

1.1. '1:.!
I . ;.. ',1

Heat BxC'h811~C'r LOX SYl:Item Lpnk
Tl'st at ~L\F Subaequcnt to
Static 'r{,l'lt." ........•. , .
Hydl'Aulic Contl'ol System Leak and
Function Tl:'st for Unillstalled
En~inl', and Installed RnJ,;tine at
MTF (Pdor to Stotir Teat) and
at KSC .
lIyd 1'0 II 1 ic Control SyHt('m Lt'8k nlHl
1"unction Test at !'ITF SlIbsctlllCnt
to ~tRti(' fast , .
Hydralll i(' Control SYfltem IJcak AIH!

Flll1rtinn TI·t.,L at MAF Suh~('qu("nt

to Static T(!yt , , .
Igni tion Houl tor Valvp Diaphl'np;JTl
L'~'8k T('~t , ,.
1I.yp{'r~ol ~Inllifollt I.l>nk mill
FUI1CtioJI TI'Hl,., .•• , .••..••. ,.,.

It:;:nition Monitor Valve Intl'l'flow
Tt'Ht, •••••...• , .. , •...• , ..••.••..
I~ni tiOll Houi tor Vnlv(' Shuttlf.'
JlreM!oltll'(' Tn8 t , .........•..
V(l)VI' Timing TI'8t rOI' 11nin-
Rhd 1(>(1 Enj.l;ill(~!-I ..•••. , •. , ••.•• , ..
Vnlv(' Timinj.( Tl'Ht for IIIBtnllt·d
gngill(,'~"""""""""""'" •
Fuel Jo\.·~·d SY$tem I.('ul( 'f"J:lt for
Unillstalled En~iIIt'B , •.....
~'uel Feed S.Y8tem Leak Teet at r·ru'
Fuel Feed System Lpok Test at M...\P
SuIHH~qu('nt to Stntic Test and at
KHC ••••••.••••••••....••••..•...•
LOX Feed System Lt>ak Test fOI"

Uuinqtellcd ful~illf,'$..•..•..•...•.
LOX FC'('d Systflm Leak Teet at m'F,
LOX Fe('d SYRtem IjPsk TeBt at MAF
Subscqllcut to Static Test Bnd at
KSC .
Exhll\l!-1 t Bystem Lcnk TCHt 0 t HA.~'. •
ExhuUHt :.iy.'lt.('m J.'(·lIk Ti'!'It nt KSC ••
Turbollump Bt'urillg Cooltilit SyHtptrl
LCllk find l"UJlc:t1l11l TI'l-d, •••.•••••••
Thnldt ChnmlH'1" PIl('\1mfltlc J,l'llk
'l'(IRt. 1'01' Ullirlstull('d r;1I~l;'ineFl ••• ,.
Th.rust Chamber Pneumatic Lonk
TesL fQr Instullcd EngincH at
~lAP••••••••••••••••••••••••••••••
Thrust Chambor Pneumatic LeAk
Teet for Iusta lied Enp:ines lit
KSC ..
Thru't Clmmbcr Pl"('fill Line Leak
nnd l"unrtion TP.Bt at ~rrF••••••••.
Thru~t Chamber Prt'f ill Line Leak
and FUllction To~t.•...•... , ...•.
I~niti.on Honitor Vnlv(> l'0PI)(>t
Positiun Verification ...•....••••
Thl'URt Chnmh('J' Liquid I.pni( Tf'~t ••
Thrust Ghamhpr PO!olt-Fluslt
Pnculn,\ ti ~ I,t·.,k Tefl t a'" I<SC •.•••••

1-'1)

)-I,HA

1-!j()

I-52

1-))
1-56

i-::i6

1-)8
I-59

I-I)£)
1-60
l-r,On

1-6~

I-b:!

1-6~

1-65

1-67

[-63

1-68
I-Ill)

1-70

Under! illcd numbers denote figures.
Underliued titlell de-not!;" primtu'y paragraphs.

tt Change No. 13 - 4 April 1972



R-3896-11 Contents

TAIll,,': 01 "ONTI':NTS
(conti lllH'il)

I'AlWlILI I'll TI TI.I: I'AT1\GHAPJI PA(il·:

I-HI

I. q,

1-10j

1-107

1-1111

1-10"

1-112

1-99
I_I no

1-112

1-10,

1-109

1-10'!

1_101

1-101

1-110

I-IOH

1-107

1-IOr:J
1-10';
1-106

ILINOI,nw .
l:l1gi:H' In"ltallntiorl nt, ~tU' ••••••
l'hl'UH t.. i'hnmh(ll' NO/I: 11' Extl'lli'! i Oil
Tn"ltnlliitioll ••••••••••••••••••••
J gni t.l't' I[nl'lw~~ Tmdul1/Ltioll ••••
Thpl'llull TnRlll,\UClIl TIl~t/lllu-

t.i on ••••••••••••••••••••••••••••

Tgnitl'l' In.'!tallntioll for
stl~tic 'l'(\~t [Iud LaHIl('h ••.•••••••
Inrl't T~'11it(\r IlHoltt,lllltioll fOl'
f'ountflol'ln npltlollHtl'ntinn T~·~t....
UYIH'I'/l:ol Cnrtdd/.{(· Irh'lin.lln_
ti nn•.••••••••••••••••••••••••••
Hnp:inc Nnvi rOllmpl1tnl COVf'I'
H.\m')vn I •••••••••••••••••••••••••
EXPf'tldC'd H~'pt\t'~ol Cal'tl'i\Ii-.'~

HcrnovaI •••••••••••••••••••••••••
E-':!H'!ull'd I 12:l1i tl'" HplfIovu 1 ••••••••
In{lt't Ig-nitf'r Hcmovnl •••••••••••
Thl'H.!d, Ch,f\lJlhl"I' Xoz""lf'
1':xtf'll~ion Il(\movul •••••••••••••••
I~nitel' Ifnl'lWIHi Hemovnl ••.••.•••
Thl'lIHt rhnnlht"l' Thk'Ollt Spend tv
C l (lRHI'P ]llq tIll 1n t.i on•.••••••• '•••
I'll I'U '-1 t C)uunl!pl' 'rhron t SI'C'UI'i L\'
(:100,;111'(\ n(ll11ovnl •••••••••••••• ·•••
~'ll1'IIH t ChnmlH'r Thrun t.. P11'~

1I1Htnl1nLion•••••.••••••••••••••
Thrlw t Chamber Tln'oll t Plug
npltJoval •••••••••••••••••••••••••
Turbine J:<:xhunst F:xit Pressure
Test Fixture Installation•••••••
Turld nf' F.xhaust Exi t PreS311l'(,
Test Fixture Removol ••••••••••••
Cover and Closure Installation
for Uninstnllcd En~in(,8•••••••••
Cover Rnd Closure InstnIlntion
for Installed F~ginc~•••••••••••

rUI'!J0IllUll\) 1'I'4':-!I'l'\'U ti nn
(l'ngiJlP.<l N,1t TncOrl'()J'lltin~
~1I)l11 r; Chungf') •••••••••••••••••••
Tlll'holllllllll P"('fo!l'I'vat,ion
(l:nl1:ill"~ lncnrpol'ntilll!:
~nn Il~ Clullll-!(·) •••••••••••••••••••
FII;r-]<'I·ptl SYi'ltl'1II Dl'ld II Sull ...
H('qll~Jlt to :-ltnt,ic T.'flt AlIclI't ••••

1:1'~i iii' I;nv\ "OI1Hlf'ntn1 ('()\ ('1"

1 1l'ltrll1nt.ioll .•••••••••••••••••••
JlYIll"I'gol ('.\I,td\l~(' \Yl'ight
rheck ••••••••••••••••• , •••••••••

1.6.8

],6.11

1. 6. ~o

1.6.21

1.(,
],6.1
1.(j.2

1,6.22

1,6.2,

1.(1.1 1,
1.6.1"
I. 6. 16

1.(,.17
1,(•• 18

I. 6. 19

1.(,.12

1. r;.. 21

1.6.10

1.6.25

1.(,.6

I-RI)

1-70A

1-7'.

1-7"

1-71

1-70A

1-71

1-71

1-89

1-71')
1-7H

I-HH

1-89

1-90

1-90

1-91

1-87

1-88

1-7Hll

1-86

rhruat Chamber Fuel Jacket

S10lLWE pngpAUA1'TO~ ••••••• , ••••
!".tol'ngl~ 1)I'Pllnrntioll rOl' llnin_
stullt'd f:lIgiilPR ••••••••••••••••
Ht(JI·aj..(:P Prt'pul'ution fo"
In~tnl1(lll l:nginl'H ••••••••••••••
StorR:,!;(' P.'C'pul'ntioll fol' Thl'Ufd
rllrLmhC'I' NOli:] (l I:Xtl~IlHiol1•••••••
:-;tOI"I\J.tP PI'('pl\t'ld,ion fOl'

Orrlnnnc(" •••••••••••••••••••••••
Stol'age Pr('IlHl'ntion for MiH
cpt l!\I\('OllR LOOHf' I~'ll1i pmPllt. ••••

Drnin•. '" •••••••.•••••• ~ ••••••
Thr\Jst Chamber Pu(!l Inlet.
Hnnifold Drain•••••••••••••••••
rhnlBt Chamber FUf'l Inlet
Manifold Drain, Post CDM ••.•••
Tllrlmpurnp Pres(lrvntion•••••••••

Drain••••• , ••••••••••••••••••••

SI·:nV1CTNG ••••••••••••••••••••••
LOX now' luul OIH' (ie-ill'l'" tOt'
LOX I n.it'ctnr }o'lll~h•••••••••••••
LOX noml' FJ ltHh•••••••• , ••••••••
\in~ Gl'I~f'J'ntr)J" "OX In,lflcto,'
i"lIIHII., •••••••••••••••••••••••.
Thl'llst ChllmlH\" 1"11('1 Jnckf't
}<'lu~h••••••••••••••••••••••••••
r'inA"iIlP Hesidunl 1·'1 lid
ltl"mov/\1 l\ t ~fl,}' •••••••••••••••••
En~in(' Hc~dchll\1 }<'hl~\t

HOlnovnl nt KSr •••••••••••••••••
Admi tti 11 A' Fup1 to En~i no •••••••
Admitting Prl"fill to 1':ngirH' ••••
Admi ttillp: IJOX to gll~in(O t.t.
?1'I.l\ •••••••••••••••••••••••••••
Mimi ttin~ LOX to r':llginf' at

LOX F('(.d SYfltronl BoHarf at
~rrF•••••••••••••••.••••••••••••
LOX FN'd SYHtf'm Boiloff at
KSC ••••••••••••••••••••••••••••
Fuel Peell SYRtPnI Drain <It
MTh' nUll KSr' SuhAeqUf'llt to
Stfl~(\ Hotation to Vf"l'ticnl
PORitiorl ••.•..••••••••••••••.••
Jo'uC'l P(,f'll SYHt(\1!l Drnin During
PO~J t ..Sto ti C-'rPH t, S:l'curi Il/.! ••••••

"\H~l }<'crcl S;\'Atf'm J)I'ain With
fitagr rr(·-V~llVPi'! (;1 osed••••••••
(ina Genl'rut,ol' Cornhu~tor

KSC ••••••••••••••••••••••••••••

I. It. 1

1./), Hi

L~

1. Ij. 1

1 .~. 1

1.1,18

1. 5. 22

1 .~. 1/.
1. r;. 1n

1. 'I. 2

1.l).21A

1.5.21

1.5.9
1.1).10
1. 5.12

Underlined numbers. denote figures.
Underl ined titles denote primary Ilnrngrnphs.

Change No. 13 - 4 Aprll 1972 III



Contents R- 3896-11

TAIII.E (W CONTENTS
(f'ontinuI'd)

1',lItllalll'lI

1.11.:21)

1.1l.:.!7

I •11.10

1,(,,11
I .f!. )1
J.II.1)
) • (l. ')fJ

!.f,. ,?
1::1
.l:i

:..L I.:.!. I

:!. l.:.! .:.!

:l.r.:..!.'1

:.!.l .:1. r;

:.!. t •:.,L 7

:.1. I .:.!.r-l

~.1.2.9

:.!.L::L10

~ .1 • '3
2.1. J

:.Ll.3.2

~. J. ,.3
:.1. 1."

TITLE PAm·:

{'OVI'1' Ulltl ('10"1111'(' Hl'ltlovnl for

ll"lll:·daIINI l:ll~~illl'~"""""" 1-11')
('(lVI'I' and Clo~lIl"(, I1t'IIl(lvtd fot'

1'11j.{i1lP IIl~lnllutioll in SfnjJ;I' •• 1-111
Cr,vt'J' und Clo:-lIll'C' Hl'lnovt,l for
ItJ!'lll\llc·tl 1·:ll/.!:irH'~......••••.... I-II')
IIr,l'il:ontal )·:IIJ.!:iIlP HpllJovul
HI mF 1-1111
Vi'I'Hea} 1':Il/.l:illl· UplIwvnI ••.••.•• l-Ll3
VI'I'li('u) l:n~~inl\ IU!'lU,llntioll ... I-lit'!
Thlll'mal 11l~lllutiCln Hl'l1lOVnl ••••• 1-1:10
L1v(' Tp;lIitt'j' Ut'nJovnl .•••.•••••• 1-1:10
Liv(' HypCl'gjll Clll'tridgl' 1tE!1ll0Vlll 1-121
l:ngill(, IlllUHlj.!;(' Lllni.tH •• ," •• " ••• L-W',
TIH'I'lIlul lmo\ulution :Oll1t)l.l~t·

I,\mit~..•.•..•..•...•.......•.. L-l~7

oEC'rION II
Gf:NHl.AL IlH/U JIlEfU:N'I'S

FLU ID INPu'r 'OUTPUT IlE9UUlEMENTS ~-I

P1.11'~(· HI,'(luir~lll('ntR •.••.••.••••• ~)-1

'l'lIl'hClpllmp l.OX St'!11 PUl'g('
S,'t':-i I Pill HNlld 1'1'IIlI:'UL:-l •• , • , ••••••• ~-1

Op('l'ntioIHd Hi~h-L(,v('l LOX
110m!' anti GOH G('IH'l'll tor LOX
In,jI'eLOl' l'ul'~e Syst('1U
H.'qui 1'1'Tflf!1l L!i ••... , •..••.••••••• 2-1
Op('rati()IH\! Low-Lt"v("1 LOX
I)01nC' and GaR (rf'nC'ratol' LuX
In,lcc tur I'lIr~.: fiy~t.('m

nt"quil'('lll('nt~•• , ••••••• , •••• , ••• 2-1
CO('oon PU1'l!:C' Systf'm
fi('quil'l'lnf!niR ••••••••••••••••••• 2-2
Cocoon TIlC'rrnal Conditioning
Hl'<i 1I i l'I'mt'11 ts • • • • • . • • • • • • • • • • • • • 2-2
(;:1030 l.OX Domf' and lial'! Gpn('r
ntol' JiOX Tn,jl'ctor PUl',((P
SYHtl'm H(·q1l1n'l;\i'nt!'l .•.••••••••• ~-~

'rhl'us! ('hamlll'z' VIII'1 ,Jla']{pL
Pllr,!J;1' SYHLptn H(·qllil'l'ml'IlL."'I •• , .•• ~-)

IIYIll'rgo 1 S(·rvicinv; 1'1I1',:';\'

SYH telll Hl'fpli I .'ml'n tH ••.•••.••••• 2-1
IIYPpl'l!o 1 Hal function Purgl'
SYldcm H('(!liiH'mcnta •••••••...•. 2-3
Irtni t,~r Fu(' 1 Valve Jlockup
nequil'C'lIIC'lltS •..•.••••••...••.•• 2 ...3
Turbopump Pr<lael'vation Hcrvic-
inp; Pnrp;c RyatC'tI:l RequirclIlcntt:l •. 2-3
H('at t~('hatlA:(!l" Reqttir('lmcnta •... 2-)
Heat li:XchM~('r Helium Inlet
gystcm Requirements .•.••••••••• 2-3
ltC'ut gxcho.Jl~cr Itolitun Outlet
HyHt('m Condi tiona •.••••••••.... 2-'.
Il('ut Bxchallger nox Outllllt
Condi tioml , .....•......•. 2-1.
Oxid i zel' I-'ced Tt('\qui n'men tl-l • • • •• 2-'1
LOX Pump Inlet Condi tiolls •••••• 2-5

PAIL\rrUAPH

~ .l.r:i
~-!l

.:.!.l.h

~.l. 7
2.l.foI

~.l.H .1

2.J.H,:!

~ .1 . 'J

2.1.10

~~ .~
2.:,Ll

~ .2A.l
.1.2/\,2

2.1
:2.1.1

::!.J.2

2.'.3

2.1.1.1
~.).3.2

2.3.3.3

2.3./•. 1
2 • .J.l~.2

2.3. 1t.2A
2.; .'1.;;

2.3,"."
2.3.1)

1'1'1'1.1 :

At'('('pLU1II" llll:np Illl~'1

PI'flHHUJ'('H ••••• , •• , •• , ••••••• , ••
Jo'lI!'l FI'PII H.'Clui I·PUlI'lltH .••.••..•
PUl'l PlillIJl Inlt,( '·Pluli/i.Pll'l, •••.
llydl'llUli/: ((1'0111111 sUJlllly
Il(,(pli 1'('1111'11 tH •••• , ••••••••••••••

PI'C'fill SUPllly RNlllirc·ll1l'nt ....... ,
Plll!'lhillg' SolV('IIL Suppl,\
H.'quirl'IIlI·11tii ...•••.•......•.•. ,
LOX Dor,w nud (ia"l (l('IW)'I~ f 01"

LOX Il1j('(·tor 1,'luHhing SYiitl'1ll
HI'(J \I j l'plIli'nl :of •••.•..•.••••.•. , ••
O... idi/l·l' !lllnll' FltlHllill1!: Kit
In H t a 11 H t ~ 011 •• , •• , •••••••• , ••••

Tllt'IlH t Challlhl'l' Jo'Ul'l ,h~d\l' t,
lo'JlI:oflllllg H.'qllll"Pllll'llt1'l •.•••.••.•
1'1't'1'lI'J'\'utiflll 1-'llli(1 Supply
n,'qui l'('lIlt'n tn .•••.•.••• , •.•.••• ,
Co l'I'O!'lj oll-l'n'\"l'll t i \"1'

R('Cjui l'('nlt'n t.:-t •••••••• '" ••••••••

I:U;C1'ItrCAL rNl'lJ'l' 1lI·;q1JIIUNEN11~,.

AC I'OWI'I' Hpfjuil't,tlIl'lItH .•..•.. " ••
DC POWl')' HNluirc·l!lPJlttl, •..•. " •.

1':NGmf: 1lJ':9UIllJo}Il':NT~ ON ~TANDIlY

~TATU~ ••••••••..•.••••••••.••••
Standby Status J)('filli tion •••.•.
PI'C'pnratioll of Unillstnll('l1
fJll{irH' fol' standby status _., ...
PI'cpnrntion of IlII~tall('d

En,lCinC'E1 fol' Stnlldh)o' RtntuH •.••.

1':NVTlHlNHENTAL m:QUlm~i!:NTS .•.••
E.ll~iJH' Environmental
CllnditillIl9 •••••••••••••••••••••

N(lr.;o,I(' 1':xt('n~i(lll Enviroil
m(,Jltal ConditiollY" •.•.. " •..••..
I'Yl'otechuit' [guiLt'l' I:uvil'oll
ml'lltu.l COfldi ti.III:; .•..• , .• , .•...

Pyr()t~dltljc Iglll Let' SI nmg(' .. , .
Pyrof(,dlllil' fgni tf't' '-'prvi('l'
Li fp, •••.•.....•......... , •.. , ,
Pyrotechnic I/J:llitl'l' Hepar'\{-
aging •••..•....................
Pyrotechnic Ignitlll' Disposal ...
Hypel'gol Cartddp;c F.:nvit'on-
mcntRl Condi~ions••••••••••.•••
lIypergol CRrtridgc Storag(' .....
HyperA'ol Ca.rtridge Service
Lifo .
H,rpcrgol CRrtrid~c Hcstorntion.
Hypergo 1 Cartridp;(' n('pack-
nging' ..•...................... ,
Hypprr;tol Cartridjtc Disposal ....
~fisccl1ancoul9 1.00"(' Equipm('nt
E:nvironmcn tal Comli tion~ ••••.••

PAl II:

:2-")

:2-',
:.!-h

:1-7

2-7

~-7

2-10
2-10

:1-10

~-10A

~-101l

:2-11

~-II

:2-11

~-t I

2-L2
:2-L2

2-12
2-12

2-12
2-13

2-1 .,
~-I'l

2-1)

Ulld('rl ined nnmbf'rs d(,Jlotp ':igureH.
Underlined ti tles denote primary paragraphs.

Iv Change No. 14 - 9 October 1972



R-3896-11

1'nblC' of Lontenh
(continIH'd)

Conlp.nla

I'AllAGllA1'1l

2. 'I. (,. I
2.1.6.2

2,1,
2,/•. 1
2,11 • :!
~ ./.. ,
~ .'•• 1A
8,11.'1

2.'•. 5
2.11.6
2.

"
.7

2 ,'•• A
2,11,<)

2,1, .11

2.)
~. ~.l

TITLI;

OeSi('('8t1t 1';nvil'ollmPlltnl
Condi tiona ...•••••.••.••..••••••
Desiccant StOJ'ugP •••.•••.•.....•
I>eslrcant TIl"tnllnlion .

~IA INTENANr-E HEQUIIlI·NI·:-ITS •.••••••
Hen1 H~n~(' •••....•.•••....••••..
FOB tCIIC'r lJan~(> ••.•.• , .....•...••
FustC'nC'J' Cl'o9R-'l'orquC'
Ucquil'C'mC'Jlt •••.••••...••.•..••••
lJarnaK€' niRllositioll •.....• , ••.•••
COmpOlt(lllt HC'lIIovnl, Instnlln
tion, Ih>pnir', Hodificutioll,
and InsppctiOl' Constraints .....•
CompOllt'nt nf'plf~('P1nf'lIt, Ht'iu
stnllntion, RIHI AcI,juAtmflnt
Ilcqui l't'mC'uta •.•.•••.•.•..••••.••
Prop.' II nut lJlle t Fi t-Cl]('r.k nlld
AlilWrDflllt H('quh·C'rn('nts •.•••.....
Tuht· :.lillC'iIll'nt HNlull'emt'nts •••••
GompoJ\t'n t Ueph_cemeJl t gf f('cts
Oil l':llj.!;iul' PC'1'fo1'mallc(' at S('fi

Level .•••••.•••..........•.•••••
()(!viatiolls in I':Jlj.!;iuC' l'('rform
ance ()ue to CompollC'nt
H(!plnc('mcnt ••••••••••. , ••••.•••.
LockwirC' Hcplnccmcnt ••••.....•••
Cov~r and Closure Uequirement •••
~n~ine Soft Goode VC'rification ..
Enp;inr Orifice Verification ....•
Clean 1 incas Requirement for
J<lxtcrnal Connectione •••...••.•••
Sysi,£lm Intercouuection
Con"traints .....•............•.•
11uI'bupllmp Prcst!rvntion
Hcquirflm£lnts ••••••••••.....• , •••
Hardware Attachment Constraints.

OI'EIIATIONAI. TEST HEQ1JIHI·WNTS ••.
Safety HC'qllirflmenh \ifhC'1l Work
ing' WiLh ThC'rmnl InsuinthHl ....•
~6f('ty ~hielllilll4 ~Ultl snfe
Opt>l'ntillg' Teyt Pressures .•••...•
~nf(' Operatinr.; Preseure
HC'quircmcnt8 ••••••••••••.••.••••
Safety Rtlquiremellts ¥11cn Work
in~ With Pneumatic and Hydraulic
Systems ..••••...•..........•....

PAHAGIL\PIl

2-1 'l
2-13
2-IlI

~-111

2-1 1J

2-1'1

2-1~

2-1(,
2-17

:l-IH

2-IRA
2-20
2-20
2-20
2-20

2-21

2-21

2-21
2-21

2-22

2-22

2-23

PAG~;

Underl filed numbera' dE-note ti~lIr(ilii.
~lderliued titles denot~ priwary paragraphs.

Change No. 14 - 9 October 1972 IvA/lvB



R-3896-11 Contents

T.l1Il,!' ()10' ('ONTI:N'l'S
(l."'olltinul.d)

PAIL\GllAPI£ 'l'11'11: PAIl.\(irt\]ltl 'l' 11'1.1: I'M./:

:~-lH

:.? 'j.ll)

~

2-1hA

:.!-10
~-10A

~-3'j

2-1Gn
2-1(iB

:2-3£1

2-16n
::!-lClB
2-;hC
:2-,hC
:!-1hC
~-JhC

2-,(,C

I:NGJNE H1:QIIIIlINI,:,/'rS AFT!':ll A
LlGlITNJNG ~TIITJH:, •• " .•••• ".".
TllRtrllrnC'lItntioll Honi lOl'i'tl nml No
Datn Anottlnl il.'~ Not£'d f)1ll'i11/l:
Lightning- StdIH' •...............
TII:-ltt'lllllPl1tntion Not ~loJd tOI'NI or
TIll'lt"lllUPlltntioll Honitol'pd find
Datu Anomal il'!'! Nohd OllrillA'
Lightning S~,ril{(' .. , .

AI'I'J,ICABl,I: BI'I:CIFICATTONS •••••••

DOCIN!':NTATION Ilf:QlIIIlEfIENTS .• ".,
l;ngilH' Lo~ norJ!( EnlriNI .
HIJ~ntisfactol'Y Condi.ti.on
Ht'pol't ~Ilhmitt.nl •• , •.•. , .••.•.•.
('!l{'('!loIlIOof(\ •.••. , •••..•••• , •. ,
Rlulj(· (Iud Plight T('~t Oato .
1:IlHilll' Ih'dl il1(' Put'nrn('I(1I·~ .. , ,
Tf'i"d IlI~trnrn(>lItal i on., •••••••...
Dntn Ih'~hl(,tinll.••..••...•..•••• ,
Dotu Intl'l'val nt·filli f.iOIl .....•..

Plight Ill'lll'llInt':ltntitill \\'-ttl'nl
Vnllngl' Lind b~ ..••..•........ , ..
Jll"ltl'WlIl't1lnf ion HI'Cjllin·l1JI'lllB ••• ,

'4tHti~' Trost IIl~tf'llml'lllntiilll

(\Ill'j..{ol'\' HI'(juil·j l llll'IlIR •.•.••. , •..
stnU(' 'ri'l'll Opl'l'ntillg" 1I('dlill('
TIl~tl'illl1f'lltnlitlll IIt'ljllil'(,llH'lIlH, •. ,
1,(llllWh TIlHt,'lITIIPlltllt jC11!

('njl'gol',~' HPflllil"l'lIl('nlft, , ......••.
l.lIllIlt'll OJll'l'util1J.t l14'dlilll'
rn~'ll"lI'(ll'lIt[~tiilll Ill,l)uinlm·lIt'l .••.
Ih·jl'l'milli!lJ.t '\(,(,l'plnhi I i t.\' of

'~'l"t tI't! Surl'IlI't' Lt'uIHl/-tI' •••• , •.• "
FIII'l (}\·Pl'hOI\I·t! DI'uin :-lyHtr'l1I
r~wli\t IlII1 Ilt'fllii I t'I!1PIlI '-t ••••••••••

FIH'l Io'('l"] sY'l I plIl Ill'n ill HI'(jui 1"1'-

1Ill'II t'l , .
IJtliwdltll4'd l:lIi.dlll', VI'rtic'al
l'o~ I I i nil •• , .• , • , ..... , ...••••..•
[IlHtnlh,(j l:l1\.(iIlP, Vprti{'ul
l'oHi linn .•...... , ......•...••..•
[Il"-ltnllpcl 1:l1gitH', Hol'i:rC'lulnl
IIOH it j 011, ••••••••••• , ••• , •••••••

:1.;.~.!ll

:1.;.~.!.1

:1--:10

~. 'j .~~.I

:.!. j.~n

2.1.21.1

2.h.l
~.h.'l

2. (I. 'I . I
:2 .£1. 11.2
:2 .(1.'1.1
:l.b.!I.'i

2.h
2'() .1
:2 ,(1.:':

~ ...)()

~-)O

2-:1(1
2-:1H

:.!-10

2-3',

.!-~i

~-:1h

2-2(1
::!-~Ul

2-~M

2-:1i'l

2-'}0
2-10
2-'){)

:!-11

2-,0

~l\1'(' ty HI'lJll i T'l'ml'll t ~ Y,11l'1l \\01'1(
it,.!; \,'itll I:lcdl'i('ul "Yi,d(,nl~ .....

"ail'!'" IIt'flllil'l'nlt'lllH \1'111'11
\\'()J'ldllg' \l'ith r.;OI\"'llt~...•.•.•...
'oo:l1fi·ty 1I"qllil'4'n'l'lll~ 1'01'
'rlll'uH I Chum!'!' I' t:Ull'Y., .•.. , ..• ,.
~llj,·ly IIl'qllil'l'ml'll!~ f('''
Hand I ill,;c 11-(IIi tl'l'~ IUlil
Hyp(1I'j.!nI ('[\I'II'id"(\·, ....•• , ..•. ,,
G)'ound '-;UPIHJI'! I'qui pllll'lll and
~p('l'iaI Ton I HI'ljld I'I'lnf'ld ~ .
I:llgilll' s(I]'vic'j' I.i ft·., •.•• , .••.•.
COrnpOIll'llt ~f'I'\'i{'L' I.iff' •......•••
C(lmIJOIlf'f1 f ('.'1' II' f.i ft· I.ind lH .....
Cfllnp(ll\l'lll Cycl(. Hl'flililiull
Hilli I.imi I tol ••••••••••••••••••••••

Gimlinl C.\!'lt· LilllillltillllH ...••...
(iilllhni 11(llll'il1g nrhl \\'rnp-
,\l'olllJd Lillt· ('."l'II' Lirui j u tiol1~ ..•
Engil1l' Chl'rl'flul C(IIHI t I'(dnt!'!, ....
Ellj.l; illt· Cht,t"knll t HI'£] It i I" f'mf' II t R

A1't(']' stol'Uj.!;f' .•.•.• , •••..•.•..•.
!':ngilH' C!I('Cl<flllt Hpquil'f'nlL'lllM
Arlcl' Sl 0 1'01-((' in A('('(ll'don(~('

Wi til ~W~(;-STIl-1()O.•..••.•••• , ..•
Enp:illl' Clwcl<ouL Hequil'l'nH'lltH
Aft.'I' f4tandh." status •• , •.••••.••
E'tlj.\'ill(, ~tnrtillg' AU i tudf'
COllstraints •• , ••••..••...•• , ••• ,
:-llnv£' Unrtlwnn 11s(' Ilurillj.\' Static
T('etillg of 1':1IA:iur at ~rrF .
Gil1lhnl Limit CmIKtrainh ••••••• ,
Heat Exchnllgel' [)I'~'-Coi I Tl·fttillg'
Conetrnints ••.•.••••••...•.•.•••
COCOl,lll Purjl;(' stut. LitH' Stn.tic
'frosting Constraints ..•••.•• , •••.
Fir('x COl1stl·nillt~••. , .• " .•.••••
l'hl'J"lnnl Illsulntion Hl'quir·('m('T1tli.
Thernml Imwln.fiOil ItHJlnllntioll
flpl!uil'('ml'llts PI'iol' to NtngC'
~hipm III tn l\SC ..• , ..........•..
Thl'l'Wnl IlIl'lulnfillll [nslIhttol'
A('('('SH ])oors ..•.•• , .•••••....••.
COlltl'ul sys!t'1U !'i("llleIH'illf.( and
gloctrical Snfety Cil'L.uH
Hcquircmente .•.••.•...•....... , .
fa('ctricnl Control System
Sl'quencing and Safety Circuits,.

~-11

:1. 'j . In. 1
2-1:2

~-l 'j

~.'j,C)

~.). f), 1
~. 'j. to
:1-1 I

2.1.11
2.1).I11

:l, 1 ,'I

:2 .1.11.2

2.5.12A

2.1.16
~.1.17
2-}lj

:1 .1). l}

:1 .'i. I I. I

:1. '1.12

:1.) .18

Underlined Ilumbers denote fi~lIrcs,

Underlined titles denote primary paro~rophij.

Change No. 14 - 9 OCtober 1972 v



Contents R-3896-11

TAm,l: OF rONTENTs
(('onti llll{'d)

1-11

3-jO

1-~)

3-5j
}-51)
3-51;

3-3;

1-1l )

3-;1,
3-JH
3"'JRA

3 ,,"--,
3-~HA

;-;0
3'~VIA

1-17

INs'rALLlm-ENnrNI': TI':ST
PIlOCI':UillmS .....•.•.•.•.•..•..•
i'lll'ctl'ieal Tpf\ls foJ' IJlHtnllP11
";llgilll'H. , , ..•. , ...••.•.• , .. , ..
Flight InAtl'lImt'Htal ion Sysll'm
Io'llIH,trioll TC'st ....•••.•.. , .. , ..
Tllrbopmnp Heater FUllction Trost
nypcr~ol Installed Swi teh
Function Test •......••... ,., ..
Checkout Va1v~ Timing Tcst ....
Safety Circuits Function Tl"sL
~n~ine Scqul,.·nce Verification
Tflst ••.••••.• , ••••••••.••••. ,.
Igni tel' 'l\"Rt .. " .
Inert Igniter Test ...•........

Hypl'l'gol ~Inllifold lol'nl.. /lllil

FUIl<,tion Tl·~t ••••••••••••••••
1I~'dr(\1Il i<, C'nnirol ~.v~tj·l1l ""ill<
ontl FlIllf'tion TPRt ••.••.••••••
rgnition ~fOllitol' \'olv(' ~hll'tll'

l'rl'H"Illl'l' Tt,!'! •••••••••••••••
Tp,:uitioJI ~lnldtol' Val\'1' IIIII'l'_
flo'". Tpflt ••••••••••••••••••••
Vahl' Timing Tt'RL." •..... , ..
FUf,,'l Jo\'pl! SyR tt'll1 Lt'nl.. TNI t • , ••
LOX Io'N·d ~,V!'ll('m L('fl.I< 'rl':-I t •• , ••
1,: .... hRlIloit SyHlem Ll'al.. T~'''It ... , ..
LOX f)oml' find (jlll'l (jl'IlI'I'ntnl"

LOX 1n.l('(' t nl' PlIl'i-!:"1' V'lll, lItltl

Jo'lllll'tinli Tt'~t , .
TU1'l10lulI1l1l Be'orin!! CooLnnl
S.r~t{'m LI'al, null f'ulI('1 illl. TI'Hl.
TIlI'UHf Ch!\mhl'l' PIH'Ulllnt it 1.('01,
'1'(, ~ t , .....•....•.....••..•....
IHolnt ion T.'HI PI'4l('{'(lul'C'A fOI'

Unin!rltnll/'tl 1':II,t:(itlC·~ .. "., .
LOX Pump S"nl I:wlutioll Tf'st •.
10\1(,1 OVI'l'IJORrd 11I'nin LitH'
lHolutioll 'r.'l'4l. , .•..• ,
Ch<,ckout Vtl:!\,(' hulntion Li'nk
T('~t ..•.••••••••.••..••..•..•.
GaR GetH'rator Fucl F('f"t! Sys
t('fn Isolution Leak TcMl ...• , .•
I"u(' 1 Val VC'R SId rt and NorM'
Scal Isolation I~eak TCE4t •.• , •.
OaK Gt'IH'I'atOl' I,OX Fl'f'tl SYFltpm
Isolation Leal.. TC'Ht ..••...• , .•
Oxidizflr ValvoR Skirt and
Nose Seal IRolatioll L.'ol{ Tf'Ht.
Oxidi'l.tH' DO!n(' PlIl'~(' Chorl<
Valve IHolntion Lcal< 'rcst." .. "

3.3.1.7
3.3.1.8

;.2.; .17

3.3.1.2
3.3.1.3

3.2.'1.8

3.3.1.1

3.~ ,IJ .l
3.:.!.'. ,2

3.3

3.3.1

3.3.1. 1,

3.3.1.;
3.3.1.6

3.2,1•. 6

;.2.;.1 I
1.2.1.I::.!
1.2.1,1)
3.2.1.1'1
1.~ .1. 11)

1.:.!.1.IO

3-lIJ
3-10

3-17

3-18

PAHAejltAPH

3-19

3-2

3-10

3-16

~-2A

3-7

3-3

3-8
3-9

1-10
"5-11
3-12

;-1
1-1

1-2

l-JF

1-:.!Cr

r'lsl'lx:l'IO~s .
\"ol'inll1.· Ol'ifi(,t~ Ill~P,,(·tioli •••
0111£,,11 AFlHPltlhlv/rH:-!tl\11ntiull
]latf' Tn"]lprt.ioll , ••••.•••••••••

~LII'I:IIT'\I.' •••••••.•••••••••.•••

('Q~"I'A~ll~A'l'IO~ ANIl nAHAiH:
PHEV}:!\"fTt)\; ••••••••••••••••••.•
Al tt'''lInt" I'l'otc'et.i\'p ('IH~lIl'(, l
fOI' Engi Ill' 1,i lLt'f-\ ••••••••••••••

!!.!.!.!:

sE<'TrO~ r Tl
oI'IThITr ~Ii 1'1101'!':1l1 ryu·;s

1'~ll\S1'I\ljl,l·:n-1 ;,\(i 1~E TI,Sf
Piiiii'i'iil'llI:S .
1'I'('pUI i Ill-( I:ngi lit' and J flgi Ill'

rI1l'(']w111 ('(lnHoll' f'll' 'l'PHt
l:lIllilll' tn )-;1lg;iIH' {'hl'r!<oi\i
('011"101 p 'l'l'~ I St't 111' ('ah1p

IIi nu;rnrn .
1'~Jl~ilH' COllnect Pointa 1'01'

11
(lA lillf~' .........•....••.••..•.

El("ctdcnl T(,8ts for Unin
atnl10d En~iIH·R.•••••••••.•.•••
Primary Flight Instl'um<'Jltntion
SchCnlatic ..............••....••
Auxiliary 10'1 ip,ht Instt'l1tllC'llta
tion Schematic (gn~il1(,s Not
Incorl1orating MO.2!i Chanp;e) ••.•.
l;lectl'ical Control Schematic ...
Fl:i ,o;ht IlH~ trutnl'uta tl on Bye tem
FUllcti.on Tpst .
'rur!Jo('lliDp Hl'ai('l' Function Test.
HypC'J'gol Installl'd Switch
:I<'lllletioll 'rcet ..•..•......•.•...
C!I.'c!tout Val \'(' Timirl~ TPHt, .. ,.
)'p(\k 8m! PUIIC tion Tefll l'1'OCI'
dlll'l'~ for UIl:nstul11'd 1':llgiJl('~"

Fillid Cfllltrill Scllrmatic .
Fluid Plll'~~ ami Drain ~dl('matic

Spa1 Honitol'inp; Port Plug
HCClUi remcnts •••••••••••••••••• ,
Turbopump Torque Test ••••••••••
Thr1l9t OK Pressure Switches
Lonk and Function Test .•.••. , ..
LOX Pump SC'QI Put'~e Leak and
Fune tion T('st ........•.• , .•.•.•
Heat ~ixchan~et' He lium Syst,em
IJ('ak Teat ••..•••......••••••...
H~'at Exchallgl'r LOX Syatcom Leak
rrt·st .....•.....•.....••••......
I.a;ni tion Moni tor Valv<' Diaphragm
Leak Teet •...•..••....•..•••••.

3.2.3."

'),2.3.6

3.2.3.::;

1.1A

1.111

3.2.1.3

1-A1

3.2.3.1
3.2.3.2

'i,1
1. 1.2
1. I .1

- ".. -

1',\IWilLII'II

1.~.:2 .'1
1.:2.1

1-1

1.~.:..!.2

Unc\erlin<,(} nllmllf'l'S tlenotp fif(llt'cs.
Unl!C'rl i I1f·11 Li t 1 (I~ d('not(' pri mary paragraphs.

vi Change No. 14 - 9 CXtober J972



R-3896-11 Contents

TAnu; OF rONTE.W~

(cont i 1U14'1I)

PARAGRAPlf PAnE l'AIV.G1lAl'li TITLE

,-9',

3-117

,-101
,-101

3-115
3-115
,-1l6

,-97
,·97

,_10,

,.99

,.106
,-IOf,n
,-106n
,-10(,C
,-108

,-lOB
,_108

,-108
,-109
,-Ill
i-Ill

,-1l2
3-113

3-113

3-11
"

3-11 llA

3-115

............STOllAGI' PlU1JAllATION

SlJlVr CING ••••••••••••••••••••••
"OX Dom;:-find liaH (i('n('rll t.or 1,OX
Injrctol'l"lllHh •••••••••••••••••
J,t1hl'irntinJ!: IIYIH'rg"o] Mnnifolll
IInl'(' •••••••.•••••.••.••••••••••

JlANJlJ..llNG••••••••••••••••••••••••
F:nlI:inc Installation•••••••••••••
Gimbal Benring Lock instollation
Thrust Ch(lmher Nozzle Extcnsion
Ins lallation••••••••••••••••••••

O,,<bli:!rol' DonH' Flu",hiul!: Kit Tn
Atnllation foJ' l,OX OO'nro awl GnA
(jrlll'I'utOJ' I,OX Tn.1('C'toJ' PIHl'j:h •••
Oxbli11'1' llnltll' PIUflhillj1; Kit
MOllifGld nrnrkpt 111'ltnJlntioll
O.\i,lizl'l' 110mI'" FIll~hillJr Kit
It 1'1IHWn1 fol' J,OX nom,' and GnA

Gr'rlt't'ntor 1.0'\ In,j(l(ltOl' f'lush
LOX Ilomp f'll1sh •••••••••••••••••
Oxi(lilPl' nomp Fl11Hhin~ Kit r'l
stnl1utiou fol' LOX (lome F'llll'lh ••
O~idiz('1' (lomro FluAhih/o!; Kit
Hl'll1o\'al for LOX Domp ...·lush •••••
tin!-l (jpnp"ntol' 'lOX In,jpct.ol' r'hlflh
OXillizf'l' DOllw }o'lu~hill~ Kit In
HtRllaUoll for (info! frf'lWratOl'
LOX In,jpctor ·II1Ah •••• to .

Oxidh:c1' [lomp Flllshillfl: Ki t
R(,"lo'\'i\l fOl' Gna (fpT1('rator UlX
Tn.lf'ctor Flush •••••••••••••••••
Thl'u:it Chamhf'1' Fuel Jacket Flush
Thrust Chamhf'r l'ost-1'"1 11Sh Pneu
m~tic Leak Test at KSC •••••••••
l':np:inf' Residual "'11lill Removal ••
Admittill~ Prefill t.o En~inf' ....
Admittinp; 'P111:"1 to l'inp.;inr. •••••••
Atlmittinj:( LOX to F.np;in~•••••••••
J gni tion Moni t.01' Valve Sense
Line J)rnin••••••••••••••••••••••
n.... l=lidual F'\lol T>rnill •••••••••••••
Fu('l Oroin Vf'nt Adnptpr In8tol-
lnt,ion •.••.•.. 0 •••••••••••••••••

l'ul"l Ff'cd SYBtf'm O1'[\in ••••••••••
(inJol (l('IWl'lltOI' C,omlHlHtor Drldn •••
Thl'lI~t ChamlJ('1' }-'uet Jackpt Pl'nl n
Thl'UR t ChamheJ' Fuel I nll~ t
Mnnifoll1 1)1'nin••••••••••••••.•••
TlIl'hOlmmp Prf'!'Icrvotion., ••••••••
TUl'bopump Prcl1 crvo ti on \ F.JJ.Ri nell
Not Incorporating HDI115 Change).
Turbopump Pre~crvatiorr-(En8incs
Incorporating MDl~J Change} •••••
Connecting Scavenge Pump G2039
to Bngine•••••••••••••••••••••••
Loosenin§! and Securing Insu
lator 14)510 .•••••••••••••••••••

1.1).2
1. 'j.~.1

,-9

'.;.1.1

1.'1
1. "i. 1

3.'i.15.2

3-11A

3.5.16

'.1.,
1. 'i. 1. 1

1.').)
1.r;.6
,,).7
1.').8
'.lj.9

1. /j.l0
l:!.!.
,. 'i. 11
1. S. 12
" ;.n
3.1).1 11

3.5.1 r; ,
1.5.15.1

3.6
3.6.1
,-12
1.ti:'"2

3-8B

,-(,(,A

1-H2

3-67

3-BBA
J-8BA

3-89

3-91

3-91

3-7"

,-71,,-71,D
3-75
,-76A
3-79

,-81

3-8(,
,-86

T£lS t ••••••••••••••••••••••••••.

Viht'ution ~Rf(\tv- Cutoff Vl'ri
ri~ntion Test .: .•••••••..•.••.
TIIl'ust, OK l'rpl'Hl1l1'C Swi tell
FlInf't,ioll Tf'st •••••..••••••••••
1"IIi tel' Hnl'lH'88 Conlinni t~· nnll
Insulatioll Ht'Ristollc',' TC'HL •• ,.
Lf'ol{ and Fllllctioll Tf'st.'"l for
TnALnllf'd En,:(ln(l~ •••••••••••••
TllrhoplImp TOl'qUfl prp~t ••••.••••
LOX Pump S('o 1 PUl'gf' ],('ul< nntl
Function Test •••••••••••••••••
Cocoon V\\l'p;e Il{'ak fU\11 I"und i on
'rt'Ht •••••• , •••••••••••••••••••
1I(l[1 t EX('hfHl~f'l' 11(' I i 11m SYRtf'rn
Tlf'ul< Te's t. •••••••••••••••••••••
IIN1 t Exchllng£lr I,OX ~YHtt'm I.l'Cll<

,.,.1.11

1.1.2.1
'i.~. ~.2

,.,.1.10

Ilcnk T('I:I t ••••••••••.•••••••••••
).3.2.16 LOX Dome Ilnd GlH; GelH'l'uto1' LOX

Tn.1('ctor Pllq~'P Lpak lUHl
Fllnc ti on Test••••••••••••••••••

1. ,.2.17 Th1'nst r.hnmbcr !liClUid J,,~nk Tf'st
3. '.2.IB Ignition lIonitcr Volve Poppet

Position Vedfication Te~t•••••
,.3., lsolotion Teata for Inatalled

Enp;incs ••••••••••••••••••••••••
",,3.1 I,OX Pump Seal 1"Olation TeRt...
3.3.3.2 Fuel Overboard Drain Lin.

IaolRtion Test•••••••••••••••••
3.3.3.3 Prefill Check Valve Iaolation

Tea ~•.•••••••••••••••••••••••••
'S. 3. 3.

"
Oxi di zcr Dome Pllrp;o Check Valve
JBol~tion Leak Test•.••••••••.•

1.1.2.6 T~nition Monitor Vnlvp Pin-
phrnp;m Ilcnk Tf'st .

1.'.2.7 Hypor~ol Mnnifo1d Ll'uk nnd
Function TOAt••••••••••••••••••

1.1.".8 Hydl'(\UUC Control RYHt('m J'N\.k
and Function Test at HTF' (PI'iOl'
to Static 'PeRt) an,l at KSC· •••••

3. 3.2.~A Hydroulic Control System Id:~nk

nml }lunc tion Tc~t nt MT1'l Suh
sp~u~nt to ~tntic T~8t•••••••••

1. "5.2.8B Hydraulic Control Syatl:"m Ilenk
and Flmction T4,,,t at MiU'•••••••

'5.3.2.9 Vn1vc Timil1A: Tc~t ••••••••••••••
3.,.2.10 Fnel Feed System I,eak Test •••••
1.1.2.11 I~OX FC'cd l"iystem IlC'nk TlOst .
1.'l.2.12 Y.;xhnust System Ilcnk T~st .
3.1.2.11 TurllOpump nearin~ Coolant SyR-

tern Jlenk and }'un.,ti on 1'e8 t ......
3.3.2.l1J Thrust Chamber Pneumatic L4mk

T{'~ t ....•.............•......•.
'S.1.2.]!j Thrust Chnmh('l' Pt'cfill Lill('

Underl i nE'd numhcrB denote fiR\lres.
UlHlerl j ned ti tl es denote primary po.r6KraphR.

Change No. 13 - 4 April 1972 vIA



Contents R-3896-11

TAIlLE 01' ("O~'1'I'NTS

( ('1111 t i 1l11C'd)

pft IlA(iHAPH I'AILHilL\Plr

i-'i7
'1-11~

'1-1'19
'1-]1,0
i_I',1
"1-1'.2

'1-1'1 'j

'1-1'I6

i-I ','I

'1-1'10'\
1-l'Itll
"'i-111

1-111
'1-1'1'1
'1-'.1'1
'1-1'1'1
'1-1'1'1
'1-1'1'1
'1-1'1'1

'1-1'1'1
i-li'l
'1-1'1'1

'1-1'1"

'1-1 '1',

'1-1'1"

i-13"
'1-1'1"
'1-1'1',

1-1 i'l

EII~i nl' Hf'r.l0,'al •••••••••••••••
lIol'i:tnntHl EI1~il1(, Ht'lIw\'dl , ...•
V"I'ti cui 1:llgill(' Ht'movul •••••••
I~llP I Ovr·)'hOI\1'11 01'hi n HVH tt'ln
IHolulinu •.••••••.•••.••••••••• 1-11:l
Pr(')lal'!ll~ IlI'Hill ~y~tr'lll for 1-11"
IHolatlol1 •.••••••••••••.•••••• ~

Dl'tf'l'Ininillg" TnJo'pl·rtion Jntl'r\'lil$l "
ill' Draill S\'~l1'm Jl-lol~\tioll nllg~. 1-11.!1'
SN·Ul·jlll.!: lIi'nill Sy~t,i'm FI"om _ 11'1('
THOllltioll .•• ~ ••••••• , •.•••.••. l- _
Ill'nill S,':o;f.,·m lHoluUo~l lIug '1'('
lUHtnl1id,ioll Cfypit'nl} 1-1 :...
Prl'lHlri III!: lind Sr'cud urx 0;\1 di /1'1'

Hlltl }.,'i 1.1'0/-,:('11 0"('I'11l1IU't1 Ol'all\
LilH'''! fot' Hotrd\lll::- HtuJ.!:" to
lIod/ullinl PO'1itioll 1-11:1))
l'rt'pul illf..( Oxitli:ft'l' ,,,ul Ni tl'ngC'1l
0\,(-1'110111'11 ))I'U111 Lilll'A 1'01' Untu/·
iug: SLnU(' to Horizontal
J1o~itinn .•.•..••.•.•..•.•..... 1-1)~O
S(>(:UI'iIl(' Oxilli,,('1' nllll Ni I og"n
O\'I')']Hli\I'd IJI'tdll I.illf'H ••.•.••• 1-11:20

1'lll'pO!-lr' •.•••••••••••••••• ' ••••
:-)0111'("f' ]l('t('WIH'lltuti on •••..•••••
WlH'n to Illltlnb· Log Book •••••.•
flo ...' to Hplln tl' Log lIoo1( •••••••.
Ahhr('viutioH.~ •••••••••••••••••
!)l'filliUotl of Tl"rmiol .
I clf!nti fri lIl:( Vi'hid ('. Or~~'lli :.0:1\
t,lon. nHd T,OCllti on ., ..•.••...•
EnLt·l'illl.!; Ilntf's .•.•.•.••••.•..•
Hrl1\1uling-Ofl' Parumt·b'l' Vnlll{,~,.
V('ri fvi 1I,:t l.of.t Bool< J';lItrt ('9
(',o~ hook Aud i t) ..
f)('I~tilll! 1,lIg Hook Hntri":-I
MHlp in 1':1'1'01' •••••••••••• ~ ••••

Tndicntinu Obi'wletp I,ou:
Book I':n trif's •.••••.•.•.•.•••..
ImH'rtillg Additional 01' Ne\{
lJng TIool< Forml'l •.•••••••• , •••••
I'llltt'l'ing: 11l~ppcU()1I SiWlllt,HI'l'~l

or St.nmp'4 ••.•.•••••••••••.••..
Tl'nllf~fpl'l'intr [Jo/J: Book ••••.•.••
f,or.: Bno]< l"Ol'TTlH Tim t Hr'lui I'l'

PllHt-tlf'1 i Vr>I'V Hai nt,r>IlHlH'(' ••• ,.
IIlIw to ))(·tl'l'llli lie f,oj2,' Book
1:lltry Hl'qui f'(>n\f"ntf.; •••••••••• ,.
HinimlLln Log Bonk Eutn'
Hrqul rpmf'nts •••••••••••••••••• ,
Primary TnstrulJif'ntntion HY:'Itf'm
Roud Hap ••••••••••••••••••••••
CornpoJ1C'nt Test llif'conl •.••.•••.
Post-Dcolivery Performance
Uncert£lintv ReCOl'ft ••••••••••••
io:nginc "'Tei~ht R('cord ••••••••••
Enp;i.nc Tf'st nt'COl'I! ••••••••••••
Configurn.ti on nl'(,:orll ••.•.•.•..
Del i vUl'ed Rerial i l.Nl CnmpoJlcnt
H('cord •..•••.••••••••.••••••••
lJigid-Duct Spacer Dimconsiolls
(Engi nl'l'I Not Incorporating
}fI)ill Chnnge) •••••••••••••.•••

l.ll.:!"), ")

1. ().:..!~

1.(!.~~.)
"), h. ~~-:2
') J)~ :,.!1

1. (I. :!1. 1.

'1.7. 1,.R

'1.7.".9

'1.7,',.10

'1.7, ,
'1.7,(,

'1.7
J. i'. I
1.7.:..!
'1.7.i
1. i' . 'I
'1.7.',.1
1.7.'1.:1
'1.7. ',. 'I

1.7.'•. '.
1.7.'1.)
1.7.'I.b

3.7. '1. 7

2::.!2
.B§.

~

t~~m

1-1:18

1-12H

'I-I 'IDA

)-1~7

1-]:27

1_1:26

"I-I ]f)

'1-11 C)
1_1 ]CI

1_1 ~6 ,

'I_liD

'I-liD

'1-liO

i-liD

'1-IiO

l-E.!~

)_1~:..!

1-1'2'1
1-1 ~!Il

1-1 :1'IA
")-1 ~'jA

1-129

1-1:..!'lA
1-1:1'11)
1-1 :1'11)
1-1 :,"!'f('
1..1 :.!lIr.
)_l~ltA

l-I~lj

OxilliJ"I'I' OVl'l'hofll'l1 lh'nin LillI'
/lnll Ki t longt'n OVI'!')lORI't1 tJl'ni II

I.illl' III"ltallnt iflll •••• 0 ••••••••

Pllf'1 O\'prhnnl'(1 Ih'nill l,illl'
Tllf-ltallntinll ••••••••••••••••••
IJ.mih'I' lIal'lIl'HH Jmdnllnlioll ••
Jgnitl'l' 1101'111'''''' Hl'lno\'nl ••..•••
Fnp-i Ill' I;f!vi rOllttlf'1l to 1 ('n\'1'1'
'rlRtnllntioll .•••••••••••••••••
1~lll!i Ill' Envi l'OIUIll'nt n 1 ('(WI'}'

Hpnlovu] •••••••••••••••••••••••
'l'h.'1"11101 III~lllnliol1 TIl"ltnllntioll
61HI Ill'1lIo\'u1 ••••••.••••••.•••••
Igllill l i' TIl~tnllutinn ••.••••..•
Li VI' 'glli f.r·l· HI'llto"l\1 ." ••••••.•
l:xI1I'nllt;>f1 II-~lIitl'l' 1I1'1IIo,'n1 ••••••
H~'IHll'gol £'nl'tl'ilil-((' S\'l'vi('illJ~

1fn)(\I'~,ol ('nl'triltp:I' Pn('I{llI-(III~~ ••
nYPl'l'gol ('nd,ricIJ~I' Ih'IlW\,ul
From <'olltninl'l' ••••••••••••••••
lI.vlwr~~ol rnrtl"j dp;p J t1H!H'd i on ••
H.YIW1·j!ol ('nl·tt·id/1:f· UP·dOl'flliol1.
lIypc·l',.;ol ('al'b'idgl' lo(pight ('hN'I<
)[~'JlI'r~O1 (;nrtri t1gf' Ill'pudcnp;i!lg.
1I~1H'l'gol ('al'tddg(' Inlolt.nllut.ion
H~'pf'r~o1 Cnl'tritlgt' Hl'tnnVlll ••..
IdYl' IIYI'f'I'jl;ol C:Ul'tl'iilj..!;i· H('tllnvll1
W}1('n DfUUav;(' i!-l SUHpl't'hd •.••• "
I,ivr' HYI1t'J'P;O] Cnl'tl'idgl' Hf'lllOVIlI
Whcn No Dnlllnp;f' iR SlIHIH'(,hd ..••
~;xpendf'(l nY1)(~rp:ol CUl'tdclgl'
R('mov£I I ••••••.••.•.••..•..•.••
Tlu'IISt lihnmhcl' 1'hl'onl S<,cllI'i ty
Closure- IUHtnlintion ..•. ~ •....
ThruHt Chnmhr'r ThI'Oflt Spcnd ty
CIOio>nl'I' Itl'movnI .••••• " ..••••• ~

1'1."1U~t r.hnmh(,l· Thront Plu/!
TnHt.nllntioll .
Th~118t ehnmhl't' 'rhront I'lu,f!
Ht'rnoval •• " •••••••••• " •.•••••.•
1'1II'hint' f<;'<!lnllHt )';xi t I'f'f'fHl,II'P

Tt'Ht Pixture· lnstdllntion ...•.
Tul'1Jil1l' R'(hRlI"lt I'~xi t 1'1'(,~HHlr('

Tcst ri:dllrc Hcmovul ••.•..•.••
Intel'face Panel ACCl'S8 Dool'
Rcmovnl ••••.•.••••.••••••••..•
Interface PnnC'1 AC'cesB Door
Installation •...•••...••••••••
Fu('l Inlet Elbow TnRlIlntion
Boot In.!'ltal1ation ••.•• ~ .••••••
Thnlst ChaUiber Noz7.1C' Exten~ion

Removal •.•..•••••.•.•...••.•.•
Fuel OVf>I'hoctrd ])roin l.inc
nr.movnl ••.•••••. ~ ••..••.•• , ••.
Ox! IIi Zf'l' OVf'l'bonrrl Drni II I,i n~
onel Ni trop:en Overboard Dl'nin
Idne Hl'maval •••.• "••..•..•••..

'1.(,.1'1

'L6.12.1

1.6.1 ::;

'1.(,.1(,

'1.(,.17

3.6.19

'1.(,.IR

3.6.20

1.fl.!-I
''';.h.c)

1,11.10
'Lh.IOA
1-111-1
'Lt..l0A.1

~j,6.20A

3.6.21

1.5.1~.~

"'i.h.1
'). fl. II

"Lt.. I)

1.G.lllA.:.?
1.("IOA. 'I
1.6.10A.i.
l,(,.IOA,1)
1. Ii. 1 )
1. (I. 1 ~J

).(l.l~.l

1.6.21.1

1.6.:n.2

Hndrorl i lI('el numbers dcnotr' fi ~lr('s.

Underlinpd ti tI("s df'not(" pLlrRgrllph~.

vlJ3 Change No. 13 - 4 April 1972



I'AIlAGIlAPII

~
J::lQ.

,-30A

.l:l!.

m
B!l.
1.:li.

1:li
B1.

oreN.

JU~id-J)uct. Spacer Dimi;>nsionl~

~ 1';nl1;ilH>H I m~o"pcl'ati JlR' MDl')?
Changf') ..
Post_Delivp.ry Serialized Com
pon~nt Rpplace~ent Record •..•
Poat...Df'.Liver:v Flight Insf,rtl
nll"ntution Pr(,RBure TrnnJduccr
Rf'plncemf'ut ltf'corrl ..
Dplivercd Oriric~ Record •.•••
Post-DclivclY qrifioe Replaoe_
ment Record ..
Cpr-rational Data (llent
Lxchunl?;{'J' l)crformnncf' Sumrllllry)
Post..Dcliv£'ry ComponfHlt Cycle
I~(>cord ..
Hi Hcrepnn(' v Rf'cord ..
In:4prctivn' Hf'cord ..
TurbOp1~mp l)rcr:lervntiot! n~r:nrd.

A~c Control Lo~ for Comp~ncnt

S)'lthetic Rubber It,f'"1Is ..
LOO~f.-Equi pmf'nt PH A:l:t
Inytul1ntion Record , .
TrnJHlfer Record ..

R-3898-11

TAllLE OF CONT ImS
(continued)

PARAGllAl'lI

3-1)'5

;-H6

;_l'i84

3-150
3-152
3-15;
;-15"

3-155

;-156
;-158

A-I

Contents

Vndf>r)-i nNt 111lmh"'rR ({('note fi ~llrr·~.

tJrHkr I 1.IH"11 t i t1 £'s (\enot (> lltU'Bf!I'(l pha.

Change No. 13 - " Apr111972 viC



Illustrations ll-3896-11

LIST OF ILLUSTRATIONS

FIGUlIE

I
2
3
"
5
1-1

1-2

1-;
I-I!
2-1

2-2
2-,
2-',
2-5

2-6

2-7

2-10

2-11

2-13

2-I3A

2· J 6

2-16A

2-17

2-18

2-20

;-A1

3-A2
3-1

Et;P Approval Bas£>lillf' .••••••..•.•••
Index 0:' OICN Chnn~('l'I ..•.••••.•••••
F1l~ine Bascline MD Confip;uratjon ...
}o'-1 Rock" t J'~I1gill{' ••••••••.....•.•••
MD System ••••••••••••••.••••.••••••
Schedul('d Authoriz('d Fi('ld
Act!vi ties •........................
Nonscheduled Autlloriz~d FielJ
Activities , , , ..
En~inp DBmag(' Limits .
Thermal Insulation Damage Limits .
Cocoon Thermal Crmd i t i onirlg
nflquirpm('nta .
LOX Pump Inlet Conditions ••....••••
AcceptalJle Pump IIIJct I'rl'Sf.lUl't'fL •••

Fuel Pump Inlet ConditionA .
Oxidizer Domp Flushillg Kit
Instnllntion .•.••.•...•............
Component Heplacemcnt, Heinstalla
Hon, aud Ad.lllstmCl1t Ht'C!uiremerlt9 ..
Propellant Duct Pi t-Check and
Ali nrment Requi rrmflnts .•••••.••.••.
Tube Alint"1I'Ip.nt HequitrnJf'nts .•••••.•
1lrv1ations 1)'1 gn~itw Pflrforman('f'
DtH' tQ Componrnt nc>pl ac<.>mcnt •••••••
Rafe Opcratin~ PrNIl!ll.lrp. Heqllirp-
mf'ntl!l •••••.•••••••••••••.••••••••••
Component Cyclf' Defirdtioll and
Lim! ts ........•...•.•..•.•••.•.•.••
nimhal llearhlg amI Wrap-Around
Line Cycle lJimitn.tiol1a .
En@; inf' Chl"ckon t HNt ..1i r{'menta Afte r
!=;t,nragc in AccordnfH:(' With
MSFC-STD-'jOO ...............•• , ....•
LrJp;inf' Chf..'C'kout Hequi remenh After
Rtnndb.\' Rtatus ............•........
Thf'nlJsI Insulntion lmlfnllation
H£lquirrwt'ntl'l Prior to Stn~f'

Shipmf'nt to KSC •..•.•••••••...••...
Thermal Intmlntion Inl'1ulator AC('flBA
Doors .• , •.. , ....• , •..... , .•........
Eh'ctri{'nl Control RYl'ltem SCqlV'UC-

illJl' and Snt(lty circuits ..
Fl ij:(ht IllFltrUmf'l1tation RyafC'm
Volta,cz;f' Limit" .
~tRtic T~8t II18trumeritotioil
Catpgory ncquiremcJltR ......••..••..
Static T(1fl.t Ofl"r(\tin~ H(>dlin('
InetrlllllCtltatinn H(''Iui t{!!Ilpn ts .
J..aIIl1::'1, Instrurlentation Catp~ory

Hequir('lD(Inte •...........•...••....•
J.oftllllCh Opcrntin~ Rf>dl inc
InstrumentAtion RcCluir('m('nte •....•.
Altor~nfp Protective GlnRllrC's
for En~itl~ J,in('fIl .••••..••.•......••
Hntt"'rialtIJ Spf>rifh·d in Thi" Htlnlln.l.
En",inf' to En~inc Checkout Cn l80lr
Teet Setup {lJ,hl ... nJnf(ram •••.••••.••

"AGE

viii
x
xi
xiv
xv

1-2

1-7
1-1211
1-127

2-2
2-5
2-r,i
2-6

2-1(,
2-17

2-18A

2-23

2-26

2-29

2-31

2-)2

2-'JM

2-52

3-2A
;-2C

!'J.Q!'!!!:i.
3-2
3-3

3-5
3-6
3-7
3-H
1-9
'J-IO

;-11

;-llA

)-111\

3-12
;-13
3-Jl,
}-[5
3-16

3-16-1
3-16-2
3-16A

:;-16n

3..17

3-IH

3-19
3-20

3-21
;-22
;-2'l
j-2',

3-·25

;-27

3-28

3-29
3-30

}-10A

TITL,:

t;ngine COllllert Points for TC'!=lting.
Primary Flight IlIstrlllDt'ntatioll
Srhem8tic .........•...•...........
Auxiliary Flight. IJH~trnmentntion

Schematic (gngirH'.9 Not Inrorpo-
ratil1,(t ~ro2!! Change) .
I;l(>ctrinal Control Srhemat>.:l .
Fluid Control Hrhernatic: , .
Fluid Purge and ))ruin Schematic •..
S('al Motli tOritlg- Port Ih·quil"~mNlts.

J.uhricot.ing HYPCTgO] Hanifold Burr
Oxidi~rl' IJomr FIllShillg Kit
Hllnifold Bracket Instnllatioll .....
FU(1'1 I>rain VNlt Adapt(~r

Im;LnllntiolJ .....•................
Connt'ctin1( Scr~v('n,a;(' Pump G2039
to .Engine .•••.••••.•••••• , ••••..••
]Joo8clJin~ and Securing Immlntor
lli::i51 O••..••.•••• , .....••••••••••.
Gimbal llf'f.\ring- Locks IIH~tallntiO!l,

Nozzle J';xt('nsion InstallatioJI .....
Overboard Drain Lin(' Installation.
I,cz;ni tr'r Hnrnp~~ IlH~tai lation .
Enp;iuf! Envi rOllml'ntal Covrr
Tnr:ltallatioJl •....•.•.•••.••....•..
HYP('rp;o 1 Cartri d,lZ;c Packaging ••..•.
nyp~r,((ol Cartridp;ro Rcaiornti(lJJ ....
Pucl Inlrt Elbow IIIRu)atioll Root
Infltallntioll ..•...•...•••••.•..•••
Orain Sywl;rm I~wlntinn nag
Instnllntion (Typicnl) ,
Hi,Jimllm 1.0/1 Book Entr"y
R(!(juir(lrnf'nls .... , ....•...•..•.....
l'rimnrj' InA trum('nta' 1011 ::;j'8 trm
RtJad Hap ••.•••••••••••••••••••..••
Component Test RrcoTfl., .
Poat-J){lliv('ry pprformnll(,(,
T1nCf'rtointy Ill·cord , .
f:t1,£{in(' 'W1'ight Recorrl .•••••••...•••
t:ngillP Teat Record .•..••••.••••.•.
Confi,v,uration fil'eDrd ..•..•........
D... l iY('red Reri~d i7,('<1 Compollcnt
n('cord .........•..................
Hlgid-Duct Spacer IHmellaiollR
(F:n~illeFi Nnt IncoTJlOTAtinq;
HD.!.J2 Chan~e) , ..
Hi",id-Du(' t Spacer IJimen!don~ •
(EnRillr. Ineorporl\tinR HDll£.
Chnn~") , , .. , .
POl~t-D(lliv(lry Sprinl i7C'd Compo
nent Replacement n('cord ••.••••.•..
POA t-Dfll i vr:-T.v Fl i~ht Itl~ tTllIIWt!

tation l'res8uT(' Tranadurl'r
R2placcment RC'cord ..•.•.••••••••.•
Delivercd Orifice Record •.••••••••
POJl!lt-OcJ iV('Ty Orificl" R("placf'-
mflflt HC'rord .••.....••••••••••...•.
Operational notA (1I('llt r::Xch8rl~er
r('rfOnn8t1('I~ ~IUTlIl1ary) .•••••••••••••

3-3

1-(,

3~

3-9
'j-Il
;-12
3-] It

'; ..q'J

3-IOH

3-115
;-1l6
3-11R
}-120
3-121

3-123
3-12'IA
3-1211R

3-no

1-11:2C

;-137
3-D8

;-[1~

;-1',(1
3,-IIl!
)-1 ',2

3-II,Hn

vtD Change No. 14 - 9 Cktober 1972



3-31 P09t-Delivl':ry Component
Cycle Hcc'1rd .. , •..••.....•....•...

3-32 niBcrc;:Janc,J' Record ..•..... , ..... ,.
3-33 II1Bpection n~cord ..••..••........•
J-3'1 Turbopump PrNlCrvati on Record ....•
3-3::; l\t~e rontrol Lo;t for

COmpOn£'llt n.\-'nth.-.iic HII1Jlu'r Itt'rna,.
3.....3(j I,ool'3('-F..quipmctlt Fli~ht

Installation H('C0rd ...........•...
3-')7 Transft'r Rpcord .

R-3896-1l

LIST OF ILLIIS1'RATIONS
(colltinued)

FlGtJIUo:

;-FjO
3-1!'.i2
3-1:;3
3-15'1

3-1))

Change No. 13 - 4 Apr111972

mustratlons

viE/viF



R- 3896-11

INTRODUCTION

Introduction

SCOPE. This manual contains operating re
quirements and recommended procedures to
support these requirements, for the F-l Rocket
Engine, Part Number 104001, Serial Numbers
F-2029 through F-2098, designed and manufac
tured by Roc!-etdyre, a division of North
American Rockwell Corporation, 6633 Canoga
Avenue, Canoga Park, California 91304.

1. OUTLINE OF ENGINE OPERATING IN
STRUCTIONS INFORMATION.

Operating: and General Requirem~nts.

Section I, Operating Hequirements, and section
II, General Hequirements, provide all the sre
cific and general requirements for the activities
to be performed, acceptability criteria for these
activities, limits, special consiraints, safety
precautions, and sequences required to satis
factorily accomplish the activities. Sections I
and II represent requirements that have been
agreed to by NASA, the Stage Contractor, and
the Engine Contractor. Changes to these sec
tions are Clasg I type changes and are subject
to contractual approval. Exceptions to the re
quirements, limits and constraints specified in
sections I and IT require the approval of NASA.

Operating Procedures.

Section 111 outlines the procedures recommended
by the Engine Contractor to satisfy the require
ments of sections I and II most effectively.
Where applicable, maintenance and repair type
manuals arc rcf(,rf'nrccl to avoid duplications of
existing field procedures for maintenance and
repair, routine handling, and engine buildup.

2. ENGINE OPEHATING INSTRUCTIONS (EOl)
CONTHOL AND H1WISION SYS'rEM.

Section I and IT Control and Hevision.

Changes to sections I and II of this manual are
Class I hy definition and require an Engineering
Change Proposat (ECP), approved by NASA
change order, bef0re such changes can be in
corpor"ted into the manual. When the need for
a change occurs, a Preliminary Operating In
struction Change Notice (POleN) is submitted
with the engine hardware ECP or by separate
ECP. as applicable, to NASA for coordination
with lhc Stngc Contractor and subsequent ap
proval. NASA approv91 of the ECP and POlCN
authorizes release of an Operating Instruction

Change Notice (OlCN) to all manual holders.
Revisions or changes to sections I and n will be
made periodically to incorporate outstanding
OlCNs into the manual. When a Class I change
to section I or n affects the information In sec
tion m, ihe section 111 changes will also appear
on the OlCN, when practicable, to ensure con
currency between all sections of the manual.

Section JJJ Control and Revision.

Changes to section ill of this manual are Class
n by definition. Changes to section III that are
not concurrently released with an OICN change
to sections I or n, will be issued, as required,
by revision, change, or if urgency demands, by
a noncontractually approved OrCN, to update the
data or convey new methods that develop through
field or factory experience. Revisions, changes,
and OlCNs applicable to section III will be sub
mitted to the Resident NASA Quality Control
Office for acceptance in accordance with estab
lished contractual requirements.

Index of OlCN Changes ..

This manual incorporates engine operating
reqUirements for the ECPs and corresponding
engine MD number, listed in figure 1, that were
contractually approved as of 1 April 1969. These
ECPs form the approval baseline for sections I
and n. The index of OICN chaages, figure 2,
reflects the ECP/OlCN changes that were
Issued after the Initial release of this manual.
The index of OlCN changes includes the approved
ECP number that authorizes the incorporation
of an OrCN, the related engine MD number (If
applicable), the OlCN number and date, and the
pages affected by the change. Upon receipt of
an OICN, make an appropriate reference to the
OICN In the margin next to the data changed. In
figure 2, enter the ECl' and engine MD number
(if applicable), OICN number and date, and the
affecled pages. File all mCNs in the Appendix
to this manual.

Eng!n! Baseline COl\figuratio~ Figure 3 rep
resen S1hc engine baseline .;onflguratlon for
requirements and procellures included in this
manual. The manual is coded for engines In
corporating or not incorporating, as appticable,
MD configurations thal are different from the
baseline model.

Change No.2· 14 May 1969 ~ii



Introduction R-3896-11

Approved Engine Approved Engine Approved Engine Approved Engine
ECP No. MONo. ECP No. MONo. ECP No. MONo. ECl' No. MONo.--- --
1"1-38 37 1"1-62 7 1"1-80 7 1"1-100 7
Fl-38Rl - 1"1-64 7 Fl-82 18 1"1-101 8
1"1-39 11 1"1-65 7 1"1-85 7' 1"1-106 7
F~-40

- 1"1-67 10 1"1-86 7 1"1-108 7
1"1-42 7 1"1-69 7' 1"1-90 7 1"1-124 7
1"1-45 7 1"1-71 9 1"1-91 7 1"1-129 8
1"1-58 7 1"1-74 7 1"1-95 7 FI-129Rl
1"1-57 7 1"1-76 24 1"1-97 7 1"1-131 7
1"1-59 7 1"1-76Rl - 1"1-93 20 1"1-132 7
1"1-60 16 1"1-78 7 1"1-99 14 1"1-135 7- -

Figure 1. ECP Approval B'lsellne (Sheet 1 of 3)

viII Change No. 2 - ~ 4 May 1969



R-3896-11 Introduction

Approved Engine Approved Engine Approved Engine Approved
ECP Nc. MDNo. ECP No. MDNo. ECP No. MDNo. ECP No..
Fl-143 11 Fl-236 7 Fl-307 74 Fl-370
Fl-143Rl - -

Fl-241 'I Fl-307Rl Fl-370Rl
Fl-146 1 Fl-242 39 Fl-308 31 Fl-370R2
1'1-147 7 Fl-244 7" Fl-309 77;llO, Fl-370R3
Fl-149 11 1'1-251 7 95- Fl-371
1"1-153 7" 1"1-253 43 1"1-310 78,!!Q, 1"1-372
1"1-154 7 1"1-254 7" 95 Fl-372Rl
1"1-165 12 1"1-255 42,45 Pl-311 3l,l0!! Fl-372R2-Fl-165Rl Fl-2r8 "2C Fl-311Rl 1"1-373
1'1-166 13 Pl-258H1 -- Pl-312 96,97 Pl-378
1'1-168 8" Fl-258H2 Pl-312Hl Pl-378Rl
Pl-169 7 Pl-260 54 Pl-312R2 Pl-378R2
Pl-l72 7 Fl-260Hl - Fl-312H3 Fl-378H2
Fl-174 21 PI-260R2 155 Fl-~13 69 Fl-279
Fl-174m -

122 -Fl-261 Pl-313Hl Pl-379Hl
1"1-176 22 1"1-262 50 1"1-314 31 Pl-379H2
Pl-180 "34 Pl-263 51 Pl-315 70,83 Pl-380
1"1-182 7" 1"1-267 49 Fl-315Hl Fl-381
Pl-185 32 1"1-268 -59 Fl-315H2 Pl-391
Fl-185Hl - Fl-268Hl - 1'1-316 31 Fl-39tHl
Fl-188 7 Fl-269 55 1'1-317 71 1'1-392
F1-l88RI Fl-270 17 FI-Z19 3I Fl-392H1
1"1-189 7 Fl-270Rl -- Fl-320 'f5 Fl-392H2
Fl-1~1 7 Fl-270R2 Fl-320Rl - 1"1-405
1'1-192 46 1"1-274 53 F1·321 31 F1·405R1
Fl-192Hl -- Pl-276 22 Pl-323 84,85, Pl-405R2
1"l-192H2 1"1-277 61 86 Fl-406
Pl-193 7 1'1-278 64 1"l-323Rl - Fl-407
Fl-193R1 1"l-27q 21 Fl··323H2 Fl-407R1
1"1-194 7 Fl-279Rl -- Fl-323R3 1"1-406
1'1-195 7 1"1-282 31 1'1-324 72 Fl-408Rl
1'1-196 29 1'1-283 65 Fl-324R1 - 1'1-1,09
1<'1-197 20 Fl-283Hl

-
Fl-326 79,80, Fl-4i0

1'1-198 26 Fl-283H2 95- Fl-41ORl
Fl-198Rl - 1'1-285 68 1'1-328 76 1'1-415
rt-202 7 Fl-285H1 - Fl-328Rl - Fl-416
1'1-206 22,66 1'1-287 31 1'1-331 31 Fl-416Rl
Fl-206m 1'1-288 31 1'1-332 31 1'1-41'1
Fl-206H2 1'1-289 63 1'1-333 54 1'1-418
1'1-208 33 Fl-289Rl -- F'l-335 3"1 Fl-4J8R1
Fl-208Hl -- Fl-289n2 1'1-342 30 1'1-419
Fl-208H2 Fl-294 57 1'1,,343 90,91 F'l-419Hl
Fi -214 31 Fl-294Hl - FI-347 31 1"1-420
Fl-214Rl -- Fl-294H2 Fl-352 31 Fl-420Rl
1'1-216 31 Fl-303 54 F'l-352Hl - 1'1-421
Fl-216Hl

-
Fl-303R1.

-
Fl-353 82 Fl-42tHl•

1'1-217 7 1'1-304 67 1'1-356 88,'93 1'1-422
1"1-226 35 Fl-304Hl

.-
F'l-357 -li1J- Fl-422H1

1"1-228 36 1"1-305 73 Fl-358 3I' Fl-423
Fl-229 8" Fl-305Rl - Fl-360 99 Fl-423Hl
Fl-229R1 1"1-306 66 Fl-361 92 1'1-424
~-1-233 38 FI-306Hl - 1'1-362 54 Fl-424Rl
1'1-235 3I FI-306R2 1"1-369 94 1"1-426

- -

Engine
MDNo.

106

31
roo

N/A
58

101

99
3I

102,103

137

128

109

104

105
128

107
120

N/A
N/A

N/A

N/A

113,114

119

110

117

F1h'1Jre 1. ECP Approval Baseline (Shee! 2 of 3)
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R-3896-11 Introduction

Figure 1. E"':P Approval Baseltne (Sheet 3 of 3)

-
Approved Engine AlJproveri Engine Approved Engine Approv"d Engine
ECP No. MONo. ECP No. MONo. ECP No. MONo. ECP No. MONo.- . ---
1'l-426R1 Fl-449 127 1'l-500nl 1'1-548 160- 1'1-502 148 1'l-548RI --
1'1-427 111 F1··449R I
1'l-427H1 - Fl-452 126 Fl- 504 141 1'1-552 170
F1-~27R2 Fl-452Rl - 1'l-504Rl - Fl-552R1 -
Fl-428 87 Fl-453 123 F'l- 505 161 Fl-552R2
1'l-428H1 -

Fl-4~4 118 Fl-505R1
_.-

FI-56S N/A
Fl-430 112 Fl-454R1 - Fl-506 159 Fl-570 N/A
Fl-431 137 Fl-454m! Fl-507 - Fl-574 N/A
Fl-431R1 -- Fl-456 124 Fl .. 509 143 Fl-578
Fl-431R2 1'l-456Rl --- Fl-510 152 Fl-57BR1
Fl-432 125 Fl-457 136 Fl-510Rl - Fl-579 N/A
1'l-432R1 - 1'1-459 IJO 1'1-511 146 Fl-580
1'l-432R2 Fl-464 N"7A Fl-511R1 - Fl-581 167,16~

1'1-434 121 1'1-467 Fl-512 177 FI-58lHl
Fl-434Rl - Fl-467Rl Fl-512Rl - Fl-581H2
r'1-436 123 1'1-468 n8 1'1-515 147 Fl-Ge1R3
Fl-437 115 Fl-470 140 Fl-515Rl

-
Fl--581rr4

Fl-437Hl -- F1·470Hl -- Fl-521 154 1'1-586
Fl-437R2 1'l-470H2 Fl-521R1 iii7A Fl-587
FI-437R3 Fl-471 Fl-521R2 Fl-590
Fl-438 131 Fl-475 N/h Fl-521R3 Fl-590Hl
Fl-439 146 Fl-475Hl Fl-522 N/A Fl-591 172
r'1-439Rl - Fl-475R2 1<'1-523 N/A Fl-594

.----

1'1-441 140 1'1-476 135 1'1-524 153 Fl-594Rl
Fl-441R1 - Fl-476Rl - Fl-525 157,158 Fl-596 174
Fl-441R2 1'1-478 137 Fl-525H1 Fl-597 175
1'1-443 129 Fl-4'/8Rl - 1'1-526 156 1'1-601

--

Fl-444 139 Fl-478R2 FI-526nl - 1'1-602 178
1'1-444H1

-
Fl-480 132 Fl.-530 162,163 -

~'1-444R2 Fl-480R1 - 1'l-530Rl
1'1-445 122 Fl-482 142 FI-530R2
FI-445Rl -- F'l-482Rl 142 Fl-530R3
f'l-44'1 138 1-'1-495 '144 FI-535 N/A
Fl-447nl

-
Fl-495R1 - 1'1-543 165

F ,-447H2 1'1-498 145 Fl-543Rl -
Fl-448 149 1'1-499 137 Fl-545 154
Fl-448RI - Fl-499R1 - Fl-546 101M
Fl-448R2 1'1-500 150,151 Fl-547 169- ,- .

ix



Introduction R-3886-11

Engine OlCN No.
ECP No. MDNo. and Date Affected Pages -
FI-900Rl N/A 1, 24 June 1969 1-2 through 1-6, 1-43, 1-44. 1-56,

1-59, 1-67, and 2-29

FI-901Rl N/A 2, 9 October 1969 1-3, 1-10, 1-11, 1-14, 1-16, 1-17,
1-18, 1-20, 1-21, 1-22, 1-40, 1-41,
1-45, 1-47, 1-72, 1-112, 1-115,
1-117, 2-10, and 2-35

N/A N/A 3, 1 August 1969 3-124

Fl-902Rl N/A 4, 17 December 1969 1-4, 1-7, 1-8, 1-9, 1-13, 1-13,
and as changed by 1-14, 1-16, 1-22, 1-27, 1-28, 1-29,
Modification No. 301 1-33, 1-34, 1-37, 1-39, 1-55, 1-ti6,
to Contract 1-57, 1-58, 1-59, 1-62, 1-63, 1-64,
NAS8-18734 1-69, 1-78B, 1-78C, 1-79, 1-80, 1-81

1-82, 1·81, 1-84, 1-85, 1-89, 1-9 f),

1-91, 1-92, 1-95, 1-96, 1-100,
1-105, 1-126,2-1,2-2,2-3,2-7,
2-14, 2-16, 2-21, 2-27, 2-29, 2-~0,

2-34, 2-38, 2-40, 2-41, and 2-49

N/A N/A 5, 24 September 1969 3-14, 3-15, 3-44, 3-85, 3-95, 3-96,
3-99, 3-100, and 3-104

FI-903 N/A 6, 11 December 1969 1-4 and 1-68

N/A N/A 8, 3 Octcher 1969 3-23, 3-25, 3-26, 3-27, 3-28, 3-30,
3-31, 1-33, 3-36, 3-45, 3-46, 3-47,
3-4C, 3-49, 3-50, 3-51, 3-52, 3-53,
and 3-131

Fl-1I05 N/A 10, 11 December 1969 1-44 and 1-45
N/A N/A 11, 160clober 1969 3-80 and 3-81
N/A N/A 12, 22 October 1969 3-92, 3-94, 3-98, 3-99, 3-104,

3-106, 3-110, 3-111, ~-112, and
3-115

FI-906 N/A 13, 29 December 1969 1-2, 1-8, 1-35, 1-38, and 2-8
"i/A N/A 14, 12 November 1969 3-132 and 3-132A

FI-907 N/A 16, 25 March 1070 2-2, 2-49, and 2-53
N/A N/A 17, 5December 1969 3-113, 3-114, and 3-124

Fl-908 I1N/A 19, 14 March 1970 1-2, 1-24, and 1-107
fo'l-909 N/A 20,25 March 1970 1-8, 1-18, 1-22, 1-33, 1-47,

1-48B, 1-50, 1-53, 1-67, 1-69,
1-79, 2-7, and 2-13

FI-910 N/A 22, 9 April 1970 1-12, 1-13, 1-14, 1-71, 1-72,
?-10, 2-14, 2-20, and 2-29

N/A N/A 23, 9JanuRry 19'10 3-114
N/A N/A 24, 4 February 1970 3-124A/3-124B, 3-125, and 3-126

Figure 2. Index of orCN Changes (Sheet 1 of 3)
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ECP No.

FI-V12

Fl-614

Fl-S13

Engine
MONo.

N/A

N/A

N/A

R-3896-11

OICN No.
and Oate

25, 22 May 1970

26, 25 June 1(170

27, 29 June 1970

Introduction

Affected Pages

1-101, 1-102, 1-104, 1-105, 2-12,
and 2-13

1-93, 1-94, 2-3, and 2-8

1-42, 1-43, 1-44, 1-45, 1-55, 1-56,
1-58, 1-59, 1-60, 1-61, 1-62, 1-63,
1-64, 1-65, 1-67, and 2-29

Fl-914

N/A

N/A

Fl··915

Fl-916

N/A

N/A

FI-917

N/A

Fl-918

N/A

Fl-919

Fl-920

FI-921

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

28, 29 June 1(170 1-34, 1-35, 1-38, 1-45, 1-47,
1-48A, 1-4813, 1-53, and 1-67

29, 13 February 1970 3-135 and 3-149

30, 3 March 1970 3-6G, 3-61, 3-132, 3-132A, and
3-13213

31, 30 September 1970 1-4, 1-6, 1-46, 1-47, 1-48, 1-77,
1-7813, 1-78E/1-78F, 1-100, 1-106,
1-107, 1-108, 2-1, 2-2, and 2·3

32,30 September 1970 1-34, 1-31, 1-102, and 1-103

33, 29 April 1970 3-10, 3-13, 3-41, 3-62, 3-86, and
3-124

34, 5 May 1970 3-53, 3-54, 3-58, and 3-124

35, 30 September 1970 1-3, 1-60, 1·61, 1-66, and 1-87

36, 18 June Hi70 3-1 and 3-148A

37, 30 September 1970 2-17

38, & July 1970 3-132D

39, 6 Nov~mber 1970 1-26, 1-126, and 2-30

40, 3 February 1971 1-4, 1-5, 1-8, 1-82, 1-84, 1-84A/
1-8413, 1-91, 1-92, 1-95, 1-96,
1-96A, 1-9613, 1-96C/1-96D, 1-97,
1-126, 2-45, 2-46, 2-52, 2-53,
and 2-54

41,23 February 1971 1-5,1-6,1-9,1-11, 1-12, 1-13,
1-14,1-16,1-18,1-21, 1-27,
1-48C/1-480, 1-71, 1-72, 1-107,
1-108, 1-12", 2-18, 2-19, and 2-21

42, 2 Oclo'), r 1970 3-1240

Figure 2. Index of OICN Chllllges (Sheet 2 of 3)

Change Ho. 11 - 6 May 1971 xA



Introduction R-3896-11

Engine orCN No.
ECP No. MD No. and Date Affected Pages
-_.

N/A N/A 44, 9 October 1970 3-18, 3-19, 3-41, 3-42, 3-44, 3-58,
3-65,3-67,3-77,3-79,3-81,3-82,
3-83, 3-85, 3-86, 3-87, 3-92, 3-93,
3-97, 3-98, 3-101, 3-101, 3-128,
and 3-129

N/A N/A 45, 2 November 1970 3-20, 3-67, and 3-80

N/A N/A 46, 4 November 1970 3-84

Fl-923 N/A 47, 16 August 1971 1-85 and 1-125

N/A N/A 48, 15 February 1971 3-141

Fl-924 N/A 49, 24 May 1971 1-30

Fl-925 N/A 50, 20 July 1971 2-54 and 2-55/2-56

Fl-928 N/A 53, 25 October 1971 2-21

N/A N/A 54, 25 May 1971 3-74C, 3-74D, 3-94, 3-95, 3-96,
3-102, and 3-103

N/A N/A 55, 10 June 1971 3-14, 3-15, 3-38, 3-80, and
3-80A/3-80B

Fl-929 N/A 56, 15 August 1972 1-60A, 1-60B, and 2-28

N/A N/A 57, 13 July 1971 3-14, 3-15, 3-30, 3-80, and
3-80A/3-80B

N/A N/A 58, 4 August 1971 3-21, 3-22, 3· ~1, 3-34, 3-38, 3-68,
3-69, 3-75, 3-76A/3-76B, 3-80,
and 3-80A/3-80B

Fl-930 N/A 59, 15 August 1972 1-12, 1-13, 1-14, 1-16, 1-20, 1-21,
1-27, 1-71, 1-72, 1-72A/1-7213,
2-10, 2-13, and 2-29

Fl-932 N/A 61, 6 March 1972 1·4, 1-48C/1-48D, 1-69, 2-10,
and 2-55/2-56

N/A N/A 63, 29 November 1971 3-1 and 3-155

Fl-934 N/:. 64, 31 March 1972 2-12, 2-13, 2-14, and 2-54

Fl-935 N/A 65, 5 April 1972 1-81 and 1-82

Fl-936 N/A 66, 24 May 1972 2-36A

Fl-937 N/A 67, 17 October 1972 1-13,1-14,1-16,1-21,1-27,
and 2-21

N/A N/A 68, 13 June 1972 3-1, 3-2, 3-213, 3-130A!3-130B,
and 3-131 .

Figure 2. Index of OleN Changes (Sheet 3 of 3)

xl3 Change No. 14 .. 9 October 1972
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1x711x13

51 x 54 55 x 57 x 59 x 61 x 63 73 x 75 79 x 87 90 x 92 x 94 x 100 101 x 104 105 x 107 x 109- --- -- - - -.~ -- -- --- - -- -- --
110 x 113 x 115 x 117 122 x 124 x 126 x 130 x 133 135 x 137 139 x 142 x 144 x 149 x 155 x 156

158

Figure 3. Engine Baseline MD Configuration

3. ABBREVIATIONS.

The following abbreviations may appear through
out this manual:

mill!llter
millisecond
MiSSissippi Test Facility
Marshall Space Flight Center
not applicable
net positive suction head
momcnt, x- axis
moment, y-axis
moment, z-axis
number
nominal
Operating Instruction Change Notice
chamber pressure
denotes acidity and alkalinity
part number
parts per million
pounds per square inch, absolute
pounds per square inch, gage
radius or resistant.,:'
reference
ramjet fuel
root mean square
revolutions per minute
standard cubic feet pel' minute
standard cubic inch per minute
seconrl
serial number
square inch
square foot
stage static instrumentation
thermal insulation set
Vehicle Assembly Building
volts alternating current
volts direct current

ac
AWG
Fltu
C
cc
cclm
cfm
cfs
cg
cpm
cps
cu in.
cu It
db
dc
DNA
ECP
F
it-Ib
ft/sec
Fx
Fy
Fz
g •
GN2
GOX
gllm
gps
He
HE
in.
in-lb
kc
KSC
lblsec
LN2
LOX
MAF
max
min

alternat"lg cu,'rent
AmericlU\ Wire Gage
British thermal unit
Celsius (Centigrade)
cubic centimeter
cubic centimeters per minute
cubic feet ;ler minute
cubic feet per second
center of gra,lty
cycles per minute
cycles pe~ second
cub.c inch
cubic foot
decibel
direct cur.rent
does not app ly
Enginee~ing Change Proposal
Fahrenheit
foot-pound
feet per second
force, x~ axis
force, y-axis
force, z-axis
gravitational constant
gaseous nitrogen
gaseous oxygen
gallons per minute
gallons per second
helium
heat exchanger
inch
inch-pound
kilocycle
Kennedy Space Center
pounds per sccond
liquid nitrogen
liquid oxygen
Michoud Assembly Facllity
maxirr.&um
minimum

ml
msec
MTF
MSFC
N/A
NPSH
Mx
My
Mz
No.
nom
O!CN
Pc
pH
PIN
ppm
psla
psi,,;
R
REF
RJ-1
rms
rpm
scfm
scim
se('
SiN
sq in.
sq ft
SSI
TIJ
VAB
Vac
vdc

4. DEFINITIONS.

Stage Contractor

Enginc Contractor

The Boeing Company
and Its affiliatcs or
subcontractors

Rocketdyne and its
designated represen
tatives, such as field
engineering personnel

Change No. 13 - 4 Aprl11972 xl
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Customer

Unln&talled engines

!.,stalled enl;;lnes

No damage Is
allowable.

Engine service life

Engine stad

Component cycle

No lealoage is
allowable

Fuzz leakage

Hydraulic surface
wetting

Long-term storage

Engine standby status

4A. SYMBOLS.

NASA and its desIg
nated representatives

Engines not Installed
In the S-IC stage

Engines Installed In
the S-IC stage

Defined In paragraph
2.4.3A

Defined In paragraph
2.5.9

Defined In paragraph
2.5.9

Defined In paragraph
2.5.10

Defined in paragraph
2.5.11

Defined in paragraph
2.5.11

Defined In paragraph
2.5.20

Defined In paragraph
2. 5. 11. 1

Defined In paragraph
2.2A.l

5. ADDITIONAL DATA AND INFORMATION.

The follOWing documents provide additional in
formation on the F-l rocket engine (figure 4)
and F-l ground support equipment and tooling:

R-369B-l, F-l Hocket Enb';ne Data Manual.
This manual contains engineering data includ
Ing engine description, operation, and engine
system functions.

R-389B-3, Fol Rocket Engine Maintenance and
Repair Manual (Volume I). This manual con
tains general engine maintenance, handling,
component removal and installation, and post
maintenance checkout reqUirements.

R-369B-3 F-I Rocket En Inc Maintenance and
Re all' Manual Volume II. This manual con
tains component repair an testing procedures
for Individual engine components.

R-3696-4, F-I Rocket En ine Illustrated Parts
re down Manual. This manua ists and; us

trates the parts reqUired for maintenance-level
support of the F-I rocket engine, Including
closures for the assembled F-I rocket engine
and its individual components and parts.

R- 3696- 5, F -I Rocket En Inc Ground Su port
~ul ment Maintenance an era IOn Manua

olume I. This manual contains descl i),llion,
theory of operation, maintenance and checkout
data, maintenance-level codes keyed to parts
lists, and proof loading and pressure test re
qUirements for delivered F-l rocket engine
ground support eqUipment.

Symbols used In the text and on lllustratlons
are as follows:

O Used on illustrations to Indlca.te effectivity
of specific configurations.

I
T
I

A change bar and an i!;C P number fire
placed adjacent to the text or illustration
In sections I and II to Indicate the area of
change made after the basic effort. The
Index of OleN changes (figure 2) lists the
corresponding OlCN numbers.

A change bar Is placed adjacent to the text
or illustration In section ill to 'mdlcate the
area of change made after the basic effort.

R-3896-5, F-l Rocket EngiM Grotrnd Support
E ui ment Maintenance and eratlon Manual
Volume 1 . This manual contains physical and

functional description, intended usage, equip
ment ,Umenslons, weight, operating limitations.
power and fluid requirements, a breakdown
parts list, periodic maintenance and testing re
quirements. and other procedures for determin
ing that the equipment and T tooling are in an
operable condition.

R- 3896-~ F-I Rocket Engine Th,)rmal Insula
tion alld epalr Manual. This manual contains
descrlpEon, Installatlon and reMoval proce
dures, and data for repair of thermal insulation
for the F-l rocket engine.

xli Change No. 14 - 9 October 1972



R-3896-11 Introduction

R-3896-9 F-I Rocket En~ne Transportation
Manual. This manual conalns procedures for
preparing the F-I rocket engine, nozzle exten
sion, thermal Insulation, ann .'\scellaneous
engine loose e<luipment for shipment and for
shipping by truck, all', or by water. Included
are recommended truck, all', and water trans
port checklists that may be used to verify that
procedures and in-transit Inspections have been
performed.

R-5857, Saturn F-I Configuration Identifica
tion & Status Report. This report provides a
record of the configuration, allocation, iden
tification, and status of dellvered F-l rocket
engine and 1'tllated support equipment.

R-6749, Fol En ine Interface Document. This
document Is a summary an ca egorlzatlon of
F-I engine interface information necessary to
identify cstablished design compatibility be
tween the cnginc and its mating system.

R-8842, Maintenance and Support Pl~n For
Saturn F-I, II-I, and J-2 Rocket Engines,
This pian defines the various support functions
and conveys maintcnance and support planning
information for the Saturn engines and support
equipment,

6, CONFIGURATION IDENTIFICATI~1'!,

EQUIPMENT CONFIGURATION. The MD
identification symbol and the equipment model
designation indicate the configuration of the
equipment and distinguiSh it from models incor
porating different changes and from basic
models. A basic, llnchar.ged configuration of
the equipment has no MD identification symbol.
MD Identification symbols are added as changes
affecting configuration are incorporated into the
equipment. The MD Identification symbol is
stamped on the MD plate, 'vhlch is mounted
near the engine nameplate.

MD IDENTIFICATiON SYMBOLS. On MD Identi
flcatlon plate Rn171-1022-0001, the Identlflcation
symbol Is a composite number representing all
the changes affecting configuration (MD changes)

Incorporated or not Incorporated Into the equip
ment. The symbol represents a consecutively
numbered series of MD changes. Any MD
chang\.. Or series of MD changes, not Incorpo
rated Is represented by an "X." Multl-digit
numbers are underUned. Two flgures together
represent the Umits of a series of incorporated
MD changes, Figure 5 lllusirates how MD
changes incorporated In the engine are repre
s",nted by the MD identification symhol,

MD Id'mtlflcatlon plate~ RDl71-1052-0001
through .C006 hav" preprinted numbers from 1
through 100 on the -0001 plate, 101 through 200
on the -0002 plate, etc. Modifications that are
Incorporated Into the equipment are represented
by the letter P (production) or K (kit) stamped
In the square directly to the right of the appli
cable number. Omission of a P or K, Indicates
that the MD change Is not Incorporated. A
POl' K with a bar (-) marked through the letter
(1'; K) Indicates a MD change deleted in its
entirety by the Incorporation of a later MD
change, Figure 5 illustrates how MD changes
Incorporated Into the equipment arc represented
by the MD identification symbol.

MANUAL REFERENCE. A reference that ap
pears In the manual may refer to a series of
MD changes or to an individual MD change; for
example, "MD9" refers to MDI through MD9,
but "MD9 change" refers to the individual MD
change 9, This latter type of reference, illus
trated In figure 5, identifles separate sets of
information required by differences in configu
ration, When an MD reference appears In the
manual, examine the MD identlfi:ation symbol
on the equipment to determine which set of
Information is applicable.

Change No. 13 - 4 AprU1972 xlII
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MD CHANGES INCORPORATED

Introduction

Mn9

MD lD!N1'IP'ICATION SYMBOL

_________,-...c....--,--=..,,--=--..,-_.---,._-='-,,-6_r __'-..,-_'---,.--=' .l'lo--.--=l::..I_..-,U=---.,.-----r I
I I

I I
MlH,X18Xl911

MAl'lUAL R£!'ERENCE

Mn9

MOe C'1ANGr

I I-I I I

I I I
I I I I-I I I I

t.mu
I I I I I

MOL1 CHAllOt.: I I ~
__, ..L---'-__..L-_ _ --'-_-'-----'-_l~.

NOTE: A HOIUZOtn'AL UNr. WITHIN THf: CHART INDICATeS TH~),tO

cnANOE REFERRED TO IN THE SYM80L on REFERENCE AT
THE LErr.

GEN·63D'-------------------------------------'

Figure 50 MD System
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SECTION [

OPI!:RATlNG HEQUIREMEN'I'S

Section I

SCOPE. This section outlines the scheduled
and nonscheduled authorized en;.;ine activities
and the requirements, limits, and cunstraints
ne~essary to satif;factorily comply with these
activities.

Scheduled Authorized Field Activities, fil~re

I-I, lists f.om left to ril(httlw major enl(lne
events with resped to enl(lne status (a "inl(le
enl:ine or an engine installed in a stage). All
activities fiJI' each event must be accomplished
before starLinl( the next event. Activities listed
for each event may be performed in any order
unless otlwl'wir·)C specified in Ol(' referenced
adivity ll.lr;:\{~l'aph contained in the requirements,
lilr.lts, and constraints tablilar presentation.

Nonscheduled Authori,ed field Activities, fil(
lire 1-2, lists the aclivilles that IllllSt be per
formed durinl( nonscheduled eve'lts. The eVGnts
listed across the tOj) of this figurc arc grouped
to reflect the location and conditions that pre
vailed at the limn the accomplishment of a non
scheduled activity became necessary. The
listed order of lhe~e events is not sequeace
orlcnted; therefore, tI", activities Illay bc per
formed in any order unlnBs otherwise .':lpcelficd

in the refcrenced activity paragraph contained
in the requirements, limits, and constraints
tabular presentation. The static test and launch
abort activities assulllo that abort was not due
to cnl(inc associated problcms.

Requ~t.'Cmf:l.tts, lirnits, and (,ol1stl'aints arc 1'rQ
sentod in l:lbular form imlllllcUato!y 1011owinl~

fi~urc 1-2. These aclivities must be acrom
pli"hed during that phase of schedulcd or non
scheduled engine flow speclfted In fil(lIres 1-1
and 1-2. 1)urlng compllance with theso ,'divi
tics, the following- general requircrncnts Rhall
apply:

a. Tho saldy precautions spccifiod In sec
tion [[ must be ('oll1pliod with.

b. When thc activity I"oquircs tl", appllcatlon
of a speciftc purge, thc purge prCfJSUrCH and
flowrates speeified in seetion [[ must be applied,
unlesH otherwise Hpeciflod.

c. When a checlwut adivity reqnires pres
sUl'i~t111~ or pllq~inl-{ a 8ystcm or component, the
fhlld requiremenls s]H'eified In section II for
(mgilw eheckoul must he complied with.

1.. 1
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Section I R-3890-11

SINGLE f>'TAGE STAGE
ENGINE PilE-STATIC STATIC TEST

.. Event

)00 .8 Me
" ' "" " " .~Activity M" "

~o 'n 8z
.1f.~ • 0 • ~'$

Ul .~

1J
.~ ~ Q.I '" ~ r~ .2 "<il .. " 1:.eo ~~ " .. 0 Eo< .. ~o... ~ 0 ::::M' ~ " .. " ~ <\5 .... '1'" ".~

.~ ~ .... e .- " " .. e.:: " "", '" ,~ ", ~~

~ ,,~ " • £'l", .. ,Rt
~:g

..
~~ !i~

Ul Ul ,8-
" ~.!:l

.c .s Ul s -" 0
o " .c« U '" .!:l.S '" '" <\5 P<U "'P< "'Eo< rn

A B C J) E F G Ii I J K L M

INSPECTIONS

I Ove rall cnl{ine visual I. I. I 1. 1. 2 1. I. 3 1. 1. .j I. I. 5 I. I. 3 I. I. 6 1.1.

2 Thrust chamber nozzle cxtenslon 1.1. 7 1.1.7 1. 1.8
VlbUal

3 Thl'u.-it chamber tubes visual I. 1. 9

4 Thrusl chamber injector .1.10 I.I.IO
contamination

5 Thrust chamber Injector damage 1.1.11

6 Thru...:it chamber draJn adapter I. I. 12

; torque verification
OA Eng Inc jointA closure removal .1.121verification

ELECTRICAL TESTS

I 7 Fil!>ot Instrumentation sy"t"", 1.2. I I. 2.2 I. 2.2
function

8 TU1·1Jopur.lp heater function 1.2.3 I 2.3YOO

I 9 Ilypp rgol Installed switch funellm 1.2.4 1.2.4

10 Checkout valve timing function 1.2.5 1.2.5

11 Engine safety circuits function I. 2.6

12 ],;nglne sequence vcrlflcatlon I. 2.8

13 Igniter test I. 2.9

14 Inert Igniter test

15 Igniter harness test 1.2.14

16 Vibration safety cutoff verlflca- 1.2.12
tion

17 Thrust OK pressure switch
function

6 l'IA Checkout valve engine return 1.2.15
switch position verification
• Activity requlres removal and reinstallation of thermal insulation (lanels . Refer to section n for panel location ..- For engines stored in accordance with MSFC-STD-500, refer 10 paragraph 2.5.11.1 fur checkout requirements after re,

1.. ~ Change No. 7 - 28 April 1970 Figure 1-1. SchedUled Authorized Field Activities (Sheet
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J
R-3896-11

i-
SINGLE STAGE STAGE

" ENGINE PRE-STATIC STATIC TEST
"- -

Event
~.,

.0 Wla Activity "
, "" " <.>'~

Z ~s * .S Wl"
<,) t) ,g .~ ~

* :;::~ ~B
.€ .......... "5 *., 1ij ., *., d .S :3 .,~ d

>- ~
., " J'Jo f-' ~ -., .,

:: .~ <,) ~ :::N ~ a > <.>
~ "'''' <,) " '1'" s., ., <.>

.~ ., , <.>
~ !J", .,,,

~
.~ c. -~~ <,) 5l' ., ~ '" ., .,
~., " " '"<.> ., " .0 .s 11.;; ~ 6l ~ :g 0 ~.o o ., 'M

« Iii
~ ~ cjJcr:~ v '" I:l: ~. ~v (/l~ ~f-'

-
A B C D E F G Ii I J K L M

L~;AK AND FUNCTION TESTS

18 TUI'])OpUtll}l torque function I. 3.1 I. 3. I 1. 3. I

19 'I'hru.;t OK prcs,;ure .;witch leal' I. 3.3 1. 3.3
and function

20 LOX donH~ anti [.{as generator 1.3.4 I.3.5A
WX injector }lurge lcal( [1m)

function

21 LO){ pump seal purge leak and 1.3.0 1. 3.7
funcllon

22 Cucoon purtle leal< lUldlunellon

23 Heat exchangel' helium Hislclll 1.3.10 I.:l. 12
leak

24 Hent exehan~cr LOX system leak \,3.14 I. 3.10

~5 Hydraulic syslem leak and 1.3.19 1. 3. 19 1.3. I!>\
[unction

20 Ignition monitol' valve (Ilallhra~m 1.3.20
leak

27 Hypergol mJnlfold lea!, a",1 1.3.21
function

28 Ignition monitor valve' Interfiow 1.3.22 I. 3. ~2
fune lion

29 Ignition monitor v;'Ilvc ~huttlc 1.3.23
preS:.iure funcUon

30 valve tim lng function 1.3.24 I. 3.25

31 Fuel fced Hy3tem leak 1. 3.26 1. 3.20

32 LOX feed system leak I. 3 .30 1. 3.32

33 EKhaust system leak 1. 3 .35

34 Turbopump bearing coolant 1. 3 .38
system leak and function

•• For engines stored In accordance with MSFC-STD- 500, refer to paragraph 2.5.11.1 for checkout requirements after remo'
I ! ! ! ---L-_. ! ! I ! I I I I I

FIgure 1-1. Scheduled Authorized Flehl Activities (Sheet 2 (J
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00
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917•
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I
00

I

I
00
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R-3896-11 Section I

..-
GE STAGE STAGE POS1-
IrATIC STATIC TEST STATIC TEST VEHICLE (KSC)

~

bJl '5 fJ " ,,~, " " .9 o.~

" " i: ' ° l! ~ :o~ "bJl" " - ° " ... " .. ~ .. " °Ul ,~ :c ::l e,'l § ,~ " be"~
.~ ~

"'" ~

!§~ • u aotl b", .:J 9" ° ""
.. " '" " °" '> :;:: '" Eo< .. ~ '"

I
c .S :;:: 'L .... :;j ° Ul .g Ul en ..

'" U)~ '" '" '" ~~
.c ..a - " ~ " .. "len a .~ ~

enu ::f a .e tJ ~ "''' " , " ..'" '" , " ,- '" - ~

,
'" '" '" '§OUl '§o, § frc. " '" .. ,:;;. ~ ~ .. .. ati ati'" '" "'"

Ul Ul Ul Ul .a- be"", .<:;0-
.2 '" Ul ° .. ..., <J Ul 0 bS ~ ,s °In ~ .. o '" .<:

~.5 -' '" .c '"~ ° ~ '" ° ~ '" jp;P::.5 c.u ene. e.Eo< c.P In ~en en en en ;0- .. U Eo< U Eo<

, G Ii I J K L M N 0 t> Q n S T U V 'w

I. 3. I I. 3.1 I. 3.1 ; ,3. J

1. 3.3 1. 3.3 l. 3. 3

1.3.5A 1. 3.5 1.3.5A
9

1. 3.7 1. 3.0 I. 3. 3

1. 3.8 I. 3. 9

I. 3. 12 1.3.13 1. 3.11

I
1.3.1G 1.3. 171 1. 3.15 9

I. 3.10 1.3.1 fio\ 1.3.191l I. 3.1 0

1.3.20 J .3.20

1.3.21 1. 3.21

1. 3.22 I. 3.22 1.3.22

I. 3.23 I. 3.23

I. 3.25 1. 3.25 1.3.25

I. 3.28 1.3.29 I. 3.29 9

1.3.32 1.3.33 1.3.33

1.3.35 1.3.35A

1.3.38 1.3 .38

raph 2.5.11.1 for checkout re'lulrem~ntsafter removal from storage., I I I I

1-1. Scheduled A,lthorlzed Field Activities (Sheet 2 of 5) Change No. 9 - 2 December 1970 1-3



•
Section I R-3800-11

SINGI,E STAGE STAGE
ENGINE PRE-STATIC SoTATIC TEST

~. .-
Event..

.8 ,:,N§ Activity <::
<::

o Z .~~ * .s bil"
.. 'tiL$! ::::~

'" * 1i"
I i! .~ ~

.~ ~

~S ~u
~

~ " ~ ~ ~.a.~ u i! 3l " ,<ll.~ El> "8- !j ou .~ ." ~~
,~

" .. ." ..
"" ~~ " '"~

~~u .c

'* oS .5 '* III ~ ".c ~~« () l'l.U

A B C D E F G H I J K L

LEAK AND FU~CTION TESTS
(cant)

235 Thrust chamber pneumatic leak I. 3. 3~

P 36 Throst chamber prefUlllne leak .3.40E
and function

J:llA ignition monitor valve poppet ~a 41A
position verification

37 Thrust chamber liquid leak 1.3.42 1.3.42

38 (neleted)

STORAGE PREPARATION

39 Engine 1.4.1 1.4.2 1.4.2

40 Thrust chamber nozzle extension 1.4.3 1.4.3 1.4.3

5 41 Ordnance 1.4,4

42 Miscellaneous loose equipment 1.4.5 1.4.5 1.4.5

SERVICING

43 LOX dome and gas generstor 1. 5.1
LOX InJeelor flush

44 Throst chamb~r fuel Jacket flush I. 5. 3 I. 5.3

45 Engine re31dual fluid removal I. 5.5 I. 5.5

46 Admitting fuel to engine 1.5.9
,

47 Admitting prefUl to engine I. 5.10

48 Admitting LOX to engine I. 5.12

49 LOX feed system boUoH I. 5.14

50 Fuel feed system draln I. 5.15 I. 5.16

51 Gas generator combustor drain ! I. 5.16

; ACtiVity requires removal and reinstallation of thermal insulation panels. Refer to section n far panellacation.
•• For engines stored In accordance with MSFC-STD-500, refer to parll8raph 2.5.11.1 for checkout requirements aite

I I ! I I I I I I I I I I

•90•

I
90

I

•902•

•91•

1-4 Change No. 13 - 4 April 1972 Figure 1-1. Scheduled Authorized Field Activities (SI



R-38!>6-11

-
'AGE STAGE STAGE POST- VEHICLE (I\l3C)STATIC STATIC TEST STATIC TEST

1:1

1 .~ '!l ~ " ,,""
U .S! ° .S

" ~~ ~ ~ :0 ~ "U Vi .S u!:l ~ f! U °""Q N.§ * .~~ ~ "
11• 'i! .S~ +:;:t "'111 ~£ 1:l *", ...

.g~ .g~"J

~ '" ~~ ~~ ~ ~~'" > •• 1f '" ~i
"'u e '" ",'~ I " 1e ]j I e ~~ G 11°"' ]0'.S- " " '" ~~

tsti ...
~ :c .S- .. 8 :E> e~ e1il° ° "'" ° '"

.~ £.s .jj .g~ , ~ "'~ ° 2l '" ° 2l '0Ii.i <ll rn 1:1<1-< f7j ... jl:l<I:I<U 1:1<1-< '" ;:. .. U I-< U ....

F G H I J K L M N 0 P Q R S ·r u V W

1.3.40 1.3.40 1.3.43·

.MOE 1.3.41 1.3.41

3.4IA 1.3.41A

, 1.3.42 1.3.42 1.3.42

.4.2 1.4.2 1. 4.2 1.4.2

.4.3 1.4.3 1.4.3 1.4.3

1.4.4 1.4.4

.4.5 1.4.5 ~,1.5 1.4.5

1. 5.1 I. 5.1·

1. 5.3 I. 5 ,3 I. 5.3·

I 1. 5. 5. I. 5.5 L5.5A·

1.5.9. 1
1.5.9 I. 5.9.

I. 5.10 1.5.10 1. 5.10

1.5.12 1. 5.13 1.5.13

1. 5. .14 1.5.141\.

1. 5.15 1. 5.16 1. 5 .15

1. 5 .18

l1Iels. Refer to section II for panellocallon.
'agraph 2.5.11.1 for checkout requirements after removal from storage.

I I I I L--L--l I I I

~ 1-1. Scheduled Authorized Field Acllvllies (Sleet 3 of 5)



R-3696-11 •

3INGLE STAGE STAGE
KK'" , IE PHE-STATIC STATIC ":'EST

Event --r
bJl

C ' C

~
C

"
~ 0 t.l 'r:::

bJlC • ,~ • bJlc '" ,~ :::: ='
.S :3 ';j • ~<lI • '" .5 :3 ~~ <lI~ ~ l:l '"~ ~

<lI <lI <lI ~o Eo< ... <lI
:> " ~H fJ' s :> " fJ' "'-'" " .. "I'" s,~ <lI ,~ <lI
<lI", " <lI '"

, " .- 1:1,
~Vj<lI ... 10'" ... '" ... <lI <lI ~ Q, ,S<

'''''-. " '" .c 0 0
~ " '" 0 ... .c o <lI<lI C u til S.S ~ <lI C 05 "'u CiS ,t p.Eo< .>0,cr._ '" ~- '"

A B C D
j

[,; F G H I J K L M

(cOllI)
I

I
lbcr fuel jacket drain 1. 5.20

lber fuel Inlet 1.5.21
'in

preservation 1. 5.2: 1.5.22 1. 5.22 1. 5.22

llatioll 1. 6. I

bel' nozzle cxtcJl:iion I. 6. 2
,

ess Installation 1. 6. 3

ulation Installation

onmental cover

rtridge wejl~ht check 1. 0.0 I

latlon I. 6. 'i

rtrldge installation I.U.IO

onmental cover

pel'gol cartridge 1. 6.13

val 1. 6 .14

ber nozzle extension 1. 6 .16

!ss removal

bel' throat .6.18 1.6. It t.6.18 1. 6.18 1. 6 .18 1. 6. 18 1. 6. 18 .6.18
latlon

57 Ignller harn

G6 Thrusl cham
Installation

SEHVICING

52 Thrusl chall

...
<lI.n
~
~

Z Activity

£.::
~

"..;

54 Turbopump

HANDLING

59 Engine envlr
Installation

58 Thermal Ins

53 Thrust chan
manifold dl'l

55 Engine instil

60 Hype rgol ea

64 Expended hy
removal

61 Ignite r instal

62 Hype rgol ea

63 Engine envlr
removal

66 Th rust cham
removal

67 Igniter harm

68 Thrudt cham
closure Instal

65 Igniter remo

• Activity requires removal and reinstallation of thermll1 insulatiOn panels. Refer to section II for panel location •
.. For engines stored in accordance with MSFC-STD-500, refer to paragraph 2.5, '1.1 for checkout requirements after rem

I I I I I I I I I I I I I
Figure 1-1. Scheduled Authol'lzed Field Activities (Sheet ~



R-3896-1l Section I

o

•o•

•!f0 9i1

STAGE STAGE POST-
VEHICLE (KSCIriC STATIC TEST STATIC TEST

~ I:>

'" '::l ~ " " ~OJ .2 o .~

" ' !'i , 0

" ~~ ~ ~ S "" ~ 0 <J .. ,,'" .= 9",,,
lh _

';:: ::J "'6 .- <- ",,, u .. <J
1:: c: 0 +::;1 ,,~

" <J '" !!~ • 1:: c: 0 ot;~ ~ 90.... ....
" .!So 1-< .. O)~ .S :;: " .... :.::: " ~~

0<11 .= .." >~

'" " .:= u ",'U :f " > OJ
""

..,,, .., " ,

Ie 'Q; ~ "
en ....

<J "
, e E ell .... dI

" 1: 0cn "§Ol g[
,?4 OJ'" .. '<J

._ 0.
~ ~

.8- "11. ~~ .. .8- ..,"0. .. .=> ::l =~ E~ j£" " ~" '" <II '" <II
" <II " .. .= " .. o " <J '" o "

0 ""] B "~ o ~ " o " "~f':::

~.s
~ o.u 0)0. o.f-< .= " " 0.1-< 0) .= U)~ >" U f-< U01-<'Jl en en ~H en en

I G H 1 .1 K L M N 0 p Q II S T U V W
,

I
1, 5.20

1.5.21 1.5.21' 1.5.21A* i<J:1

1, 5.2 1.5.22 1, 5.2: 1, 5,22

I. 6.2 I. 6. 2

I. 6. 3 I. O. 3

1, 0.4

1, 6.5

1,0.0 1,6.6

1,6.7 1,0.8* I. 6. 7*

1.6.10 1.6.10*

I. 6. 12

1, 6.13

1.6.14 .6.15*

1, 6.16

1,0.17

•l. 0.18 .6.18 I. 6. 18 1. 0.18 .6.16 1.6.1 B 1.6.18 1, 6. 18 .6.18

Refer to section IT for panel location.
bh 2.5. ILl for checkout requirements after removal from storage.

I I I I I I I I I

Scheduled Authorized Field Activities (Sheel 4 of 5) Change No. 11 - 6 May 1971 1-5



R-3896-11
•

Section I

SINGLE STAGE STAGE
ENGINE PRE-STATIC STATIC TEST

Event

...
"'" bJle c I .S
" Activity " " 10.9 " ...0 :z: .~.§ • ,9 * ..," ~~1S • ~" * "l! ,S ,9 +':"$ ''OJ
~ .. ~

~ " '" " ,~ ti ~ '0 ~[ liS"'
'" '" " ri :::~ ff e CIl'>: ,'",j:;

~~ " "8- ' " ~~

~ "' ... ~CIl ,eo "., ,.
" " J! ~

....
" ~oS

.0 0
~ i5l ~oS ~

... .0 0"« u liS oS ,5 I"<U CIl" I"<E-<

A B C D E F G H I J K L

HANDLING (cont)

0 69 Thrust chamber throat .6.19 .6.19 1. 6.19
closure romoval

70 Thrust chamber throat plug 1. 6.20
Installation

71 Thrust chamber throat plug 1.6.21
removal

72 Turb1ne exhaust oxlt pro.;suro
tesl flxturo Installation

73 Turbine oxhaust oxlt pro,isuro
test flxturo removal

74 Covor and closure InstallatIon .6.24 .6.24 1.6.2~ 1. 6 .25 1. 6.25 1. 6.25 1. 6. 25 1.6.25 ~.6.25
0

75 Cover and c1osuro romoval .6.26 .6.26 , 1. 6.27 1.6.28 1. 6.28 .6.28

•• For engines stored In accordance with MSFC-STTJ-500, refer to paragraph 2.5.11.1 for checkout requlremenls aft

~L......I I I I I I I I
1-6 Change No. 11 ,. 6 May ).071 Figure I-I. Scheduled Authorized Field Activities (~

I I
')I!1 90
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R-3896-11

STAGE STAGE STAGE POST-
VEHICLE (KSC)HE-STATIC STATIC TEST STATIC TEST

-
~

" "lg'"" ~ ~ ", " '" 0 o ,~

" , 0 .. ,~ :;: ~ §'" ,~
,~ 'tI ....

""" '"
.... 0 ~ ~

.S~ '" ~t ~ .. '"* '" ,~ """ u b .. ~1:l .$ :3 ~13 "1;j 1;j", 1:l .5 ~ 5j * 1:l*
~

.a~ -8 III 00.. .. ..
~:.

...... .. ..
~ ~~ " , .c ..

if E > '" ~ tn.a '1 00 E .~ tJ "1"-' a .. '~J §Olll §~~ '" ..'$ 8- '" ,~ a. ........ .... .... .... ",," Eti §g... ,eo .. .... 1;j" III '" ,eo "&1' III III ,eo .c>
til "Ill .8 ".c ° .. o .. 0

~~ .8 .. .... o~ .. o ~ '" j~r5i ~.s
...... r5i £.s .... r5i00 ~(J 00"- ~f-< ~ ~. 00 00 > .. U f-< U f-<

F G H I J K L M N of Q R S T U V W

,,6.19 1.6.191.6.19

1.6.20 1.6.20

1.6.21 1.6.21

I. 6.2; 1.6.22

I. 6.2' 1.6.23

I. 6 .25 1.6.25 I. 6.25 I. 6. 25 I. 6.25 I. 6.25 .6.25 1.6.25 1.6.25 1.6.25 1.6.25 .6.25 .6. :l5 1.6.25

I. 6.28 I. 6.28 .6.28 I. 6.28 .6.28 I. 6.28 1.6.28

paragraph 2.5.11.1 for checkout requirements after removal from storage.

I I I I I I I I I I I
gure 1-1. Scheduled Authorized Field Acltvlltes (Sheet 5 of 5)



(tg

•
R·3896-11

MAF STAGE STATIC TEST (t.;TF)

Hecycle Prior to Start
Recycle Due to Abort
Subsequent to Start

Event
of Automatic Sequence of Automatic Senuence

'".. ~ ..
"" al::.. '" j;ill ... e~ -I I 0.2:1 0_ .... ~"cU

I
~ '5, '" Uo >.. ... ~ ~'"

~ .5 ~ "- j; - ~ ~d ootn ",bD

~
Activity ""0

'....
-; 0 e ,~ 0 b-~ S~

'" tJ ,!:l s:::::.~ >~e ~Ua "-"l "l:Q
Z '" "'~

''It:
'"", '" ;l~8

~ .. 8 ~o ..... '@- "' .. '" '".e- 3," $:<: .!!;>
J~ ~

..
~

f/.I ,S .... ,~ ., 6l>::s-~ .&le"" :J ~ en-~ ~ Ul ~ .. ..:E :!J ,!=l - .. - .. ,~ .,.-j ..... ,~ ."
~~ ~~ -.a ~.§ ~.a

(,) 8 '!"'i 'il"l~ .. ~ .. '" 0- ,~ ~ ~ '" ... " ~ ~",u .. '" .£:: c· ....
< :5"l ..sill .sill o..s ~< p.,< ...:1< uu~ ~.9t1l w"':<: :t::.E

A B C D E F G H I J K

INSPJ':CTIONS

I Checkout valve ground position 1. 1. 13 1.1.13 1. 1. 13 1. 1. 13 1. I. 13 1.1.13 1. 1. I?
verification

2 Propellant valves closed verification 1. 1.14 1.1.14 1. I. 14 1.1.14 I.I.H 1. 1.14 1.1.1~

3 LOX dome and gas ~~cnerator LOX 1.1.1" 1.1.15 1.1.1:;
injector purge ope ration verification

4 llypergol installed sWitch pickup I. 1. 16 1.1. 16 I. 1. 16 1.1. 16 I. 1.16 1.1. 16 1. 1. 16
vcrificatlon

5 Igniter llnks installcd verification 1.1.17 1.1.17 1.1.17 1. 1. 1'1 I. 1. 1'1

6 Turbopump heater powe r on verification 1. 1. 18 1. 1. 18 1.1. 18 1. 1. 18 1. 1. 18

6A Turbopump LOX seal purge on verification J.) .18A 1.l.18A 1.1.18A 1.1.181\ 1.1.18A l.l.l8A 1.1.18/\

7 LOX dome and gas generator LOX 1.1. 19 1. 1. 19 1. 1. 20 1. 1. 20
injector purge off verilicatloll

8 COCOOIl purge all v"rilicatlon

9 Thermal insulation visual

10 Overall engine visual 1.1. 23 1.1. 6 1.1. 6

11 Thrust chamber nozzle extension visual 1.1. 8 I. 1. 8

12 Thrust ehamber tubes visual I. 1. 9 1.1. 9

13 Thrust chamber injector contamination 1.1.10 1.1.10

14 Thrust chamber tnjector damage 1.1.11 1.1.11

15 Thrust chamber drain adapter to"que 1. 1. 12
verification

"Activity requlres removll1 and relnstll1latlon of thermal Insulation panels. Refer to section fj for panel location.
I , I I I I I , I I

F ure 1-2. Nonscheduled Authorized Field Activities Sheet



R-3896-11 Section I

STAGE STATIC TEST (MTF) VEHICLE (KSC)

Recycle Due to Ah"rt
Subsequent to Start of
Automatic SeQuence

Hecycle Prior to
Start of Automatic
Seouence

'" "" ""'"
l£~ ~.E:

~S ..
I 0"08 s> .. 0
I ~§o o~ > ~~

" "'E u ug ~ ~~

,,~

bll'S co(/) "'0,~ .. .e: E ~ " ~ " " Ibll u (Ii C' ..... '~8~ ~~" "ot::" ~ :> u.~ § a~ m .~
~'t: ,~ '" ,§ ~...<

""'" "'"" "" "" "" -g c::: ~ U ~

~~.. '" '" '" '" ~.~ 00 ,~ ~
~:-- ~ ~ ~ ~ .ailt: g en I-l

~'" ~~ ~
~ ~ ~ ",bll " U

~~ ~~ ~~ :<~
C) 'M .... ~"~ ~ ~ ~ '" ~

~ '" ""S
,~ til bll" ~~" til " " '"S< .c.0bf,l
~.soo.Eoo 0.$ ~< p..< up..~ [il~:I:: :1::>

L M N 0 P Q-f- n S TKJII

'" "" "0 "0

~ '" '" '"~ ~~ :::0; ~ ... 14"

~j
.- ....

f3~.> t.§'"s p..< ...«

I E F G

Recycle Due to Allort
Ilecycle Prior to Start Subsequent to Start
,f Automallc Sequence--r ,-__'r r-_o",f Automatic Sequence

""@~
SOl
s:--
80
~!J
,~ 0
.l;::U@~

~'"
~ ,S v.i
~ ~
'" til ~::P.Bcn

I. I. IS I. L 13 1. 1. 13 1. 1. 13 1.1. 13 1. ,.13 1. 1.13 1.1,13 1.1.13 1.1.13 1.1.13 1. 1. 13 I. I. 13 1. 1. 13

I 1. 1.14 I. I. 14 1. 1. 14 1. 1. 14 I. 1. 14 1. 1. 14 1. 1. 14 1.1. 14 1. 1. 14 1.1.14 1. 1. 14 1. 1. 14 1. 1. 14 1. 1. 14

1.1. 15 1.1.15 1.1.1:; 1. 1. 15 1. 1. 15 1.1.15

10 1.1.16 1. 1. 16 I. 1. 16 1. 1. 16 1. 1. 16 1. 1. 16 1. 1.16 1. 1. 16 1. 1. 16 I. 1. 16 .1.16 1. 1.16 1. I. 16

/7 I. 1.17 1.1.17 1. I. 17 1.1.17 ( 1.17 1.1. 17 1.1.17 1.1.17 .1.17

I. 1. 18 1. 1. 18 1.1. 18 1. 1. 18 1. 1.18 1.1.18 1. 1. 18 1. I. 18 1. 1. 18 1. 1. 18

1.1.18A 1.l.18A I.U8A 1.1.111A I.U8) 1.U8A I.U8A 1.l.18A 1.l.18A 1.1.18A 1.1.18A 1.1.18A l.U8A 1.1.18A

1. I. 19 1. I. 19 1. I. 20 1. 1. 20

I. 1.6 1.1.6

1. I. 8 I. 1. 8

1. 1. 9 1.1.9

1.1.10 1.1.10

1.1.11 1.1.11

1. 1. 12

1. I. 19 1.1.19 1. I. 20 1. 1. 20

1.1.21 1.1.21 1. 1.21 1.1.21 1. 1.21

1. I. 22 1. 1. 22

•902•
1. 1. 25 1.1.25

1.1. 9 1. 1. ;;

1. 1. 10 I. 1. 10

1.1.11 1.1.11

I. 1.12'

1- ./Change No.6· 10 February 1970

Is. Refer to section II for panel location.
I I I I I I __.L-'_--L._--J__...L__--1__..J-_--1__...1.-._-J.__.J-._--.J

1-2. Nonscheduled Authorized Field Activities (Sheet 1 of 3)



S,_:ctien I R-3896-11

¢.9

<

9_

El

17

$ I8A

12L4,

_d_l

22

231

_6

27
i

28
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Activity

INSPECTIONS (coat)

'l'hru_;t chamber nozzle extension
launcher torque verlficatloo

Thrust chamber drain plug torque
verilication

ELECTRICAL rESTS

Fright instrumentation system funct.on

igniter harness test

Checkout valve engine return switch

position vet P.c,_tion

Igniter test

Throst OK pressure switch luoctioa test

I,EAK AND FUNCTION TES'I'S

Turbopump torque function

[t0fitioo rooui[or valve poppet i)osiH¢;n
yer ;[nCAtIOU

Thrdst rhamber liqui_ leak

._SERVICING
LOX donne flush

Gas generator LOX injector flush

LOX feed system boiloff

Fuel feed system drain

Gas generator combustoz drain

Tiwust chamber fuel jacket drain

Tin'us _. cl_amber h,cl jacket flush

Engine residual fluid removal

Turbopump preservation

Admitting fuel to engine

Admitting pretlll to engine

MAF

I

o o

•

B

1,5.22

t_

C

1.5.1_

1.5.1111

5.22 1.5.22

STAGE STATIC 'rEST (MTF)

Recycle Prior to Start
of Automatic Sequence

1

D E F G

Recycle Due to Abort
Subsequent to Start
of Automatic

_.''_ rD o >

- _

H I J

I..2.2

1.2, 14

1.2.15 L.2.15 1.2.15

[.2.9 t.2.9

1.3. l 1.3.1

[.5.14 1,5.14

1.5.2b

1.5.18

1.5.b 11.5.5

[.5,22

1.5.9

1.b.10

* Activity requires remov_ and reinst,-dlatlon of thermal insulation panels. Refer to section II [or panel

I , I I I I J £ l

i.

1,

1.

1,

1.

l.

Change No. 1) - 6 May 1971

location,i [

Nonscheduled Authorized Field Activities (S]Figure 1-2.



R-3896-11

STAGE STATIC TEST (MTF)

Recycle Prior to Start
of Automatic Sequence

I

D E F G

I

)auels.

I

ure i-2.

._ I___
Lo_ I_

_'C. _a_

11 I I

t.2.2

1.2. 14

1.2.15 1.2.15 1.2.15

1.2.9 1.2.9

1.3.1 !1.3.I

1,5.14 1.5.14

1.5.25

1.5.18

1.5.5 1.5.5

1,5.22

1.5.9

1.5.10

Refer to section iI for panel location,

1 I I t I ,

Nonscheduled Authorized Field ActivitiesI

Recycle Due to Abort
Subsequent to Start

of Automatic Sequence

1.1,27

1,2.2

1.2,14

1.2. 15

1.2.9

L2.13

1.3.1
.3 4IA

1,3.42

!,5,1A'

1.5.1B"

1.5.14

1.5.25

i.5.18

1,5.20

1.5.3

1.5.5

i.5.22I1.5.22'

1.5.9 I

{,5.10[

Sheet 2 of 3)

VEHICLE (I_C)

Recycle Prior to
Start of Automatic

Sequence

I

M 14 0

te_
o._

p

ttecycle Due to Abort
Subsequent to Start of

Automatic .Sequence

"" 0._1 _, _ = ,_._

(9 "_ *,_ too

q R s T
i I--

I

1.2.2

1.2.15 1.2.15 1.2,151.2.14"

I 1.2,9 1.2.9

1.3.1' 1.3.1"

[,5.14A1,5,14A

1.5.17"

1.5.18'

i.5.5A* 1.5.5A*

1,5.22*

1.5.9"

1.5.10

1.1.28'

1.2,2

1.2.14"

1.2.15

1.2.9

1,2J3

1.3.1'

1.3.41.4'

1.3.42

1,5,14A

1.5.17"

1.5.18"

1,5,20'

1,5.3'

1.5.5A*

1.5.22'

1.5.9"

1.5,10



B
Z

.>,
+d

31

32

33

34

35

36

37

38

39

4O

41

42

43

44

45

46

4"/

48

49

R-3896-II

Activity

MAF

Event

i i

_ '_
_._

_m _,_ _ o_

STAGE STATIC TEST (MTF)

Recycle Prior to Start
of Automatic Sequence

,_ +_

A B C D E

SERVICING (cent)

Admitting LOX to engine

IANPLING
thrust chamber throat closure 1.6.1_ 1.6.11 1.6.
installation

Thrust chamber throat closure [.6.1i 1.6.11 1.6.
removal

Cover and closure installation [.6.2_ 1.6.21 1.6.:

Cover and closure removal [.6.2( 1.6.2! 1.6.:
Engine environmental cover instaLation

Eng.ino envlronnlentfll cover removal

Thrust chamber nozzle extension removal [.6.

Engine removM [.6.30 t.6.'

Engine in,,dallatlon 1.6.1 t.6.:

Thermal insulation removal

Thermal insulation installation

Igniter removal ,6,

liypergol cartridge removal .6.

(Deleted)

(Deleted)
Hypergol cartridge weight check

Igniter installation

]typergol cartridge installation

*Activity reqalres removal and relnstallation of thermal insulation panels. Refer

I . I I I I +

FJl, ure 1-2.

Recycle Due to Abort

Subsequent to Start
of Automatic Secluenee

_ _ o_

• _, r, ",_ _ "_o'_
0

m

F G tt I J K

1.5.12 1.5.

.6.14 1.6.14 1,6.1

1,6.39 1.6.1

1,6.6 1.6.

1.6.7 1.6.7 1.6.

I,6, I0 1.6,1

to section II for panel location I

I I I i

Nonscheduled Autl.orlzed Field Activities (Sher



R-3896-II Section I

STAGE STATIC "rEST (MTF) VEIIICLE (KSC)

Recycle Prior to Start
of Automatic Sequence

Recycle Due to Abort

Subsequent to Start
of Automatic uence

I

I O__ ¢ '
I

I J L

1.6.14 1.6,14

1.6.39

1,6,6

1.6n iI.6n

ll.6,JO

els. Refer to section It for panel location

-_l.i__

e 1-2.

[ ...... I I I I i

Nonscheduled Authorized Field A_tivlOcs (Sheet 3 of 3)

Recycle Prior to
Start of Automatic

_ _ ,.4

M I N _.0 --P

Automatic
i

Q 'R

1.6.14 _ 1.6.14"

[.6.39"

[.6.6

1.6.7" [.6.7"

L.6.]0*

Change No. 11 - 6 May 19"/1

Recycle Due to Abort

Subsequent to Start of

_equence

S T___.

[.5.13 [.5.13

L.6.14"

L.6.13"

1.6.6

1,6.7'

1,6.10"

I-9



7" Special Constraints
ParagraFh Activities Requirements Limits a_d Remarks

I. I INSPECTIONS

I. I. I OVERALL ENGINE a. Verify recclpt of a/l equipment
VISUAL INSPECTION" listed on shipping documentation.
FOR UNINSTALLED

b.

O

-9

,D

z

l

O

O

ENGINES DURING
R ECE FVING INSPECTION

C.

Vis,lallyverify that all exposed Pd%d
accessLble Dorhons of engine have

not sustained damage due to ship-
ment.

Remove all engine protective

closures. Inspect oxidizer over-
board drain line and nitrogen purge
overboard dra}n line exits for fluid.

Damage withm limits

of figure 1-3

Fluid is not
allowable.

d. Visually verify that engine exterior Residual fluid is not
is free of rest .dttal fluid, allowable.

e. V*sually verify that hydrauhc cos- Surface wetting _s not
trol system exterior does not ex- allowable.

hlblt surface wetting.

f. VisuaLly verify that all mannmed

areas of thrust chamber outrigger
arms. t_rboF._mp mounts, and in-

side _ameter of engine handler

bearing are coated with corrosion
prevental_ve.

g. Ymually w:ffy that _rbopump and

outr*gger a:m surfaces dn ,mr con-
taL-_ scratches through paint.

h. Visually ve:-ify that gas generator

fuel feed line gimbal joint yokes
are not corroded and are coated

w_th corroston preventative.

_. Visually ver,fy that gas generator
fuel and ox_dmer feed line bellows
are not corroded.

j. Visually veri/y that aluminum foil
tape is installed over space between
thrust chamber exhaust mard/oid
and th_-ast chamber tubes and that

white sealamt RTV-102 (General
Electric), _r equivalent, is installed
between thrust chamber tubes and

external bands.

Machined areas without

corrosion pr eventatlve
are not allowable.

Metal visible in scratch

m not allowable.

Corroslon is not allowable,
and yokes wlthout corrosion

preventative are not allc_,~
able.

Corrosion is not allowable.

Missing or damaged tape
or voids in sealant are not

allowable.

Retain protective covers
for reinstallation. 901

Ifsurface wetting is noted on

component or _flged joints,
refer to section I/for criteria

to use to establ,ah joint
acceptabflit2,.-.

Verfflcalion thatwhite sea: .st,

or equivalent, is installed,

apphes only zo engines in whmh
white sealant was installeddur-

Ing engine manufacture.

¢D

?



Special Constraints

IParagr apl_ Activities Requlre ments Limits and Remarks

I.I. I k. Visually verify that thrust cham- Damage withm limits

(coat) ber interior and exterior and of figure 1-3
thrust chamber exhaust manifold

extermr surfaces do not exhibit

damage, such as dents, cracks,
or bent or broken studs.

c_

g
0q

"7
o

l

_=*

t=#

I. Vista.flyverlfy that e_ne ex- Damage withm limits
terior dees not contain dents, of figure I-3

scratches, broken or missing
lockwlre, chafed bellows re-

strainers, _r open taps.

m.

n°

hA.

o.

Visually verify line markings for

correct color coding and flow
direction.

ARer completion of visual mspec-

tion, reinstall all en_ne protective
closures except for fuel overboard
drain line exit cover.

Install a clean polyethylene bag (one

gallon minimum volume) on fuel
overboard drain Iine.

Visually ver Iy that turbopump

housing ca _ties do not contain
voids in cavity fillermaterial.

Missing or incorrectly
coded line markings are
not allowable.

Voids in cavity filler
material are not allow-

able.

p. Visually verify that humidity Color other than blue is
ind'c_tor in thrust chamber throat not alio_rable.

closure is blue.

Verify that engine orifice sizes
as identlfledon engine are same

as tbe_e specified in Engine Log

Book.

NOTE

The actual orifice diameter
and the orifice diameter
recorded in the Engine Log

Book may differ by the allow-

able mach:aing tclerance of
the individual orifice.

Orifice sizes other than

those specified m Engine

Log Book are not allow-
able.

Polyethylene bag installed |
on fuel overboard drsJn line

lmust allow free flow but pre-

vent entry of contaminants. 9 1

Bag must be secured in a
mm-mer that allows rotation

of eagine from horizontal to

vertical with bag filledwith
fluid.

CAUTION |
921

Personnel must not enter |
a horizontal thrust cham-

her without using protective

pads since damage to thrust
chamber tubes will occur.

i

t

5"

b=i



7" Special ConstrMnts
Paragraph Activities Requirements Limits and Remarks

ff$

z
9

X

9
%-
g
"I

.4

I.I,I

(eont)
r. Verify that engine serialized

components are same as those
specified in Engine Log Book.

s. Remove turbopump shMt pro-
load fixture.

t. Visually verify that LOX pump
inlet and the 2 fuel pump inlet
closure humidity indicators (30%
spots) are blue.

1.1.2 OVERALL ENGINE VISUAL a. Remove Engine Cover G4047,
FNEPEC'rlON FOR UNIN- ifinstalled.
STALLED ENGINES LN
STORAGE b. (Deleted)

Sermhzed components

other than those specified
in Eng.ne Log Book are
not allowable.

Color other than blue m

30% spots is not allowable.

c. (Deleted)

d,

e.

f.

Visually verify that all machined

areas of thrust chamber oatrig-
get arms, turbopurnp mounts,

and inside diameter of engine
handier bearing are coated with
corrosion preventative.

VisuaAy verify that gas genera-

tor fuel feed line gimbal joint
yokes are not corroded and are
coated with corrosion preven-
tative.

(Deleted)

Machined area _thout

corrosion preventat;ve
is not allowable.

Corroslon is not allow-

able, and yoke without
corrosion preventative
_s not allowa'fle.

g. CDe_eted}

h.
Visuatt_ verify that humidity indica-
tor (30"c spot) in thrust chamber
throat closure is blue.

Color other than blue is
not allowable.

*=q

Steps dande are performed
every six months.

|
910
|

o] -

]'i

!
910
|

m

CAUTION 9i0_1
Personnel must not |
enter a hormontal
thrust chamber w_th-
out using protective
pads since damage to
thrust chamber tubes
will occur.



Paragraph Activities P,equirernents Limits
Spe cml Constraints

and Remarks

C_

z
?

i

9

=-1

1.1.2

(cent)

1.1.3

i. (Deleted)

j. (Deleted)

k. (Deleted)

1. Determine if turbopump requires

represervatton; represerve turbo-
pump, i_ necessary, and enter date
in Engine Log Book.

m. Visually verify that LOX ptlmp in-
let and the 2 (uelp_imp inlet
closure humidity indicators (30%
spots) are blue.

n.

O'FERALL ENGINE VISUAL
INSPECTION FOR IINSTALLED a.

O,

e.

d.

e.

ENGI2WES IN STORAGE

Reins:allengine cover if
removed in step a.

(Deleted)

(Deleted)

Visually verify that allmachined
areas of thrust ch_tmber outrigger
arms, Curbopump mounts, and in-
side diameter of engine handler
bearing are coated with corrosion

preventative.

Visually verify that gas generator
_el feed line gimbal joint yokes
are not corroded _nd are coated
with corrosion preventat_e.

(Deleted}

Color other than blue

m 30% spots is not
allowable.

Machined areas without

corrosion preventative

are not allowable.

Corroslon is not allow-

able, and yokes wlthout

corrosion preventative

are not allowab_.

Refer to Enginc Log Book for
date of i_.st turbopump pros-
ervation. Refer to section H 9_
for tttrbopump represerva_on 921

frequency. 9e_7

_eps c and d are performed

every stx mon£hs.

!
910

!

910930

[I

!
910
!

A

T

5O
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",n

Spe cia_ Constraints _.
Paragraph Activities Requirements Limits ,,.nd Remark_

C3

Z
P

X

9

--1

1.1.3

(cent)

1.1.4

f. Visuatly ver i_y that humidity
indicator (30 c spot) in thrust

chamber throa_ security closure
is blue.

h. (Delete)

i. (Deleted)

J. (Deleted)

k,

OVERALL ENGINE VL%'UAL a.

iNSPECTION FOR iN-

STALLED ENGINES PR/OR

TO STAGE _'IIPMENT TO

MAF OR MTF

Determine if turbopump requires

represervation; represerve tur-

bopump, i.f required_ and enter

date in En_ne Log Book.

1. {Deleted)

Verify that all equipment required

for _hipment is listed on shipping

documentation and available for

shipment.

b. Vgsually verify ft',at all exposed

and accessible portions ef ,-'quip-

ment arc no_ damaged.

e. Remove all engine protective

closures. Inspect oxidizer over-

board drain line and nitrogen purge

overboard dra_n line exits re: fluid.

Color other than blue is

not allowable.

Damagje within limits of

figure 1-3

Fluid is not allowable.

CAUTION

Personnel must not

enter a horzzontal

thrust chamber wit,b-

out using protective

pads since damage to

thrust chamber _oes

wLII occur.

91°j

Refer to Engine Log Book for

date of last turboptunp pres-

ervation. Refer to sechon E 9_

for turbopump represervaKon 921

frequency. 957

| |

910 9_0
= !

901

I

/



Spe cla! Constr3 tats
Paragraph Activities Requirements Limits and Remarks

I. I. 4 d. Visually verify that all machined Machined areas without

(cent) areas of thrust chamber outrigger correslon preventatxve
arms, turbopump mounts, and are net allowable.
inside diameter o_ engine handler
bearing are coated with corrosion
preventative.

e. Visually verify that turbolmmp
and outrigger arm surfaces do not
contair scratches through paint.

L Visually verify that gas generator

fuel feed line gimbal joint yokes
are not corroded and are coated

with corrosion preventative.

C, Visually verify that ga_ generator
fuel and oxidizer feed line bellows

are not corroded.

Metal visible m scratch
is not allowable.

Corroslon ls not allow-

able, and yokes without
cot roston-preventative
are dot allowable.

Corroslon ts not allow-
able.

h. Visually verify that aluminum foil

tape is installed over space be-
tween thrust chamber exhaust

manifold and thrust chamber tubes
and that white sealant RTV-102

(General Electric), or equivalent,
is insk;lledbetween thrus¢ c/'_m-
her cubes and exter_talbands.

M*ssing or damaged
tape or velds in sealant
are not allowable.

r

i. Visually verify that thrust chamber Damage within limits of

and tarust chamber exhaust m_ni- flgare 1-3
fold exterior _ur/aces do not ex-

hibl_damage, such as dents,
cracks_ or ben_ or broken studs.

j. Visually verify that engine ex- Damage within limits of

terior does not contain dents, figure I-3
scratches, broken or missing
iockwire, chafed bellows
restrainers, or o_e_ taps.

k. Visually verify thaten_ne exterior Residual flmd _s not
is free nl residual Itaid, allowable.

i, Visually veri/y linemarkings for

corLect color coding and flow
d'recU n.

I&I_sslngor incorrectly
ceded !me m_rk:ngs
are not allowable.

Verification that white seal-

ant, or equtvalenl_ is in-

stalled, applies only to en-
gines in which white sealsnt

was installed during engine
manufacture.

I



T
O_

Paragraph Activities Requ;ron*ents Limits
Speclal Constraints

,tnd Remark_

o

C-
o

P

J

9

t_

1.1.4

fcont)

I.1.4A OVERALL ENGLNE %qSUAL

m. Visually verify that hyaraulie
control systet-nexterior does

not exhibit mmface weRiJtg.

n. Remove fueloverbc_.rd drain system

isolationhoses and installpolyethy-
lene hags on drain system as out-

li,ed in section I]. Visually inspect
fuel overboard drain system isola-

tion polyethylene hags for fluidprior
to shipment, Empty hags and meas-
ure quantity of fluid in accordance
with section I].

o. Visually _erify that tmebopump

housing cavities do not contain
voids in cavity filler material.

p. Ane," completion of vism'd inspection,
installat! engine protective closures

and install _mhal boot.

q. Visually verify _hat i,LL_idity indi-
cator in thrust chamber tm-:xat

closure is blue.

a°

_SPECT'ON FOReSTAL-
LED ENG_ES DUR_G

RECEI_NG _SPECTION b.
AT MAF.

Determine if turbopump requires
represervation, represerve turbo-

pump, if required, tmd enter date

in Engine Log Book,

Verify receipt of all equipment
hsted on shipping documen:ation.

Visually verify that all exposed
and accessible portions of engine
},.avenot sustained damage due to
shipment.

Sm'tace wetting is not
allowable.

Voids in cavity filler
material are not allow-
able.

Color other than blue
is not allowable.

Damage within limits
of figure 1-3.

If surface wetting is noted on
component or flanged joints,
refer to section IIfor crite-

ria to use to establish joint
acceptability.

CAUTION

Personnel must not
enter a horizontal thrust
chamber without using

protective pads since
damage to thrust cham-
ber tubes willoccur.

I

T,V
!

T

Refer _.oEngtne Log Bo_k for

date of last r,.rbo!_umppres-
ervation. Reler to set,on II 9_2

for turhopump represervation 921

frequency. 9)7

¢_

k=4

g



ParagTaph Activities Requirements Limits
Specml Constraints

and Remarks

D"

%"a

9

P

0

F

T
..4

1.1.4A
(cont)

C, Rem_)vc all engine protective

closures. Inspect oxidizer
ore-board drain line and

nitrogen purgc overboard dram
line exlts for fluid.

cA. Visually inspect bags installed on

fuel overboard drain system dis-

conmcttons for fluid; empty bags
and measure quantity of fluid in
accordance with section II,

d. Visually vemfy that all machined

areas of thrust chamber outrigger
arms, turbopurnp mounts, and

insLdc dmrneter of engine handler
bearmg are coated with corrosion

preventative.

e. Visually verify that ,arbopump and
outm_ger arm surfaces do not con-

;ain scratches through paint.

f° VisuaUy verify that gas generator

fuel feed hne gimhal joint yokes
are not corroded and are coated

with corrosion preventative.

g. V_sually verify that gas generator
fuel and oxidizer feed line bellows
are not corroded.

h.

i,

Visually verify tl_t aluminum foil

tape :s installed over space be-
tween thrust chamber exhaust man-

field and thrust chamber tubes and

that whlte sealant RTV-102

(General Electric). or equiwalent,
is inbtalled between thrust charnber

tubes and external hands.

Visually verify that thrust chamber
and thrust clmmber exhaust nmni-

fold _xterior surfaces do not exhibit

damage, such as dents, cracks, or
bent or broken studs.

Flmd _s not allowable.

Machined areas without

corrosion preventative
are not allowable.

Metal visible in scratch

is not allowable.

Corrosion is not allow-

able. and yokes w_thoui

corrosion preventative
are not allowable.

Corrosion ts not allowable.

M}ssing or damaged
tape or voids in sealant
arc not allowable.

Damage within limits

cf figure 1-3

Retain protective covers
for relnstallation

Verification that white

sealant, or equivalent, is

installed, applies only to
engines m which white
sealant was installed

dur h_g manufacture.

9ol

901

I
Ca:

I
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=_

Paragraph

1.1.4A
(cent)

I.1.4B

ActlvRins
Spe cial Constraints

Requirements Limits and Remarks

j. V_sually verify that engine exterior
doe_ not contain dents, scratches.

broken or missing lockwire, chafed
bellows restrainers, or open taps.

k. After completion of visual inspection.
reinstall LOX and fuel high-pressure
duct covers, thrust chamber stud

covers, oxidizer overboard drain line

cover, and nitrogen purge overboard
drain nne cover.

L Visually verify t.hat turbopvmp
housing cap, ties do not contain velds
in cavlty fillermaterial.

m. Visually verify flirthumidity indi-
cator in thrust ci_mber throat

closure is blue.

• r N A
INSPECTION FOR IN-

STALLED ENGL'NES PRIOR

TO STAGE SHIPMENT TO
KSC

n. Verify that engine orifice sizes as
identified on engine are same as
those speckled in Engine Log Book.

NOTE

The acVaal ol'iflCe diameter
and the orifice diameter re-

corded in the Engine Log Book
may difler by the allowable

machining tolerance of the
individualorifice.

o. Verify that components listed on

Engine Log Book Post-Delivery
Serialized Component Replacement
Recc_rd are same as those installed

on engtl2e.

u. Verify that all loose equipment
required for shipmeet is listedon

shipping doccmentahon aud ava_l-

able for shlpment.

b. Wsuatly verify that all exposed

and accessible portions of loose

equipment are not damaged.

_mage W,'tRIn hnttts

of hgure 1-3

Voids m cavity filler
material are not allow-

able.

Color ohmr than blue
_s not allowable.

Orifice sizes ether than

those specified in Engine

Log Book are not allowable.

CAUTION

Personnel must not

enter a horizontal
thrust chamber _vith-

out using protective

pads since damage to
thrust eimmber tubes
will occur.

Serialized components other

than those specified in Engine
Log Book are not allowable.

Damage within limits
of figure 1-3.

1

!

909

¢D

I

¢;D

D



Special Constraints
Paragraph Activities Requirements Limits and Remarks

I. I.4B c. Remove all engine protective F'.uid is not allowable. |
(cent) closures. Inspect oxidizer 9_I

overboard drain lineand |

nltrogen purge overboard drain I

o

O

o
%-
O"
e_

line exits for fluid.

d. Visually verify/aCcomphsh that

thermal insulation bracketry
shown in figure 2-14 is installed.

e. Visually verify/accomplish that
loose equipment is installed with
exception of the following items

and attaching parts:

I1) Thrust chamber nozzle

extension

(2) Nitrogen purge overboard
drain tube

(3) Fuel overboard drain ime

:4) Oxidizer overboard drain
line

(5) Igniters

(6) Hypergol cartridge

f. Visually verify that all machined Machined areas w_thout

areas of thrust chamber outrigger corrosion preventa',_ve
arms, turb<_pump mounts, and in- are not allowable.
s,de dmmeter of engine handier

bearing are coated with corrosion
preventative.

g. Y_sually verify that turbopump and Metal visible in scratch
outrigger arm surfaces do not con- Is not allowable.

tain scratches through paint.

h. Visually verify that gas generator
fuel feed line gimbal joint yokes
a:e not corroded and are coated

with corrosion preventahve.

_. Visually verify tlmt gas generator
fuel and omdizer feed line beitows

are not corroded.

7

Corrosion is not allow-

able, _nd yokes wf/hout
corrosi" n preventative
are not aliowab',,,.

Corrosion _s not allow-
able.

I

M



m_

7
.'?ara_aph ._ ctivitte s Requ ire me nts Limits

Special Constraints e_

,tnfl Remarks

C_

o

I

--1
b_

I. 1.4B j. Visually verify that aluminum foal
tape is installed over space between
thrust chamber exhaust manifold
and thrust chamber tubes and that

white sealant RTV-102 (General

Electric), or equivalent, is in-
stalled between thrust chamber
tubes and external 'ands.

k. Visually verify that thrust
chamber and thrust chamber
e.xhaust manifold exterior

surfaces do not exhibit damage,
such as dents, cracks, or bent
or broken studs.

1. Visually verify that engine ex-
terior does not contain de,Rs,

scratches, broken or missing

;cckwire, chafed bellows re-

strainers, open taps.

m. Visually verify that engine ex-
terior is free of residual fluid.

n. Visually verify line markings
for correct color coding and
flow direction.

o. Visually verily that hydraulle

control system exterior does
not exhibit surface wrying.

P,

q,

r4

Remove fuel overboard drain system
isolation hoses and install polyethy-

lene hags on drain system as outlined
in section If. Visually kuspect fuel
overboard drain syetem isolation

polyethylene b_tgs for fluid prior to
shipment. Empty bags and measure

quantity of fluid in accordance with
section If.

V_sually verify that turbopump

housing cavities do not contain

voids in cavity fillermaterial.

After completion of _sual inspec-

tion, install all engine protective
closures and install gimbal boot.

Mlssing or dam_.ged

tape or void.;in sealant
_re not %liowable.

Danmge within limits
of figure 1-3

Damage within limits

of figure 1-3

Residual fluidis not

allowable.

Missing or incorrectly
coded line marl_ngs are
not allo':.xble.

Surface weRing is not
allo_-able

Voicts m cavity filler
material are not allow-

able.

VcrlAcation tb-%t white seal-

ant, cr ec,, ,_.lent, is in-

stallea, appli-s only to en-
gines in ;t.n!_., white sealant

was i_sta!ledduxing engine
man _tuxe.

If surface wetting is noted

on components or fl;mged
joints, refer to section I]
for criteria to use to es-

tabhsh joint acceptability.

'1901
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Paragraph Activities

1.1.4B

(cont)

1.1.5 OVERALL ENGINE VISUAL

INSPECTION FOR INSTALLED

ENGINES DURING RECEIVING
INSPECTION AT MTF AND

Requirements Limits
Special Constraints

and .Remarks

S.

t,

Visually ver!cfythat humidity
indicator (30 _ spot) in thrust

chamber throat security
closure is blue.

Determine ifturbopump requires

represervation: represerve

tu.rbepump, if requirod, and

enter date in Engine Log Book.

a. Verify receipt of all equipment

listed on shipping documentation.

b. Visually verify that all exposed and

accessible portions of engine have

not sustained damage due to shipment.

c. Remove all engine protective

closures. Inspect oxidizer over-

board cL_a.inlineand nitrogen

purge overboard d_ain line exits
for fluid.

d. Visually inspect bags installed on
fuel overboard drain system dis-

connections for fluid;erupt)"bags

and measure quantity of fluidin
accordance with section H.

e. Verify that e_ine soR good in-

stalled life is within limits speci-
fied in section H.

f. Visually verify that all machined
areas of thrust chamber outrigger

arms, hn'bopump mounts, and

inside diameter of engine handler

bearing are coated with corrosion
preventative.

g. Visually verify that turbopump and

outrigger arm surfaces do net con-

tain scratches through paint.

Color othe2 than blue

is not a qowabtc.

Damage within limits

of figure 1-3

Flvid is not allowable.

Machined areal wit].:at

corrosion pr e,-entative
is not allowRb.e.

Metal visible in scratch

is not allowable.

CAUTION _1 9_0

Personnel must not |
enter a horizontal
thrust chamber with-

out using protective
pads since damage to
thrust chamber tubes

will occur.

Refer *o Engine Log Book

for date of last turbopump

preservation. Refer to 9_2

section H for inrbopump 921

represervation frequency. 9_57

Retain protective covers |
for reinstaliatinn. |

901
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Paragraph Activities Requirements Limits
Special Constraints

and Remarks

ca

?

t_

>
,-j

0

1.1.5

(cent)
h. Visually verify that gas generator

fuel feed line gimk-d joint yokes
are not corroded and arc coated
with corrosion preventative.

i. Visually verify that gas generator
fuel and oxidizer feed line bellows
are not corroded.

j. Vxsually verify that aluminum foil

tape is installed over sp_ce between
thrust chamber exhaust manifold
and thrust chamber tubes and that

white sealant RTV-102 (General

Electric). or equivalent, is installed
between thrust chamber tubes and
e_ernal hands.

k. Visually verify that thrust chamber
and thrust chamber exhaust mare-

fold exterior surfaces do not exhibit
damage, such as dents, cracks, or
bent or broken studs.

1. Visually verify that engine exterior
does not contain dents, scratches,

broken or missing lockwire, chafed

bellows restrainers, or open taps.

m. After completion of visual inspection.

reinstall LOX and fuel high-pressure

duct covers and thrust chamber jacket
covers.

n. Visually verify that turbepump housin

cavities do not contain voids in ca_nty
filler material.

o. Verify that engine orifice razes as

identified on engine are same as

those specified in Engine Log Book.
NOTE

The actual orifice diameter
and the orifice diameter re-

corded m the Engine Log Book
may difler by the aUowable
machining tolerance of the
indi_ idv_al orifice.

p. Verify that components listed on

Engine Log Book Post-Dehvery
Serialized Component Replacement
Record are same as those installed
on engine.

Corrosion is not allot,-

able, and yokes w_thout

corrosion preventahve
are not allowable.

Corrosion is not allow-
able.

Missing or damaged
tape or voids m seal-
ant are not allowable.

Damage w_thin limits of
hgure I-3

Damage within limits of
figure 1-3

Voids in cavity filler
material are not allowable,

Orifice sines other than

those specified in Engine
Log Book are not allo,_ble.

Serlalxzed components other

than those spemhed in Engine
Log Book are not allowable.

Vemficatmn that white

seakxnt, or equ",_leat, is
in_alled, applies only to
engines in which white
seatant was mstalled dur-

ing engine manufacture.

!
9oi
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Spe real Constraints
Paragraph Activities Requirements Limits and Remarks

1.1.6 OVERALL ENGrNE VISUAL a. Visually vemfy that aluminum tape M_ssmg or damaged tape Veriflcatiml that white
is installed over space between or voids in sealant are sealant, or e.luivalent,

thrust chamber hot-gas manifold not allo_able. _s installea, applies on]_
flame shield and thrust chamber to engines in which _ h:te
tubes and tlmt wlute sealant RTV-102 sealant was installed 6ur-

(General Electric}. or equwalent, is mg engine manufacture.

ffq
t_

9

¢%

e_

O

installedbetween thrust chamber

tubes and extermxi ,bands.

Visually verify that thrust
chamber and thrust chamber
exlmust manifold exterior

surfaces do not exhibit damage.
such as dents, cracks, tensmn
tic deformation, and bent or

broken studs.

Visually verify that overall
engine exterior doe_ not con-
tain dents, scratche:,, broken

or missing lock_ire, chafed
bellows restramers.

Inspect nozzle extensmn to

verify that interior and exte-
rior surface _n.ma_e (e, g. ,
cracks, dents, missm_ nut

plates, lo_se or damaged
bhnd nuts. thread danm_e, or

flange sealing surface damage)

has not occurred during _h_ppmg

and handling.

Inspect nozzle extension

for follo_ ing

T

1.1.'/

1.1.8

INSPECTION SUBSEQUENT
TO ENGINE STATIC TEST

AND TEST ABORT

b,

TIIRUST CHAMBER NOZZLE
EXTENSION VISUAL IN-
SPECTION DURING RECEIV-
ING INSPECTION

THRUST CHAMBER NOZZLE
EXTENSION VISUAL

INSPECTION SUBSEQUENT TO
ENGLNE STATIC TEST

C.

(1) Dlstorhon ut outer M_oll

(2) Buckles or cracks m
outer bands

(3) Carbon deposits around

flange area (md_cation of

seal leakage)

(4) Nutplates and blind nuts
d,'_nbaged,loose, or mmsmg

(5) Internal erosion

(61 Shingle separation from Z-ixlrs

17) Shingle thermal buckhng

Damage wlthm hn:its
of fi,_mare 1-3

Damage within limits

of figure I-3

Damage within limits

of figure I-3

Damage within hm_ts
of ,_u,_ 1-3

Performafterthrust chan_ber

fuellack_t drain and fuel
feed system _rain.

9_
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- Special Con~traints
en, ~

N Paragraph Activities Requirements Limits and Remark~
;?... o'
=

() 1..1.9 THRUST CHAMBER TUBES Inspect thrust chamber internal See figure 1-3 for dam- Pe-dorm after thrust cham-
~ VISUAL Il\SPECTION surfaces for errosion. nicks, age hmlts. ber fuel Jacket dram and
= dents, and tube splits. fuel feed system dram.
"~
z
~...,

1. l. 10 THRUST C1IAMBER Il\- Visually mspect (or the rollow- No contamination 15 a!- Accomplish s..zbsequent to
N JECTOR CO!\TAMIl\ATIO!\ ing: lowable~ LOX rtorne flush, tnrust
'" INSPECTION chamber fuel Jacket flush,
> (1) Injector orifices are re- thrust chamber liqUld leak'"~ strictect by foreign matter. test. and thnst chamber-
:; (2) Back of injector rings (as

pnpumatlc leak test, if
..., performed.
0 inspected through injector

orifices) contain foreign
matter.

1. l. 11 THRUST CHAMBER lliJECTOR Visually lnspect thrust chamber See figure 1-3 for darn- Accornpllsh SUbsequent to
DAMAGE Il\SPECTIOI' Ul}ector for the follOWing: age hmits. thrust chamber ft.:el Jacket

flush, LOX dOfTle flush,
and thrust cnamber hqUld

::0(1) Baffle separation leak test, If performed. ,
'"co

(2) Saffle deformation ~

a>
•-(3) F.lce and/or baffle e:.osion -

(4) Baine orifice distortion and
cracks

(5) Ring orifice- distortion

(6) Baine-to-baffle cracks

(7) Ring-to"'land separation

1.1.12 THRUST CHAMBER DRAIl\ Retorque and safetyv.1re the 4 Perform prior to thrust
ADAPTER TORQUE thrust chamber exit manUold chamber hquid leak
VERlFiCATION drain adapters. Re,:ord actual test, if performed.

torque value.
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t_

.o

t_
Oo

>

-Z
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CLOSURE REMOVAL

VERIFICATION AT

(1) No. 1 fuel high-peessure duct

to igniter fuel supply tube

_pe Cl[ll Con'4ir,i H_[,
Paragraph Actlvities Require ments L unit._ ,_ndRem_rk_

I. I.12A ENGINE JOINTS Visually verify removal el protective Perform _fter last -nainte-

closures from the following joints: nanee on specified joints

and prior to admitting fluid
MTF 1o loin_for engine static test.

(2) Igniter fuel supply tube to
igniter fuel valve

(3) Hypergol manifold to hypergul
manifold outlet hose

(4)

(5)

(6)

(7)

Hypergol manifold to hypergol

bleed adapter

Thrust OK pressure switch to
thrust chamber fuel mani/uld

Oxidize_' bypass hose to GOX

duct (heat exchanger endJ

Helium supply duct (heat

exchanger end) to hehum
bypass hose

Heliumbypass hose to hehum

return duct (heat exchanger
end)

(gl

Engine control valve ground

hydraulic supply hose tu GSE
hydraulic supply check valve

Engine control valve supply

tube to engine hydraulic supply
check valve

(9)

(_o)

(llj Engine conifer valve to propel-
lant vplves close tube

(12) Propellant valves open tube to
No. I oxidlzer valve

Closure removal l:tt_een

stage and engine interface
_haLl be pe*formed and

verified by stage contractor.

(13) Propellant valves open tube to
No. 2 oxidizer vah'e

90_

L

(14) No. 2 oxldizer valve sequence Y-
valve to sequence valve [me

>



bo7= SpccLt ] Con_tr,llql_

• - Paragraph Activities Requiren;ents Limits .nd Remark_

¢3
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?
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i. I. 12A

(cont)
(15)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Sequence valve line to No. I

oxidizer valve sequence valve

No. 1 oxidizer valve to gas
generator open tube

Gas generator ball valve
(oxidizer side) to gas generator
injector

Fuel impeller balance cavity
return hose to turbopump
(orificeend)

Oxidizer seal vent tube to
oxidizer overboard drain line

Cover plate to fueldram
manifold

Fuel dram manifold to fuel

overboard drain line

Fuel overboard drain line to

fuel overboard drain line

Turbopump to turbine bearing
lube drain hose

No. 2 bearing lube drain line
to fuel drain manifold (cover

on engines incorporating

MDI45 change)

No. I bearing lube orain line
to fuel drain manifold (cover

on engines incorporating

MD145 change)

(26) Turbine bearing lub,._drain
hose to fuel drain manifold

(27) Gas generator oxidizer purge
tube to purge check valve

(28) Purgeeheckvalve to gas

generator ball valve

(29) Pump seal purge hne to

oxidizer pump seal purge tube

908
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SpUCIA] C(};I_,I rAii1t _

Paragraph Activities Requ]r,.ments Limii_ .tnd Rt_n,a rk_

1. L 12B ENGINE JOINTS Vmua[ly rerffy removal of pr_tective Perform after last mature-

CLOSURE REMOVAL closuzes from the followlr_joints: nancc on specihed joints

VERIFICATION AT and pr*or to closing out
KSC (i) thermal msulatlon mstalln-

tlon over specihed joints,

(2: Closure removal between

stage and engine interface
shall be performed and

(3} vemfied by stage contractor.

n

t_

z
.o

I

c_

>

7

No. I fuel hLgh-pressure duct
to igniterfuel supply tube

Ityniterfuel supply tube to
igmter fuelvalve

Hypergol manifold to hypergol
manifold outlet hose

(4)

(5)

Hypergol manifold to hypergol

bleed adapter

Thrust OK pressure sw_tch to
thrust chamber fuel manifold

(6}

(7)

(8)

Oxidizer bypass hose to GOX
duct (heat e,:cha.ngerend)

Helium supply duct (heat
exchartg._rend) to helium

bypass hose

Hehum bypass hose to hehum

return duct (heat exchanger
end)

(9)

(I0)

Engine control valve ground
hyd=_uhc supply hose to GSE
hydraulic supply check valve

Engine control valve supply
tube to engine hydraulic supply
check valve

(II) Engine control valve to propel-
lant valves close tube

(12} Propellant valves open tube to
No. I oxidmer valve

(13) Propellant valves open tu_e to
No. 2 oxidizer valve

(14) No. 2 ox:dlzer valve sequence

valve to sequ_.,nce valve hne

908
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Paragraph

I.I. 12B

c_ (cont)
=e

P

>

1.1.!3

Activities

CHECKOUT VALVE
GROUND POSITION
VERIFICATION

Requirements

[15) Sequence valve lineto No. i

oxidizer valve sequence valve

(16) No. 1 9xldmer valve to gas
generator open tube

(17) Gas generator ball valve

(oxidizer side) fo gas generator
injector

(18) Fuel impeller balance cawty
return hose to tTrbopump
(orificeend)

(19) Oxidizer seal vent tube to

oxidlzer overboard drain P-ne

(20) Cover plate to fueldrain
manifold

(21) Fuel drain manifold to fuel
overboard drain line

(22) Fuel overboard drain hne to

fueloverboard dram line

(23) Turbopump to turbine bearing
Labe drain hose

(24) No. 2 bearing lube drain line

to fuel drain manifold (cover

on engines incorporating
MD 14_...55change)

(25) No. I bearing lube drain line

to fuel dram manifo',d (cover

on engines incorporating
MDI45 change)

(26) Turbine bearing tube dram
hose to fuel drain manifold

(27) Gas generator oxidizer purge

tube to purge check valve

(28) Pt, rge check valve to gas
generator ball waive

(29) Pump seal purge line to

oxidizer pump seal purge tube

Verify by instrumentation indication

that checkout valve is in the ground
position,

Limits
SpecIAl Con,4tr,tlpi_ _.

aIld Rem,t rk_

Perform prior to fuel feed

system dram, ifperformed.

908
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Special Constraints
Paragraph Activities Requirements Limits and Re mark._

1.1.14 PROPELLANT VALVES Verify by instrumentation Pe,'f,_rm prior to fuel feed
indication that the fullowing system drain, if performed.
propellant valves are closed:

CIA_ED VERIFICATION

(I) No. I fuelvalve

(2) No. 2 fuel valve

(3) Gas generator ball valve

(4) No. I oxidizer valve

(5) No. 2 oxidizer valve

i.I. 15 Verify by instrumentation indica-

tionthat operational high-level

purge was on.

1.1.16

1.1.17

1.1.18

I. I. 18A

1.1.19

LOX DOME AND GAS
GENERATOR LOX IN-

JECTOR PURGE OPERA-
TION VERIFICATION

HYPERGOL IIqSTA LLED

SWITCH PICKUP
VERIFICATION

IGNITER LINES I_STALLED
VER_ICATION

TURBOPUMP HEATER
POWER ON VERIFICATION

TURBOPUMP LOX SEAL

PURGE VERIFICATION

LOX DOME AND GAS GEN-

ERATOR LOX INJECTOR

P FF ER_e-qCAT ION
FOR ABORT PRIOR TO GAS
GENERATOR IGNITION

Verify by instrumentation indlca-

tmn that hypergof installedswitch

remains gicked up.

Verify by instrumentation Lndlca-

tton that igniter links have not
broken.

Verify that turbolmmp heater power
is turned on and thermostats are

cycling as long as LOX remains in

engine system.

Verify by instrument, tior.indlca-

tlon thatpurge is operating as

long as propeIL_nts remain in
engine system.

Turn operational h_gh-level p_rge
off as soon as it has been verified
that ignition did not occur.

Within limits specified
in section U

_,'ithin limits specktied
in section H

Within pressure hmits
speciLed in section H

Within limits specified
in section R

If purge _-as off or not

within limits during engine
shutdown, the LOX dome
and gas generator LOX in-
jector nmst be fl_sbed,

OD
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1.1.20

1.1.21

1.1.22

1.1.23

Act_[tles Requirements

LOX DOME AND GAS GENERA-

TORLOXINJECTOR PURGE
OFF VERIfICATION FOR
ABORT AFTER GAS GENERA-

TORIGN_K_A

COCOON PURGE ON
VERIFICATION

Turn off operational hlgn-level

purge, and turn on operational
low-level purge. Maintain opera-
lionat low-level purge for one hour

',alterengine shutdown.

Verify that cocoon purge is cycled,
as required.

THERMAL INSULATION
VISUAL INSPECTION

OVERALL ENGINE VISUAL

INSPECTION FOR UNIN-
STALLED ENGINES PRIOR

TO SHIPMENT

VLuRtty inspect ex'terior surfaces

for cracks, dents, broken fasten-
ers, missing or loose fasteners,
and erosion.

a. Verify that all loose equipment reqmred
for sniprnent islisted on shipping
documentation and availaaie for

shipment.

b, Visually verify that all exposed and

accessible portions of loose equipment
are not damaged.

e° Visually verify t,mt all machined
areas o[ thrust chamber outrigger

arms, turbopump mounts, and
inside diameter oi engine handler

bearing are coated with corrosion
preventative.

d. Visually verify that turbopump and

outrib_ger arm surfaces do not con-
lain scratches through paint.

e. Visually verify that Tas _enerator
fuel feed line gimbal joint yokes
,_re not corroded _tnd are coated

with corrosion preventative.

Visually verify that gas generator
fuel and oxidizer feed line bellows
are not corroded.

Limits

Within limits ._peci-
lied in sectmn If

To maintain englne
temperature within

limits speclhed m
section If

Damage within limits of
figure 1-4

Damage within limits of

hgure 1-3

Machined areas without

corroslon preventative
are not allo_ble.

Metal visible in scratch
_s not allowable.

Corrosmn is not allow-

able, and yokes vnthout

corrosmn preventative
are not allowable.

Corrosion _s not allow-
able.

Special Constr,tints
and Remarks

I
9lq
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SI>_,c_.t I Con4train_4
Paragraph Activities Requtrcnlents Limits and Rvmark_

1. I. 23 g. Vi_uaI1y verily that aluminum M_ssmg or damaged Verification that wn_te

(cent} foil tape is installed over space tape or velds m sealant _eal_nt, or equivalent,

between thrust chamber e_taust are not all_wable, is in_talled, applies only
manifold and thrust chamber to en_nes in which white
tubes and that white se;tlant sealant _as in,_talled dur-

RTV-102 (General Electric}, or ing engine m,umfactare.
equivalent, is installed between
thrust chamber tubes and external
bands.

Z
P

9

7"

h. Visually verify thatthrust cham-
ber and thrust chamber exhaust

mani.[oldexterior surfaces do

not exhibit damage, such as dents,
cracks, or bent or broken studs.

i. VisuaUy cerify that engine exte.
riot d'.,esnot contain dents,
scratches, broken or missing
lockwlre, chased bellows restrumers,

or open taps.

j. Visually verify that turbopump
ho_sing cavities do not contain
voids In cavity filler material.

k. Remove draLaage line from fuel
overboard drain line exit; then aRer
completion of visual inspection,
install all engine protective covers
and install gimbal boot.

I. Visually verify that humidity thdi-
cater in thrust chamber throat

closure is blue.

m. Determine ifturbopump requires
represervation: represerve turbo-
pump, _freqmred, _.ndenter date
in Engine Log Book.

n. InstaJlturbopump sha/t preioad
fixture.

Damage within limits
of figure 1-3

Damage wit_nn limits
of figure 1-3

Voids m cavity hller
matermi are not allow-
able.

Color other than blue
ts not allowable.

CAUTION |

Personnel must not |
enter a horizontal thrust

chamber without using
protective pads since
damage to thrust chum-
bet tubes willoccur.

P"fer to Engine Log Book
Iv,- date of last turbopump
preservation. Refer to 9_'2

section II:or turbopump 921
represervatlon frequency, 9=37

,=
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U:

,2



7

T
Paragraph Activities Requircnlent_ Limit_

SIN'cI,tl CoH',t rAlllt-,

and Rt,mark_

¢T

2

1.1.23

Q (cent)

Z

"_ I. 1.24
=

1.1.25

_ 1.1.26

_ 1.1,2"/
O

I. 1.28

1.2

1.2.1

(Deleted}

THRUST CHAMBER NOZZLE

EXTENSION VISUAL IN-

SPECTION SUBSEQUENT TO

LAUNCH ABORT

(Deleted)

THRUST CHAMBER NOZZLE

_ASTENER

TORQI/E VERIFICATION SUB-

SEQUENT TO STATIC TEST

ABORT

THRUST CHAMBER DRAIN

O,

PLUG TORQUE VERIFICA-

TION

ELECTRICAL TESTS

FLIGHT INSTRUMENTATION a.

_-TfSTEM FUNCTION TEST

,FOR trNINSTALLED EN-

GINES

Visually verify that LOX pump

inlet and the 2 fuel pump inlet

closure humldity inchcators

(20% spots) are blue.

Visually inspect nozzle ex-

tension interior for erosion,

shingle separation frum Z-bars.

and shingle thermal buckling.

Perform torque check of nozzle

extenmon flange fasteners. Re-

cord results.

Retorque and s_e_-wire the 4 thrust

chamber exit manifold drain plugs.

Record _ctual torque value.

Measure and record ambient

(runJ output voltage of each

pressure transducer.

Color other ti_mz blue

is not allowable.

See figure I-3 for dan>

age hmlts,

Torque-check eyeD'

tenth fastener, l[ any
fastener *s not wathm

limits, retorque all
240 fasteners.

The voltage limits for

ambient (runj c, tJon_

must be wlthl . ._D .

(:250 mlllivoltsl uf full

scare of the value re-

corded m the gngme

Log Book, F-1 Final

Acceptance Checkout

Data, after correction

for ambient pressure

ddference. (Refer to

sect:on II for mdlvldual

pressure t ran_ciucer

data. )

Perform subsequent to fuel

feed system drain and

thrust chamber fuel lacket
dram

m

Periorm after thrust chamber 1

liquid-leak test and thrust

chamber fuel jacket flush. |

Perform prior _o hydraulic

.',ystem leak and funct!on

teM. valw, tmnngtest,

fuel feed sy_tenl leak test,

LOX feed system leak test,

heat exchanger hehum

system leakiest, heat ex-

changer LOX system lea&

test, exhaust system leak

test. turbopump heater

funct.'on test, safety c_r-

cults function test, and se-

quence verlflcatlun test. if

performed.

T



Paragraph Activities

1.2.1

(contl

RCqulrvmonts

b. Measure and record 20c_and 80:_
output voltage of each pressure
transducer.

c, Measure and record resistance of

the following temperature trans-
ducers:

(l) LQX p_mp bearing No. 1:
(a) Pins A to B

('0) Pins A to C

(2) (Deleted)

f-- . ./

Limits
SI_t'CI,LI ConMramt_

and Remarks

The voltage lin:zls for 20 c; and
80% conditions mum ix. w_t,_in
* 2_o (:100 miliivolts} of full

scale of the acljustec_ value

recorded in the Engine Log
Book, F-I Final AccelZance
Checkout Data. (Re[er to
section II. )

Use section H table for

initial pressure trans-
ducer d:tt2for those th-
_,truments that have no

data available in Enk_ine
Log Book.

ReMstanee va_ue in ohm._:

465 ±34
465 ±34

9_2

:r

o

Z
0

O"

0

(3) Turbine inlet(C):

(a) Pins A to B
(b) Pins A to C

(4} Engine environmental:
(a) plns A to B
(b) Pros A to C

(5) Fuel pump inletNo. 2(a):

(a) Pins A to B

(b) Pins A to C

(6) Heat excnanger LOX inlet:
(a) Pins A to B
(b) Pins A to C

(7) Heat exchanger COX outlet (a).

(a) Pins A to B

0a) Pins A to C

(8) Heat exchanger helium outlet (a) .

(a) Pins A to B
Co) Pins A to C

(a) Engines not in_.orporating MD96 change
,-- (b) Resistance value is 4fi5:34 ohms on engines incorporating MD159 chmuge
g_ (c) Engines not incorporating MD126 change

54.6_4

54.6 • 4

54.6 t4_OJ

1,370 ± 100
1,370 ± I00

1p370 ±100

1,370 _100

465 ± 34
465 ±34

465 ±34

465 ±34

_V

¢b

m

:_--



Li[l1lt~

0.4 to 5~ 0 vac peak and
approximately same frequency
and wave shape as input
voltage

I
Y<!'.

I

Spccl.l.l COl1str,Jillt~

and Rem,lrk~

Connectors listea in Requi~"0

me-nts colurr.n are on inter
fJ.ce panel.

482 .80
2,120 '±.150
2,000.120

500.80
2, 0.5 .345
2,000 .12.0

5 m:.L"'i:imum
infinity

5 maxinll...m
infinity

Resistance value in ohms:

0.2 to 3.0 vue peak and
approximarl?ly same frequenc:'
and wa ve sJ1ape as input
':oltage

Requ ire rllE:'nts

dw :\-It:3:",urC..uld record output d
ear:h hea.t ~x·_r.a.ng.::.r .JO\l.rnletei.'
tr~Sul.l(.el· primary coil with
5w 0 to 7.5 vac pea.'l.>.. 200 ±20 cps
input an s~'condary coil.

(2) 1:0. I iue1 va!\'e (dosed):
(a) J10~, pins P to B
(b) JI02, pins B to C
(e) ,Tl02, pins P to C
{d) J103, pin F, to J100

or J101, pin C
ie) JI03 pins E to F

(I} ~o. 1 'lXidizer 1?alve (closed):
(a) J 102, pns G to E
(b) J102, .,tnS E to F
(e) J102, pins G to F
(d) J103, pin R to J100

or JIOl, pin C
(e) J103, p'ns R to S

c. Measll.i"e ;:nd record output of
primary ~~oil of turbcpump speed
transG:.Jce r with. 5.0 to 7.5 V3e

peak, 200 120 c-'b inpui on
secondary coil.

L Measure and record. resistance N
the !"ll.:Jwing V2.~ve pote-ntl.ometers:

h.ctivitie::>~ ParagI':.I.ph

1.2.1
" (cont)
'"~;;
'"Z
"

(1) No. 2 oxidizer v.lve (closed):
(aj J102, pins T to H
(b) Jl02, pinS H to J
(C) J102, pins T to J
(d) J103, I in T, to J100

or JIOl, pin C
(eJ J103, pins T to J

«) 1'0. 2 lue1 valve (closed):
(a) J102, pins S to l)

(b) JI02, pins D to R
(c) J102, pins S to R
(d) Jl03, pin H, to J 100

01 JI01, pin C
(oj J103, pins G to H

482 080
2,120 ±ISO
2,OOO±120

5 ma.XImum
infinity

500.ao
2,095 .345
2, 000 .120

5 maximum
infinity



,'7
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Paragraph Acttvities

1.2.1

(cout)

Requircmentb Limits

(5) No. 1 oxidizer valve (open):

(a) J102, pins G to E
(b) 3102, pins E to F

(c) JJ02, pins G to F
(d) J103, pin S, to J100

or Jr01, pin C
(e) 5103, pins R to S

(6_ No. 1 fuel valve {open):
(a) J!02, pins P to B

(b) J102, pins B to C
(c) J102, pins P to C

(d) J103, pin E, toJ!O0
oc JlOl pin C

(e) J103, pins E to F

(7) NO. 2 oxidizer valve (open):

(a) J102, pins T to ri
(b) J102, pins H to J

(c) J102, pinsTtoJ
(d) J103, pin C, toJl00

or Jl01, pin C
(e) J103, pins T toJ

(8) No. 2 fuelvalve (open):

(a) J102, pros S to D
(b) J102, pins D to R

(c) JI02, pins S to R

(d) J103, pin G, to Jl00
orJl01pin C

(e) J103, pins G to H

(9) Gas generator ball valve
(open):
(a) J103, pin C, toJl00

or J101 pi_,C

(b) J103, pin_ C to D

(I0) Gas generator ballwtive
(closed}:

(a) J103, pinD, to J100
or J101, pm C

_) J103, pins C to D

2, 135 =285
• 65 ±195

2,000 ±120

5 mnxinlum

infinity

2,095 ±245
495 ±165

2,000 ±!29

5 maximum

infinity

2,135 .*285
465 --193

2,000 ± 120

5 P.l;_Xinlun_

infinity

2,095 _345
495 ±165

2,000 ± 120

5 maximum

infinity

5 mmxin]u m

infinity

'imaximum

ilffinity

SlYeeinl Constraints
and Remarks

go
go

?

,n
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Paragraph Activities

;2.2 FLIGHT INSTRUMENTATION

SYSTEM FUNCTION TEST
FOR INSTALLED ENGINES

1.2.3 TURBOPUMP HEATER

FUNCTION TEST

Requirements

a. Measure and record ambient

(run) output voiL_ge el e_.ch

pressure traP_dJcer.

b. Men=urn v,nd r*'eord 20% and

80'_ output voltage of each pres-
sure transducer.

C.

d,

e.

a,

Tc :t each temperature trans-

ducer m conjunction with stage
signal conditioning equipment
during ambient calibration, for

co_ dnmty and resistance

Test heat exchanger fiowmeter

secondary and prxmary coil for
continmty in conjunction with
stage s_gnal conditioning
equipment,

Test turoopump _peed transducer
secondary and/or primary coil

for continuityin conjunction wit
stage signal conditioning equip-
msnt.

Measure and record LOX pomp

oearing No. 1 temperature at
watch turbopump t,mrmostats
cycle.

Limits

Voltage limit: for ambient

(run) conditions must be

within -*5% (=250 millivolts)
of full _cale of the value

recorded in toe Engine Lo_:
Book, F-1 Final Acceptance

C.ec_out Data, after cor-
rection for ambient presJure
difference,

Voltage limit,_ for 20c_ and 80_o
condition._ must be within ±2%

(±i00 mililvolts)of fullscale

of the adjusted value re-

conded in the Engine Log
Book_ F-I Fimtl Acceptance
Checkout Data.

Ambient resistance value of

each inJtrumert must meet

values listed in paragraph
1.2. I. Conhmaity must exist

between all pins.

Continuity must exist tnrOuga
secondary and/or primary coil.

Specml Coi/straints
and Rem,_rks

Perforn: prmr to hydraulic

control system leak and

funchon test, valve tlmlng

test. fuelfeed system leak
and function test, LOX feed

system leak and function
test, heat exchanger helium
system leak test, heat ex-
changer LOX system leak

test, exhaust system leak
test, turbopump heater func-

tion test, safety circuit
function test. and sequence

verificationtest, ifper-
ormed. Instrument sensing

d_aphragms must be exposed

to ambient pressure during
test.

Use section II table for at-

hal pressure transducer data
for those instruments thu

have no data available in '.e

Engine Log Book.

Continuity must exist t_ro_gt
secondary and/or primary coil.

Taermostat pickup and dropout Perform prior to safety ctr-
muzt occur aetween 65 ° and curs function testand se-

180 ° F. quence verification tests, if

per_ormed_ and a_ter fligat
instrumentation systems
test.

5"
=_

go



Speelal Con._lralnts
Paragraph Activities Requirements Limits and Remarks

1.2. 3 b. Measure and record turbopump 7, 5 ± 2. 5 amperes per ,mater
(cont) heater current drain.

_j

I

o_

>

O

1.2.4 H'fPERGOL [INSTALLED

SWITCH FUNCTION TEST

1.2.5 CHECKOUT VALVE

TL%IIING TEST

Mechanically simulate hypergol

installed switch pickup and drop-
out indication.

Measure and rccord time required
to cycle checkout valve from

ground po.ition to engine position
and from engine position to ground
position. (Repeat te_t 3 times. )

Hyp_ rgoi-installed indication

must occur when nypergol
in:;lalled is simulated

mechanically and nmst drop
out when nTpergol-in:_talted
simulation is removed.

Ground position switch drop-
out to engine position pickup
must L)ebetween 0.5 and 3.5

_econds. Engine poaition
switc,_dropout to ground

po._itionswitch pickup mu_t
be between 0. 5 and 3.5
secoI_ds.

Perform prior to safety

circuits function test, ig-
nition monitor valve inter-

flow test, and sequence

verification test, if per-
formed.

CAUTION

Use extreme care when

installing hypergol sys-

tem test tool, to pre-
vent damage to hypergol

cartridge follower.

• Make sure that threads

of test tool cap are

clean and free of nicks,

to prevent galling
threads of cap and inlet
port.

!
909

I

Use hypergol system test tool I

90212'79, or equivalent, from
Hypergol System Tool KitG3135

to actuate and deactuate switch.

Hypergol system test toolmust 2

be tested for proper operation,

prior to installingin hypergol
manifold.

Perform prior to safety cir-
curs function test, sequence
verfficalion test, and hydraul-
ic control system leak and

function test, il perfornted.

CAUTION

Ground hydraulic pres-

sure must not be applied
to the engine during

checkout valve cyehng.

I

Co
_D



O
Special Constraint n

Paragraph Actlv_ties Requirements Limits and Remark_

1.2.6 ENGINE SAFET _ CIRCUITS Verify sMety circuits acceptabil- Wiinin limits specified in Perform subsequent to hy-

ity by performing eIeetromechan- section 1] for static drautic control system leak

ical simuLation oi a _tatic test for test safety circuits test, hypergol insta/led
each safety circuit, switch test, tufbop_mp-i

o

I

b_

zo

aeater test, ti_rust OK pres-
sure switch leak and function

test, flight instrumentation
system test, and checkout
valve timing test, if appli-
cable. Perform prior to

engine e,equenee test and

valve timing test.

1.2.7

1.2.8

FUNCTION TEST AT MTF

ENGINE SAFETY CIRCUi'TS

_UNCrIoN TEST AT KSC

ENGINE SEQUENCE
VERIFICATION TEST

1.2.9 IGNITER TEST

Verify saiety circuits acceptabil-

ity by uerformthg an eIectromechan-
ical simulation of a Launch for eaell

safety circuit.

Perform electromeehanical simula-

tmn of an engine sequence to verify
proper operation of each xndlwdual
and oornbined electrlca_ _uld mechan-

ical seq_:ence requlreme_L of
section If.

a. Visually inspect each i_iter

prior to testing for:

tI) Closure damage

(2) ?bread damage

(3) Bent ox loose receptacle

pins

(4) Nicked cr serutcned gasket

or gasket seahng suria-es

(5) Six-month time exceeded

since igniter was removed
from container.

Within lim,_ts six 2ified in
Section II for launch safety
circuits

Within limits specified m

section It for engine se-
quence acceptability

No damage is allowable.

No damage is allowab!2.

No damage is allowable.

No damage is allowable.

Perform subsequent to hy-
draulic control system leak
test, hypergol installed

switch test, turhopump

heater test, thrust OK pres-
sure switch leak and function

test, checkout valve timing
test, and flight instrumenta-
tion system test. Perform

prior to engine sequence

test and valve timing test.

perform subsequent to safety
circuits function test.

Pertorm prior to installat.*on

on ong_ne.

Use Igniter Tester G3153, or 9_ I

equivalent. The igniter tester

must be tested for proper oper- i" |^=9i

ation prior to conducting this 6
test.

During *°,_shng. the igniter must
be installedin a protective de-
vice that will prevent injury to
personnel in event cf accidental

firing of an i_niter.

I

OD
tm

I
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Special ConslrMnts
P,tr_tgroph Aetivlties Requirements Limits and Remarks

e3

z
?

I

.9
,-s

1.2.9

(coat)

1.2.10 INERT IGNITER TEST

(6) Service lifeexpired

b. Utilizinga high-voltage igniter

tester, verify meter indications

for the following switch selector
settings in the order listed:

(I) No fire test

(2) Fire test

(3) Insulation test I, 2, and 3

t4) Link

a. Visually inspect each inert

igniter prior to testing for:

_I) Closure damage

(2) Thread damage

(3) 2ent or loose receptacle

pins

(4) .'Kicked or scratche_ gasket

or g._sketseating surfaces

b. Utilizinga high-voltage igniter
tester, verify meter indications

for the following switch selector
in the order listed:

(1) No fire test

(2) Fire test

(3) Insulation test I, 2. and 3

(4) Link

c. Test insulation resistance at the

following pins using 500 vdc for
5-60 seconds:

(i) Pin B to case

(2) PinAtoD

i.2. Ii IGNITER RAI_NESS a.

CONTLNUITY TEST

(Deleted)

b. Verify igniter harness pin-to-
pin continuity.

c. (Deleted)

Service life must meet re-

qmrements of section II.

Leas than one milliampere

3.5 to 8.0 milliamperes

I00 megoi_,r_sminimum

In greed area of meter

No damage is allowable.

No damage is allowable.

No damage is allowable.

No damage is allowable.

Les_ than one milliampere

Less than one milliampere

Creater tb_tnI00 megohms

In green area ol meter

Greater than 200 megohms

Greater than 200 megohms

Pin-to-pin ccntinuity.

q_6

Perform prior to installation 011,,I

on cn_ne. |

!
916

Perform prior to igniter
installation.

9,.-6

I



," Special Constraints
Paragraph Activities Requirements Limits and Remarks

e_

1.2.12 VIBRATION SAFETY

CUTOFF 'rEItIFICATION
TEST

.._ Install accelerometers in engine
taps CZA1, CZA10, and CZA4.

b. Connect and secure acceJerometer

cable

C.

d.

e.

VisuaIly verify the following

vibration safety cutoff unit dial
settings:

(I) DELAY TE_!E

(2) STORAGE TIME

Allow isolation amplifier
and vibration safety cutoff unit
temperature to stabilize.

Disconnect accelerometer leads
from accelerometer and test

each isomtion amplifier output
to its vibration safety cutoff
unit input as follows:

(1) Increase input voltage to
each isolation amplifier to
calculated cutoff voltage,
±5%.

(2) Test voting logic circuit by
paralleling input voltages to

isolationamplifiers at cal-
culated cutoffvoltage ±5%

(2,000 ±20 cps).

276 *5%

zeFo

Cutoff indication on vibration
safety cutoff unit. No engine
cutoff from voting togic.

Engine cutoff must occur.

CAUTION

Torque must not exceed 20

inch-pounds or the acceler-
ometer may be twisted off.
The accelerometer cable

must be disconnected (if
attached) prior to the instal-

lation of the accelerometer,
to prevent possible tw*sting.
The accelerometer is a
sensitive instrument that

can be damaged by rough

treatment, such as drop-
ping, sharp blows, or

over torquing.

DO not secure accelerometer

cable to cryogenic lines or
surfaces. Verify that cable is

not twisted or darnaged.

Utilize a signal generator set

at 2,000 ±20 cps and an ac volt-
age source of less than 0.25
volts Fins.

(;o

I

%. d
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Paragraph Activitius

1.2.12

(cont)

1.2.13 THRUST OK pRESSURE

SWITCH FUNCTION TEST

i. 2.14 IGNITER HA.RNESS

CONTINUITY AND I_;SUL-

AT:ON RESISTANCE TEST

Requlr_ mL nts Limits

Special Constraints

and Remark_

_. Perform an audio tap test after

ins_allatio ,_o[ acceleromei_r

[_,tds by tapping gently on thrust

chamber dome.

Cycie switcnes 3 times from zero

to 1,240 ±30 psig with gaseous

n:trogen appKed at calioration

pJrt.

Audible output mu_t exist

from each vibration safety

cutoff unit.

Switch pick'uD Dressure 1,060

• 65 p_i< on _econd and subse-

quent cycles; _witcn dropout

pressure 50-100 psig below

pickup pressure on second

and _ub_equent cycles.

CAUTION

Pressumzation rates r_ust

be limited to 50 psig'see

from 0-895 psig and 5 psig/

sec from 895 to 1,2'/0 psig.

Depressurizatmn rates

must be limlted to 5 psig/

sec from 1,270 to 895 psig.

a. Disconnect _gniter harness plug

P4'? from receptacle J47.

b. Measure igniter harness pin-

to-pin resistance a_ fnllows:

From TO
u

P47-B P43-B

P47-D P43-D

P47-C P43-A

P47-T P43-C

P4";-U P44-C

P47-A P44-A

P47-J P44-D

P47-F P44-B

p47-K P45-B

p47-H P45-D

Pe7-M P45-C

P47-R P45-A

P47-N P46-C

P47-G P46-A

P47-S P46-B

P47-E P46-D

One ohm m,%ximum between

pins

Perform prior to igniter
installation.





Special Constraints
~nd RemarksLimitsReqUirementsActiviti~~Paragraph-----------------------------------

1.3.3
(cant)

b. Cycle switches 3 times from
zero to 1,240 ±30 pslg with
gaseous nitrogen pressure
applied at calibration port.

Switch pickup pres~ure

lr060 -±65 psig on second
and subsequent cycles;
switch dropout pressure
50-100 psig below pickup
pressure on second and
subs~quent cycles.

Perform switch pickup and
dropout pressure test sub
sequent to leak testing of
joints.

CAUTION

Pressurization rates must
'be limited to 50 psig/sec
from 0-895 psig and 5
psig!sec from 895 to 1,270
psig. Depressurization
ratel' must be limited to
5 pslg!sec from 1,270 to
895 psig.

1.~. 4

n
=r
~

~

'"'Z 1.3.5
::
'"
;:;..,
'"""~=~
'<-'"'.,
'"

-,
'"'"

LOX DOME AND GAS
GENERATOR LOX IN
JECfOR PURGE LEAK
AND FUNCfION TF"1' FOR
UNlNSTALLED ENGINES

LOX OOl'.lE AND GAS
GElooERATOR LOX IN
JECfOR PURGE :..EAK
AND FUNCfION TEST FOR
INSTALLED ENGlNES AT
!\tIAF

a. Perform external leak test
of joints and fittings at 100 ±5
psig gaseous nitrogen.

b. Verily purge !low.

a~ Perform external le'1k ~est

of joints and fittings at
120-220 psig gaseous nitrogen.

b. Venfy purge !low at 120-220
psig.

No e>..-:ernalleakage is
al~O\v'J.ble4

Au~ible How from gas
generator igniter port,
thrust chamber injector,
and overboard drain line;
or by feeling Indlviclual
purge system lines.

r.;o exterr...tl leakage is
allowable.

Audible How from gas
generator igniter port,
thr'Jst chamber injector,
and overboard drain line:
or by feeling indIvidual
purge .system lines.

Perform aite! thrust chamber
pneumatic leak test and ex
haust system leak. test.

Th.e turbine exhaust system J
must be vented during periorm¥ 2
ance of this activity. I
Thrust chamber exit and
throat closures and LOX
overboard drain line closure
must be removed clurlng this
test.

Leak-~est compourxi must not
be used on overbo;o.rd drain
line exits or braided flex line
bellows.

Perform after exhaust system
leak test and sequence verifi
catfon test.

Thrust chamber exit and throat
closures; and LOX overboard
drain line closure must be re
moved during this test.

Leak-test compound must not
be used On overboard drain
line exits or braided flex line
bellows.

:=,
'"'"'"'",--



7" Sl_,.clal Con_tr.Hnt_

o Paragraph Activ[tie_ Requ_r_ment_ Lhnits and Rcmark_

1.3.5A

0

Z

C

1.3.6

LOX DOME ,_ND

GAS GhNERATOR

LOX INJECTOR

PURGE LEAK AND

UNCTION TEST

AT MTF A_ND KSC

LOX PUMP SEAL PURGE

LEAK AND FUNCTIOI_

TEST AT .%L_F Ah'D K_C

,_. Perform external leak te_t

cf joints and fittings at 120-

220 psig _aseous nitrogen.

b. Verify purge flow at 120-

220 psfg.

Co

,t.

Verify and record operational

low-Ievel and high-level purge

pressure settizx<s:

(I) Low-level purge

(2) High-level purge

(3) M,uxinmm purge system

iock'up prpssure

Perform exterr.ai leak te ,t of

joints and fit_thg._ at 85:10

psig gaseous nitrogen.

No e.xaernal leakage is
_dlowable°

Audible flow from _:ts

generator igniter port,

thrust chamber injector, and

ovecboard dr,tin line; or by

f.'e!ing _ndividual purge

system lines.

120-220 psig

600-1,000 psig

1,200 psig

No e.'cternal leakage is
,t llo_lble,

Perform after exhaust system

leak te_,t and sequence verifi-
c,_tion test.

Tbru_l chalnber exit and throat

closures and LOX overboard

drain line closure must be re-

moved during this test.

Leak-test compound must not

be used on overboard dr,tin

line exft_ or braided flex line

bellows.

Perform this tent prior to

drain system leak te>t, and

LOX feed systenl leak test

if performed.

Leak-test compou_d mu_t not
be used on overboard drain

line exits or braided flex line

bellows.

Oxidizer overboard dram Ithe

and nitrogen purge dr_th line
closures must be removed

during tifi_ test.

NOTE

Absence of flmd from

oxidizer and mtrogen

purge overboard draln

hnes must be retched

when covers are re-

moved from lines and

when turbopump LOX

seal purge pressure is

first apphed.

I
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Speclal Constr,unt_,
Paragraph Aet_vzties Requircn,,ents Limlts and Remarks

1.3,6 b. Sm_ultaneously measure and 5,_00 _elm mmx_mum from

(toni) record [at85 --10pslg) pur_e each dram ime. Combined

system flowrafe from oxidizer dram line flo_r_te mu_t be
overboard drain hne and nltro- m oxcess of 0 Selm.
gen purge dram line.

1.3.7 LOX PUMP SEAL PURGE

LEAK AND FUNCTION
TEST AT MTF

a. Perform external leak test of

joints and httmgs at 85 _.10

ps_g gaseous n*trogen.

b, Verify pu"ge flow.

No external leakage _s
allowable.

Purge flow ,¢rom oXldlzer
overboard dram hne and/or

nitrogen purge dram free,

or by feehng purge supply
IDle.

Perform flow test from drain

lines after external leak test,

Leak-te_t compound must not
be u_ed on overboard dram

hne exits or braided flex line
bellows.

Oxldtzer overboard dram line

and n_trogen purge dram hne
closure_ must be removed

dur*ng th*s test.

NOTE

Absence of fluid from |

oxidizer and nitrogen
purge overboard drain
lines must be verified
_Jhen covers are re- 9 l

moved from lines and

when turbopump LOX

seal purge pressure _s
firstapplied.
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1.3.8 COCOON PURGE SYSTEM

LEAK AND FUNCTION
TEST AT MAF

a. Perform external leak te_tof

system ]olnts at 20:5 ps*g

gaseous mtrogen pressure.

b. Verify purge flow at leak-te_t
pressure,

Fuzz leakage _as d_fined in
_ectmn ltl ls allowable,

Audlble flu% fr,nu purge mare-

told. Of bv fet'hilgpurer'
_uppiv hne

Lenk-test compound must not

be used on [)urge manifold
orifices or bra_ded flex line
bellows.



T" Special Constraints

Paragraph Activities Requirements Limits and Remarks r,
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1.3.9

1.3.10

COCOON PURGE SYSTEM a.
LEAK AND FUNCTION

TEST AT KSC

b,

c,

HEAT EXCHANGER HELIUM a.

Perform external leak test

of system joints at gaseous
nitrogen pressure within inter-

face acceptability limits speci-
fied in section If,

Fuzz leakage (as defined in

section n) is allo_vabie.

SYSTEM LEAK TEST FOR

UNIX'STALLED ENGII_ S

Verify purge Ilow at leak-test

pressure,

A,,dtble flow from Farge
rn,mLfold

Verify purge interface pressure-
temperature relationship is

acceptable.

Within limits specified in
orion II

Leak*test at 400 -10 psig gaseous
helium or nitrogen and refmgerant,

Type 12. the following system par_s:

(I) (Deleted)

(2) Flanges, fittings, !ustrumen-
lation lines, and bellows

(3) Joints having allowable

external leakage:

(a) Helium supply duct (heat

exchanger end) to heat
e_changer

(b) Heat exchanger to helium
return duct :heat ex-

changer end)

(c) Helium bypass h_,_e to
helium return duct (heat

exchanger end}

No externa_ leakage Is

allowable except at joints

listed in substep 3.

Fuzz leakage (as defined in
section II} is allowable.

Perform prior to thermal tn-
sutation installation.

Pressure-temperature accept-

ability limits may be obtained
using umbilical measurements
corrected for measurement

tapoff location.

Leak-test compound must not

be used on purge manifold ori-
fices or braided flex line

bellows.

Leak-test compound must not
be used on braided flex line

bellows,
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1.3.10

(cent)

!.3 Ii HEAT EXCILANGER

HELrU M SYSTEM
LEAK rEST AT KSC

b,

(d) Heat exchanger hehum
outlet instrumentation

hose to helium return

duct instrumentation +ap
HH3a (on engines not

incorporating MD96
change)

(e) Heat exchanger hehum
outletinstrumen_ation

hose to transducer (on

engines not incorporating

MDg_ change}

(f) Heat exchanger helium

outlettemperature trans-
ducer to helium outlet

duct instrumentation tap
HH3b (on englnes not

incorporating .MDg_
cha_Lge)

Using a leak detLctor at _hrust

chamber e.xhaust manifold exit,

determine helium coil _e._:.a_e

at leak-test pressure.

N o leakat_e _s allo_able.

Leak-test at 200 _0 psig gaseous
helium, nitrogen, or nitrogen and

refrigerant, Type 12, ".hefollowing

system parts:

(I) (Deleted)

(2) Flanges, fittings,instrumen- No external leakage is

tat.ionlines, and bellows allowable except at joints

(3) Joints having allowable

external l_akage:

(a) Helium supply duct
(heat exchanger end)

to heat exchanger

(b) Heat exchanger to
helium return duct

(heat exchanger end)

(e) Helium bypass hose
to helium return duct

(heat exc _h_ngcr end)

listed in substep 3.

Fuzz leakage (as defined in
section If) is allowable.

Leak-test compound must not
be used on braided flex line

bellows.

m
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Spe tim Constraints
Paragranh ActWitles Requirements Limits

= and Remarks
5-

1.3.11
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"-.3. Iz HEAT EXC HANGER

HELIUM SYSTEM

LEAK TEST AT MTF

&

(d) Hahum reluln duct

(heat exchanger end)

to helium wrap-around
duct

(e) Heat exchanger he,urn
outlet instrumentat._on

hose to helium return duct

insLrument_t_.n tap HH3a

(on engines not incorpo-

rating MD9_6 change)

(D Heat exchn.nger helium
outlet instrumentation

hose to transducer (on

engines not incorporating

MDg_8_ change)

(g) Heat exchanger helium

outlet temperature trans-
ducer to helium outlet

duct _nstrumentation tap
HHSb (on engines not

incorporating MD96
change)

Leak-test at 200 =I0 psig g'aseous

helium or nitrogen the fo!lowmg

system parts:

(1) FIRnges, fi_'tings, mstrumen- No external leakage is

tahon tines, and bellows allowable exc-'pt at ]emts

(2) Joinls ha,,ing allowable

external leakage:

(a_ Helium supply duct
(heat exchanger end _,

to heat exchanger

(b) Heat'exchanger to
helium return duct

(heat exchanger end)

(C) Helium bypass hose
to helium return duct

(heat exch,xngcr end)

(d) Helium re_urn duct

(heat exc_,dtngcr end) to

helium ',_rap- around duct

listed in suostep 2,

Fuzz leakage as defined in
section ll)is allowable,

Leak-test compound must not
be used on braided flex line

bellows.

9i3
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Acti'ntie-') Requir~ments

(e) Heat exchanger hcHu:1:
outlet instrumentation
hose to helium. return duct
instrumentation tJ.p HH3a
(on engines not incorpo·
rating MD96 ohange)

(I) Heat exchanger helium
outlet instrumentation
hose to trans~ucer (on
engines not incorporating
:\lD96 change)

(g) Heat exchanger helium
outlet temperat>.lre trans
ducer to heliultl ol.:.t:et
duct instrumentatlon tap
HH3b (on engines not
incorporating ~!D96

change) -

L:mits
SpeCtal Constraints

and Remark:>

I
913

"•'"'"'"''",--Leak-tezt compound must not
be used on braided fiex line
bellows.

F:J.zz IcakJ.ce (as de{lIled l:l
sectlOn II) 1~ .Llov......bl~.

:So external lca.k::q;e is
al1owablf' cxc PDt :It ~vilHS

llslea ir ~bstep 3.

(3) .TiI£~.:; ~ld.vmg allowable
e.\.~erl.al leakage:

(a) Helium s~pply duct
(neat exchanger- end/
to heat excr.3.:l.g:er

(b) Heat exchanger tu
helium. retur;"! duct
(heat exchangc!" end)

(e) Helium byp.:lsS hos{:
to helium return duct
(heat exchanger end)

(d) Helium return du'Ct
(heat exchanger endl tlJ
helium wr~p-arou,--;dduct

Leak-test :l.t 200 ±..lO p~ig gaseous
helium ,. r nitrogen and refrigerant,
Type 12, the following system parts:

(1) (Deleted)

(2) Flanges, fittin~~, instrU:~len

taUon lines, and bellows

a.HEAT EXC!iA.'iGER
!lI:Llti:\! SYSTE:\!
LEAK TEST AT :\lA F
Sl.:BSEQLE~T TO
STATIC TEST

1.3.13
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P: ,'ag,"aph Acuv_ties

1.3.13

(:ont_

1.3.14 HEAT EXC._L_-NGER LOX

SYSTEM LEAK TEST FOR
I/NINSTALLED ENGINES

Requirements

b.

a°

(e) Heat exchanger helium
outletinstrumentation
hose to helium return duct

instrumentation tap HH3a

(on engines not incorpo-

rating MD9_6 change)

(f) Hea_ exchanger hehum
oudet instrumentadon

hose to transducer (on

en_nes not incorporating

MD965 change)

(g) Heat exchanger helium

outlet tempera.rare trans.
ducer to hehum outlet

duct instrumentation tap
HH3h (on engines not

incorporating MD96

change)

Using a leak detector at thrust
chamber exhaust manifold exit,

determine helium coil leakage at

leak-test pressure.

Leak-test at 1,400 _0 psig

gaseous nitrogen and refrigerant,

Type 12, the [ollowin_ system

parts:

(I) (Deleted)

(2) Flanges, fittings,bellows,
and instrumentation lines

(3) Joints having allowable

external leakage:

(a) Heat exchanger to
GOX duct (heat

exchanger end)

(b) Oxidizer bypass hose
to COX duet (heat

exchanger end)

Limits

No lpakagc is allowable.

No exterrm: leakage 1>

allowable except at ]orals
listed in substep 3.

Fuzz leaka :e (as defused in
sectmn ID ,s allowable.

Special Constraints
and Remark_

Perfoz'm prior to thrust
chamber pneumatic leak test.

Leak-test compound must not
be used on braided flex hne
bellows.

913
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ParagrJph

I. 3.14
(cant:

Activities Requirements

b. Perform reverse-flow leak
test of heat exchan~er check
vah·e at 100 ±5 pSlg gaspous
ni:rogen and refrigerant.
Type 12.

Llmlts

50 scim r::la."<.imum

SpecLd COl1:::;tr.lu:h
...lIld Rt:nl.lrk..,

[nstall Thrust Chamber Throat
Plug G3136 to moni:or heat
exchanger check valve reverse
flo\\. leakage.

1. 3.15 HEAT ':XCHA:;CER LO).
SYSTE:\l LE."JI: TEST
AT KSC

c. T.;sing a Irak detector at O·.rust
cham'I:Jer exhaust manifold eXIt,
determine LOX coil le<:tkage at
Ipak-test pressure.

Leak-test at 300 dO psig gaseous
mtrol;!:en the following system parts:

(1 (Deletedl

Ko leaka[..:f!' 15 allowable.

Perform prior to :hrust I
chamber pneumatic 1e3.k test, 900
If performed. I

(2 Fianges. Httings. instrumf>n
tation lines, and bellows

';0 exterr..111ea.1{.age is
a:~owablc except at joi:1ts
listed in sl.lbstep 3.

Leak-t..:st compound must not
be used on braided flex line
bellov·s.

1.3.11 HEAT EXCHAl'CER LOX
,YSTE:\l LEAK TEST

T :\lTF

(3' Joints Iuving allowable
external leakage:

(a; Heat exchanger to
COX duct (heat
exchanger end)

(bi OxLiizer bypass hose
to (,OX duct (heat
exchanger endi

Leak-test at 1,000 ::50 psig gaS€Qt:.s

nitrcgen as follows:

(1' Flanges, [,tlings, instrumen
tation lines, and bei~ ,,\\ s

(2' Joints ha\.'l'lg all')\\'able
external leaJr..age:

(a) Heat exchanger to
GCX duct (heat
exchanger end)

(b) Oxidizer bypass hose
to GCX duct (heat
excha::1ger end~

Fuzz leakage la~ defined ~n

sec.ion II is allowable.

~o exter;....ll !eJ..kage is
allo\\able except at Jomts
li~ted In ~.J.bstep 2.

Fuzz: eakar:;:e (as ctefu.cd ~:l
sechon II' 1S allo....'abL:.

Leak-test compound must not
be used on braided flex llne
bellows.

I I901913
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SpeciAl Co!/_tr tlnt_

Paragraph Activities Requirement° Lunits and Renlark-

Z
?

_D
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1.3.18 (C) GOX duct (heat

(cont) exchanger }nd_ to

heat exehanger GGX

wrap-around duct

1.3.17 _AT EXCHANGER LOX a.

SYSTEM LEAK TEST AT

_LAF SUBSEQUENT TO

S FATIC TEST

1.3.18 (Deleted}

1.3.19 HYDRAULIC CONTROL

SYSTEM LEAK A_,'4D

FL_CTION TEST FOR

UNINSTALLED ENGLNF.

AND iNSTALLED EN-

C._E AT MTF (PRIOR

TO STATIC TEST) AND

AT KSC

b.

c°

Leak-test at 300:10 psig gaseous

mtro6cn and refrigerant, Type 12,

the following system parts:

(I) (Deleted)

(2) F'langcs, fittings, bellows,

and instrumentatlon line_

(3} Joints having allowable

external leakage:

(a) Heat exchanger to

COX duct (heat

exchanger end)

(b/ Oxidizer bypass hose

to COX duct {neat

exchanger end)

"_erforn'. reverse-flow leak test

Of heat exchanger check valve

a_ 300 _0 pszg gaseous nitrogen

and refrigerant, Type 12

Using a leak detector at thrust

eaaxnber exhaust man',fold exit.

determine LOX eolI leakage

a: leak-test pressure.

a. Leak-:est closed side of by_

drauhc control system at

1,800:50 psig hydrauhc

p-esstu-e and as out,ned

in steps b through d.

No exter,,,alleakageis
allowable except at joints
hsted in s_bstep 3.

Fuzz leakage {as defined in
section lI) is allowable.

50 scim m_imum

No leakage isallowable

N¢, exter'ml ieakzge i_-

a]Iowabl, .

Perform prior to thrust

chamber pneumatic leak tesL

Leak-test compound must not
be used on braided flex line

bellows.

Install Thrust Chamber
Throat Plug G3136 tomoni-
tor heat exchanger check
valve reverse-flow leakage.

Perform _hls test prlor to

lgnltlon n%omt<)r valve rater-

flow test, ignlt_on n_omtor

v,tlve shuttle pressure test,

exhaust system leak test,

thrust chamber pneumatic

leak test, thrust chamber

hqmd lea_ test, LOX feed

system leak test, engine

valve t_mmg test, and fuel

feed system leak test, if

performed, and after fhght

mstrumentatian system test

and iffnition momtor valve

d:aphragm test. if performed.

!
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Sj)t., ci.ll Const:'.t int~
J.nd Rem.1rk:.LimitsRe-quirem<:nbActivIties

,
~

C) PJ.r~graph

-------------------------------------
1. 3.19
(cont)

b. )..!cnitor fuel overboard drain
lin~, at thrust chambf"!' exit, for

, fuel leakage. Any leakage may
reauire isolation froe overboard
dr:J.in line and recording o[ leakage
rate 01 the followmg components:

(1) Redundant shutdown ....alve

(2, Ignition monimr valve

(3) Engine control valve

(4 \ All other coraponents com
mon to this dram system

2 cc 'm fuel leakage ma.-.:i
mum from drain port

5 cc 'm fuel leakage maXI
mum fro:n drain port

5 cc 1m f'Jel leakag£' maxi
rr!um from override dram
port

~o le:lk.'1 ~e is allowable.

U sl.lrface wetting is noted on
components or flanged joints.
refer to section r.. lor critena
to use to establish joint
acceptability .

Checkout valve must be in ground
return position.

The engine propellant feed sys
tems must be at ambient pressure
during this test.

The r~dundant sh:.ttdown valve
must not be energized more than
15 minutes, since the tempera
ture buildup will cause the valve
to actuate slower.

Deenergizbg the redundant shut
dow:1 valve will cause approxir~lately

25 cc of hydraulic fluid to be ex
pel!ed from the DRAIN port. Per
sonnel must be clear of DRAIN port,
and hydraulic fluid must not drain
onto the engine.

Apply pressure to hydraulic con
trol system at suitable incremE'nts
beginning with lowest pressure
capabilit,·, increasing to maxllnum
test pressure required~ and moni
tor for leakage while pres5t're is
increased.

Past recorded component leakage
shall be used as a guide for determi
ning component isolation require
ment. Vlhen leakage is accounted
for, no further isolation is required.

915
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Special Const r,tl_,t_
Para_3taph Activities Requircments Limits and Remark_
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I, 3.19 e. Monitor checkout valve ball seal 2 cc 'n: maximum

(ccmt) leakage at engine hydraulic return

line quick- disconnect,

d. Monitor engine control valve 2 cc/m maximum

en_ne supply check valve
reverse leakage at engine

hydraulic supply line quick-
discomne ct.

e. Leak-test _imbal hydraulic 5 drops per minute

return line qu.ick-_scoRnect
(center engine only) at I, 550

_0 psig hydraulic pressure
with cap removed.

f- Leak-test open side of hydraulic No external leakage is

control system at 1,800 ±50 psig allc_.able.
hydraulic pressure and as

outlined in step g.

Actua*.eengine valves at hy-
draulic supply pressure be-

tween 900 ar.d I, 500 psi_ and

hydraulic return system pres-
sur_ below I00 psig.

CAUTION

Supply pressure to ig-
nition monitor valve

CONTROL port mus_ not
exceed I00 ps_g smce

damage to ignition moni-
tor valve and h_,_pergo!
manifold can result.

• Do not allow hydraulic
return system leak-test

pressure to exceed 525

ps_g.

i/surface wethng is noted on

components or flanged Joints,
refer to section IIfor criteria

to use to establish ioint
ac ceptabilit_.

Hydraulic leakage may" be _,oted
from the fuel overboard dratu

system durinp"actuation of _he
redundant sht , _vn valve.

This leakage is aneeptable.

?



Special Constramts
Paragraph Activities Requirements Limits and Remarks
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1.3.19 g.
(toni)

1.3.19A HYDP-_ULIC CONTROL a.
SYSTEM LEAK AND
FUNCTION TEST AT

MTF SUBSEQUENT TO
STATIC TEST

Monitor fuel o_ erboard dram

line, at thrust chantt_er exit,

for fuel leakage. An.',' leakage

may require isolation from
overboard drain line and re-

cording of leakage rate of the
following components:

(i) Redundant shutdown vzdve

(2) Ignition monitor valve

(3} Engine :ontrol wive

(4) All other components corn-
m, _ to this dram system

Leak-test closed side of

hyd:aulic control system at
I,800 =50 psighydraulic

pressure.

2 cc _nl fuel leakage
n,,Lxinlum fronl drain

port

5 ce m fuel leakage
maximun_ from draln

port

5 cc .n fuel leakage
maximum from override

dram port

N _ leakage :_ allo'xablc.

No external leakage
_s allowable.

Past recorded component

leakage shall be used as a

guide for determining com-

ponent isolahon requirement.
When leakage is accounted

for, no further isolation _s

requzred.

Perform this test subsequent

to fuel feed system dram and

prior to stage rotation to hor-
izontal.

Ifsurface wetting is noted on
components or flanged joints,
refer to aectlon r_ for cr_terza

to use to estabhnh joint ac-

ceptab:lity.

Checkout valve muu[ be m

ground return position.

Apply pressure to hydraulic

control system at suitable

increments begirming with

lowest pressure capability,
increasing to maximum

test p_essure required, and
monitor for leakage while
pressure is increasoa.

q01
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Activities Requirements

b. ;l,tonitcr fuel overb'Jara dram
l:ne, at thrust chamber exit,
for fuel leakage. Any leakage
r~ay require isolation from
overboard drain line :,r.d r~

cording o! leakage fate of the
following components:

(1) Redundant shutdown valve

(2) Ignition monitor valve

~.3) Engine control valve

(4) All other components COI:l

men to this drain system

c. Monitor oheckout valve ball
seal leakage at engine hydraulic
r~t'.u-n line qUick-disconnect.

d. Monitor engine CQ!!t,.nl valve
engi:re supply check valve reverse
lE'akage at engine hydraulic supply
ll:1e quick-disco!'l..'1ect.

Limit~

2 cc/m fuel leakage ma.xI
mt:.m :rom drain port

5 cc ([3 fuel leakage m.a}.:l
mum ~rom drain port

5 cc/m fuelleakag~ ma.X1
mum ;rom override drain
port

N'o leakage is allowable.

2 cc 'm ma."(imum

2 cc ra ma."(imum

Spec-LIl ConstrHn; ....
,lnd Remark~

Fast re~orded ccmpon~nt leak
a;;e shall be used as a g'J.ide for
determining component isola
tion require~ent. When leakage
is accounted for, no iurther
isolation is required.

915
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Special Constraints
Paragraph AcUviL_es Requirements Limits and Remarks

1.3.19B HYDRAULIC CONTROL a. " Leak-test closed _ide of No external ieak,}_e Perfo-m /Ms test prmr to
hydravhc control system is allowable. Igaltion momtor valve inter-

at 1,800 _50 ps:g hydrauhe flow test. ignition momtor

pressure, valve shuttl_ pressure test.

exhaust system leak t2st.
thrust chamber pneumatic

leakiest, LOX [ted system

leak test. engme valve
tlmmg test. ariafuelfeed

system leak test, if per-
formed, and after flight

instrumentatinn sy_tom test
and ignitlon monitor valve

diaphragm test, if performed.

'2" surface wettin_ *s noted

on components o" flanged
joints, refer to sectit)nII
for cr!teria to use to es-

tablish joint acceptabfl:ty.

Checkout _Ive must be in

ground return posltion.

(:m

i

r2.
t.j

e_

'7"

>

SYSTEM LEAK AND

FUNCTION TEST AT

MAF SUBSEQUENT TO
STATIC TEST_

The engine pr_,pellant feed
systems must be at ambmm

pressure during th_s t_st.

The redundant shutaown

valve must not be energlzed
more than 15 minutes,since

the temperature bu:!dup will
cause the %,'aiveto actuate
slower.

Apply pressure to hyd_'auhc

control system at statable

increments beginning ',_'Xh

lowest pressurc capability.
increasing to maximum test
pres,nure required, and

monitor for leakage _hde
pressure is iDcreased.

901 I
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Special Constraints
Paragraph Activities Requirements Limits and Remarks

1.2.19B b. Leak-test gimbal hydraulic 5 drops per minute
(cont) return line quick-disconnect

(center en_ne only) at 1,550
=50 psig hydraulic pressure
with cap removed.

C_

m

e_

c. Le.'-'¢-test open side of
hydrm_l,.'c control system

at 1,800 _-50 psig hydrauhc

pressure.

No e_eraal leakage
is allowable.

Actuate engine valves at

hydraulic supply pressure

between 900 and 1.600 psig
and hydraulic return _ys-

tern pressure below I00 psig.

CAUTION

Supply pressure to

ignition monitor _tlve

CONTROL port must

not exceed 10G pmg
since damage to igni-
tion monitor valve and

hypergoi manifold can
result.

$ Do not allow hydraulic
return systemleak-test
pressure to exceed 525

psig.

IIsurfaee wetting is noted on

components or fl_nged 1oints.
refer to section _ for criterla

to use to establish joint ac-
cept.ability.

I



Spt_C _ _ Col!str,tLP,E_

Paragrdph Activities Requirements Llmlt: a:_¢iR<,mark,,
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7"

1.3.20

].3.21

IGNITION .,_ DNiTOR VALVE

DIAPHI_-XGM LEAK rEST

HYPERGOL ,%t2_NiF OLD

LEAK AND FUNCTION

TEST

a. ,',Ie,t_ureand record leakuge

f_om igmdon monitor valve

ATMOS REF port with 1,400

=20 psig g-aseou_ nitrogen

appi_ed to CONTROL port.

No leak_ge is atlowable.

e.

b. Le.,k-Ie_t tglli:lol]lllOnltO_ v.dvc No .x-ternal leak_<e I_

cap external jomtq at 1,400 allovrable.

-_20 p_lg gaseous nltro<en.

Verify hypergol installed s.,v_tch

actuation and hyper<ol cartridge

follower freedom of movemetd

when hypergol cartridge follower

is m_nualiy depressed _.2th CON-

TROL port pressure at zero p_ig.

Meauure and record le_g_ge at

the following ports at 200 -" i0

p_ig ¢a_eou,_ nitrogen:

(I) Purge quick-dl-connect

(2) l<niter fuel _,,Ive vent fort

_3) Ign*tioll mo:,kor valve
T • ,A.,, O_ REF port

b. _ak-test hypvrgol manifold

ex£erna! Joints and ports at

200 ±10 pM[: Glseo_s nitrogen

pressure.

3 _Cl!ll _hlXiI_IUtll

0.25 sc}h_ :',h'_X'.mUnl

O. 25 _einl m,lximui',l

No extern.fl Ieakage i_

.dto_able.

Pe-form prmr to hydraulic

control system le, k test and

thru._t chamber leak test.

CAUTION

The hyper_ol ^artrid_e

L_t_i_ed swlic[I, m_st P.ot

be ae_.uated when perforn_-

ing steps a and b.

|
932

Perform external leak test

after me,t,_urenlent of dia-

phr._Km le _k,_ge ,.nd reeon-

nectlon ,Ln/ torqutn_ of drain

robe to ATMOS t_EF port. |

!
Thrust chamber throat plug, - 932
closure, and or emt closure _l I
mum be removed during !
performance of this act_v_.

Perf_)rm prior to thrust cham-

ber le:_ test and fue£ feed

system leak test.

Apply pressure thr_ugh dram

qulck- dlscon,,_ct.

The h_,_per_ol mamfold outlet
ILne must be blueked durmg
_hLS test.

If _t,r_ltertue[ valve reheves at

a pressure lower than 200 _*10

pstg, decrease pressure _ntll

valve reseats, then mcrease

level to value just below that

reqmred " r _t,m_ter fuel valve
to reheve. Perfu_m test at

th_s pressure.

Perform e.xtern,_l leak test

after completion of ,tit flow
nleasurenlents _nd ,liter hl-

st,:ll'lion ,_nd torquing of '!l

flow me,,surement port fitti_,4,'_.

I
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Spc ¢I.IiCon_trAlnt _
Paragraph P, _ivitleb Requirements Ltmlt_ and .Re m,t rk_

I. 3, 21 e. Measure and record ignfter 270 psit_ maxi,'uun_ The entitle fuel feed :;y_tem
(cent) fuel valve redeving pressure must be vented to preclude

using t?aseou_ nitrogen pres- pressure buildup during this
sure. IRepeat [e_t 3tlmes.) te_t.

i 3.22 IGNITION MONITOR

;..3.23

VALVE INTERFL_W TEST

IGNITION MONITOR
VALVE SHUTTLE

PRE SSU I_E TEST

Apply I_ 550 =50 p_ig hydr,tulic

pressure and mechanically simu-
late hypergol cartridge inst_dled.
Apply 28 ±2 psig _iseou_ nitrogen

pressure to ignitionmonitor valve
CONTROL port for 5 minutes with
gas generator bail valve and m,ti,_

oxidizer valves in open position.

Me.tbure and record _tseous
nitrogen pressure (applied to
CONTROL port) at which t_nition

monitor valve actuates during 3

cycles with 1,550 ±50 p.Mg hy-

('raulic CoIltt'ol .__v_tem pressure
applied.

F]el valve_, nlust remain

in the closed position.

20 -*4psi< witi_sense lineto
thru-t chamber blanked off

or 21 -4 p.-1,:with .,em;e line
to thrust ch.t_ulmrnot biar,ked

oil. Each _i_:ttlepressure

mu_t be within t2 p_i_ of the
oth_r _:]_t/ttlci),'t_:.:.t/rc,_.

Perform this test after hy-
draulic control _ystem le,xk
te_t, ignition monitor valve

diJphrn_nl leak test, igmitior,
monitor valve shuttie prcs:-ure
te:;t, hyper_'ol installed qwitch

test, :tnd fh_'lt instrum_'ntatxGn
_,ystem test.

The engine propellant feed sys-
tems must be at ambient pres-
sure during this test.

CAUTION

Supply pressure to i_,m_-
tlon monitor v_ive CON-

TROL port must not ex-
ceed 100 pstg strive

(L'lma_c to tt_nitum taunt-

tor valve or hypergol
manifold ,,ill resu/t.

• FXtreme care mu_t be

u_ed when t,_tallmg the
hypergol test tool. to ])re-
vent damage to the h}_per-
gel eartrtd<e follower.

• Threads of the test tool

cap mast be clean and free
of nicks, t_ prevent galhn_

ofthreadsof the cap _,_d
inlet port.

Perform th_s test after hy-

draulic control system leak

test, _gntt_onmomtor valve
d_aphragm leak test. hy_Jer_ol
installedswitch test, and

fhght mstrumentatma _;ystem
tebt.

The eIigli:e propellant feed sys-

tems r,iu_t i)_ .it anlbtent pr{,r,-

_urL durnlg tht_ te_t.

;c



" SIV2ctal Con_tratI_t _

Paragraph Activities Requlrvment_ Lim_t._ Lt_,dR_ mark_,

2-

D

>

1.3.23

(eont)

i. 3.24 VALVE FIME';G TEST a.

FOR UUINSTALLED

ENGINES

Cycle ga-'.generator ball wdve,

oxidizer'.flv,,% and fuel

valve.,_ to tne open and elo_ed

positions a nfinhnum of 4

times with hydraulic control

system pres_;ure at I, 550

±20 psit_ as follows:

(t)During e Ich ol_ning cycle,

first open g_as generator

ball valve and oxidlzer valves;

then shuttle t21e ignition mon-

itor valve to open fuel valve._.

(2) For 3 closing cycles, apply

a signal to engine control

valve stop _olenold without

a slgval applied to redundant

shutdown valve.

(3) For one closing cycle, apply

a signal to redundant ,;hut-

down valve without a 3ign,d

apphed t'"_'.oq-e control

valve stop sole,._id.

b. Record the following act,aal valve

and setiuence times for those

w!ive cycles that apply a sign,ll

to engine control valve stop

solenoid:

I_nition ntonltor valve oper-

ation i_ i,¢:icated by opening
of the fuel valve';.

Perform thb; test after hy-

draulic control ;ystem leak

te_t, ignition monitor valve

inter flow test, ignition mon-

itor valve diaphr'tgm leak

test, ignition monitor valve

shuttle pressure test, and

flight instrumentation _ystem
te_t.

Checkout valve must be m

ground return position.

CAUTION

The supply pressure

to the igmtlon nlonlt_r

valve CONTROL port

must not e_ceed I00

ps_g since damage to

the Igmhon monitor

valve and hypergol

mmaifold will result.

NOTE

Potentmmeter times

are for reCerence only.

,_09

A
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SpcciJ.l ConstraInts
Paragraph Activities Requirements LimHq J.l~d Rer:.arks

1.3.24 (1) Time from power application
(coot) to engine control valve start

solenOld to valve closed Potentiometer S'...·itch
switch dropout indication: (msec) (msoc)

;a) 1'0. 1 oxidizer valve 40 ±25 155.= 50
(b) No. 2 oxidizer valve 40.25 155 =50
(c) Gas generator ball 155.Z5

valve

(2) Valve opening t!mes from
closed switch dropout incfj-
cation to open sv.1tch pickup
indIcation:

(a) ~o. 1 oxidizer valve 615 .125 350.60
(b) No. 2 oxidizer valve 615.125 35D ±6D
(c) Gas generator ball 215 ±75

valve
(d) No. 1 fuel valve 690 =150 545 <100
(e) No. 2 fuel valve 690 :150 545±100
(I) Time from either fuel o±100

valve closed switch ::0
dropout to other fuel ,

'"valve closed switch '"'"dropout '"•-
(3) -Time from power applica-

tion to engine control valve
stop solenoid to valve open
switch dropout indication:

(a) Gas generator lY.n 50 =20
valve

(b) No. 1 OXidizer valve 45.40 165.60
(c) I'o. 2 oxidizer valve 45 =40 165 ±60
Cd} 1\0. 1 fuel valve 35.30 120 =50
(eJ I'o. 2 fuel valve 35 ±3C 120.50



~ S[.cci...ll Constraint...
en, ~

'" Paragraph Activities Requirements Limits .lnd Re marks :?
'" g

I. 3. 24 (4) Valve CIOSlOg hrrcs from
(cont) open switch dropout indica-

tion to closed switch pick~ Potentiometer SWltch
up mdication: (msec) (msecl

(aJ No. 1 oxidIzer valve 600 =150 335 =60

(b) No. 2 oxidlzer valve 600 =150 ;j35 ±60

(cJ Gas generator ball valve 140 .30

(d) No. 1 fuel valve 800 =ISO 655 =75

(e) No. 2 fuel valve 800 =150 655 =75

c. Record time from redundant shut~ 0.200 sec rnaxJrnum
dO\1in solenoid SIgnal to gas gener-
ato r ball valve open switch drapo ut
for "r-alve cycle t.hat applied a signal
to redunda.'1t shutdown valve ",i.thout
a signal applied to engIne control
valve stop solenoid. ;ll,..,

d. Measure and record hydraulic flow '"'"rate at 1,550 ±20 psig supply prt's- '".:.
sure and 45 :1:20 psig return pres- -
sure as follows:

(I) Valves open 11.6.1. 1 gpm

(2) Valves closed 11.6 =1. 1 gpm

e. Mea.<;ure and record current drains
as follows:

(1) EngmiC control valve start o. 60 amperes
solenoid maximum

(2) EnglIle control valve stop 0.60 amperes
solenoid maxImum.

(3) Redundant shutdown 2.0 amperes
valve solenoid maxirnt:m.

I. 3. 25 \'ALVE TIMING TEST a. Cycle gas gE:'fierator ball valve. Perform thiS test after the hy-
FOR INSTALLED ENGINES OXIdIZer valves, and fuel valves rlraulic control system leak: test,

to tile open and c lased poSItions 19nitlon monitor valve mterfiow
a nlinimurn of 4 times with hy- test. IgnitIOn monitor valve d1aw

phragm leak test, Ignition momtor
drauiic control system pressure val....e shuttle pressure test, and
at 1,550 =50 pSIg as (ollows: f!ig~t instrumentation system test.



Paragraph

1.3.25
(cont)

Activities Requiremen~"

(l} During each opening cycl~,

first open gas generator
ball valve and oxidizer valves;
then shuttle the ignition mon
itor valve to Clpen fuel valves.

(2; (Deleted)

(3) For one closing cycle, apply a
signal to redundar.t shutdown
yaive without a signal applied
to engine control l'2.1ve stop
solenoid~

(4) For 3 closing cycles, apply
signals to both engine control
,·alve stop solenoid and redun
dant shutdown valve.

b. Record the following actual valve
and sequence times far those
valve cycles that apply a signal
to both engine control valve stop
solerloid and redundant shutdown
vah'e:

Limits
Specidl Constr::.irh

.and Remark~

Tl1e engine propellar.t feed
~ystems must be at ambient
pressure during this tE::Si..

Checkout vah·e must be lTI

ground return position.

CAcTION

The supply pressure
to the ignition monitor
valve CONTROL port
must not e:'{ceed 100
psig since damage t'J
the ignition monitor
"alve and hypergol
manifold will result.

191•.
909 S

I

I
l ::c,

'"a>
<:>

'",--
(1) Time from power application

to engine control valve start
solenoid to valve closed s",",itch
dropout indication:

(:1) No. 1 oxidizer valve
(b) ~o. 2 oxidizer valve
(e) Gas gen.2rator ball valve

(2) Valve opening times from
closed switch dropout indica
tion to open switch pickup
indication:

(.1) No. 1 oxidizer valve
(b) No. 2 oxidizer valve
(c) Gas generator ball valve

Potentiometer
(msec)

40 :25
40 ±25

525 ,JOO
525:100

Sv.itch
(msec)

155 :50
155 :t50
145 :25

300 :70
300 =70
170 :50

NOTE

Potentiometer times
are for reference only.
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~ Paragraph

I. 3. 25
~cont)

Activities Requirements

(d) Xo. 1 fuel valve

(e) No. 2 fuel valve

{fl TIme from eIther fuel yal....e
closed SWItch dropout to
other fuel valve closed s·..itc
dropout

(3) Time from power apphcatlOn to en
gine control v2Ive stop solenoId to
valve open switch dropout indlcatwn:

Limits

PotentIOmeter Sv.'ltch
(msec) (msec)---

',0 ~IOO 530,100

650 dOO 530 ~100

o ~IOO

SprCl.11 Cor:str.'lint:-,
.,1r.d Remark~

(a) Gas generator ball valve

(b) ~o. 1 oxidiz"'r valve

(c) Ko. 2 oXIdIzer vaLve

(d) So. 1 fuel valve

(e) No.2 fuel valve

(-:1) Valve closing ti:nes from open SWItch
dropout inmcatIOn to closed sWItch
p~ckup mdlcation:

(a) ~o. 1 oXIdIzer ....alve

(b) No. 2. oXIdIzer valve

(c) Gas generator bal! \-'al'll?

(dl Xo. I fuel valve

(e; ~o. 2 fuel va~ve

c. Record time from rE'dW1dant shutdown
solenoid sIgnal to gas generator ball
vah'e open switch dropout for valve
cycle that apphed a sIgnal to red-.:ndant
shutdovm valve wIthout a sIgnal applied
to engin~ control \'atve stop solenoid.

50 ,20

45 ~40 185='/5

45,40 185 :75
::0

35 ~30 125 ,50
,..,
'"'"35 ~30 125,50 '",--

525 .100 3UO ~70

525,100 300,70

145 ~30

750 dOO 630 ,120

750 ,lOa 630 ,[20

0.300 sec ma.x!~:um



Paragraph

1.3.26

,
'"'"

Ac!.ivities

FUEL FEED SYSTEM
LEAK TEST FOR UN
INSTALLED ENGINES

Requirements

a. Measur.? and record le4kage at
80 =:5 psig gaseous rutrogcn.
from the follo\1,'mg system parts:

(1) Quick-disconnects

(2) Gas generator ball valve fuel
shaft seal

(3) (Deleted)

(4) Igrater .leI valve seat

(5} Turbopllmp primary fuel seal.
(Sio'vIy rob.te lurropump main
shaft to find maximum leakage
r2.te whether rotating or
stationary. )

(6) Turbopump fuel inlet seal.
(Slowly ,."tate turbopump main
::ihaft to find maximum Iea.ka.oo--e
rate whether rotating or
~tad.anary.)

(7) Bearing coolant control valve
check valves

(8) Combined fuel valves and gas
generator ball valve fuel ball
seal le~""

(9) Combined r\o. 1 and No.2 fuel
valve nose and skirt sealleak::lgc

(10) Gas generator ball valve fuel
ball seal leakage

(11) Xo. 1 ruel vah'e r.Dse and skirt
seal leakage

112:' };0. 2 Iud v.<>lve nose and sklrt
seal leakage

b. Leak-tEst at 80 ~5 pSlg gaseOl..s
llltrogen. system flanges, fittmgs,
bel.lows, and instrumentation hnes.

1 imits

3 seIDl m:tXimum

0.25 scim m:i....drnum

0.5 scim maximum

50 scirr.. r.13."(imum

50 scim maximum

2 Beim ma.,xmlUffi

15 scim ma.ximum

15 selm m3.ximum

20 scim m;,Xl:TIUrr.

15 snm ma.~imum

15 scim ma.....-:imum

};'O external 11?a.i{:H~e

is allowable.

Sp('Cl.d Cor:str.J.l~t~

.llld RemJ.rk:--

Perform this test subsequent to
hydraulic control syst~m le2k
test. vah'e ciming test. and h:r'Per
b01 man.aold leak and function
test. and prlOr to turbopump
bearing coolant system leak test.

nydr::.uhc control system pres-
S1,.;.re of 1.550 ::-50 psig rnl.:.st be 9b
applied. and the checkout vah-e I
must be In tile ground return
position d-;..xring tl..is test.

CAt:TlO~

DllI'ing re . oval of the gas gen
erator ball valve fuel inlet
drain qUick-disconnect cap,
the quick-dIsconnect body
must not be allowed to turn.

T}1e turbine exhaust system must be I
vented during 9€r!ormant.e of tins l)J2
activity. I
Thrust t;r,amber exit, thrust cham-
ber throat, and overboard drab
line closures must be rf"ITJoved fOT

this test.

Install fuel seal drain manifold
adapter 9020907 in dram manifold.

Isolate gas generator ball \'aive
fuel shaft vent Ime from f"clel over
board drain system.

PerfL'rm 5ubsteps 9 and 10 only
if substep 8 11mit is exceeded.

Perl0rm substcps 11 and 12 only
II substep 9 limit IS exceeded.

Leak-test compound must nat be
used on overboard dram h.1€' exits
0:' br:lided flc'{ lme bellows.
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I. 3. 29

Activities

(Deleted)

FUEL FEED SYSTEM
LEA;; TEST AT MTF

FUEL FEED SYSTEM
LEAK TEST "T MAF
SUBSEQUENT TO
STATIC TEST A!m
AT KSC

Require ments

Leak-~est 2.t 10 ~l pSlg gaseous mtro
gen . .111 system flanges and ports.

a. Measure and record leakage at
]0"1 pSlg gaseous mtragen.
from the followmg system parts:

(1) QUIck-dIsconnects

(2) Gas generator ball va!\'-e
fuel shaft sea!

(3) (Deleted)

,4) IgnIter fuel \'al~'e .seat

(5) Turbopurnp pr"rnary fuel
seal. (Slowly rotate turbo
pump main shaft to fmd
~3.'Qm:um leaY.age rate
whether rotating or
stationary. )

Li:-::'lts

No extEr:ial leakage
IS allowable.

0.25 se:m ma.'<.lmurn

0.5 l>Clm ma:>.lnl UJTl

50 &Clnl ,naXlrnunl

Special Constraints
and Remal ks

Per!crm external leak test after
cor:::pietlon of all new measure
ments arId after lnstallanon and
torqumg: of all flow :-r.easurement
port flttlng.s.

Perform tlus test subsequent to
hydracllc control system leak
test and \'ai,'e ti::nng test.

DUr1:i1g thIS test. hydraulic con
trol system pressure of
~, 550 ~ 50 PSI!; must be applted,
ar.d the checkv;Jl valve must be
1n th€' ground return posltlOn or
the hydra:.lhc control syst~m

:nust be blanked ()ff.

Thrust chamber eYlt, thru::.t
chamber throat. and overbo:ud
dra:n hne closures must be re
moved for thIS test.

Leak-test compound =:1ust rot be
used 0:1 o··;erboard dra:n hr.e
e:-"lts or braIded flex lme bello ..... s.

Perform this tes~ after hydraulic
control system leak test, valve
tImIng tE'st, LOX feed ~ystem leak
tpst, ana hypen;ol mamfold It-ak
..m.d functwn test. and prior to
turbopump beJ.rlIU!; coolant system
leak test. . .

Durmg thlS tc.!>t. hydraulIC

control system pressure of
1,550 .. 50 PSlf: must be applied,
and the checkout valve must b<
in the ~round return poSlt10n or
th.o:> hydraull'C: control system

must be bhr.ked ol!.
Dur'"'O thIS test, the LOX feed
system pres~urc rn ...st :.:.e :Ipph€'d
and maint;unec' ~t 10 =1 PSlr;:.

I
900
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1. 3. 29
'coni)

Activities Requirements

(6) Turbopump Cuel inlet seal.
(Slowly rotate turbopump
main shaft to imd maximum
leakage rate whether r01:ating
or stationary. )

(7) Bearing coolant control
valve check valves

(8) Combmed No. 1 and No. 2
fuel valve nose and skirt
seal leakaee

(9) No. 1 fuel valve nose and
skirt seal leaKage

(10) No. 2 fuel volve nose and
skirt seal leakage

b. Leak-test all0 ±1 pSlg gaseous
mtrogen, syr;tem flanges, fittings,
bellows, and instrumentation
lines.

Limits

50 selrn maximu;n

2 scirn maximum

15 selm maxmlum

15 s..::un ma.Xl"1l:J.m

15 scirn :naxirnum

No extera::.l leakage
IS allowable.

Special Constr.lints
J.r.d Remarks

CAUTION

Durmg removal of the gas
generator ball \.-alve fuel
mlet quick-dIsconnect cap,
the quick-disconnect body
must not ~e allowed to turn.

Thrust chamber eXIt, thrust chamber
throat, and overbc,ard dram line clo
sures must be removed for thIS test.

Install fuel seal drain manifold
ac.apter 9020907 in drain manifold.

NOTE

Thrust chamber throat pj,ug
must be installed and vented
for substeps 8 through 10.

Leakage rates in substeps 8 through ,
10 must be obtained by determlnUlg
difference in leakage rate through
thrust chamber throat plug vent \\. hen
only the LOX feed system is pres- 9Q

1

2

surized at 10 .:.1 psig and when the
LOX feed and fuel fced systems are
simultaneously pressW"lzed at 10 :; 1
ps>g.

Iso.ate gas generator ball valve
fuel shaft \"ent Llne from fuel over
board dram system.

Perform substeps 9 and 10 only
ii substep 8 limit lS exceeded.

If fUfol valve leakage rates ex
ceed the spe';lfied limlts, apply
i, 550 :::50 pSlg hydrauhc control
system pressure and repeat leak
test of fuel valves.

Leak-test compound must not be
'Jsed on overboard drain eXlts
or bralded flex hne bellows.

PerforP.1 external leak test after
completlOn of all flow measure
ments and after installation and
tor'luing of all measurement port
flttmgs.

==',
'"g,;
'",--
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SpeCl.l: Constr-.um ...
J.r,d R€"m.lrk~
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1. 3. 30 LOX FEED SYSTEM
LEAK TEST FOR UN
INSTALLED ENGINES

a. (Deleted)

b. Leak-test at 80 :: 5 PSLg gaseous
mtrogen. system flanges. fIttmgs.
bellows. and instrumentatlon lmes.

c. Measure and record leakage at
80 :::. 5: pSIg: gaseous mtrogen
from the followmg system parts:

(1) Gas generator ball valve LOX
vent port

(2) ~o. 1 oXldlzer valve bottom
rod lip seal (OXlD VENT po~t)

(3) No. 2 oXIdIzer valve bottom
rod IIp seal (OXID VENT port)

(4) Turbopump primary LOX seal.
(Slowly rotate turbopump main
shaft to find maximum leakage
rate whether f.:ltating or
stationary. )

No e:-'1:e!':.al leakage
15 allowable, except
on engme" not incor
poratmg MDill.
change. fuzz lea.l.tage
is a!lowable bet\l,.een
gas gent2rator ball
vah e LOX housing:
and a::t~t()r canty
hOUS1n4 Jomt.

10 SClm maxImum

30 SClm maximum

30 scim ma.Xlmurn

700 SCIm maxuT. urn

Perform thIS test suosequent to hy- I
drauhc control system leak test, 9~
valve timing- test. and LOX pump
seal purg~ le3.k and function test.

Thrust c~l~mb€'r exit. thrust chamber
tr.roat, and o\'e-rboard dram hne clo
sures mu~t be removed for this te~t.

Tr.e turbwe exhaust system ml'.::it to'.:'
vented duriru; performance cf this
Jctivity,
Trlls test may be perfvrmed
wIthout F,ressure ~VP1Jed to hy
draulIc control ~ystt?m. If OXI
d.ze:::- \'alve l<::akage rates exceed
the speclf:ed !wuts. apply
1.550 ! 50 ps:p; hydraulic control
,:"ystem j'rc::,.:;ure a~d repcJ.t leak
test of o"-ichzer val "1:5.

Leak-lEo'&[ compocnd mu:"t nut be
u::-ed 01: (j\"E-rOGard d!"ail1 11l:e ~''\lts

or bl'aided fie:>. hlle b~l1U\\··5"

OurJl];: thiS I('~t. the LOX domc'
pur~e \'('l1t tw€'. :,::as ~ell('r:l.tor

uall vaIn- LOX shaft yen1 llile.
aIld ~(J. 1 and ~o. 2 uXld1.ler
val\'c n'llt !l:les must be Iso1att:'d
fram the o"\ldlzer o\'erboard dra.ll
line. :11,0 the llltroge:l pur!.:e over
buard dral:1 h:le exH mu~t be
plu~gea.



Paragraph Activities Require rnents Limits
Special ConstrJ.int..,

..md Remarkb

1. 3. 30
(cont)

(5) Combined oxidlzer valves poppet 1t: scitl' ,,-.a.':ln1Um
and gas generator ball valve LOX
ball seal leakage

1.3.31 (Deleted)

(6) Combined No. 1 and 1'10. 2 oxi
dizer valve poppet leakage

(7) Gas generator ball valve LOX
ball seal leakage

(8) No. 1 oxidizer valve poppet
leakage

(9) No.2 oxidizer ",.lve poppet
leakage

56 scirn maxim urn

10 selm maxlmllm

56 ~cim ma.'Xlffium

56 SClm ma)ar.1Um

Perform substeps 6 and 7 only if
substep 5 limit is exceeded.

Perform substeps 8 and 9 only if
sUbstep 6 hmit is exceeded.

1. 3. 32 LOX FEED SYSTEM
LEAK TEST AT MTF

Leak-test aU systew jomts at 10 ±l
pSlg gaseous nitrogen.

No external leakage
1S allowable.

Perform after hydraul.lc system
leak test and v'alve hming test.

Thrust chamber exit, thrust
char.1ber throat, and overboard
dram ilne closures must be re
moved for this test.

Leak-test comroWld must not be
used on overboard drain line
eXIts.

I
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LOX FEED SYSTEM
LEAK TEST AT MAF
SUBSEQUENT TO
ST ATIC TEST AND
AT KSC---

a. (Deleted) Perform thIS test prior to h:.el feed J2 9!.J
system leak test and after hydraulic I •
control system leak test, valve
timing test, and LOX pump seal
purge leak and function test.

Thrust chamber exi:', thrust
chamber throat, and overboard
drain line closures must be
removed for this test.

This test may be performed
WIthout pressure applied to the
hydrauhc control syste;n. If
oxidizer valve leakage rates ex
ceed the speCIfIed limIts. apply
1,550 ±50 pslg hydraulIc control
system pressure and repeat
leak test of oxidlzer valves.





Paragraph

1.3.35
(cont)

Activities Requirements Limits

(3) Turbine maniJold outlet to 10 stirn maximum
heat exchanger inlet

(4) Heat exchanger outlet to ]0 seim maximum
thrust chamber hot-gas
manifold

(5) (Deleted)

b. All flanges, fittings, and instru- No leakage if. allowable.
mentation lines except as listed
in steps c and cA~

Special Constraints
and Remark~

Leak-t€~t ('ompound mu~t nol be
usee. ;:11 1'-T ..L1"';'Pd flex Ime belloY's.
Perf'::r,o'" e"i:::-rnalleak test after
com:;jor: H ~ of llange seal monitor
po:ot lea.!' '.est and after installa
tion ~moi ~orquing of port plugs
unless otherwise speciIiec.

c. Leak-test the following flanges
with leakage-monitoring port
plugs removed:

(1) Gas generator injec..tor
to combustor

(2) (Delete;1)

(3) Turbine manifold outlet
to heat exchanger inlet

(4) Heat exchanger outlet
to hot-gas manifold

cA. Leak-test the lollowing !langes:
(1) Turbi.'e manifold tem-

peratw.'e transducer to
('l turbine mar..ilold instru-
~ mentation ta!'i' TG4a (on
i engines not incorporating
~ MD116 change)
Z
? (2) Cover plate to turbine- manifold instrumentation...

tap TG4a (on engines incor~

'" porating MDl76 change)

f? (3) Turbine outlet pres.rore
8" transducer hose l('l heat
c- exchanger instrume;;.tation~

~

tap TG5c-'" c. Me~sure and record reverse-...
'" flow leakage of gas generator

inj ector purge: et.eck valve.-,'"0>

No leakage is allowable.

Fuzz leakage (as delined
in section mis allowable.
Fuzz leakage (as delined
in section II) is allov;able.

Fuz, leakage (as delined
i:1 section ll) is allowable.

No leakage is allowable.

Fuzz leakage (as defined
in Sf'ction II) is allowable.

25 seim maxImum

Utiltze Turbine Exhaust Exit
Pressure Check Fixture GSl44
for pressurizing the exhaust
system on engines installed
in the stage.

9'3

::0,
'"'"'"'",-
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~ Para!,;raph

'"
1.3.33A

Activities

EXHAUST SYSTEM
LEAK TEST AT KSC

Requirements

Leak-test at 10 ±1 psig gaseous
nitrogen or gaseous nitrogen
and refrigerant, Type 12, t.l-ae
following system parts:

a. ~,Ieasure and record leakage
from the folloWing seal
monitoTmg port flanges:

(1) Cas gen.?rator inJector
to combustor

(2) Gas generator com
bustor to turbine
manifold inlet

(2-) Tllrbi-ne mflnifold
outlet to heat ex
changer inlet

\4) Heat exchanger outlet
to thrust chamber hot
gas manifold

b. All flanges, fittings, and
instrumentation lines except
as listed in steps c and d.

c. Lea.l.:-test the follOWing
flanges with leakage
mopJtoring port plu:;s
removed:

(1) Cas generator injector
to combustor

12) (DEleled)

Lbut ...

10 scim maximwn

10 scim ma..xrmu:n

10 scim ma.\:I:1", ......'11

;\0 leakage l~ a 11ov..alJlc.

Spcci,tl COn ... tr.lll,t:-
.1 :ld Rt, n'.t r k ....

Pedor.-:) thlS test prlor to
oXHhzer dome and bras ~enera~

tor inJectur pur~e leak and
function test, and after hy·
draulic syste.~l leak test and
valve timmg test.

CAJ:TIO~

The exr-.aust system
must be press"urized
from the LOX side and
depressurIzed from an
('",Must system port.

Leak-test compound ~lusl not
be 'I.lsed C:i. braIded flex hne
bdlows. Perlorm external leak
tc"t after completion of flan.ge
se~l r.lomto!" port leak test and
after installatIon and torqulng
of port plugs unless otherwise
specified.

t:tilize Turbine Exhaust E:-'i.t
Pressure Check FIXture G3144
for pressurizing: the pxhaust
system.



~ -~.J5A

(C0nt)

Requirpr:1cnb

t3'1 'Turbine mJ.nHold outlet
to he::l.t exc hanger inlet

(4) Heat excha~gp.r outlet
to hot- gae. :n~,ifold

d. Leak-te6t the following flanges:

(1) Turbine monifold
temperature tr.a.,.J.sducer
to turbine manifold instru
m€ntation tap TG4a. (em
€:lgines not incol'puratl: ;
~ID176 cha.1ge)

(2) Cover p:ate to turbine
maniJold instrumentation
tap TG4a (on engines
inc;,>rporn.ting ~1D176

cr.ange) -

~3) furbme outlet pre:5sure
trans::h.ce.L hQse to 'lc~t

exch..."l.l.lger ,r.strumentation
tap TG5c

Fuzz leak~~t.' (3:::' ';;pflaed
1n sectIOn II) 1$ allm...lble.

Fuzz lcJkage (as defl ntd
10 sechon II) is :I11m....:clc.

Fuzz leakage (as di:!fined
In sechon E) lS allowable.

No If:akage :~ aUow;lble..

Fuzz 12ak;:'bc (;:'5 deh!H.:'d
m se<::ti ....n II) is allowable.

Spec-i.tl ::onstr;unt",
.l:1d Remarks

Qili'

~,
'"'"'"'"•--

,
'"-

1.3.36 :md
1. 3. 37 (Deleted)



Activities Requirl mer:ts Limits
Spt'ciJl COrJstr,dl1b

..t~d Remal'k:--

1. 3.38

1. 3. 39

TVRBOPU11P BEARDiG
COOLANT SYSTEM LEA.."
Al'lD FUNCTIO:< TEST

THRL'ST CHA..\IBER
PNEUMATIC LEAK
TESr FOR UN
INSTALLED E'IGINE'!.

.1. Supply turbopU~lp LOX seal purge
to f'1l~lr.e.

b. Lellk-tetit fIttlngs and jomt::: (<own
stream of beanng ccola...'1.t control
valve at 10 =1 pSlg g:l.seous mtrogen
supply pressure.

3.. Leak-test at 30 {~O. -3) pSlg
gaseous mtrogea or refn~erant.

1)'Pe 12, the following component.s:

(1) (Deleted)

(2) Measure and record leak
age at the loUo,'.lng qu:ck
disconnect:-

(a) ~o. 1 <!.nd ~o. 2 thn;~t

chamber fuel ~:1tet ITlJ.nl

fo Id drJ.lJl::i

(':l) IgnItion monitor valve
drain

(c) Hj'p€'!"g:ol mamfold
drair

Purge must mc~( re
qUIrements of sectlon
II. No external leak
age IS allowable.

No exte~nal teaka;e IS

allowable.

3 SCl:11 max~mum

ThIS test must be perfor med
after the LOX pump seal pur!;e
leak and function test ar.d fuel
feed system leak test.

CAUTION

PreSS4re in the dr2in
system must not be aUowed
tu exceed 15 psIg since
damage to drain line
':Jellows can result,

The turbine exhaust system must
be ventc.J dur1.ng performance of
this actIvity.

Ii purge wrap-around line is not
installed, decrease purge supply
pressure by 5 psig.

Leak-test compound must not be
used on overboard drain line
exit or braided flex lme bellows.

The engine valves vent system
must be isolated from the over
bo:ud drain system during this
test.
Perform thIS test pnor to LOX
dome :l:ld gas generator LOX m
Jec~or purge leak and functIOn
test and aftt?r tite hydraulic con
trol system leak test, engl!1.e
valve timmg test. 19'mtion mQn
Itor valve dlaphragm leak test.
igmtlOn momtor valve mterflow
test. nyper-gol manIfold and 19
filter fuel valve leak and fWlc
tior. test, igmtIon momtor
valve shuttle t-ressure test,
thrust OK pressure switch
leak and fWlction test, and
heat exchaIlger LOX system
leak test.

CAUTION

The thrust chamber must
be pressurized from th£'
LOX side and depressurized
from the fuel or combustion
zone side,

I
12

;0

'"'"'"'",--
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Pan.graph

I. S. 39
(cont)

Activities Rcquire.n\:'nts

(d) No. 1 'nd Nc. 2 fuel
valvO? q l.:.lck- disconnects

(3) ~Jangcs, fittings, JVlr.t::5. and
thrust. C'hamoer tubes

b. .i\!easw·e anJ record reve:se leak
age ci preHll cl~eck v:.\.~.....e a~ 30
(.+0, -3) PSt&' go,,3t:OUS nitrogen
or refrigerant. Typ~ 12.

c. Measure and rc...:crd n'!\'erse
flow h?aka<;e of LOX dome purge
check val \Ie at 30 \-0. -3) pSlg
gaseous nltrot;"u: or refrige~am,

Type 12.

LImIts

~o external leaka,;e
IS allowable

50 SCl;I1 m:l"';JrnUm

10 SClm ma..··,omum

SpedJ.l Constr,ti:~t",

.~'ld Rem:lrk"

Leak-test compcu.nd must i'im bR'
used on braIded flex :ine beEows.

Thrust Chamber Thl"oat Plur; G3135
and hypergal syst{~'l1 test cool 9021279, I
01' equivalent! from Hyper~ol System 12

Tool Kit G3135 mu..~t b0 used for t!1is test.

CAUTION

Use extremf: carE: .... hen
installJ.ng ~ypel'g,)l sy~

tern test toe!, to pr(!ven~

damage to hypergol car
tndge follower.

• Make surf' that threads
of test toui cap au:
cleaned and free of
;'llcks j to prevent g~U

InL; threads or' C.1p and
lnlet port.

The h~at €''''\changer LOX system
m'lS! be blvcked durmg thts test.

Thrust c'lamber protec"n"e oov~r

and thrust chamber e:-u t , OZldizer
overboard drain Line, and thrust
char:1bE r throat closureI:' must be
removed dU-;~.lg thIS test.

I
l

CAUTION

DL:nng removal and l:1stal
l.at~on of No. 1 :md No. 2
fuel inlet m::mifold quick
dlscormect caps. the
q U1ck- dIsconnect body
must not be allowed to
turn since damage to
tbe qmck- dlsconnect
body can result.



Spe ciJ.l Constr.lints
and Rem.lrks

CAUTION

Perform thiS test pnor to pre-fill
system leak test and LOX dome
and gas generator LOX Injector
purge leak and functIOn test and
after hydraullc control system
leak test, engine valve timIng
test. ignition monitor valve dIa
phragm leak test. IgnItion mon
Itor valve mterflow test, hyper
gal mamfold and 19mter fuel
valve leak and function test, Ig
mtlOn monitor valve shuttle pres
sure test. thrust OK pressure
sWItch leak and fllIlctlon test,
and heat exchanger LOX system
leak test.

Limits

3 :>cim maXImum

Requirements

(b) IgmtIOn momtor valve
dram

(a) No. I and :So. 2
thrust chamber fuel
inlet manifold drains

(I) (Deleted)

{2} Measure and record leak
age at the followmg quick
disconnects:

a. Leak-test at 30 (·0. -3) psig
gaseous mtrogen or refrigerant,
Type 12, the followmg component~:

Activities

THRUST CHAMBER
P:SEUMATIC LEAK
TEST FOR I:\STALLED
E:SGL'iES AT MAF

I. 3. 40

'"-'o

,
l:.: P:uJ.gr..lph------------------------------

lc) Hypergol mamfold dram

~d) No. 1 and ~o. 2
fuel \"al\·e qUlck
dIsconnects

l3) Flanges. flttlngs. JOllltS. and
thrust ch~ln'ber external tube
surfaces

~o external leak:.t~e

15 alLowable.

The thrust chamber must
bl::' pressur:zed from the
LOX side and depressur
lzed frurn the fuel or com
bustion zone SIde.

Leak-test compound must not be
used on braIded flex hne bellows.

,
'"co
"'co,
~-

b. Measure and record reverse leak
age of preflll check valve at 30
{-.O. -3) pSlg gaseOL:S mtrogen.

C. ~...leasure and record reverse-flow
leakage of LOX dome purge che-ck
valve at 30 (... 0. -3) psig gaseous
!lItrogen.

50 scml ma,.XlmLIr:1

10 SCIn1 maXlmur.l

Thr"st Chamber Throat Plug G3136
and hypergol system testtao19021279,
or equivali?nt, from Hypergol System
Tooi Kit G3135 must be used for thIS te:-:t.

CAUTIQX

The hypergol system tool
must be tested for proper
operahon prior to mount~

lng on the hypergol assem
bly.

• Extreme care must be used
when lnstaHing the hypergol.
system test tooL, to prevent
danr.a.ge to th~ hypergol car
trIdge follower.



Special Canst'.. aints
Par::i.gl'aph Activlti-es Requirl~ments Limits J.nd Pemark::,

1. 3.40
(cont) • Threads of the test tool

cap must be clean and
free of nicks, tc. prevent
galling threads of the cap
and inlet port.

The heat exchanger LOX system
must be blocked during this test.

Thrust chamber protective cover
and thrust chamber exit, oxi-
dizer overboard dI'ain li~e. and
thr'.lSt chamber throat closures
must be removed during this
test.

I
913

I :::>,
'"'"'"CAIJTION
0>,--During removal and in-

stallabon of No. 1 and
No. 2: fuel inlet rnani-

"
fold quick-dJsconnect

:r caps, the quick-";q disconnect body must
~ not be allowed to turn
Z since damage to the? quick-disconnect body
'" can result.

'"
'" i.3.40A THRUST CHMffiER a. Leak-test at 30 (.0, -3) psig Perform thIS test prior to prehll
'" PNEUMATIC LEAK gaseous nitrol;cn, the foUow- system leak test and LOX dome"S.
~ TEST FOR INST ALLED ing components: gas generator LOX inlector purge
? ENGINES AT IISC leak and functlon test and after

" (1) (Deleted) hydraulic control system leak I.,
;;; test, engme valve tlmmg test, 913.., 19nition monitor valve diaphragm I0

leak test, igmtion monitor valve
(2) ~e3.sure and "ecord leak- 3 scim ma,"{Imurn mterflow test, hypergol manifold u:

"- age at the (oUowinb' quick- and ignIter fuel valve leak and ~
• disconnect~: lWlctIon test, i6Jlition monitor g-O>

or.
valv~ shuttle pressure test, thrust



Thrust Chamber Throat Plug G3!36
and hypergol system tesllool 9021219, 9~ I
or equivalent, from Hypergol System • 917
ToolKit G3135 must be used for this test. I

CAUTION
::a
•..,
'"..
'",--

Special Constr.loints
and Remarks

The hypergo! system tool
must be tested for proper
operation prior to mount
ing on the hypergol assem
bly.

CAUTION

The thrust chamber must
be pressurized from the
LOX side and depressur
ized froro the fuel or com
bustion zone side.

Leak-test compound must not be
used on braided flex line bellows.

OK pressure switch leak and
function test ~ and hE"at exchanger
LOX system leak test.

No external leakage
is allowable.

LimitsRequi:oements

(d) No. 1 and No. 2 fuel
vaLve quick-disconnects

(b) 19n1tlon monitor valve
drain

(a) No. ! and No.2 thrust
charr:ber fuel mlet manl
fo ld drams

(c) Hypergol mamfold drain

(3) Flanges) fittmgs, Jomts, and
th::ust chamber external tube
surfaces

Activities

1. 3. 40A
(cont)

•co
Q:I Paragraph

.....
o

• Extreme care must be used
when installing the hypergo!
system test tool, to prevent
damage to the hypergol car
tridge follower.

• Threads of the test tool cap
must be r.lean and fr~e of
nicks, to prevent galling
threads of the cap and intet
port.

The heal exchanger LOX system
must be blocked during this test.

Thrust chamber protective cover,
thrust chamber- exit, oxidizer
overboard dram line, and th 'Ubt
chamber throat closures ml&st be
remo....ed during this test.



Paragraph

1.3.40A
(coot)

Activities Requirements

c. Leak-test at lO ±1 psig
b"aseous rJtrogen, internal
tubes between throat plug
and thrust chamber exit

Limits

No leakage is
allowable.

Special Constraints
and Remarks

CAUTION

During rem.oval and
insta llat ion of No. 1
and No. 2 fuel inlet
manifold quick··
disconnect caps. the
qUick-disconnect body
must not be allowed to
turn since damage to
the quick-discoi.nect
body can result.

1.3.40B THRUST CHAMBER
PREFIL.... LINE
LEAK AND IT?'lcrro:-:
TEST AT MTF

Leak-test external thrust
chamber prefill system
connections while p.re
filllng thrust chambe;:
with. eth.ylene glyco~

sotuhon.

No preIill system
external leakage is
allowabte.

Perform this test after hy
draulic control system leak
test, valve timi.ng test, LOX
feed system leak test, fuel
feed system leak test, LOX
dome and gas generator LOX
In}ector purge leak .md func
tion test, and tnrust chamber
fuel jacket flu.h.

\Vhen this test is not be ing per
formed in conjunction with
admitting preHU to engine
(paragraph 1.5.10), hydraulic
supply presst..re to control
system is not required pro
vided engine fuel feed system
15 pressurized or dram hoses
are installed on No. 1 and
~o. 2 fuel high-pressure duct
quick-disconnects.

900
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Paragraph

1.3.40B
(con~)

1.3.41

1.3.41A

Activities

THRl"ST CHA~IBER

PRE FILL LINE LEAK
AND F0NCTION TEST

IGNITIO~ MO"ITOR
VALVE POPPET
POSITIO", VERIFt
£jTl0N

Requirements

3.. Perform external leak test
of JDints and fIttings at 15
(-0 ...5) psig gasecus
mtrogen.

b. Verify pu:-ge flow. No
purge flow requIres isolation
test of pre[lll check valve.

Verily by po~lhon swi.tch indi
cation, for a mmimum of 3
minutes. that fuel valves remall1
closed when hydraulIc control
system is pressu.nzed to
1.500 .::50 pSI..!;, zer ...l pressure
IS applied at :gnitlOn n"onitor
valve CONTROL port, and
engme controL valve start
solenOId is ener~lzed.

Limits

No -external leakage
IS aliowable.

Audible flow from
thrust chamber
e:uC or by feehng
prefill sUfPly hne

Fuel valve closed posi
tion switches must
remaIn on. Fuel valve
open posltiun $\\' itches
must not come un.

Spe cial Com:traints
and Remarks

Low LOX dome and ~s genera
tor LOX injector purge must be
on during hllmg and overflow
operatIOns of thrust chamber.

Thrust chamb€r protective
cover and thrust chamber exit
and throat closures must be
removed during this test.

Perform this test prior to
LOX dome and gas generator
LOX inj ector flush. If per
formed, and after thrust
chamber pneumatic leak test.

A pressure of 40 ;,5 pSIg gase-
ous nitrogen applied at the stage
umbthcal is 3cceptable to perform
leak [e~t and purge flow.

Thrust chamber eXit and throat
dosures must be removed during
thIS test.

Leak-t':'st compound must not be
lJ.sed on hraided (lex l~ne bellows.

Perform this test subsequent to
last 3pphcatlOn of gaseous nitrogen
tD ~gnition rrJon~tor valve CONTROL
port and pnor to ":ita tic test or
start of launch couddown.

The uperationallo,\"-l.:-vel LOX
c:ome and gas generator LOX
mjector purge must be on if test
is performed subsequent to LOX
dome and !{3S generator LOX
Injector flu!=>h. Purge must me?t
reqUlrements o! section n.

CA\jT10~

The hypergol mamfold
assetnbl): cam rod must
not be dcprcsboed du.:mg
this test.

I
900

I
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P:J.ragraph

1.3.42

Activitic,;

THRUST CHAMBER
L1QUID UAK TEST

Rcqu ire ments

Leak-test Internal and
external t.l-trust chamber
surfaces wfth trichloro
ethylene or ethylene
glycol soluUons.

Limits

No thrust ch;:m,ber
internal 01" external
liquid leakage is
allowable.

Spe ci~l Con<;tr.lint:>
.1Ild Remarks

Perform this test prior to
thrust chamber inJ eclor
vlsual inspections. and
thrust chamber post-
flush leak test and after
hyd=-aulic control system
leak test. valve timing
test. LOX [~ed systeM
leak test, iu"l iced system
leak test. and LOX dome
and gas generator LOX
injector purge leak and
Eunct i on test.

This requirement may be
accomplished during per
formance of thrust cham
ber Iuel jacket flush or
admitting preHll to thrust
charr,Cer.

Hydraulic control system I
pressure of 1,550 ,,50 pSlg
must be applied or drair. lines
connected to fuel high-pressure /)O!i

duct quick-dlscol'.nects. or the I
engine fuel propellant feed
system pressurized to 2 psig
mmlmum.

Thrust chamber protective
cover and thrust chamber exit
and throat closu"'es mU3t be
removed during this test.

Dram hoses must be installed I
on No. 1 and No.2 fuel high
pressure duct drain quick-
d~sconnects and monitored [or 902
leakage if fuel feed system is I
not pressurized d'lrlng perform
ance of this activity.



Activities Rcquiremeats Limits
Special Co.lstr,\ints

and Rem...lrko;.;

Perform this tast prior to
thrust chamber injector
"isual inspection and after
LOX dome and gas generator
LOX injedor flush, thrust
chamber fu,?} jacket flush,
heat exchanger LOX system
leak test, and thrust chamber
liquid leak test.

CAUTION

;;;
....
'"'"'",:::

9;2

The thr\.i~t chamber must
be pressuri:t..~d from the
LOX side and d!;:p.resbw·
ized from the fuel O~

carnbt..stion zone side. II
Thrust Chamber Throat Plug
G3136 and hypergol system I
test tool 9021279, or equiva
lent, from Hyperg..:Jl System
Tool Kit G3135 must be used
for this test.

CAUTION

The hypergol system tool
must he tested for proper
operation prior to mOWlting
on the hypergol assembly•

• Extreme care must be
used when installing the
hypergol system test tool,
to prevent damage to the
hypergol cartridge follower •

• Threads of the test tool
cap must be clean and iree
of nicks, to pre'lrent galling
threads of the cap and
inlet port.

The heat exchanger LOX
system mllst be blocked
during this test.

The oxidizer overboard drain
line, and thrust chamber
throat closures must be
removed during this test.

No eX\ernalledkage is
allowablt::.

Perform external leak test at
9 <1 psig gaseous nitrogen of all
thrust chamber system Joints
invalidated during accomplishment
of LOX dome and gas generator
LOX inj~ctor flush and thrust
chamber fuel jacket flush, except
the thrust chamber fuel inlet
manifold drJ.in quick disconnects
and the one LOX system joint used
for accompltshing thls test.

THRUST CHAMBER
POST-fLUSH
PNEUMATIC LEAK
TEST AT KSC

1. 3. 43
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1- J.ragraph

1•.

1.4.1

Activities

srORAGE PREPAR....TION

STORAGE PREPARAT10N
FOR tiNl.'1STALLED
ENGINES

Requirements

a. Visually verify that all exposed and
accessIble portions of engine are
not damaged.

b. Coat all machined areas of thrust
chamber outrigger arms, turoo
pump mounts, and inside and out
side diameter of engine handler
bearing with corrosion preventa
tive.

c. Repaint all turbopump and outrigger
arm surfaces that contain scratches.

d. Remove any co rrosion from gas
generator feed hne gimbal jomt
yokes; then coat yokes with cor
rOSlon preventative.

e. Remove any corrosion from gas
generator fuel and oxidizer feee
line bellows.

f. Verify or instatl425 aluminum-foil
tape (Mmnesota Mlning and Ml~)

over space between thrust chamber
exhaust manifold and thrust cham
ber tubes. and white sealant
RTV-102 (General Electrlc} be
tween thrL:st chamber tubes .and
bands.

g. Replace or install any broken
lockwlre, and plug any open en
gine taps.

h. Refill any void In turbopump hous
mg cavity materlal.

i. Determine lf turbopump requlres
re-preser....ahon; re-preserve
turbopump (if reqwred) and enter
tiate .m En';lne Log Book.

j. 7erify that LO'; pump ami fuel inl.t
closures are instaHed and that desic
cant 1:1 closures is as specified 1n

"ection n.

Limits

Damage wIthin limits
of flgure 1- 3

Refer to sectwn II
for re-preservatIon
hnllts.

Special Constramts
and Remarks

WhIte sealant is only required on
engmes where sealant was in
stalled durmg engine manufacture.

Refer to Engine Log Book for
c'ate of last turbopump preser
vahon.

I
930
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Pat'.lgraph ActWlti:.'s R..:-quirl'lHC'nts Limit~

Spcci.1l Constr.l.im'5
.l.l1d Rem.lrk.·..

1.4.1
(cant)

k. Verify that thrust chamber throat
security closUl'e is installed and
that desiccant in closure is as
specified in section II.

1. Losta11 Gimbal Bearing Locks G4059.

lAo VIsually verify that oxidizer
overboo.rd drain and nitrogen
purge overboard drain line

,.... exits are free of fluid.
71 I - " ....c <.~ .1\...""'<-- J.B. 'Install protective closW'es on ox\-

(J --~ dizcr overboard drain and nitrogen2. r /.. Cr' purge o...·erboard drain lIne exits,
? <"r ...... ", C' I hypergoi. container, and electrical

connectors. An otter (. ,vers and
closures except as noted in this
step and in steps J and k are to be
removed including the gimbal
bearing boot and the fuel oY·er
board dram line exit.

Ie. Install suitable drainage line on
fuel ove.:-board drain line exit,
and route line exit so that leakage
flows externally from engme.

Residual flUId is not
allo.....-able.

I
'''1

m. Install engine on Air Transport
Engine Ha:ldler 04044, Engme
Handler G4069. or Engiru> Han
dling Dolly G4058, or equivalent.

o. Store engine in an environmentally
controlled area meeting criteria
specified in sedicn I! or Standard
S-IC Stage Storage Sp~iacation

MSFC-STD-500, as apphcable.

n. Cover engine with engine cover
G4047, or equivalent, except when
-e-ngif'..es are stored in accordance
with MSFC~STD-500, the-n Install
COVCi"S ~n accordance with
MSFC-STD-500.

()
:r
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STORAGE; PRE;PARATION a.
FOR h-':STALLED DIGlNE;S

Visually verify that all exposed
and accessible portions of engin~
are not damaged.

Damage within limits
nf figure 1-3

Do n"Jt store enlP-ne in a position
where LOX pump elevation is
below fuel pump elevation by
more than 7 degrees.

I
Q,O

I



·;;:;: ParagrJ.ph Activitie~ Requirements Limit:-
Spcci.ll Cotlstr.l.inb

.Ind RemJ.rk~

1.4.2
(cont)

b. Coat all exposed machined areas
of thrust chamber outrigger ;:Jrms,
turbopump mounts, and inside and
outslde diameter of engin.2 handler
bearmg wIth corrosion preventative.

c. Repaint all turbopump and outrlgger
arm se-daces that cont.'lin scratches
through pamt.

d. Remove any corrosion irem gas
?:enera.tor reed line gimbal joint
yokl?s; then coat yokes with corro
sion preventative.

e. Remove any corrosion from gas
generator fuel and. oxidizer feed
line bellows.

f. Verify 01" install 425 aluminum
foil tape (Minnesota Mmir.g and
Mig) over space betvleen thrust
chamber exhaust manifold and
thrust chamber tubes and thrust
chamber, and white sealant
RTV-102 (General Electric)
bE'tween th:-ust chamber tubes
"nd bands.

g. Replace Ola install any broken
lockwire, and plug any open
eI1%il')e taps.

h. Refill any voids :n turbopump
housing cavity filler material.

1. Determine if turbopump requires
re-preservation; re-pres£"rve
turb'Jpump, if required, and enter
date in Engme Log Bock.

j. Install desiccant In thrust chamber
throat closure as specified In

sectlon II.

Refer to Section n for
re-preservation hmits.

White seal.ant ~s only r~uired

on those engmes In which sealant
was installed during engine
manufacture.

Pefer to Engine Leg Book for
date of last turbopu;Dr' preser
vation.

",'"co

'"'",
~

~



P3r:lgraph

1.4.2
(cont)

Activl.ties Requirements

k. Install thrust chamber throat
sp.curity closure.

Limits
Speel,ll Constr.l1llts

.md Rem.lrk.s

,..,
'"

1, (Deleted)

m. Visually verify that oxidiL.er
overboard drain an.:! nitrogen
purge overheard drain line
exits a=-e free of fluid.

rnA. For engines installed in a
horizontal 3tage I perform
the following:

--"-'.
~?-i:""",~ L (I) Install protective closures

:... Ie I.... ;;"" ',- /'on oxtdi.:er overboard drain,
Ii. ~:?I fuel overboard draip and

.,. ...... <-< ;---. !.-~. nit::ogen purge over',;oard
drain line exits, hypergol
container, ane: igniter harness
electrical connectors. All
other covers and closu.l.'es
except as noted in this step
and in step k are to be
removed. including the
gimbal bearing boot.

(2) Re move and r-eplace
fuel overbo31 j drain
system bags with drain
hoses, and route hoses
so that leakage flows
externally from engme .

For en~ines stol"E'd in a vertical
stage. Install protechV2 closures
on OXidIzer purge overboard drain
line and nitroger. purge ove.rboa.rd
drain line exits. hypergol container,
and ir;;nlter ha!":1e!;s electrlcal con
nectors. All other closures
except :i.S noted In this step and l:-'
step j; :J:,e to be removed, mclllding
tilE' g:.mbal bearinb: boot ar.d fuel
overboard drain hne e.'_ ..• L1.stall
suitable dr"'ma(.{t: line un ~ue! Q'V'e:-
bO:1..:-d urabl line e:nt. :.u:d route line
e:.;.it so t~t lC'J.k.:J.ge flow::; externally
from en;;ir.e.

Fluid is not allowabte.

I
')01

I

I
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---------
Acti\ ltl\.'S

1.4.2
(cont)

L.. Lock C'-:l~in€ to stage att.3.chment
g:mbal ..l.ctuators to preyent en
;l~E" ~lO\:e:11e:1t.

o. Swre ST.a~e In:"'i. en\":ron:l~entally

contro~led a~t"a ~s S!)e..::!~c-d 1'1

sectW:1: II o!." Sta..-:dard S- Ie StJ.g:e
StcH"3.ge Spec!:catlon :\lSFC-STD
500. as appllcab!f>.

LW~lts

's;',{-Cl.tl COllC)tr,ltr:l~

,l:)d R· m.lrk'.

D~) nut loCl: actuators m posltlOns
that \\'~~l cause LOX p,.m,lp eleva
tIOn to be bc-lov: fuel pun~p e!l'\'a
tlOn r.y mo"(' tha.n 'j degn·es.

z
"

> •
<0

'"C

:.4.3 STOR."GE ?REP.1"R.-\.TIO~

FOR THRFST CB.';:\!3ER
S02:ZLE ;;:XTE:-;SIO:-;

a. V.~u:.l!~· \''':'r:fy that a1: e~posed

~urfacps of nozzle ex:e:1S10:l. are
not dal:l;"ged.

c. !~st;;::t ::G.::.:~e cxtenslon on
);.,.I;::zle E:...tens:lln ::-b.r:.c.:u:g Flxt'Jre
G4QSO :::.nd XC2z1e E:(tt'(;~lOn Han
d1:ng Adapter G;031. 0:" Sll1PPl:1g
co"t3.ine:- RK392-';0013-11. fur
hOrlzon~a: storage, or <..Jf'. a pallc:t
for ;;e!'~ leai st;: rage.

d. Cc \"l.'r nozzle e:..-:€'nS'-l'~ J.ttJ.ch flang"E'
!J atLXlha~:.' s:I:n~lt: area wltn
Ethar~~~:-n lDov, C:~e~l:C~: CUI"'t-l). (Ir

eq:ll\".l.le:~~. secu:"t;'c!. w~th prt-'ssurt-
~(,il.s.L',e t:lPC RBG195-00Z (Rl)C'kctdY!~l1,
or equiv:J...::[l.!.

e. E'":.c!cst-' :10Zl;J' e:'l:tensic,n ..... :th .,l,

S'..l:~:.l~le wate~p:Luof CoYer.

DJmage w~thln l:r:llts
(If flgure 1-3

:-':ozzle extenSllJnS 209210.
20921C1.l!,2.rl.-d2CG21G-::i r.l y)C
stacked tt-ree h~~h on !,aUets wlth
~,.:p;)urt pru\'~ded between pallcb.
>" zzl", ext€':1s:on 2092]0- 31 mu.st
be s~(J:r('d ::::.:nr,ularl:- vf as the ~op

unH on 3. stack.

CAUTlO~

Before ltlstallmg the
n( lzle e;...1ens:or: on the
pal:ct. thl' pal!e~ must
be pre-posItIOned In th ....
storage ar.:>a. Damag12
can result :f the' nozzle
exter,SlOn l5 n1o\"ed
\\h<1e rC:5:mg: on the
pallet.

• Thl' n.ozzle ext~nSl()n must
be cush:oned on the p..tilet
\\.1:1-. J. layer of Ethafoam
~Dow Chl'n:l("3.1 Coq, J. or
eql:lvah:nt. to pren'nt
damage :0 the nozzle to'},,

tensllln area that cuntacts
the p;;\.lle~.

VentlL'.~\on ::.hould bE" prO\rided In

the covers to prevent c-ondensa·
tlOn of :no15tur~ In the enclosure.



,
~ Parag::-J.ph

1. 4. <t

1. 4.5

STORAGE PREPARAT:OX
FOR ORD~.4...."'-:C~

STORAGE PREPAR.';::'IO~

POR MISCELLA..'EO~·S

LOOSE EQl1P~IEXT

Pr€)<i:e 3.nd S~Ol e (l:-dn«_"1C": as ::.pE"cl!led
~~ se('t~on II.

~. \'C::'lfy tnat equ:pr:1€'m ~s net da:11aged.

b. la<;;tai.l ~)l~g:" :r:. a1: 0pen ~C'rts a."1.d
cl::-st.res 0:: 3,:1 ::l..l,nge :,.;;la:l'1i::" sur:ac(>s.

c. Sr.:re:?qu pme:i.l .r. <L'1 ei1 .... r0::me~tally
con~:' :Hed 3.:,ca as specifled ::1 5eC!lcn
i1.

L~mlts

Spt"ci:tl Cor;.-,~rai;]t"

oind RemJ.rk:--

:z,
w
co
'"'",--



Paragraph

1.5

1. 5. 1

A,~tl'nties

SERYIC~G

LOX OOl.:E AYD GAS
GENERATOR LOX
L'IJECTOR FLl'SH

b.

1'":.5t::11 ():>.ldlzer Do-:1l€! F:U':';::,"':l:; K~t

G:::030 as sp""clfl""d i.:l 'ie<tlon II.

Cle::l!" :r::l!m; th:-~ad.:> of byper~ol te::.t
tool :J:1Q hype:-gol cC'ntal'1er w::.h dr:~

clean:n; s.,,)l\,ent ~Fed""ral SpC'CrlC~

tY\!1 P-D-680:. L..:::rlc,;ne ~l}l'e of
cur.t<:'.~'1-e:r wlth FS1281 grea~e I,[X)W

Cor;ung Corpl, and mstall .hi7JC:r~ol

~yste!i1 test tool. All:le hole 1:1 test
tooi C:lP 'With hole in cor.ta:ner :md
secure w~th pln.

Sppc'l.'l Con~tr.lll1h

.t;ld R('I~l.lrk:-.

l'nle::.s otherv,'1:.e speclfled,
'3en'lCL:lg reqU1renH~ntsmust be
pe!"i,-,n~H?d :liter completwn of cn
'::~n€' lr:speCtlons. electrical tests,
and ic3.k and functlOn tests"

Perform prior to thrust chamber
injector contamInauon mspection
and after LOX dome and ~s gener
ator LOX injector purge le~ and
function test. thrust chamber pre
fill ::.ystem 1eak ::md funchon test.
heat e..'\cha11~er LOX system le::lk
and funchon test, and last openin~

actuation of b:l.S generator ball.
fuel, :..nd oXidizer valves \\,'ith LOX
dome and bas generator LOX
tnjector pu.rge oiL

•
-'"

f". Verify that any tes: l:-,s"!'u~.... nt..atlOn
i:nf"1s t~:::.t cG>:.l~d :rap lrl.chlor{,)
ett,y1fn~ durln~ .:lush are c'.lscor,l1ected
~nd the ports capped o!f.

d. Cc.nnect a pne-unlatl(, sys~em ~o llype:rgol
ma:11fold purge 'iu:,: k- ..-b:3CJ:mec-.:.

e. Cannec: a pneumahc system to fl.:el
3acket purge quick-d..!sCL'nnett on c.lch
fuel \<an·e.

i. PressurIze flushlr.g klt pneumatIc
system,

Purge mt:.s, meet
req~rer:"(,lltsuf
sectl0n II.

PurhC must I11N"t
requir,emt:l~ts Qf
sectlOp. II.

Thrust ch~mber tr.roat and ex:t
cl()s:.lr('~ an.d. oH'rbvard dram hnc
closure::. ~nust be removed dunng
Uns operatwn.

Heat exchanger check
vah'e mu~t be rC'mon~d ur GOX
return 11tH." mus! be pressuflzed a
minImum of 4: psig during- this
operatlOn.

When pcrfo::-rmng thls operation
wllh the (J'm'ir()nr:,e!~tal co\"C'r In

stalled. ~b\.· :'"'1Plo tl41, setures tne
eXlt end of t~lt.: co ...·;:r m\.l~t be U:'l
!led and thl.; cnd of :he cO"'t~r

tu:-ned up and secured tv pre\·cnt
trlchroroeth)o lC:J.e from acculUU
la~.ng In the cover. At the com
p1et1O:1 of the opt:>ratlol:. thf' co\'(:r
must be k'werl;:d and securt;'d.

E:'l~ne muSt be :n a null pOSition
and the stage in the Yert~cal puSl·
t~on du!'mt,;: tIns ()P(;,:~ltlOn.
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~ Paragraph

I. 5. 1
(cant)

Acth'ities Requirl?ments

g. Pres~unzc I':.ypergol purge.

h. Pressurtze fuel Jacket purge.

i. Pressunze fillSh~~:g ldt trl
chloroethylen~ sy~tem. alld

flush thrust cha:r.ber L.QX
dome ane. ga.s generate I' LOX
lnje~tot' canty.

J. Walt a ffilrumum of 2 mmutes
after turning off Oushmg sys
tem; then depressurIze pneu
mahc systems m tfil following
order:

~u Fuel Jacket pJr£;:e

(2) Hypergol purge

(3) FlushlOg kit

k. DIsconnect trtchloroethylen:
system from flushmg kIt. ana
remstall cap on qUlck-discor.ne~L

1. Pressurize purges m the follow
mg order. and allow flow to con
tl..'1ue (or a mmimum of 5 mmutes
and until all vapors are e:q:>elled
from thrust chamber CXlt:

(1) FIU5hmg iGt

(2) Hypergol purge

(3) Fuel jacket plJIgt:'

m. When all \"apors are expelled
from thrust chamber and
5-:nb.ute purge IS completed.
....epre.5SUrlZe purges In the fol
iowing order:

(1} Fuel jacket purge

l2) Hyper-gol purg~

(3) Flushing klt

LimIts

150 =50 ps.g

300 ± 100 ps,g

Flush for a :11ln~

m urn uf 30 seconds
at 90 ±IO psig.

SpC'cI..lI Constr.linh
.i:ld R('m,trk~,

In steps r-equlrIng hase cQupling
torque In e:..._ess of torque required
for umons, unlons must be held to
aVOId overtorqul:1g or possible
hnstmg of hose.

Steps m ReqUlremems column
must be performed in sequence
l1sted.

::0,
w
'"'"en,--
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Paragraph

1. 5.1
(cont)

Activities Requir('.:;~e:".:::.

n Remove plug: ~r(}~ gas ge:1erator com
bustion dralTl port. J.!1d dr.iin resIdual
trlcHoroethylene; then remstall plug
in combustor ,J.Slr.g 'l nt".,l,' seal. Re·
cord actual plu~ torque value. and
safety"':ire plug.

o. Dlsc:onnect flu~~ kIt from LOX dome
PiJ.!"g~ ports and fro:m gas l;enerator
LOX injector p:..!rge ports. Do not
p lug LOX dome ports.

p. Reir.:stall gas generator purge check
valve a.'1d line.

q. Turn Or!. operational hi&h-level LOX
dome a.:1d gas generator LOX mjector
pUiFe.

~. Pressurlze purges In L"'lC followmg
order. and allow flOW to contmlJE'
fo!' a r:nnimuIT! of 5 rr:.l!1utes a..,d
until ail \'apors ~re e"j}elled frOp.l

thrlJ.st cha~ber e:ut:

\1) Flushmg kIt

{2; Hypergol purge

(3) Fuei. Jacket pu::-ge

s. Leak-:cst gas generator purge
check val", eo ;oim.

t. When ail \tapors: are f"":pf'~:,"d

from ttrus{ ch.:rnbe~~ :l!'.d 5-nll:-,:urc
pldge 1S cO:T.r-lete. depressJ.r:ze
purges 1."1 the fciloWl.T1~ o:i:"deJ.':

(2.) io~uel J:lcket pun .;

(3) Flusm"l.g klt

Limits

Pur~e must meet re-
q uirern€'n~s of sectlon II.

300 ~ 100 pSlg

~o external leakagE'
15 allowahle.

Spcci:l! Con"itr.lints
and Remark.!--

CAUTION

If drain plug 15 left un
insta..led at completIon
of dram, the resu~tant

hot-gas leakage from the
open port during subse
quent engine oper3tion
coutd cause cxtenslve
engine amage and/or
launch abort.

When operational low-level LOX
dome and gas generator LOX in
jector purge is u;:;ed, purge must 91'5
flow for a minimum of 15 minutes. I

:=.
'"'"'"'"•--
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~ Paragr."ph

1. 5. 1
(cont)

1. 5. lA LOX DOME: FLUSH

Requlr'ements

u. Tern off cperatlonal hlgh-lev€'l
LOX dome ~d ;as generatJr
LOX mjector purge.

v. Disco:r.ne<:t the following pneu
matic systems. and L"'lst.all caps
en qUlck-disconnects:

(1) Hypergol purge

{2) ruel jad:et purge

(3) Flushin;: kIt

w. Reinstall ::e2t exchanger cht'ck
valve, if rerno\'ed.

x .. Disconnect fiushmg klt irom en
gine. plug all open ports using
new seals. then torque :.nd safety
Wile all plugs.

y. Remo.....e hyper8"01 system [es~ tool.
and reinstall hy"Pergol cor-tamer
closure plug. Alille closure plug
hOle with conta:.2er hvle. and se
cure ',l"ith p.'"l.

a. Install ():'(idtzt:'T .Do:ne FlushlJlg' Kit
G2030 as specifIed 1I1 sectlon II,
except do not connect gas g€nerator
p·J.rge and !lc.sh lines. Se!:ure gas
generator piJ.r~e a..'1d fil;Sh hnes to
p~event mo\·.-=ment, uncap lmes,
and posltion ends of lmes to point
:..nto :L"l a=ea free or per.::.onnel and
equlpment.

Linuts
SpeclJ.l Constr.l1:1t ...

J.nd Rem,J.rk~

CAUTIO!'

The LOX dome and
gas generator LOX
l..'1.jector purgo2' must
not be depressurized
until the flushing kIt
purge indicates zero.
since contammation
of the LOX dome will
occur.

PerfJrm prior to thrust
chamber injector contaml-
l1.ar 10n inspechon and thrust
chamber post-11ush pneu
rnatlc leak t~st and aHer
LOX dorr:.e and gas generator
LOX mjector pur;e leak ':lild

fWlction test, thru.::t. chamber
preflll system leak and fun.,;
hon test, heat E>,Xchanger LOX
system leak and function test.
and last opemng actuation of

",,
~
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Paragraph

I.S.IA
{cont)

Activities Requir('me~ts

b. Cl~ matmg threads of hyper
gol test tool and hyper~ol con
tainer with ctry-cleanmg
soh·ent (Federal SpecificatlOn
P-D-680), Lubricate bore of
container with FS12Bl grease
(Dow Corning Corp), and install
~lyp€:rgol system teSt tooL
Aline holt: in test tool cap with
hole in contamer and secure
with pin.

c. Verily that any test instrumenta
tion lines that could trap tnchloro
ethylene during flush are dlscon·
nected and ports capped off_

d. Connect a pnewnatlc system to
hypergol mamfold pUJ'ge Q.ulck
disconnect.

e. Connect a pneumatic system to
fuel jacket purge quick-'::'l.5COnnect
on each fuel yah'e.

f. Pressu.i:lze flushing kit pneumatlc
system.

g;_ Pre,:;surlze hyper:;ol purgoe.

h. Pressurize fuel Jacket purge.

i. Pressurize Qushu:.!,; klt trichloro
ethylene sy~tem. and fl\.lsh
thrust char:1ber LOX dome and
gas generator LOX injector canty"

j. Walt a m:nlm~m of 2 mmutes
after turning off flushing system;
then depressu:-ize pneumatic
systems in the followrng; order:

(I) Fuel ja.cket pu:-ge

Limits

Purge must meet require
ments of sectlOn II.

Purg-e must m~et requlJ"e
ments of sectIon n.

175 :.25 P::ilg

150:: 50 P:'lg

300 =100 PSI~

Flush for a mlmmum of
30 seconds at 90 :: 10 pSl~"

Special Constr.tlnt:-
~nd Rem.lrk~

fuel and oxidize:- valves with
LOX dome and gas ~enerator

LOX injector purge off,

CAUTION

Gaseous nitrogen and
trichloroethylene will
emit from the exits of
tl.e gas generator purge
am: !lush lines during
performance of this
activity.

Thrust chamber throat and
eXlt closures and overboard
drain hne closures must be
remO\"ed during this operation.

Heat exchanger check valve
must be removed or GOX re
turn hne must be pressurized
a mmimum of 4 pSlg durmg
this operahon.

When performUlg this actlvlty
WIth en\'ironmental co\'er In

stalled, rope that secures
exIt end of cover must be- un
tit:'d and end of cover turned
Uf) and secured to prevent
trichloroethylene from accurnu
latlllg 1.Jl cover, At complE'-ti-on
of ::t.Chvity. cover must be
iO\\'ered and secured.

Engme must be ill a null POSl
hon and stage m ,,-ertical pOSl
tlOn during this acth"lty.

In steps requiring hose cO\Jplin~

torque in excess of torque re
quired for umons. unic.~~ must
be hc~d to allold o\'ertorquing
or possible tWlstmf; of host".



~,
; Paragraph

1.5.1A
n (cont)
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Aetlvi~ie5 Requirer!":..ems

(2 ) Hypergcl pur ge

(3) Flushing kit

k. Disconnect trichloroethyl2'ne
system from fiushi.'1.g kIt, and
reinstall cap on qUlck
disCOD.o."'lect•

PressurIZe p"..lrges L1. [he [allow
ing order, and allO\lr' flow to con
tinue fo;, a mU'.l1l1.lm of 5 mi.nutes
and u:~tl.1 all 'w"apors are expelled
from thrust cr.arnher e:nt:

(I) Flushing kit

(2) Hypergol purse

(3) Fuel jacket ~urge

m. When all \"apor.s are expelled from
thrust cha:nber :L1.d 5-:nmute purge
is completed, depressurlze purges
Ul the following order:

(1) Fuel jacket ~~ge

(2) Hypergol purge

(3) Flushing kit

D. DLScon."1ed nush klt from LOX
dome purge ports. :::>0 not plug
LOX dome ports.

Q. Turn on operauonal :'igh-le\·el
LOX dome and gas generator
LOX Uljector purge.

p. Pressurize purges in the follow
ing ordeJ.', a.'1d allow fiov-' to r.:on
tlI1ue for a minimum of 5 L.1lI.utes
and untl1 al~ v3.(:'crs are expelled
from thrust cha.~ber e:<lr:

(1) (Deleted)

Limit,>

?urge mus t rn eet
requirements of
section II.

SpC'{,l.ll Con:- .. r.un':-
.l.Ild Rem..trk....

Steps in Requirements column
must bE> performed in sequence
hst£"d.

When operational low-level LOX I
dome and gas generator LOX m- 91
Jecto:.' purge is used, purge must .'
flow for a Minimum of 15 minutes.

•902•
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Paragraph

1. S.IA
(:onl)

Acti,.."jties Requirements

(2) Hypergol purge

(3) Fuel jacket purge

q. When all vapors are expelled
from lhrl'st chamber and S
minute purge is complete, de
pressurize purges L"1 the
follo\\'ing order:

(1) Hypergol purge

(2) Fuel jacket purge

(3) (Deleted)

r. Turn off operatlor..?· -jgh-level
LOX dome and gas ~.:r~erator

LOX mjector purge.

s. Disconnect the following pneu
matlc systems. and lI1stall caps
on quick-dlsconnects:

(1) Hypergol purge

(2) Fuel jacket purge

(3) Flushmg kIt

t. Relllstall heat exchanger che<:k
valve. If remo\·ed.

u. Disconnect flushmg kit from
engme. p:ug all open ports usmg'
new seals, then torque .md
safet)"\I,'lI'e all plugs.

v. Remove hypergol system test
tooL ~d reinstall hypergol con
tainer closure pi ag. Ahne
closure plug hole \"ith container
hole, and secl.!..:"e ',I,'lth pm.

Limits

150 :50 pslg

300 =100 pSIg

SpeCia.l Constraints
J.nd Remarks

:=,
'"'..
'"..,--
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I. 5.IB

Activities

GAS GE:;ERATOR LOX
INJECTOR FLUSH

Requir('ments

a4 Instal! Ondizcr Dome F1ushmg'
Kit G2030 as speclfied in sec
tion U. except do not connect
LOX dome pllIge and flush line::;:.
Secure LOX dome pur~e and
nush hnes to prcvent movement.
U!lCap lines. and. posItion ends
of iines to point into an area free
of personnel and equipment.

b. Verily that any lest mstrumen
tall0n lines that could trap
trIchloroethylene du.lmg flush
are chscOIUlected and ports capp~
off.

c. PressurlZc flushing- kIt pne~matlc
system.

d. PressurlZC fh.:..:t.LQg kIt trichloro
ethylene system. and flush gas
generator LOX injector cavity.

@. Wait a mlJlimum of 2 mmutes
after turning of! flushJ.ng system;
then depressurize flushln~ kit
pneumatIC systems.

L Disconnect trichloroethj'lene sys
tem from fiushmg kIt. and rem
stall cap on quick-dlsconnect.

g. Pressurize flushmg kit pneumatic
system. and al~ow flov' to con
hnue for a minimum of 5 minutes
and untl! all vapors are expelled
from thrust chamber exit.

h. When all vapors are expelled
from thrust cha...-nber and 5-minute
purge IS comp:eted. depressurize
fiushlIlg kIt pne'J.matlc system.

Limits

175 -25 p'",

Flush for a minimum of
30 seconds at 90 -10 pSlg.

175 ·25psig

Speci.tl Constramts
..1nd Remark.....

Perform after LOX dome
and ~as g"pnerator LOX 11l
Jector pur~e leak and runc
han test. and last open~
actuation of g-as generator
ball valve with LOX dome
and gas g-enerator LOX in
j('{'tor purv;€ off.

CAUTION

Gaseous nitrogen and
trlchloroeth.:;ll.:'ne will
('!:lit irom the ex.lts of
the LOX dome purge
?_"!d !!:.:::;~ !:':1.c,:; d"...rioq:;
performance of thlS

aChvlty.

Thrust chamber exit closures
and overboard drain line
closures must be removed
durmg thIS activity.

When performing this
actiVlty with environmental
cover Ulstallecl. rope that
secures exll end of c"wer
must be untied and end of
cover t1Jirned up and secured
to prevent tnchloroethylene
{rom accumulating .In cover.
At completion of operation.
cover must be lowered and
secured.

Engme must be in a null
posItion and stage in vertIcal
posItion durmg: this activity.

In steps reqUlring hose
couplmg torque in excess of
torque reqUIred for umans,
Wlians mU6t be held to avoid
overtorqU1Ilg or possible
N'isting" of hose.

Steps In ReqUirements column
must be performed in sequence
listed.

:<l
o
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1.5.1B
(cont)

1.5.2

1.5.3

(D<>leted)

THRUST CHAMBER
FUEL JACKET FLUSH

i. Remoye plug from gas genei"'ator
combustion drain port, verify
presence of tnchloroethylene.
and drain residual trlchloro
ethylene: then reinst2.ll plug in
combustor using a new seal.
Record actual plug torque value,
and safet~"'\\'l1'eplug.

j. Disconnect flush kit from gas gen
erator LOX injector purge ports.

k. Reinstall gas generator purge
check val\"e and Ime.

14 Turn on operational high-level
LOX dome and gas generator
LOX injector purge.

m. Pressurize flushing klt pneumatic
system, and allow flow to con
tlnue for a rnmunum of 5 minutes
and un!;.! all vapors are expelled
from thrust chamber exit.

n. Leak-test gas generator purge
check valve joint.

o. When all vapors are expelled
from thrust chamber exIt and 5
minute purge IS complete. de
pressurize flushing kit pneumatlc
system.

p. Turn off operational high-leVel
LOX dome and gas generator
LOX injector pc.rge .

q. Disconnect flushH'~ k.i.i. pneumatlc
;;y~tem, and Ulstall cap on quick
disconnect.

r. Disconnect fiustling kit from engme.
plug all open ports using new seals,
then torque and safetywire all plugs.

a. Turn on operatlOnallow-level LOX
dome and gas generator LOX purge.

Purge must meet require
ments of secticn D.

175.25 pSlg

No external leakage is allow
abl•.

Purge must meet requlTe
ments of ~ coelion II.

CAUTION

1f drain plug is left un
installed at completion
of drain, the resultant
hot-gas leakage from
the open port during sub
sequent engine operahl)n
could cause extensive en
gine damage and/or
launch abort.

v,"!len operational low-level LOX •
dome and gas generator LOX in- 1
jector purge )s used, purge must 9.,
flow for a minimum oI 15 minutes.

Perform prior to thrust cham
ber mjector contaminatlon and
damage inspections and after
engme residual fuel dramage •
LOX dome and gas generator

:=
.:.,
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Par~graph

1. 5.3
(cont)

Acti\·ities Rt'q~irem'?r.ts

b. Fill thrust chamber fuel Jacket
wIth trichloroethylene to in ...
jector o\-erfiow.

c· (Deleted;

d. Pressurize fuel jacket plL:'::,e
system. Allow purge::i to now
unttl all heavy vapors ce~se to
emit trom thrust chamber exit.

Limits

Overflow rnu~t contm1.le
for a mmlmUM of 30 sec
onds. Trichloroethylene
system must mee-t reqult'e
mellts of section n.

Purge must meet require
ments of sectlon n.

Spe ciJl Constra inb
..wd Remark~

LOX UljectoT purge leak and
function test. and thrust cham
ber preh.l1 system leak test.

Stag£' must be ill vertlca! POSl
tlon and engines nulled.

Hydrauhc control system pres
sure of 1.550 =';0 psig must be
applied and drain lines con
necLed to fuel hIgh-pressure
duct quick-disconnects, or en
gme fuel propellant feed sys
tem pressunzed to 2.5 PS1(;
minimum.

F.lli thru:.t chamber fuel jacket
with trlc.hloroethylene through
No. 1 and No. 2 fuel inlet
mamfCJld quick.disconnects.

When performing tlus operation
Wltn the environmental cover
It.tstalled. the rope that secures
the exn end o( the cove:- must
be untled and the end ol the
cover turned up and secured
to prevent trichloroethylene
from accu..'"1lulatmg U'J, the CCNer.

At the completion of the opera
hOn. the cover must be lowered
and secured.

CAUT10K

Ourmg rEmoval and Ul
stallatlon of the No. 1
and No. 2 thrust ch2..mber
fuel inlet manifold qUlck
disconnect cap, the qUlck
dIsconnect body must not
be allowed to turn, or
damage to the qUlck
disconnect body can result.

Requirements must be perforIJ"ed ~2
in sequence ilsted.

:=,..,
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- '", SJX"C"l.ll Constraints "co
0 ParagroDh Activities. Requirements LimiL<; ..I. r.d Re m:.lTk.... :l.

g
1.5.3 e. Depressurize fuel Jacket purge

n (cont) system. I;r

"= 9(12'".. I'"?
CD

Repeat steps b through e twor.- additional times.
0.., g. Fill thrust chamber fuel jacket Trlchloroethylene
""" with trichloroethylene to injec- system must meet..
" tor overflow t a.."XI allow overflow requirements of sec-
f:... to continue for a minimum of lion D .- 5 seconds.

'"..0 h. Discocnect tricrJoroethylene
systeJ!) , and attach dram hose
to each thrust chamber fuel in~

let manifold qUick-dis(;onnect.

,. Turn off operational lew-level
LOX dome and gas generdotor ;ll
LOX injector purge. ,

'"co
j. Inspect thrust chamber tubes No hquid leakage IS '"CD

for liquid leakage. allowable. ,--
k. Install drain tools from Fuel When performing this activity

Drai!'.age Kit G2037 ard drain subsequent to a statlc test or
hose on thrust chamber exit an abort, elapsed time be-
manifold dra.m plugs; then tv.-een start of step b and
open drain plugs. start of step k m-.:st exceed

1. Turn on operational low-level Purge must m~t
one hour~

*LOX dome and gas gene ..-ator requirements of
U)X injecto.l" pury;e. sechon II.

m. Pressurlze fuel jacket purgE. Purge must meet
system. Allow purge to flO\1 requirements of
for a minimu!ll of 3 mmutes sectlon II.
and until vapors cease to be
emitted from thrust chamber.

n. Depressurize fu(" jacket purge
system.

Turn off operatlonallow-level
I

o. 9Q2

LOX dorn~ and gas gene rator I

WX mjector purge.

--
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Paragraph

1. 5. 3
(cont)

1. 5.4

1. 5. 5

1.5.5A

ActiVIties

lDeleted)

EXGL'iE RESIDUAL
FL tID RE),:OVAL
AT ~jTF

E~GI);E RESIDCAL
FLt1D REMOVAL
AT KSC

Rcquir..... r.'cnts

p. Remm"e drain hoses, and
install all removed quick
disconn.ec:t caps..

q. Rerno~·e drain to01s, and
install thrust chamber exit
ma.'1.llold dram plugs, using
new seals. Torque and
safet)-v.ire plugs.

r. Attach a crain hose to the 19ni
tiO:1, :nonitor valve control port
quic:k-disconnect a.~d allow
residual Duid to dr::nn.

s.. Remo. e ignition monitor valve
control po::-t drain hose :l..'ld
reinstall and torque quick
disconnect cap.

a. Remove section of thermal
insula~lon that caYers turbine
manifold access co\·er. ano
remove access coyer from
·,l,.ate:- shIeld.

b. Ii present, rerno\'e residual
fl;jid from turbIne manifold
diaphragm~ us!ng: J. suchan
pump.

c. ReinsUI: ..1cceSS co....er and
thermJ..1 mS'Jbtion co\'erIn~

access cover.

d. Remo... E' resiaual rIl;ld from
top surfaces of thrust .:'hdrnbcr
LOX dorr:.e, uSIi~g a suction
P!J~P·

RemO\"c reslCllul fluid irom too
surface of thrust ch.imber LOX
dome~

Limits
SpCCl.l1 COl~str,!lllts

.wd Rt'nlJ.rkt>

I
935

I
Pe::-form prlor to admitting
LOX to engin,~ and any time
fluids are noted.

Ferform prior to admItting I
LOX to engi.ne and any tIme
fluids .are noted.

If engine lS to be rl!m oved
from stage 0_~ stJge is to be
recycled thro!.1~h \'A.a, remove- 1)02
resldual nuic. ~rom turbine I
man~fold diaphragm usin~ a
suchan pump.

,
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1. 5.9

.-\ctlv:ti(:~

ADMITT1:-;G Fr~EL TO
ENG1~E

Rec.!.J.ii""12 r:l('·nt~

a. Veniy 'hat prefill ~rora thr'-lst
chamber fuel ln1et :namfold
ha,:; b~en rJr .:tinp(1 and th.....t irmn
hoses a:r~ atta(;)€,d to :0;0. 1 and
N\). ~ :b:ust ch,3r.lber fuel inlet
manilOld ..fJ.ick~disc,'nne,..ts.

b. (Deleted\

r.:. P..ernl'\ .. ~as ~E:'nerator crain
plug.

Fud .llust n~'2et rE"1uII'e
:nents of set :10:1 II.

5:1('':-1.1: ::Ol~:--t:'"lIJ""

.llK: Rt-)!!i.iri-....,

P<?riOI';ll prJlJr to :;<!mittlr,g
':'OX to enc;me and after LOX
JrJffi0 ~nd gas ::c~-;,er;1to!" LOX
mic'ct')T" fIIJ::o. thr'.l~t c· amber
fLcl ':lcket !~'.!5h, and aamittim;
pn:fU: :1) en~j:lc.

CA';,,;T!O:\"

Dur:.p.~ ren~,)val and
l'1':tallatiul~ of ~o. 1 3nd
r.;o. 2 thrust etollnO ~.

bel mlet :T!..tr',:l.iold qUH:"':

disconnect cap::., the ~ulck

disconnect body mu::.t nJt
be :iIi-owed to t.urr.. stn,::e
dama:;€ to th~ quick
dlsconr.cct oOOy C3n 1 e::,.ult.

I I
9'~l;

I

e. lr~pect fur feel le3k.31!;e tram
fuel mlet m<!nifold dr-au: huses
after fuel is ;lc.n:ltted to en~ine.

Recurd \")lume of fluid leaka'-.';€>"
Repeat 1l1specthJn e\"f'ry 24 hour:::.
as 1.J~ ;1.S dr.nn hoses are Hl
st.died. LeavE dram hoses
msbll('d unt~l 1.1::':' tim~' :1'~ .... C6S

to en~in(' ~r.~a lS a.... ~n~8ble.

f. If nll h...elle.1k:t~e CCCl.:rs. OInU
~tcps ~ t ' lro1..l.g'h 1 and pro.:eEd
to ::"C€!J m.

~:. Ii fuellc,ekage cc~u!,::,., appl:.
h~"dr.\ulic c')n~:-vl s~·~tCr:1 prps
Sl.J.rl~ l'~'il'nn li;~lt5 cf "'eNh.::1 11)
3'lG J.ll,}\\· .111 tluiJ. to drain from
fLl·d inlt..'~ mo.:lli.Jld. ~10.<ltor

dr,lir. h(ls.~s fur fuellt':lkage f0r
one h.Gur mh1imum.

:,00 cc m !':'!.:l.'(!mum
frJITl -e; ell rtr:.:~r. hc.:se

\"-:l1.1f' c_l'ammg fi.u1d. c ;,r€' m1lst 90~

DC used to lJ1C'v<:'•. t :spilhng IlUld I
un othp~ er.gi~e ::,ystems.

After removIng hydraulic
pressure from en;].l:nes which
ha'. (? tEl€' thrcst cha:nbe-rs
f i l1t:d WItl,. prehn ::'uid and
dram Z!oses ir:.stalled on the
~uel inlet r.t;"l,nifold cr::a.m
qUlck- ct:scOn!1eC~5. :L::-p=-lrr.8
the thrust o::i-__ G1.tJer f.l.t'!'l mlet
r:.1amfo~d y:i::) prefill fluid
until c..-c;:aow 1:" ~0~ed fr'Jm
c~ch drain line, if 8 he,urs
....'ill el..l.pse before reapplying
'"1ydraulic pressure to 'lie
eng-i:1e. C~cck o',ernew for
fu",l~ If ~uel ,;alve leaFage
oC(':.J.rrcd without bydrz...uHc<:,
aplJlierl to i.~(' en:;ioe, all
fiui~ must be dra1n€'d from
the thrust chamber' fuelwlet
m.lmiold, \l,lth the eag.ne ir,
,he null posr:.10!l, before
gimb:J.lm;.

93'5
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PJ.ragraph

1. 5. 9
(con:)

Actrvlties

h. 1£ nu fu"2': lc.ak"gt:., occu:,s in
st~p [;, omit bto;>pS i ~hr0ugh 1.
tur, off hyar~lUlic 5upply P~'t"5

sure tu,l'%me, ar..d prot'ecd tu
step t'.1.

1. If lea~:.a,;e is .:>bser ..ed m sti'P !.:"
perform thrust chamt..e,;", fuet
Jilck".,t dr.'in and thrust chamber
flle': ;::lcket fhlSh. :L'1d .\dmH pt"l'

~in tC' enp.ne; then proceed to
~t-.:p J.

j. Drain prehLl fluid from thrust
ch::unber ~uE'l inlet mamfu!d
:t!tcr a rr.,ni:num .)f 1. 5 hours
',vUh fu~l ~n e~lne.

k. Visually verify that no fuel
lea.kLl~e eXlsts In dr~uned

preHil sol'.ltion.

Li:l~ lts

1. 5 hours

Nc b~l is .tliJwable.

S!''l'Cl.ll Con,-,tr,lillL~

.l~U Rt. m.,~'~:~

'furl! or..ma m.1intam oper,l
tiol1~l :v,.•·-le\·el LOX dome and
~:lS b"(-'ne:rator LOX i!'ljecto-:
purSe wh€n rc.:TIov·ing- or :lpply
ir.g hydr:J.uhc c,}ntrol :=» stem
pres:;,ure a!te;- .ldrr.ittir;.g pl·cfili..

Hydraulic control syst-em pres
sure IS not required during
thrust char.lbe:o fuel J<H:ket fil.1sh
If fi.'d L3 drarned !l'om engine,
if en!:';ino:- lS i:l n:.:.U position, and
u drain UnE:'5 :.1I"-:; connectoed to
fuel hlgh-IJressu:f' duct qUlck
dls~0~r.ects (r engme fud
prorwi.13..nt fe'Jd sy::.tem 1S
pr""SSUnZ€ll t,J 2 psib mmin~um,

CAL"frO};

Du.~·i::~ ~·prnov.tl and
)n"3tal~atloc. of No. 1 and
:-.io. 2 th!'tlS;:' chamber
!uel inlet m::uufvld qdck
disco:l.""1€ct caps, the quick
c!lSCOCl1E'ct body hlUst nol:
be :llloweJ. to (lJrn. SInce
dam<JgE' to the qUlck
disc0nrlect bee)" C3Il result.

Wh1le d:r ..unm.; fluid, C«.r-e must
o-e ~sed to pn'\~ent spillmg fluId
Oil other engl.'Ilf' systems,
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~ Para~r.lpb

1 5.9
tcont)

--

Actintlt:'s

!. 1.\'hen it t5 verified ~hat no
~uell":~kJge ~xlsts In .J.raincd
pr-:-[lll ;:,o~utlOn. tun: off hy
dr .mlle .::upply pr,,-,ssurc to
en:;me.

SpeCl.l1 C01;str,tttlt ...
,tnc. Rem.J..rk~

T.u'n on and maintain np!2rJ.
ti'Jnallcw-leve~ LOX dome
;::md ~3S gener::l.cor r..ox
l:1je..·co:- p'J~l,;e W)lE'--; ;:,{>moVlng

or al~pl.yi!1g h~;,,jrJ.'-..:lic coab:'ol
systel1" prt:ssure after adr::.itting
prefl11.

rn. IU::ipect for ft:el t('a~"'~l3 i:u~

~~...s -:;:enerat,Jr ,::ornbustor. cr,Wl
port :tit-er fuel ::5 admlttel1 to
e:~inc. R('pc~t inspr;ction every
2~ nQll.f:i i',Jr as h)'~..~ ~s CO[Tl

bu~r:(1r ar;::.in ?Jug is r~mol,.·ed.

L:.avl? crain VI'.'. ~ ~\r,~nst,.;.lled

~:'!'l:::: t time :v:c':)ss ~::J ~.':;llle

a!"eu 1$ ::lVai:"::'b~~.

mA. l."l~-.!al:y ? ,nitc.: r\;i'~ -:;yst~tr.s

10:' t'xtet"::.allca.\.l''::;''-.

n. Monitor :-!.itr~E'~ pl.:rg.c Ol/t l'

boarc dr:ttn ~me at thrust t..:na:nlJer
e:ct~ Co: fue: l ...aka~l·

o. Manito::: fl.lel ove"bo,u-d dr:':.Hi.

hnc at thrust c'1amter ~~~.::. for
fud lea.:{age. Lea.'~a;c m ~>;~ct:'"s

of thD.t recorded du.ring !,yd:-auhc
f>or\':..:'oi system leak :lnG. ftL,ctlOn
test l'("QUlres !.solation of overboard
drain SJ st€m clJ1Tlponents. Ma."<.i
rllum .lllO\\.'able component leaJtage
tnto oVt':"DQard drain system is as
follows:

{l) Rec.unctant sh.utdown ....alve

Ko lea.~tr~ ~3 allowable.

"=0 leakag"] ~s allOwable.

2 i"C In fuel le-.L(age
ma.i:lmUm f:-om G!'";;:m
port

Apply and :-<.:m;)\'C hydraulic
('ontrQl system pressure 3S

n."~~dred.

rvL.1:£\talJ1 h::draulk conl;.rcl
sy.3tem pre~sure durmg ,..nd
.lfter adm:.tting LOX to ciIg:!ne.

I
S
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1.,.9
(cont)

I. 5. 10

A ctiv it ie"

AL'!MITTtNG PREFIl..L
TO KNG1N~

Rec:uir,;-ments

(2) 19niuon monitor valve

(3) Engme control valve

p. Removf' Jr::l,i.,·l hfJseS a.rxi
insta:l p:esbure-caps on
No. 1 a!l.d No. 2 thrust
chamber fuel i....:.let manI
fold drai:1 quick-dis('onn,ects.

q. Install drain plug using;) new
seal ill g:lS generator com
bustor d.... ain port. Reco:-d
actual totque, .Jnd sa!etywire
plUG·

r. Admit p:-l2'fill to engine to
inJector overflow. Visll2.11y
verify o·:t!l"fiow.

s. Subsequent to final engine
gimb::llin;; I top-off prefi.ll
to in]ectC'r u\'erflow.

{Dele-tea \

Limlts

5 cc rn fuel le:lkag€'
m3.."{i:num from drain
port

5 'Cc/ m fuel leakage
maximum trom over
ride crain p'Jrt

Pref.ll ov~raow from
tnject0r.

Sl:>e('i~ll Constr.llnts
.llld RemJ.rk.:.

Perform requirement after
final appli'Cation of hydraulic
control system pressure for
engine operatIon i! fuel leakage
occu=s without hydraulic pres
sure applied to engine.

CAUTION

U the drain plug is left
umnstalled, the resultal'1t
hot-gas leakage from the
open port during subse
quent engt!':.e operation
('ouid cause- extensive
engine damage and/or
abort.

Engines must not be gim
baled greater than 2 degrees
when prefill soJ.utiOTI is in
thrust charnbe:- fuel inlet
manifold.

Perform ~10r to admitting
fueL a."1d LOX to engine al'.d after
LOX dome :md gas generator
LOX injector fl"J.sh, a..'1d last
opening act'....ation of engine
propellant valves.

Drain Ib.es m·~::.t be cor.nected
to fuel hu!r.-pressure duct quick
disconr.:2cts, or en~~i.."1e fuEl prc
pt!'llant feed syst,=,m mUSt be
;>re::surlzed to 2 pSlg mInImUm
during perform.mc,=, of this
activity.

502 •
~o
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PJ.r:.l.graph

1. 5. ! C
(cont)

1. '5 .. 11 (Deleted)

ADMITTl:-lG WX TO
FNGLNE AT l\!TF

Requirements

b. T1.lro en IJperatlonallow-level
LOX dJme J.'1d gas gE-r.erator
LOX injector purge.

c. Ad:1llt prefla fiUld to thrust
chamb~r fuel pocket untll in
Jector wcr:low$.

d. Tur:l of! operational low-level
LOX dorr..e and ~:lS generator
LOX inJector purge after
inJ€'cto:- Qv~rfl,)w stops.

e. Monito:- preHn !b.nd leako:u;e
it.,;;!:'} fuel overboard dram

:.:t.. VerLfy th:lt hyd:!:'.:l111ic control
system p-:-essure is applied to
eng::.ne.

b. V~rlfy tut ilydr~ulic temperature
1S withln limits of section n.

c. Venry that turbopump LOX seal
purge is withm linllts of section II.

d. :-'!ake Sl.r(' tJlat turcopl.lmp
heater r?wcr IS on.

e. V-Q1;"i!y tllat o'ddizt:r \'3.1ves
and gas ';enerator ball valve
indicate d03~l.

Llmits

Purbe must me0t
reqw::'eme~tsof
section II.

Fref~ll fl,J~d must
meet requ.remen~s

of sectIOn II.

~o prehU Ih.nd
lea..1o.g:E.' tS allowable'.

Pressure m'U.,t meet
requiremel"lts or
section II.

Spt.'Cl.li COI'.::;tr,dnt:-;
_,r.d Hcm:uk:-.

H engln.~ er.v~ronmental

cO\'t'r is insta.lled, eXlt end of
cover must be untied, turned
UP. and secured.,

if en:;lOe JS to be glmbaled
after prefll1i;:'~ thrust c!J.am
b€r i:.Jel Jacket, turn on oper
atlona11ow-lcvel LOX dome
a'ld f;as gene-ratN' LOX in
Jector purge during glmbal
ing ope:-atlOn, and top-off
th:,ust chamber fuel Jacket
Wlth prehl1 fluid to i;)Jt.~ctar

overflow after c-ompletlon. of
the last ~lmbahngoperation.

PreHll fluid may be rf'tabed
ill ..hrust cI'...'UI1ber fuellacket
for a. ma,"(imum period of 4
months.

Perfar:n after 'J..dmitting fuel
and thrust chamber preHll to
er:.~me and a.rte:r all pre
static checkOl!ts. Maintain
hyorauiic control system
l'r('-s'Sure during a.'1d after
admitting LOX to engine.

Contin'JO:.ls!y monitor oxi
dizer v3.1ves and gas gener
ator ball v:.J.lve c1Gsed
position i.ndicatlons before,
during, and after admittiilg
LOY to engine..

~2•
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- SIWCl.ll COnStf,l.int .... '", ~

'" P~lr '>'gl'J.ph Actlvities Rt:qu ~rl' ment$ Ll:nits .mo Rt' nurk~ ~
J> g-L 5.12 f. Admit LOX to engl.l":" propellant LOX must meet requlre~

(coat) feed system. ments of section II.
g. Vo<:ri fy ~urbopump bearlng tem- Bearing tempel'ature must

pf:rature. meet re&Ulrernents of
h· Momtor oXidizer overboard sectlon .

ch-•.l1n !.lnc ~lJJd thr:.lSt cham- No leakage IS allowable.
bel'" e:x:t for LOX lea..!tage.

1. Visually inspect LOX propel- No leakage is allowable.
lant feed system for external
le<lkagt'.

I' Remevc gas generator dram No le:l.kagt? is aHowable. ("AIJT!ON
plug and mspect for LOX
leakag" past gas ge:1eratur If the plug IS not in-
ball va:vc; ther.. remstall and stalled at completIOn
torque )Jlug. Record actual of the inspection, the
torque value. res 1Jltant hot gas

leakage from the
open port during 300-
sequent engIne oper· :c
a~ion coulo cause •
eXtenSIve engine ...

""damoge and static '"co,
test at:Qrt. --

1. 5. 13 ADMITTING LOX a. Rem.ove en~Ul.e envIronmental Perform after adni~ttlng fuel
TO ENGINE AT KSC cover. and t;"f'ust cha."t"lber prefill

and after all operations re-
b. Verify that hydraulIc control Pressure r:.~ust meet re- quiring engme access to

system pr~ssure lS applied to Q,u'scmellts oJ. section la,mch pad.
engm€. n.

c. VeTlfy that hyriraullc temper- !\laintam hydraulic control
ature i::. '.vltbm limits specifIed system pressure during and
in section II. after adrmtting LOX to

engme.

0. Vetlfy tb-1t turbopump LOX
.::"?al p': ... ge IS Within limits of
scc~:on n.

e. Make SUre that turbopump
~eater pcwel 15 on.
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Paragraph

I. 5. 13
(cont)

I. 5. 14

. Activities

LOX FEED SYSTEM
BalLO" AT MIF

Requiremt.'nt.;

f. Verify that mudJ.zer valves and
gas generator ball vah'e indicate
closed.

g. Admit LOX to engi..'1e.

h. Verify tu=l>,pwnp !>eari~g t< m
perature.

1. Monitor engine ambient tem
perature within cocoon.

j. Monitor oxidizer overboard
drain line !or LOX leakage.

k. Monitor tllrust chamber exa
for LOX :e:J<age.

a. Verify that turoopump heaters
are on at 3' U times when LOX
is in e:r..gIne and that turOOPump
bearir..g temperature is within
limits of section n.

b. VerIfy that hydraullc control
system p;,essure 1S applied to
~ngin~.

c. Verify that hydral..ldc temper
ature 1:'; withIn limits of sectIon
n.

d. YerLfy that OJl11,izer valves and
gas generator ball valve indlc~te

closed.
ciA. Monitor the thrust chamber exit

for LOX/COX leakage (liquid
Q::-cplets a.nd/or GOX vapors).

e. Vertfy tlul tur;'opump LOX seal
purge is on.

f.. Allow LOX in engine to boil e!!
through. StagE' LOX tank vent system..

Li:r:Hs

LOX must meet re
quirements of section II.

Bearing temperature must
meet reqUIrements of
section n.
Maintain temperature
within llmlts of section
II.

No hqwd.l.eakage IS

allowablt".

No l~a.kage IS allo"'''able.

Bearmg temper~uremust
meet requaements of
section U.

Pressure ~U'3t meet re
qwrements of sec.tion II.

No LOX/GOX leakage is
allowable.

Pur':e must meet require
ments 01 section II.

3pe-Clal Constraintf:
:tnd Re ma.rks

Continuously monitor oxidizer
valves .and g:a...~ generator b:>.U
va!T/e closed po::;illOn indica
tions before. durmg, and after
ad..t:l: tting LOX to en;;U\e.

WA.!l:N!NG

The LOX tank vent sys
tem must not be closed
with LOX in ..he engineJ

since injury to personnel
and da..'1lage to the en
gIne and stage can r-esult
from pressure bUildup.

I
917
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L 5.I4A

1. 5. 15

Activities

LOX FEED SYSTEM
BOILOFF AT KSC

FUEL FEED SYirrEM
DRAIN AT MTF AND
KSC SL"BSEQUENT TO
irrAGE ROTATIO:,< TO
VERTICAL POSITIO:-;

Requir:.::ne:1ts

a. Venf\ that :.~trbopump heaters
are or at all times when LOX is m
~ngmc 31\d that turbopump bearmg
tempel'atu:-e is Viithin limIts.

b. V'!:''"if;: that hydrau: c control
syst"'-:'l pressure 15 ~plied to
engine.

c. Vi;nfy that hyd:aullc tereper
atut'e :S WIt !Un limits of
sectl(J~ II.

d. Verlf.." that oxidizer valves
and g:.lS g~nerator ball valve
l!ldic~'e c:rG3':-~.

c. Venfy that tU:'bopump LOX
.se<t~ purge tS on.

f. McnItt,r temperature v,'lthin
cocoar..

g. Allow LOX :..'1. engine to 3021
011 thr,,"gh stage LOX t:l.'1.~

vent system.

::to Conn-e:;-;t fuel dram tmes to the
follow~ngqUIck-dIsconnects:

(1) TLrbopump fuel. mlet Xo. 1

(2) Nu. 1 and No. 2 fuel high
pressure ducts

(3) G:.J.s I;enerator ball vah'€
iUI.'l ln~et dram

(4) Er'gme hydrauhc supply
En.e

(5) Engme hydr:J.uhc return
hr.e

(6) TLi.rbopump fuel inlet ~o. 2

b. AUoJ.l::lll fuel to drain.

c. Remo ...·e dr::l.:.n Imes 1 a.....td rem
,ta 11 a:~c tO~',1e caps 00 qlJlck
d.1scon~:f'l'b.

Limits

Turbopump bearing tEM

perature ""!lUst n~!?et re
quirements ofsechonII.

Pressure must meet re
qUirements of section II.

Purge IrH:.st meet reqUIre
ments of sectlO!l 11.

M~llm..l.in temperature
withIn hm!:s of sectlon
TI.

SpeciJ.l Constr,lI:,t..,
~lld Rem::lrk:-.

WARNING

T he LOX tank vent
system must not be
d'.':::ed With LOX in

the engmoE: sin.ce in
jury to personnel
and damage to the
engme and stage
can. :::,('sult from
pressure build....'P.

Perform before acruatL"l.g' en
gine valves to open pos:.bon.

The F-l Fuel Drain Vent
Adapter Kit 99-9012908 must
be instal ted during this
activity Lf stage f\lel pre
valn~;; are- cloced.

Pnoi" to dramjng luel, veniv
that engtnl;:'s are in a. null 
posiUon.

CAUTiO:'<

I)uring r~moval oi the
~3~ i£en~rJ.tor baH valve
fuel iru.E:'t dram quick
disco!1..:1ec, cap. :he quick
dbconnect body rnu.3t not
ce allowed to turn.

• \Vhtle d:'aining fuel. tare
must be used to prevent
spillu.;..; fuel on oth2r eor
ginc systems.

-



Sp('clJ.l Constraint:::;
Paragro.iph Activities _l.eqt..i.:'l.·nwnt::i Limits J.l1d RemJ.rks

1. S. 16 FUEL FEED SYSTEvl a. Connect dr,un ho~es to the Perform prior to draming
DR.U1l/ DURING POST- iollowlng- qu}ck-dlsr;ormects: thru.st chamber fuel Jacket
STATIC-TEST (I) Tu:-oopump fuel Inlet No. The F-1 Fuel Dram Vent
SECLlllNG

121 N(~. 1 and ~o. 2 fuel lugh- Adapter JUt 89-9012908 must
be instalkd during this ac-pre.ssur" ducts
tivlty li stage fuel pre-valves

(3) Ga.:::i G:~ner:J.tor ba.U valve are closed.
fuel ml et dram Pnor to drammg fuel. verify

(4) En~me hydrauhc bupply that the lo11owing conditions
1.11. eXIst:

{5J En~L'l~ hydraulic return (I) (Deleted) i 2
Ilnt'

\61 Tu::oopump fuel inlet No. 2

(2) Hydraulic control system
1:5 "ressurized withm
11mirs of secticn II.

(3 i Engines are in a nlJ11
pos1tion.

:ll
CAUTION ,

'"'CD
Dtlnng removal of the «>

CD
gas generator ball •

~

valve iuel inlet drain -
qUIck-disconnect cap,
the qu;.ck-discolUlect
body must not be
allowed to turn.

,."
;,- AlkiW :1..1 iuel to draLT1. t:se care while drainmg fuel to" o.

,j5 prevent spillage on other en-..
gme systems.

Z
? c. Re:no'/e ar;;:n..1. hos.:-s, .and :'e-
co m.sta:l a....ld torque caps on

qu~ck-dLsconnect~.
::;

1.5.17 FUEL FEED SYSTEM a. Connect dr;;ur. hoses to the foI- I
HJ

DR.~lN WlTH STAGE lowmg ~uick-dlsconnects· 902..
~

P~-VALVESCLOSED I.. (I) Turbopump fuel l."1.let No. I" The F -1 Fuel Draill Vent Adapter
" Klt 99-9012906 must be installed~

(2) ~o . 1 and No. 2 fuel hlgh-..,
durmg thIS J.ctr/ity if stage fuel

~ pressure duct«> pre-valves are closed.
~

0
go
>:.

~ C", ='"«>



';'" Spe-cl.11 Constraints ell
~

" Par~graph Activities Requirements Limits .lnd Re~~.lrks :l-0
0-
"1. 5.17 (3) G:J.s generator ball valve Prior to drai'ling fuel. verify

9 (cont) fuel inlet crain that the following conditions
" exist:oil (4) Engine hydrauhc supply line
'" (1) (Deleted) •Z b. Allow :>llluel to drain. 9f?

c. Remove dram hoses, and rem-
'" stall and torque caps On quick-- disconnects.

(2) Hydraulic control sy~-0.., tern 1$ pressurized

'"" within limits of sec-
~ tlOn lI.~

"., (3) Er..gmes are in null'<

;;; position.....
0 CAUTION

Durmg removal of
the gas generator ball
\":i.l",:e fuel inlet drain
qUlck-discormeet cap,
the qwck-disconnect ::lbody must not be ,
allowed to turn. '"'""Use care while drainhlg fuel '",

to prevent spillage on other --engme systems.

1. 5.18 GAS GENERATO~ a. Remov,~ dram plug from com- Perform after fuel feed system
COMBUSTC:l DRAIN bustor, and allow residual dram.

fluid to drain.
CAUTION

b. Remstall drJ..l.'1 pl:.:.g in com-
U dr:un port plug isbu.stor using a new seal.
left umnstalled atRecord actual plug torque
completIon of ms~cc~value. and sa!ety:vire plug.
hon. the res'.:.i(ant
hot-gas ~~akage [rom
the 0pen port during
subsequent engine
operatIon could cause
extensIve engine da..n-
age :tnd 'or abOrt.

:. 5. 19 (Deleted)

1.5.20 THRUST CHAMBER a. Connect 1:.raseous nitroe:en !"l'!";;:: Perform after fuel feed system
FUEL JACKET DRAIN h.np.~ t~ :.;v. 1 and No. 2 luel dram. If applicable. Prior to

valve purge qUIck-disconnects. draining thrust chamber fuel
Jacket. ~'eriiy that fuel propellant



Par.J.grJ.ph Act1\"ihc05 Requirements Limits

I. 5. 20 b. Cunnec t drain lInes. and allow
(cont) all flulds to dram [rom the fcl-

lowL'1~ qUlck-dlsconnects:

(I) l~ltlOn monitvr valve CO~-

TROL port

lO' );0 • 1 and No.2 thrust cham-. ,
ber fuel wet m:.tiufolds

(3 ) Hypcrgol contamer drain

c. Install drain tools from Fuel
Dramage Kit G2037 on thrust
chamber fllel Jacket ports :4
p1:J.ces). and Ulsbll dram hne::;
on ciram tools

d. Turn on operational low-level Purge must meet requue-
LOX dome and gas generator ments of section II.
LOX injector purge.

e. Pr('ssurL~,=, fuel J3cket purge. Purge must meet require-
and ;lilow purges to flow until ments of section 11.
all flUlds and vapors are ex-
pelled (rom injector. thrust
chare.ber exit drain hnes. fuel
inlet manifold dram lines,
hyp e rgol mamfold drain, and
ig:-nt.:.on monitor valve drain 1me.

f. D;pressuri;,;e fuel jacket purge.

g. Turn off operatIonal low-level
LOX dome and gas generator
LOX in] ector purge.

('l h. Remove dr:tin and purge hoses,".

" and 1I1stall and torque all re-=
'" moved quick-disconnect caps.
'":z: i. hemove dram tools. and install
:' thrust chamber exit manifold
~ drai"l plugs. USl.'1.g new seals.~

'"
1. 5. 21 THRUST CHA.'dBER a. Connect dram hoes to No. land

a: FUEL INLET MARI- No.2 thrust chamber fuel inlet

" FOLDDRAlN manlfold qUIck-disconnects.
'<
~

'"=
-,
'"~

Specl.\l Constr,llllt::-.
.~na Re m.lrk~

feed system is at vehicle
st.mdby press~r~ or hydraulic
control system IS pressurized
Within limits of section II.

Engines m'lst be in a null
posltlOn.

CAUTION

Durmg removal and instal
lahon of ~o. 1 and No.2
thrust chamber iUt!1 inlet
manifold quick-disconnf>Ct
caps. the quick-disconnect
body must not be allowed
to turn, since dareage to
the qUlck-disconnect body ~
can result.

Perform requirements in
sequence listed.

CAUTION

While draming fuel,
care must be used
to prevent spilling
fuel on other engine
systems.

II
iT

;:l,
'"'"'"'",
~

~

-



CAl:TIOK

Dering removal and in
stallatwn of No~ 1 and

,
'"N Paragr:lpr.

1. 5.21
(COd)

--

'"..,-

b.

c.

R~quir('m,-~nts

.A.llu;\· all fhad to drain from
thrust chamber fc~l inlet
ma:-.ifold.

Leave drain lines albched
to thI"J.st chamber fuel mlet
r..1il....nfold qUlck-di~ccnnects.

LimIts
':",It' Ct,,! COl1~tr-.\illts

,md Re m.lfk::.

110
!'ic. 2 t'1rust chamber 902
f,uel i.nlet manifold qUiCk-I
Q1Sconnect caps, the
quick-discomlect body
must not be •..Howed to
tuTn, Smce damage to
t1C qu~ck-ri'sconne('t

bod::t can r~'sul~.

• '~Vh~l(' d.raii~in.g: flUla..
ca:'c must be used to
p: :,vent spIlling Guid
on eth.er engine s:"stems.

1. 5. 21A THRUST CHAMBS'l
FUEL INLET M~..1.'\:I·

FOLD DRAIN, POST
CDDT

a. Connect dram lines to No. 1
a:1d ~o. 2 thrust chamber
f:...:.el inlet ma.:1-!old qUick
dlsco:mects.

Hyd.r::nu;c control system
pres::.-.l'r~, within limits
s1>e~ifl..;d in section n. must
be applled to engine during
perio:rI:1ance of this activity
if fuel ....alve leakage has
occur!'ed without hydraulic
co:;,trol sy·stem pressurize<1.

b.

c.

Allow all fluid to drain from
L'1n;.::;t chamber fuel inlet
manifold. Visually inspect
D:::,efill fluid for evidence of
hel.

Leave dral:l lines attached to
thrust chamber fuel inlet
n:ani!old qUlck-dis-connects.

).0 -;:·.e1 lS :l11owable. CAUTIO/;

Dc.::",,'1'i; removaL and m
slo.l.~~atlOn of No. 1 ~nd

No. 2 thru.st Chamber
fuellnlet manifold qlilCk
dlscor:.ned caps, the
q ulck- dsconnect tJody
mtlst not be aHowed to
t'J:r'n, smce damage to
t:~e ;j,l1lck-disconnect
lx,c:.; can result.

lit \:"'hi h~ draming fluid,
C;J.T . must be used to
p~·t-vent spiUmg flUid
on ot:-ter engine systemF.

'l'!0
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l. ,.22

1. 5.22.1

TURBOPU~:?

PRESERVATION

Turbopump PreservatlOn
\Eng~es Not Incorpo~

rating MD145 Change;

Requlr-cr.:1E>nts

Pre.!h:t"\T turbopump as outlined
in paragra!Jhs L 5. 22. 1 or
1. 5.22.2, a.s apphcable.

a. ProvIde i:1strumentation or
pressl.:re g-age to measure
pr~~Sllre at tap LBlb.

Limits

Instrument range.
0- 250 psig

S!'C'C':..ll COll5-tr.lint ....
.i :,d Rernark~

Turbopump pr.;lServatlOn must
be perfol"n~ed wuh engine 0["

stage 11'. vertlcal posltlOn.

CAUTIO:"

During en~me 0:' st:lge
rotat~on, tole ~CX ,ur~:p

must not be ailow.ed to
be iower than the fuel
pump mlets by more
tha.--: 7 degrees Since con
taminatlOn of the LOX
pump could occur.

P::-eserve turbopump within
limIts of spctlon II.

Foltowlng an abort preserve
turbopump only i.f fuel was
mtroduced. into bParlnb cool
ant controL system.
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P:lr...l.gr::-ph

1.5.2';:.1
(cant)

1.5.22.2

Acrivitic ....

Turbopump PreservatlOn
(Engmes I;:coIJ?orJ.t:;ll~

MD145 Change)

R('q\lircments

b. Cl :1n~ct gasl'.Jll.S flltro.,;ea
purg;'t? :ll:e to bearmg coolant
,~emrol val';e PRESERVATIVE
l~ po:-t.

c. Pres~ur.2:c b+!a:"Hh':: coolant
c~,n~l'o~ valve, and purge for
5 mmutCti.

d. Dl:5Cl1f..1ect pur~e Ime. and
cor-meet preservative supply
to PRES£RV ATNE I!' port.

e. Slowl'o' rotate turbopump une
re'::olllt:on nllnUllum, and sup:)l:,.
=t nlln:l~H.:m of 5 gallons of pn.'
S-er-V;l'uY(' oil to tur:;opump bear
ln~s.

f. ABo\\- tllrbupump tu dr~lL::l for
15 mHl.utcs ml:U:~1I.!m.

g, j)l.tic<.mn~ct pr(?~C'r\'atlvC' supply
I.ne, and r-t'c<..:nnt.'ct pur~l.: line
tQ beanng coula..1t t:of".trol \'3,1'.:e
PRESERVATIVE I~ port.
Purge tlh"OOpUmp hcarlm~s for
5 Hllnutcs.

h. RecJrd lurhopump re-presena
t~on date In Er:~me Le:; Beok.

;J.. Pl'uVld.... lllstrumentaLOli or
prc5su:,c ~a;;e to l:l€aSL:.r~

pressl!re J.t cap LBlh.

b. Disconnect turbine 'ue:l.nng lube
crain hose from fut.'l drain :U2.:1i

folc., and vacuum flUld [rmn
turbinl2 he:U'IT1!; lube dram ho~'c.

Lllnitr.,

35·IOpoi;:

Pre:-:erv,l.lwn
suppLy must :lU:oct
rt:qull'cments of
~('cllvn II.

35 1 ~o p::il:-:;

111strumetH ;-a,n!;c
O-Ie:: ps.;:;

Spt·C't.l1 Con~tr.ltnt'

.l:ld Rcnl.lrk:--,

ExIt closure must be removed
from oXldlzer and fuel over
board dram lmes. Pressures
llsted 'n l:nllts cO~.Jmn are as
lllea~ured at tap LBtb.

Tt.:rnopur:1p LOX pump seal
pur;;e :llust be on and meet
r2ftul~'cmentsof section II
before and dunr.g perform
ance of this activlty.

Perform req ulrements in
~equence llsted.

One :-evolutlon of the tLlrbo
pump shaft requires 5 revo
IUtlons of the torque pinIOn
gear. The lockmg pm and
turque piIW'::;:' gear must be
f!.llly extend~d J.fter turbo
pump rc)tat10~ IS co~npleted.

RC'-presZ>l."vt: U::"bopur:-:p If
".;asf',"'~~ :lltrogel1 pres~ure

i'Yceeds 50 [J~lg 2.t .In)' tIme.

Th€: ~c;.1 .... en6e PUlHIJ G203S.
or 8quh.J.:'?:1~, .nu::;t be used
far :~.s actnlty. I

614
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,'c...
1.5.22.2
(cod)

.\.ctn: Hie:::,

(..Jeletcd)

Con:.ect gasl'>QUS nitrcg::n pt:rg:e
:lnC to "'fl;" 'lula"v contro:
,J.lv€ 1- •TIY~ I~ i'0rt.

e. 3!u .... iY 1: ;;", Jr'csst.::--e
J.nd purse tul u(.,~l.lmp bearings
tr.r')ugh f'RESERYA 1'1\"£ D;
pOl't for 1·2 xlnutes.

f. DIsconnect purge line, am::
cor.ne'C't preSCf\·aU .... e s'J:J?ly
to PRESERVATrvE J); port.

g. (Deleted;

h. Vacuum fluid from turbifle
bea:'ilL~: lube drain hose when
p~r~ormlng Step:, J thro\lg;h K.

1. Slowly ~otate turoopump Dr...:'

r-e'-'ulution minimum. a:1d supr1y
a minimum of 5 f:,'allor..s o[ pre
se:\'ath'e all to turb09Ul:lp
bearings.

j. Discontt:".uc turbopr.mp rotation.
and stop oil flow to t'..:.:-bop1.Jmp
bearings.

K. Vacuu:"l1 fl';J.id from tU!'bine
bcari:1g lube drain hose until
fluid flo''\' ceases.

1. Disconnect "'~C"uum system J ~nci

reCOnnect h.rbmc bC'a~~r.g lube
dram !lose to fuel draw ;l~an:[old.

lAo Disconnect pr('~en"atr;:e s-.;pp!y.
and connect a g-aseous r'.llfugen
purge hne to beaC"lilg cuolant
control valve PRESER\'A TIVE
r.-; port.

m. Slowly i:lcrease presst:. e and
purge turbopump bearwg's
through beanng coolant cO:ltrol
valvo PRESERVATIVE J); port
for 5 r.li:1utes.

Limlt~

5-10 psig

Presen"atior. s'.lpply
m\lst eleet reqmrements
of .s..:-,:ti'J'1 II.

80 :=.10 p:=:lg

5-10 psig:

SpeCl,,: Cllnstr.llr.h
..l.l1d Rem.J.rk~

Exit closures must be removed
from o:x:id3zer and fuel over
boarJ drain lines.

Pr.:ssures listed in limits
(' oluffin are as rneasured at
up LE> lb.

·_·.~e turbopurnp LOX pump seal
purge ITl':J&t be f'r. ar.d meet re~
ql.lirements of sectIon II bef.,:,re
an:!.. durlng the performance of
tills activity.

Perfor-m rEquirements in
f~quenr;e list(>d.

One r"'.!:\·olut'.on of th(' turbopump
shaft ::eqwrcs ::: revolutions cf
the tf'rque- pm.~on gear. The
lc~k..:.ng pin and torqu p pinio:1
gear lTlust be fully extended
after t'lrbopump rotation is
("omp.:.eted.

Re-prcserYe turbop":i.1p if
gas('ou~ mt:ogen pressure
exceeds 50 psif; :1t a.."1Y time.

I
6]1t

I
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Pages I-96A throu~ I-96D deleted.
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PJ.r.agraph

1.5.22.2
(cont)

1. 5. 23 ana
1. 5. 24

1. 5. 25

I. 5. 25
through
1. 5.29

ACllvitieo

(Deleted)

FUEL FEED SYSTEM
DRAIN SUBSEQUENT
TO STATIC TEsr
ABORT

(Deleted)

Requiroments

r•. Record turbopump rcpre:icrYa
ti.on date 1!1 Engine Log Baok.

:\. Connect dral.&j, ho-;es to the f'l)l
lowm~ quick-discon:1ects:

t1) Turbopump fuel mlet Xo. 1

(?) Ko. 1 .and So. 2 fuel high-
p:-essure dilCt

(3) G'J.s g~nerator ball valve
fue-l inlet dram

b. Allow all fuel to dralll.

c. Rem:tve dram hoses a."1d rem
stall and torque ca.ps on
quick-dlsccnnects.

Spc-C'ul Omstr.dJ~I""

,1IId Rl'm,itk..,

Pt?rfor;r:. pnor to cirumn~

thrust chamoer fuel jackl't and
~::lS r.;er:.erator C"umbcstor.

Tt,e F -1 ~J.ci Dr:l.l..'1 Vent
Adapter Klt 99-9012908 mus!
be lnstallcd durbg thl~ ac
h\'lty Ii stag-eo fuel pre-valves
are closed.

Pno!' to drammb' fuel, verJ'y
that the follOWing; ct)ndltior...,
exist:

(I) (Deleted)

(2) Hydr::n111c controi. system
IS preosurlZ?d \nthin
h:mt~ of s(>ction 1I.

\3) En~iniC's are m a null
posHlOn.

CACTIOK

Du.rmg; removai of the
ga::; generator ball val \·e
fuel l..'1let dram quick
els-:.cn.:'1(>ct cap. tne
qUlck-dlSCOn..'1l?C"t body
mu::>t !\0~ be allowed to
turn.

l:SE" care whlle draUling fuel to
prevent sp1.11age on other i?ngme
systems.

I
')20

I
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PafJ.gr.lph

1.6

1.6.1

HANDLING

=:r;GL'lE INSTALLATION
AT ~AF----

Requlr~'m{-'nts

J.. Verify that the foacwing g-imbal
wrap-:.round lines an- lnstalled. in
stalled w.tl-l:n lunits of aU!1emer.t
toul T-5041233. and. s\1f.-ported Wltl'
F-1 wrap-::iround Ii.les support set
T - 5046440 to preclude 11n(' m0vcment;

(l} Hei.:.:o'l1 supply d1.lct

(2) Re~ium return duct

(3) GOX return duct

(4) Hydrauhc supply dll.ct

(5) Hydrautlc r('tU)':l duct

(6) LOX oome pllr~e hose

('j') Turbopump LOX seal purge hose

(6) Thrust chambc1" Jacket prehll
hose

(9) Cocoon purge hase

b. Rerr.cve cuvers. and Inspect turbo
pl'mp oXldizer :ind fuel mlcts for
foreIgn ::latter. Remove desic
cant from covers. and store des
iccant as speclf"cd lfi sectlOn II.

c. Immediately after inspectlOr. of
mlets. en,'er mlets Wlth AcJar
~o. 33C illr.J \0. OO:!·w.:h m~l

mum thJck..,.~ss) {Allied Che:mc:lI
Corp} 3I!.d secure WJth prcs5ure
~ensltlYe tape RB0195-002
(Rocketdyne). or equl\'aler.t.

d. Before Installmg cngme. remove
gimbal boot cO\'cr and make .sure
that 4 Gimbal Bt'armg Locks G4059
and electrIcal cabie support post
(outboard engmes onl}') ar(' mSlalled.

Limits

No forel!,;n matter
IS allo..l\vable In

101ctb.

;;jWC1.Il CO:htr.dnts
,\'ld Remark:-.

CAUTIor;

Forelgn matter rr,us! not
~ allowed to enter t:J'r"oo
PU'lP LOX and ruel mlets
::;lllce forcigil matter Wll1
contammatE;' the tu!"bo
pump ~d c'Jntammation
may necessitate exten
SIve turbopump rf'palr.

CAt'TION

The engtne r:.,usl Ue
Immobihz'2d wlth
Sl:lb"e Coatl'acior sup
piled gimbal actuator
locks.



Spe ciJ.t Con~tratnt<.;

Paragraph Activities Requirements Limits and ;-temark~

1. 6.1 e. After installing englne, remove
{cent) 4 GImbal Bearing Locks G4059.

f. Remstall gimbal boot on gimbal
bearing.

g. Remove Actar film from turbo-
pump LOX and fuelmlets, and
COMPel stage ducting to inlets.

h. Connect interface electrical
connectors.

i. Connect stage pressure sWItch
checkout s~ply lme to fittmg
on engme interface panel.

J. Conne~t the followmg gimbal
wrap-around ducts and hoses
to stage using Stage Contractor
supplied installahon criteria:

:0
(1)

,
Heliuln supply duct to>

'"'"(2)
0>

Helium return duct ,--(3) GOX return duct

(4) Hydraullc supply duct

(5) Hydraullc return duct

(6) LOX dome purge hose

(7) T urbopump LOX seal purge
hose

(0) Thrust chamber ]acke:.
prefill hose

(9) Co:oon purge hose

L 6. 2 THRUST CHM.lBER a. Usmg Engme VertIcal Installer Perform after completion of
NOZZLE EXTENSION G4049, posltion nozzle extei.sion exhaust .;ystem leak test.
INSTALLATION beneath thrust cham~r eXlt and Englne must be In null pOSItion.

ahne mdex mark on nozzle exten- U>
Prlorto mstailationi. verlfy that ..,

~ sien Wlth index mark on thrust thrust chamber nozz e extenslOn a,
chamber exhaust ma.:ufojd [lanse. sel'lal number IS Same as that lIsted g'" ill Engme Log Book.

'"



- Spe.r:.l1 Constr.tinb
en
~,
;l.-Porag::aph Activities Requirements Limits and Remar-ks0 g-o -1. 6. 2 b. Clea.'1 nozzle extenslOn attach WARNING

'"
(cant) flange seal groove and flange

=' boltholes Wlth drycleaning DIj-fcleaning solvent is
" •= solvent, or equivalent. flammable and must not 902
'".. be used near heat, •
~ sparks. or open flame.

In.'lalation of its vapors
'" or prolonged contact

'"
with the liquid can cause

0 serious injury to person·.. c. Or.. ~ngines incOI1'Or3.tlIlg O. 060- to 0.090- inoh nel."~ MD135 ohange, lIIspect seal free- state thicknessa for Joint overlap. for square-cut l"ij)a'

" Jomts having approx·..- lmately one inch of
'"... overlap•
0

d. Install and visually determine CAUTION
that nczzle ~LenSlon seal is
seat,,:d 1.."1 nozzle e:xtenslOn Kozzle extension flange
seal groove. must not be allowed to

contact thrust chamber ~,
e. Elevate nozzle exten510n !:IO exit flange during ele- '"that flange is between 1/8 and v::..tion ')! nozzle exten- 00..

1/4 Ulch 01 to'>rust chamber sion Slllce flange dam- '7'-attach llan,e. age may result. -
I. Install and torque nozzle ex- Start bolt lJ1stallatlon at

tension to thrust chamber mdex mark hole and cont mlJe
exit flange fasteners. around periphery on both sides

or eIther slde of lnd~x mark.
g. On engines mcorpc raung Use Nozzle Ext-ension Aline-

:t.ro13'5 change, retorque all ment Tocl C4C7~ to ii,lim: 'ooH.-
fasteners a.n additional 2 holes or dnft pins, ifneces-
'bmes at one-hour intervals sary.
after lllitial torquing.

h. Low~l' Engine Vertlcal
Installer G4049.

t. Install oxidizer, :"l.ltrogen purge. •"5
and fuel o"'crbo::trd d:-ain lines. I

1. 6. 3 TGNITER HARNESS a. Ratlte and clamp harness to Perf~!'m prIOr to ignlter
INSTALLATION thrust chamber. installatJOn and IgnIter har-

neSs checkout.



Paragraph

1.6.3
(cont;

1. 6. 4

1.6.5

'"'~ 1. 6.6=
'"'"Z
~

'"
~

'"'""~'"3
""'"'1
;0..,
0

-,-0-

Activities

THERMAL INSULATIO:T
INSf ALLATION

ENGINE ENVIROl'lMENTAL
COVER INSTALLATION

HYPERGOLCARTffiDGE
WEIGHT CHECK

Requirements

b. Connect igniter harness plug
P47 to receptacle J47. Torque
and safetywlre plug to t'eceptacle.

a. Perform torque check of
nozzle extenSIOn Oange fasten
ers just prIOr to installIng
thermal insulation, WhlCh re
stricts access to flange.
Record results.

b. Re:nO'o'c protective covers from
propellant high-pressure ducts.

c. Remove all enblne covers and
closures that will be enclosed
by thermal insulatIOn.

d. Install thermal lnsulation.

Install cover on engine wlth sllver
colored side of cover on lnSlde so
that overboard drain lines are ex
posed through hales provided m
cover and access to 19J1lter ports
.:;.;: "ozzle extension is not re
stricted.

a. W1pe hypergol protectIve
plast1c bag free of contam1
nants W1th a hnt-free cloth
moistened wlth trIchloro
ethylene; the:t remU\"f: hyper
gol cartridge from plast1c
protecove packa;:tng.

b. Compare current gross
weIght of hypergol cartndge
with gro5s we1ght recorded
on hypergal cartrHjge.
RecJord results.

Limits

Torque-check every tenth
fastener. If any fastener
1S not w1thm linllts, rc
torque ail ~40 fasteners.

J. u ..... ;;:"::'....rt; VP 03 ckasrinl!
(both bags if double packaged)
is not allowable. Restoration
01 hype~gol cartrtdge to a
serviceahle condition m'..lst
meet reqwrements of
section II.

Current gross weIght
must be w1thJn 15 grams
of recurded gr~.s.s

weight noted on hypergol
cartrIdge .

SIX' cial C0:1str.1 i"t ...
a oj Rem,uks

PerCorm after comvletlO!l of
all other hsted requ~rements

for vehIcle checkout at VAB
except engine envIronmental
cover 105ta11atton.

Install cover after thermal
Insulation instaHahon and
before vehicle movement to
launch complex.

Perform prior to hypergol
cartndge installatlOn.

CAUTION

The '"typergol cartndf;e
must be prote::ted from
aarnage and ("ontanuna·
tlOn until 105t311ed In

hype-rKol cont.ainer.

I
912

I

--



- SpeC'l..l.l Constramb '", ."- Paragraph Activi~ies Requirements Limits and Rem<l"'~"::' :.
0
to ;;

"
1.6.6 WARNING

('l (~ont)

if Fluid leakage from a
"'" damaged h~~ergol car-
'"
~

tfu!g-e can result in
SeriOI"" injury to per-

'"
sonnel and damage to
equIpment.

to

tl c. Veri.f)· that expiration date noted Use of hypergot car~
'"" on hyper-gol cartru!ge 15 not ex- tridge that has ex-
'"S c~eded. ceeded expiration date

'" IS net allowable.
'"...- d. Verify (by ha..YJ.d-torquing in Damage to packings

I<Q.. tlghtening direction) that is not allowable. Res·
0

hypergol cartrldge is tight to torabon of hype: gol
its plug. Inspect packings cartridge to a servicl?-

912
for ehippmg, cracking, or able condition must

Iimproper lit, and verify that meet reqUlrements of
downstream rinB" is not tucked section n.
under packlng. ::0
Repackage and store hypergol

,
e. '"cartridge as specified in section '"'"II until ready for installation. ?'

1. 5.7 IGNlT l;;n INSTALT.ATION V1Sua!ly lnspect that gas gcn- No contamination IS allow- -a. -
~STATiC TEST AND erator and :l.ozzle extenslon able.
UONCH igIllter ports are clean of car-

ben and otter loose particles.

b. Verlfy that igniters ha\"e been
tested as speclfled In paragraph
1.2.9.

c. Vlsually lnspect each 19niter
prlOr to lD:"'~Hatioll for.

(I) Closure damage

(2) Thread damage

(3) Bent or loose receptacle pms

(4) NIcked or scratched gasket
or gaskt;'t seating surfaces

(5) SIX- month time exceeded
since igmter was rer:lO"IIf'd
from COntr..Iner

~o damage l~ allo\lr"able.

No -damage is allowable.

~o damage IS allowable.

No danlage ~s allowable.



Spt'C'l.d CC'l~tr.llnt~

PJ.ragTaph Activities Requirc'mcnb Limlts a'ld R{'mark:--

1. 6. 7 (6) Service lIfe expired ServIce hfe must meet
(cont) reqlJ-lrements of sectlOn

II.
d. Installlgniters. ~o lubncatlOn 15 ~~~'Jwable

on Igrl.lter thr:::·.;:..
e. VIsually examine connectors No moisture !s aHow-

lor mOIsture prlor to ronnec- able.
tion.

i. Connect igniter harness elec-
trIcal connectors to each igniter.

g. Verily ignIter lutk contInuity.

1. 6. 6 INERT IGNITER INST AL- a. VIsually inspect that gas gen- No contamination is
LATION FOR COUNTDOWN erator and nozzle extenSIOn allowable.
DEMONSTRATION TEST igniter ports are clean of car-

bon and other loose particles.

b. Verify that inert igrnters have
been tested as specIfied ~n

p~ragraph 1. 2. 10. ;a,
'"VIsually l!'Sp~ct each inert '"c. '"'"Igniter prIor to installation for: ,--(I) Closure damage No darnagf;!' 1S allowable.

(2) Thr...d d:l.mage No damage IS allo·J.·able. IC"J
(3) ~o ~~rnagt:' 1::; .a~1c·.· ..:b!p.if Bent or !(;'cs~ :r~~el-Hacle pms 916

" I'" (4) NIcked Or' scratched gasket No damage is ",,-Uo·.,J;ab:e."Z or gasket s~ating surfacE'S
?

'" d. Install mert ignIters. ?;::-. lubncahon IS allowable

'"
on in"rt igniter threads.

tl e. VIsually exan.ine ~onnector5 for No moisture IS allowM

" moisture prior to connection. able.n

"3 (. Connect Ignner harness electrical0-
n connectors to each inert Igniter.~-'" VerlCy Igniter llnk contInUity.~ u
0 O'

I. 6.9 (Deleted) u;

"- ::.., g'-0
'"'



- Specl.lI Con~tr.dl~h $q,- Paragraph Activities Requiremer.b Limits .llld Rpni...l.:k:-. ~0 g'...
1.6.10 llYPERGOL CARTRIDGE a. Verify that hypergol cartridge Torn protective packa~"ing Perform after hypergol car- I()

INSTALLATION plastic protective packaging is (both bags if double tridge weight check.

~
not torn. packaged) is not allowable.

Restoration of hypergol CAI:TION 912

'" cartridge to a serviceable I~

Z condition must meet re- The hy;:>ergol cartridge
~ quirements of SEction II. must be protected from

'" damage and contamina-
b. Check tl-.at hypergol cartrIdge Use of hypergol cartridge tion until installed in

'" expiration date is not exceeded. that has exceeded expiration the hypergol container.
'" date is not allowable.
~

'0

IiD c. Verily (by hand-torc;uing m Damage to packings
a tighterJng direction) that is not allowable. Res-
a'
Q hypergol cartridge is tight to toration of hypergol.. 912- its plug. Inspect packmgs cartridge to a service-

I'" for chipping, cracking, or able condition must...,
co improper fit, and verify that meet requirements of

downstream ring is not tucked section II.
W1der packing.

d. Lubricate hypergol cartridge •packings and bore of hypergol 9,2
cartridge contair.er with ::l

0

FS1281 grease (Dow Corning '"'"Corp). <0

'"0
e. Verily that hypergol installed CAUTION -~

switch Is deactuated.

f. Carefully In::tert cartridge into IT the switch is not de-

Icontainer, and veruy that actuated, the cam follower

t.l).ere is no evidence of binding, may be damaged during
cartridge installation.scuffing, or any irregular re- 912

~ista.nce that may intl~~te an

Iincorrect-size packing or dam-
age as hypergol cartridge cap
is screwed onto container.

g. Aline hole in cap with hole in C'on-
tainer: then instal110ckpln in hole.

h. verif~ that hype-rgol installed
switc actuates. tl hypergCll installed indication

i. If damage to hyper!;ol cartrldge is not received, damage to

is suspected. r~mo\'e cartridge hypergol cartridgf' must be

as specified m para~raph 1. 6. 39. assumed.

1. 6.11 (Deletea)



Sp<>ci.. l CCll<.;tra1t\t..;
Paragraph Activities Requin'ments Li:nits •.Hid Remark:-..

1.6.12 ENGINE ENVIRONMENTAL Remo .....e englne environmental cover Perform prior to LOX adrnJt-
COVER REMOVAL from engine using care noj to dam- lance to engIne for launch.

age cover. Fold and store cover.

1. 6. 13 EXPENDED HYPERGOL a. Connect a dram hose to hypergol Perrorrn prior to thrust cham-
CARTRIDGE REMOVAL 'l1anHold drain qwck- disconnect, ber fuel jackelllush and LOX

and drain fuel from manlfold. dome and gas generator LOX
Injector flush, Ir performed.

b. Remove drain hose when dram-
CAUTIONage stops.

The thrust chamber
c. COMect a gaseous mtrogen supply Purge must meet re- eXIt and throat elo-

to hyp~rgol manifold purge quiek- quiremcnls 01 be;:t~on sures and the over-
disconnect. II. :to ilrd drain hne

closures must be 0[( I
d. 1'urn on operatlO:lal low-level Purge must meet re· for thlS achVlty. TLOX dome and gas generator qUIre-ments of section

LOX lfiJ eetor purge. II. Steps in Requirement~ coiumn
must De performed in sequence

e. Turn on hypergol purge and Purge must meet re- listed.
allow purge to fiow a mInImUm qUIrements of sectIOn
of 3 mmutes. II. :=,.,

f. Turn off hypergol purge; then co..,
turn off operahonal1ow-Ievel co,
LOX dome and g3.S generator --LOX injector purge.

g. Unscrew cap from hypergol con-
() tainer, remove spent cartridgf',

~ and verify that both diaphragms,
9~2

'"
both packings, and the ring are

~ still with cartridge: then package
Z cartridge in a shipping container.f'

'" h. Install hypergol manIfold and

'" closure plug.

'"~ Disconnect hypergol manifold;t 1.,.,
purge supply from mamfoldS

". qUIck-disconnect.
~.,- I. 5. I4 EXPENDED IGNITER a. Dlsconnect igniter harness coo- Perform prlOr to LOX dome
'"-> REMOVAL nectors P43 and P44 from gaE and gas generator LOX lI1Jector0

generator igmters and connectors flush, If pc rformed.
P45 and P46 from nozzle exten~ '",.,- Sion igniters. ~,

g-0
'"



- Sp(·C'I.ll COIl<,tr,dnh '", ~- Paragraph Acti\'ities RequiremC'nt.s Limits ..Uld Renl.lrk:-. 2
0 o·0>

~

I. 6. 14 b. Remove igmters.
n (cant)
~ c. Visually lnspect each 19n~ter to
~

'" verIfy that ignIter tube 1S not
~

Z separated from igniter body.
?

'" d. DlSPOS~ of spent igmters as
specified in s~ction II.

'"
" I. 6. 15 INERT IGNITER REMOVAL a. Disconnect ignIter harness con-
"" nectors P43 and P44 from gas
'"3 generator inert Igniters, and
C" P45 and P46 from nozzle exte&.-'"~ SlOn inert ignIters.-'"...0 b. Remo':e inert ignIters.

c. Visually mspect each inert No damage '5 allow-
igniter for damage. able.

d. Install protechve cap and
cover on inert igniter and ",
p~ce 111 storage contaIner. '"co

'"
I. 6. 16 THRUST CHAMBER Remove oxidizer, nitrogen purge. Perform after thrust cham- • q>a. 915 -NOZZLE EXTENSION and fuel overboard drain lines. ber fuel Jacket dram and pro- • -

REMOVAL pellant fuel reed system dram.

Englne must be in null posltlon.
b. Elevate VerticaL Engme

Installer G4049 to Wlthm CAlrrlON
approxImately 1/8 Inch of
nozzle extension eXIt. The installer must not

oe allowed to conta~t

the f'xtenslOn during
elevatIOn of the Installer.

c. Remove nozzle extcnslOn to
tnrust chamber flange bolt... ,
and lower nozzle extension
onto i.nstaller.

d. Lower installer.

1.6.17 IGNITER HARNESS a. Verify that power 15 removed
REMOVAL from englne; then remove

harness.



Sjil'CI.tl Cc:\....tr.\I~lI ...
Paragr..lph Acth"itH:,:; RequIrements Li:nils .Ll1d Rt'm.trk ...

1.6.18 THRUST CHA..1\m:::r~ a. Remove thrust ch:l.mber eXIt Thl'ust thambC'r inru3t cios1Jre ITHROAT SECl:f(T,' closure, if ~nstalled.. RX20700 is an aC'2cplabli? 921
CLOSCRE I~- altcrnat(> fvr t~I"ust chamber ISfALLATIO:-; throat closure G4089.

b. Clean threaded hole ill center
of InJector.

c. Retract and secure pIn in detent
On securIty closure shaft.

d. Install shaft In lrre.io(,.'d hole In

center of lnJectc:r Laltd ~haft

bottoms ahne p~n between ex-
tellSlOns on in~ector face; then
release Pin from detent pOSItIOn.

e. Install deslccant 10 closure as 48 umts. Closure NOTE
speclfled In sectIOn II, humidJty mdH:ator

must t>e o}ue wlth- DeEiccant must not be
f. Install closure on shaft. AI;ne m 24 hours after ren1o\'ed from Its alr-

hole 111 closure extensIOn ';lIllh lfistaUati.on of tight contaIner untll Just ;;l,
hole in shalt, and Install com- desIccant. pr.ior to lnstallatlOn. ~

'"binatlOn padlock 9026900 through <0

I '"closure and shaft.
,--900

I
g. lnflate closure tube with gaseous 5-7 pSlg

nitrogen.

() h. P.einstall thrust chamber exit
~= closure, if rel1.uired..,
"Z 1. 6. 19 Ihilli§T CHAMBE R a. Remove thrust chamber exit Thrust chamber throat closure I? THROAT SECURITY closure, if applicable .. RX2070C is an acceptable 9"1- CLOSURE R<:MOVAL alternate for thrust chamber

ois I- throat closure G40B9.

'":: b. Deflate secunty closure tube.

"'<- c. Remove pad~ock, and remO\'e.. closure [rom shaft....-
~.-, g"-0...



~ en• SpeCj.l1 COl1str.nnt ... ~
~ ;l,.0 Paragraph Activities Requir"'m{'r:ts Limits ..llld Rer.l.lrk..,
'" g"

I. 6.19 d. Place shaft pIn La detent poslhon.
('") (cant) and unscrew .shaft from 1njector.=-5
'" e. Remove deSlccant from securIty"Z closure and store as specIfied m
? section II.

~

f. Package secunty closure for
C> storage by enclosing In a clean
;:: plastic bag and cushlOnmg In a

" box with polyurethane materlal.'<
~

'" Remstall thrust chamber eXlt-> g.
~

closoJre, If appbcable.

I. 6. 20 THRUST CHAMBER a. Inspect and clea.'1 threaded hole
THROAT PLUG l!L center vi thrust chamber
INSTALLATION 1ll]ector.

b. Lubricate throat plug r.haIt •921
threads. • -.

'"InSitaiL spacer on shaft. Hold CAUTION '"c. '"C>
spacer against thrust chamber ,-injector, and screw shaft lnto The spacer must not -
thrust chamber Injector. Make be aHoweC1 to bottom
sure that clearance is malIltalned agaInst ~he shaft collar
between spa~er and shaft collar. Slnce damage to the

injector may result.

d. Measure axial spacmg between 0.020 to 0.115 inch
shaft and collar.

e. If 3.Xlal spacmg 15 less than 0.020 CAl'TIO!'1
inch, perform the fo~lowmg:

The spacer must not be
(1 ) Unscrew shaft from lnJector aUowell to bottom against

and lnsert washer T- 50464:51 the r,haft ("Dllar Slnc('
over shaft threads: then hold- damage to the Injector <I!")ing spacer agamst lnJector. may result.
screw shaft mto inJector.
Make sure that clearance is
malntaJ:led between spacer
and shaft collar.

(2) Measure axial spacing be- 0.020 to O. 115 lOch
tween spacer and shaft collar.



,-'"'"

SIX·Ct•.:! C(m~tr.tillh

Paragraph ACUV1U~S Requ in' nw Pots Limits .:w(I R{'m.... rk. ....

I. 6. 20 !. Torque shaft mto mlector
(cont) hote.

g. Apply petrolatum {Federal
SpecIfIcatIOn VV-P-2361 to
tubes in thrust chamber
trroat.

h. Install support on shaft,
3hmng support kcyhvle slot
with shaft pl11, and rotate
sUPr)ort c1ock...... se to loct..

i. Inspect sea! for cleanl:.ness,
and install sea~ on support
with \'alve stem facing out-
board and ridge of se"t pe-
rIphery aImed wIth tube
conto'lrs.

j. Insult retainer on shaft,
ahmng retamer k£:yhole slots ::0,
with studs on support, and '"'"rotate retamer cLockwlse to "secure. ~--k. Install washer and nut on
shaft and hghten firmly.
Make sure t."I3.t washer con-
tacts retainer.

l. Install a quick- dlscormect
and a burst d13Phragm 1n
support.

m. .. t:~~urlze throat pL\.1g seal 50 (.5. -10) psig
",ith gaseous mtrogen through
val\'e stem.

I. e. 21 THRUST CHAMBER •• Deprcssunze throat ~lug seal;
THROAT PLUG then remove tnroat pug.
REMOVAL



,-o Parar,raph

1. S. Sl
(cant)

I. 3. 22

Activities

TURBINE <:AHAUST
EXIT PRESSURE "rEST
DlITlJRE r:-;'ST ALLATluN

b. C'(!an pf'tfOLatulll from thrust
chamber tubes anu throat plUL~

parts.

a. Apply a thm coat cf petro tatum
(Feder .11 Speclflcation VV - p- 23G)
~o ends of aH segment seals whert'
tht:y o\'crlap.

b. Remr)t/e krlurled thumbnuts from
internal wr~nchlng screw::. on
ead, cLunp.

c. Attach one clamp. v.1.th quick
release pm, to any lug on inner
walt oC thrust chamber eXIt.
O!nit 3 lug.~ and attach a second
damp. with quick-~'eleasepin.
to the fOUI"th lug ill eIther direc
t~on from flrst clamp.

d. PLace ::;egment on thrust cha:n
be-I", md :lune holes m segment
wlth 2 clamps.

2. Insert lnterr..al wrenching screwS
thro\lgh holes in tnrust chamber
e:'Ot ring, se~ment. and clamp.
Attach lourled tLumbnuts to in

ternal ,vrenChlp.g :5crew~. Do
not tighten~

Sp('{'[.li COil...:tr,lil~ts

.llld P.elll.lj'k~

Il',
'"''"'"'",--



PJ.': q;r,tph

1. 6.:2
(COnt)

1. 8. 23 Tl"RBI:-';E EXHAl:ST
EXIT PRESSL"RE TEST
FlXTL"RE REMOVAL

to All!:e Ul.lt~r CUl'v:tture ot segment
'.nth curvature' of thru~t -=J)ambcr
e~Gt nnf. Hand-ti:~htl':1 the 4
thulnbnuts.

g. Tu l:lstaJ.1 ....·,;-gr-H:nb :-;0. 2. through
-:. repeat steps b thruu~h f. pro
ceeni:lg ctor;kwlSC.

h. To lnst~ll sE:'g:nt>nt ::-';0. 8. lU0sen
thU:~lb'1uts 0:1 Lr~t se;ment In

::;,t:tl:ed and repeat steps b throu~h

f. Place tapered seal on end of
:=e~:~H~llt ~0. 8 under ~eg:ll(,J1t

:0<0. 1.

J. Install PI'\.. vp"'usly olintted clamp~+

Halld- t ~gh:er all k.'1l.lr led thLlmblluts.

k. Inllate each st:a~ ..nth ~aseou:,>

:utr, ~en, proct'cdin:; <: lockwlSC.

1, Vl ... :..:alty verify th'.l.t ruhbl"!' 01
each scat has e::-:pand",d t,) n~('d

urerlapp:ng backup pl..lte ;jf I'.mc
tlOn uf (';ler ~e~ml'lll.

a. Depressurize €.h:h ~eal ::.~~mpnt:

ther: remove turbmc €xha:..:st te~t

ft:\"tl:rc.

b. Cleaa pf>tr01atum f~(Jn; thru~l

char:locr eX.t nlln~e :md from
t('~t fLxture.

LImits

35 -2 P~l!.J;

Specl"l Constr,lints
.lna Rem.lrk~

'"'"'"co,--



.
::: Par:.q;r .1 ph
N

1. 6. 24

1. 6. 2,;

COVER A.'1D CLOSt:RE
I"ST ALLATIO" FOR
L:~'1~STALLED ENGINES

COVER A.'1D CLOSl'RE
I"STALLATlO:-l FOR
I:-..rST ALLED E:-"GI~ES

Inst~d~ protectl\:e covers and
closurplOj on engmes at the fo:
10Wll1g luca.tlOns.

~11 Engme l-;ln1bai jQlnt
bellows

(21 Hl~h-pres~ure duct~

{3, Dram lme bl'~tows .l.::ld

eXIts

~4! T~r.Js[ cramber e.\terWf

(5\ Thrust t:hamber l.11r:Jilt

{6J Thrust chamber- eXlt

~7) Fuel pump ll'l:le(~

(8) LOX pump 101et

t9) Wrap-.lround d'..:.ct.s .tnct
imcs

(lO) Elect:: .c.d C'.-'rmectu rs J.;:.d
flUId mterfa("(.: :Otrlts.

Install prott:>ctlvlI;' c\,,;'ers :tad
clo~;Jn's on en~mes at the frjllu .... 
mg loc.ltlOns:

(l) Engme g~mb.ll Joint
bellows

(2) HJgh-prt'-s~ureducts

(3) Dram line- belllJ'N~ and
>;:'\lt5

(4) Thrust chamoC'r e'ter10f

(5) Thrust chamber eXit

(6) Th:-ust chamb~t'" thr,)."l.t

LlJ!l~t.,

Sl'~;('i.~l Con ... tr.ll:\t~
.uld t\f>m.trk:--

If engme 15 go:ng lnto stOrage
1n accorciance wWt crlterla m
Stan£:ard S- Ie Stage Storage
SpeClflcation y,sFC-STD-500,
mstallatlOr. r,f all E:ngmt: ex
terlCr protectIVe covers must
be 1n ac-:ordance wlth the
speCl~1Catl(Jn.

If englne 15 gOIng mto storage
In accorct.mce w1th crlteTl<l In

Standard S-!C stage Storage
SpecifIcatwn MSFC-STD-500,
1nstaliatlOl1 ,)f all engme ex
tenor prl'tectlve coveTS r:lust
he Ul aCe,)l rlance wtth the



F.lr.lgr.lph

1. 5. 26

1. 6. 27

1. O. 28

Activ~tics

COVER AND CLOSURE
REMOVAL FOR
Ul'o1NST ALLED E~GINES

COVER AND CLOSURE
HEMOV AL FOR ENGL'IE
INSTALLATION IN STAGE

COVER AND CLOSURE
REMOVAL FOR
INSTAL!.ED ENGINES

RequirL'mC'nb

Remove protectivp covers and
closures, as applicable l from
engmes :It the Collo\\'ing locahons:

(l) Engme gimbal JOint
bellows

(2) HIgh~pressure duct~

(3) Drain llne bellows and
eXIts

(4) Thrust chamber extenor-

(5) Thrust chamber throat

(6) Thrust chamber exit

(7) Fuel pump inlets

(8) LOX pump Inlet

(9 ) Wrap-around ducts and
llnes

(to) ElectrIcal ronnectors and
nwd mterface JOInts

Remcve protectIve cover and closures
Crom engmes at t.he CoUoWlng locations·,

(1) Electrical1.nterface connectors.

(2) Wrap-aroWld line mterface
Jomts

(3) Fuel mlets

\4) LOX mlet

Remove protective covers and closures
from englnes, as apphcable, at the fol
!OWIng lc.cations:

(1) Engine gImbal Joint bellows

(2) High-pressure aucts

Limits
Spt:'C'i ...d Com.tr,lints

and Remarks

:.:,...
co...
'f'--



,
- Pa.r.tgrJ.ph...

1. 6. 28
(cont)

1. 6. 29

1. 6. 30

Activitie~

(Deleted)

HORlZONTAL ENGI:1E
REMOVAL AT MAF

Requirt.'m~nts Limits

(3) Drain Ilne b "l10WS and -eXIts

(4) Thrust chamber exterlO~

(5) Thrust chamber eXit

(6) Thrust chamber throat

a. Support wrap-arouzld Lmes with
F -1 wrap- around hne~ support
set T- 5046440; then disconnect
the iolloWl.llg wrap-aroWld hnes
from stage interface. and lnstail
covers or clo::5ures. as appl1cable,
or.. all open ports:

(1 ) Hehum supply duct

(2) HeHun! return du.ct

(3) ~X return duct

(4) ;lydraulie .;,pply duct

(5) Hydraulic ft:turn duct

(6) LOX dome pwoge hose

(7) Turbopump LOX seal
purge hose

(8) Thrust chamber Jacket
preliU hose

(9) Cocoon purge hose

O. Disconnect electrlcal cable support
post (applicable on outboard engines
only).

c. DIsconnect stage pr~ssure switch
checkout sUlJply IJJle from flttmg
on en~ne mterface par.el.

d. D.sronnect mte['"!ace electrical
connectors.

SpecLll Con~traint~

.l:ld Rcm.u·k:-.

CAUTION

Fll11d must not be spIlled
[r0:n hydraulic hnes on
engine Sln..::e contamina
tion o[ LOX system may
result.

:>l,
'"'"'"'",



Acti.... ili('~ Linllts
Sp~'c~,d CO!l~tr.tint~

.l:ld Rem,irks

1. S. 30
~cont)

('. Cb~a.n €,x"tE't'lOr uf turb:Jpump UXl

dl.:::er and fuel mlets of forc!gJ1
~~latter. removc iast('ner~ that
secu,:'C' stage propeltmt duct~ to
m:';-t». and remove mOISture
frr'm tUrbDpump m!et flanr;e
fa~tencr hole3.

f. 1m't!edbtcly after dls('onnectjn~

st::l~C propC'll.U1t ducts fro:u •''rbo
PU~,lP LOX a.....ld (uL'l Illlet!:o, Cu~'t:r

mI·_'ts wah Acl:.l.,r ~o. 33C hIm
to. 002- mch :,ltntmu~n thIckness I
(A:hed Chet-::llc21 Corp} and secul'('
wltn prcssur(,,-3e~~ltlve tape
RE0195- C02 (Rocketdyne), L/r' C'l1...U1v.1lent.

';. RC'~ur1\"e pmbal boot [rum gll~lL:..d
bearln~.

h. B..:iore ro:.·mu\'l!'~ engin~ ,lfkr
~tn:bal beanng; d~~ct,;.:lt"~ctH.ln.

Install Gimbal Bearm~ Locks
G4059 on engll1e g;lnlbal. ~•...'ld
lrls:aH I;lmbal buot cover.

::0,
'"co
'"'",-

1. •.vt'l.'r cn~.lnc is removed fro:u
sta~c and pLaced on EngIne Handler
G4069. r'cn:o\'(:o Acral' fl1l1l from
turbopump LOX :Illd fuel mlets.
<lnd inst::dl co\'crs a::. spec:flcd ltl

p:J.ragraphs 1. 6.18 :lnd L 6. 24.

Pnor to installing LOX and
fuel Inlet closures, Inlets must
be inspected for contammation
and LOX inducer for damage.

1. {Delpted)

J. Remv ....e wrap-arnund b.le::> from
E"ng:l~e.•md ~nstaH d(j~ures on aU
en~D:le openlnt;s.

k. .....oLz~f'\t; E:l~ii1e Rotatmg S~lllg

C';050. lnstall el~~lne 0[1 Engtne
Hand~er G~05a, ur eqiJn"all'nL

The levei o~ the fuel p'!.lmp
:'n ust not exceed that of the
LOX pump by more than 7
degrees during: engine re
m:)val ;::lince LOX pump
contaminc;1Uon can result.

CAUTION

Perform after th-rust chamber
fuel Jacket drain and propellant
fuel feed systen: dram, If <'.p
pllcable.

Ren:8\',,:", nOZl:le l;''{tenSlOn. tf 1.'1

~t;:.lled. as Dutlined In para~ra~'h

!" 6. 16.

a.\ER7:CAL
E~G .'E:lf:':~IOVAL

1. 6. 31

--'"



p~l.rJ.gr.l.ph

1. 6. 31
(cont)

Acti"'lties Requirl'm»nt:i Llmits

b. Remove the following glr.:lbal
wr~p-aroWld lmes. and mstali
co....ers ..'1' closures. as aplJh-
cable. on all open ports.

(1) H€;hum supply duct

(2) Hehum return duct

(3) GOX return duct

(41 HydraulIc supply dUCL

(0) Hydrauhc return duct

(6) LOX dome purge hose

(1) 'furbopump LOX seal
purge hose

(81 Thrust chamber Jacket
prefl11 hose

(9 ) Cocoon purge hose

c. Dlsconnect ele<:tncal cable
support post (appllcable on
outboard engmes only J.

d. Re:~lOve thrust OK pressure
sWltch checkO.lt lIne from fit-
ting on engme mterf:::Lce panel.

e. DIsconnect mterface electrICaL
connectors.

(. Ctean extenor 0{ turbopu'1'l.p
oXldlzer and fuel 1lI1ets of foreIgn
matter. remove fastener5 that
secure stage propellant iucts to
:nlets, a...ld remOve mOlsture from
turbopump Inlet flange fastener
holt's.

Spe eLl.! COllstr;lints
..1!1d RemJ.rb

CAUTION

Fluld must not be spilled
from hydr'luhc lines on
engme SInce cont.amba
han of LOX system may
reSult.

",'"~
a>,--
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,--...,

PJ.rJ.grJ.ph

1. 6. 31
(cant)

Actinties Requin.'me:tts

g. Ir.uuedlately after dIsconnecting
stage propellant duct!'" from turbo
pump LOX and [uelllliets, cove!'
mlets with Adar No. 33C flln.
(C. C02-Inch :lllmmum th.ckness)
(Aliled Chenucal Corp) ane secur \
\l,' .th pressure- SC'/l,SIt l'.:e tape
RB0195- 002 (Roc'<etdyneJ, or equivalent.

~. Rf-!nlove gimbal boot from gImbal
beanng.

h Support engine WIth Engme Vertical
L'1.stallf'r G4049: then r~rnov.,;o glmbat
bearmg to ~tage gImbal bearmg at
tach pomt bolts and gimbal acLJato.:.
from stage flttlr..gs or stIff-arm fas
teners from engme fIttings.

J. U:,ing Eng..ne Vertical Installer
G4049, tower engine from sta~e.

k. Remove Aclar film from turbo-
pu:np LOX and fu.elintets. and mst::lll
covers as specIfIed In paragraphs
1. 6. 18 ;lnd 1. 6. 24.

1. {Deleted)

m. Connect a purg':'" supply. me~tlng

reqwre:nents speclheci m section II.
to turbopump LOX seal purge lnter~

(ace connect pOint. and turn purge on.

n. Install Gl:nbal Bearing Locks G4059
Oil engine g-lmbal. and lOstall glmbal
boot covei'.

o. L's~ng Engme Rotat:ng Sllng 04050.
rotate engl.'1e to honzontal posltlOn,
then returr]. engIne to vertlcal POSl

llO:1 and perform fuel feed system
dram \paragraph 1. 5.151.

SpeCl..l1 Constr:U;1ts
.llld Rem..lrk:-.

CAUTION

The l"vel of the fuel pump
must not exceed that of
the LOX pump by more
than 7 degrees during en
gIne removal since LOX
pump ccntamir.auon can
result.

Prior to installing LOX and fuel
Inlet closures, inlets must be
mspected for contammation, and
LOX mducer for damage.

Requirement steps m, 0, and q
may be omitted if fuel h:J.s not
been mtroduced: Into the turbo
pump lubrlcatlon syt::tem Stnce
turbopump preservation.

CAT.; TION

The level of the fuel pump
must not c··ceed that of
the LOX pump by more
than'; degrees since LOX
pump contamination can
result.

:::,
'"'""''",--



b. !:i:lmedlately after lnspectIOn of
mlets. cover Inlets With Aclar
)."u. 33C hIm to. 002-meh l'I'.l.nlmum
t1~lckne.s$) tAUl.ed Chem~c.lI Cor;)J
a.'1d secure \1.~th pr~s:'L!re-sensltlve
tape RB0195-002 tRockctdyne). or equivalent.

P.lr..lgr.l.ph

1. 6. 31
{cont)

1. 6. 32

!. 6. 33

AC!lyiti(.. ,..,

(Deleted I

VERTICAL
E:>GP.'E I:>STALLATION

Requirvmr:lt~

p. [smg Engl>l€ R,-\tatml; Slln~ G4050.
1'utate eng me [u horizontal pOSItIOn
an.d mstaLL on All' Trarl.sport Engll1'=
H.lndler G4044.

q. JI.!alllt:un purg-t· to LOX pump seal
f, r a lU1UW':1 m o{ 30 mInutes pnor
tt ~ecurmg pu~'ge.

a. R.::-move cover::;. and inspect turbo
l)Jmp oXIJlzer .md ruel mlets for
{(·relgn matter. Remove deslcc::mt
from cover~. and store deslcca.n.t
as speclfted H1 sectIOn 11.

c. R~mo\'(: :;lmbal boot co ....er and 4
G~m.b.l1 Beann~ Lucks G4059 f;:om
erlgme pt~lbal.

d. Inst.lll engme wlth En~me Vertlcal
I:l::>taller G4049. or equ!\'alent. l'1

:lIlPllcable stage po~~tllJi1, and
secure <.i:101bai be,Lrrng tv s!:..l.lo!:e P:11
b.ll beanng at~ac:r. lJumt. and gimbal
act'Jators to stJgc J.ttach pOInts or
~tLff J.T:11S tu enprH' attach pOints.

e. Rl'tnstall ~~mbal INot on ~lmbal

bearIng.

f. Rl'nlOVC Adar flim (r0n~ turbopump
LOX and fuel Inlets. and t'onnect
stagt.' duchr.g to inlet::;;..

g. Cunnect mterface elertncal connectors.

h. C.mnect sta~e pressure SWItch checkout
supply l~ne to fittIng on er.!pne mterface
p;tnel.

LimIts

::qo foreIgn matter :5

a!h.Jwable ~:1 lnlet~.

Sikcul Co:"·,tr,lmb
.~J:d RCnl.trk:-.

CAl)'TIO:';

Fvre:gn matter must
nut be allowed to enter
lhe turbopump LOX and
fuel inlets SInce (oreign
matter WIll conta:nLnate
the turbopump and con
tammatl.On may neceSSI
tate extensive turbopump
repair.

C.\L'TION

The engme must be lm
mobll~zed w1th S{age
Contractor supplied gIm
bal actuator locks.

;0
•
'"'"'"'",--



Par..lgrJ.ph

1.6.33
(cont}

AdwiUes 'Requirements

i. Install and ahne the [('Howing;
gimbal wrap-around duct ~'ld

hoses llSing ahnement tool
T- 5041233:

(I) Helium supply duet

(2) Helium return duct

(3) GOX re",urn duet

(4) Hydra'illc supply duct

( 5) Hy~auac return duct

(6) LOX dome purge hose

(7) Turbupump LOX seal
purge hose

(8) Thrust chamber Jacket
preflll hose

19 ) Cocoon putge hose

':' COlUle':t electncal cablE. support
p<1st (apphcablp. on outboard
engm!"s only).

k. Connect the CoLlowing gimbal wrap
aroWld ducts and hoses to stage.
using Stage Contr.t,ctor supplied in
stallaUon criteria:

(1) Helium supply d'iet

(2) ~iehum return duct

(3) COX return duct

(4) Hydrauhc supply duct

(5) Hydraulic return duct

(6) LOX dome purge hose

(7) Turbopump LOX seal
purge hose

Limits

Vertical and lateral
almement of ducts and
hoses must be wIthin
linuts of alinement tool.

Special Constr<.\int~

and Remarks

:=,
'"'"'"'",--



';" Spt.'C1J.l Constr.lints '"'"- P:.lrabI"..lph ActlYt:i·'" Requiremcnb Limits .llld Remark!'> ;<.
~ g'0

l. 6. 33 (8) ThrL:~t chamber Jacket
«ont) prefill hose

(91 Cocoon purge hose

r. Install thrust chamber nozzle
extension. Refer to paragraph
1. 6. 2 (or requirements.

I. 6. 34 (Deleted)

l. 6. 35 THERMAL r:-;SULATION a. Remove thermal insulatIon {rem
REMOVAL engine.

b. Install protective covers and
closures on engme components.

I. 6. 36 LIVE IGNIT,~ a. Venfy absence of electrical Perform prIOr to LOX dome
REMOVAL power to engine. and gas generator LOX in-

jector flush, If applicable.
::>,

b. DIsconnect igmter harnt:l:)S '".,
electrical cor.nectors P43 and '"'"P44 from gas generator 19ni- ,-ters and electrj~al connect'JI"s -
P45 and P46 from nozzle ex-
tension igniters.

<. Install shortmg caps on each
IgnIter.

d. Remove igniters. and install
protectIve caps on Igniters.

e. Repackage and store igniters
as speclried in sf-ction TI.

f. Plug gas generator and nozzle
extensIOn igniter ports.

1. 6. 37 3nU (Deleted)
1.6.38



•

\. 6. 39

Activities

LiVE !\YPERGOL
CARTHIDGE REMOVAL

Require rnf'nb

a. Perform th~ {oU,,)WL'l1{ when da:u-
age to hypergol cJ.rtrldge IS

suspected:

(I) R~move pressure C;\P fr\J~1,

and connect a gaseous mtro-
gen supply tu. hypergol
purge q:..ack-dlsconnect.

(2) Remo'lr'c pressure cap (rom,
and connect a pneumatic
system to, fuel Jacket purge
qUIck-msconnect on each
nlOlI:l Cuel -.'alve.

(3 ) DIsconnect vellt llne from.
ana connl:"!.:t a pneumauc
system to. 19:uter rut!! val"'£,
vent port.

(4 ) Turn on operatlOnal hlgh-
level LOX dome and gas
generator LOX injector
purge, and aullbty verify
oper<:.tlon of purge.

(5) PreSSu.rIze fuel):l'Cket
purge system.

(6) Pressunze igmter fuel
valve rap vent port.

(71 Clear engIne ar~a of per-
sonnel, a.nd lncreas-e hy-
pergul. purge port pressure
untll hypergol cartndge
dlaphragmti burst.

(8) Alluw pJrges to contmue
until all vapor r.eases to
bt:' emltt"'d from thrust
ch.amber.

(9; DepressurIze limIter fuel
valve cap.

Limits

Purge must meet
rt>qulremenls of
sectlOn II.

Pu:,ge must meet
rl:"C;,uirements oi
~ectlOn Il.

Pu~ge must meet
feqUlremi'nts of
~ectlOn II.

Purge r.lust meet
r~quIren1Cntsof
sectlOn II.

Purge must fi1ie~t

rt-..r;. Ulfements of
sectlOn II.

Purge must mee~

requirements of
~ectlOn ll.

Speci.d Constraints
..lltC R('mark~

Perform after thrust chamber
fuel Jacket dram and prIOr to
LOX dome and gas generator
LOX Injector flush and thrust
chamber fuel Jacket flush. if
appllcable.

Steps 111 Requirements column
mu~t be per£ormed in sequence
listed.

'"'"'"'",--
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1. 6. 39
(cant)

ActlvitiL's Rl'q..:ir,,'nl(';lls

(l 0) Dep reSSurlZ(,' i\..\. ~ Jacket
pur~e bystem.

(II) Turn off operatlOnal high
lev~l LOX dume and 1!:00S

gcner..ltor LOX lnlt.'ctur
purge.

{l2) DIsconnect pneumatic
system. from Igniter fuel
valve vent port. and e
lnstalL vt. .. t lme.

(13) Disconnect pneumahc
system from. and Install
pressure cap on, fuel
jacket purge qUlck
dIsconnect on each fuet
valve.

(4) Disconnect pneumatlc
system from hypergol
purge qUick-disconnect.

(15) Remove pm that secures
cartndge in hypergol car
tridge contamer installa
tion port.

(16) Remove hypergol cartndge.
venfy that both diaphragms
and all o-rmgs are shU with
the cartrIdge. and dispose of
the cJ.rtnJge as specified m.
sectlon II.

(17) Inspect hypergol contaUtcf
closure plug (or chlppmg an"
cracklng, and then screw
ptug Into hypergl)L cartrldge
container. Alme hole In plug
with huLe In conta.lO(>f, and
i.lsert pln through allned hui~s.

Limit:->
SpN'l.J.! Constr.li;~t:-.

.\!let RI..' 1ll,1 r k;-,

--



Paragraph

1. 6. 39
(cont)

Requirements Limits

b. Perform the followmg procedures
wh,,'n removmg a nundamaged live
hypergol cartrIdge:

(I) Remove pm that ~ecures hyper-
g:ol cartrIdge in cartndge con-
tamer mstallatlOn port.

(2 ) Unscrew hypergol cartridge
cap from COrl.t.:l1ner; then
c:.ucfully remove cartrIdge
contamer.

(3) Wipe exccs:::. lubnc:l1lt from
hypergol C31'tndge 0- rlll~S

and frum extpnor of cartndge.

(4) Repackage hypergol cartndge
and store as specIfied 1n sec-
hon II,

(5; Clean bore 01 hyper[;ol CJ.r-
tndge mal1ltolCl \Jolth ctry-
cleaning sot\.'t:'l1t tFederal
Spec1ficatlon P-D- 680). or
equivalent cLeamng SOLVl'l't.

(6) Inspect hypergol contalner
closure plug tor ct-ipPlng
and craclung: then Insert
plug into hypergal cartridge
container. Alme hole ill

plug: wlth "lole i:1 contalncr
and Ulsert pIn through J.lined
holes.

Spe cI.ll Constr"\lnts
.lnd R[,1l1ar~:>s

WARNI:-lG

Drycle::Ullng solvent is
flammable and must not
be used near heat, sparks,
or open flame. InhalatIOn
of Its vapors or prolonged
contact wlth the liquid can
cause serlOUS InJury.

:0,
'"a>

'"'1'--



Section I R-3896-11

Condition Limits

THRUST CIIAMBER

Tube dents (external)

Tube dents (internal)

Tube crown burning

Tube nicks and scratches

Tube nickel plate peeling

Tube leakage (internal or external)

Tube to exit end ring braze joint leakage

Tube 3:1 expansmn ratio plane splice braze
joint leakage

Tube-to-tube joint hot-gas leakage

'Pinholes in side wail of tubes

l)ntlle i[liecfor or tllr_Ist e}Inmhor in,0;trumcnta-

tion, prefill, drain, or purge boss cracks

Draze washout between tubes

Exhaust mai, ifold thermal deformation

Exhaust manifold mechanical deformation due

to handling

Omega joillt attach weld or exhaust manilold
shell cracked

Thrust chamber to nozzle extension flange
deformation at 10:l ratio plane

Exhaust manifold tension tie deformation

Exit and attacl_lug erosion

Thrust chamber to injector O-ring extruded

INJECTOR

Baffle separation

Baffle deformation

Baffle erosion

DaffIe bulges

Balfle orifice distortion

T'.',ffle to baf[le b,'a} e joint cracks

Ring orifices ditfforied

1-124

Up to 0. 150 inch in deoth is acceptable.

Up to 0.075 inch in depth or 12 inches in length
is acceptable.

Up to 0.005 inch in depth, 3/16 inch irLwidth, or
5 inches in length is acceptable.

Up to 0.005 inch in depth_ 0.010 inch in wldtlb

or 5 inches in length i_ acceptable.

Acceptable conditlon

No leakage is allowable.

No Icon'<ageis allowable.

No leakage is allowable.

No le,tkage is allowable.

No pinholes are allowable.

No cracks are allowable.

No braze washout m allowable.

Acceptable condition

Mechanical deformation is not allowable.

No cracks are allowable.

No defornlation is allowable.

Up to 2 inches above or below horizontal plane
is aceeptal)le.

No less than 0. 028 inch of remaining lug area
is acceptable.

No extrusion is allowable.

No separation is allowable.

Up to 0. 250 inch maximum is acceptable.

No erosion is allowable.

Zero leak,'_,e up to 0. 100 inch and within limits

of T-5044956 is acceptable.

Acceptable condition

No cracks arc acceptable cxcep_ where braze
joint nuggets meet parent metal of baffle
system,

Acceptable comtition

Figure I-3. F,ngine Oamage Limits (,_h_.t i .i 5)

)



C(I ll'li ti 0 n

R- 3896-11

Limit~

Section I

No erosion i.'-~ allowahll'.

No ohstruelion io ,1110wahlc.

-------:-;-------------------------INJECTOR (cont)

Orifices ohstru<'led

Injector facH eroded

NOZZLE EXTENSION

Droken wires in c-ntire ~h~x huse

No d~Hlla['(I )t-; allowabln.--_.

Shingle thermal buckling

Slot locally opened or c los"d due to thermal
buckling

Shin~~le axial overlap opened

Shingle overlap eroded

Shil1~l(> erosioll

Shlll!(les pulled away from ,,- hal's

Outer shell distortion

External rei· r')reing hands buckles or local dis
tortion in outer surface (parallel to centerline
(If lIll ust) !(reater than 0.200 inch frolll nOlllinal
fHll'faco contour within a ctrcumferer tal span
of 3 lIIelles.

Cracks in outer InUld at outer shell

Cracks in outer shell

Elongation of atlach flange bollholcs

Nut plate damaged

Blind nut loose

Blind nuts damaged

Gasket damaged

FLEX HOSES

Broken ur chafed WIreb withill ulW inch of IJraid
retaining collar

nroken wi res in a carrier

Droken Wires ill adja~eJli parallel carriC'rs

Dr.tirl dall1agf~ (rom impad

Acceptahle condilion

Acceptable condition

Acceptah'" condition

Helllalllin~ overlap must ('xcecd 0.030 inch.

Up to 0.3""15 inch as measurod ,t('ro5~ lllaJ(Jl'

dillll'l1sioll is a('ceptablv.

Up to 2 adJaecnt Z-bar!3 arf~ acceptabll'.

Acceptahle condition

No buckles or distortion IS ,tllowalJlr.

No cracks are allowable.

No cracks are allowable.

Aceeptahle condition

No damage is allowahle.

Loose blind nuts arc not allowahle.

No damag-3 jfi allowahle.

No damage is allowable.

No brok(,)l1 W1J'(lS afe alluwablc. Chaf()c! wirPb
with more limn 30 percent of material worn
a way arp not allowable.

Up to one broken wire m a carrier is aceeptable.

No broken wi res hI adjac('nt paral1C'1 ('arriers
arc f'.lluwable.

Up to 0 brokcll wires is maximum allowable.

Bulges that extend beyond outsiu(> di::UllE'ter or
the hex flat dimension of braid ret'nninf; collar
arC' not allow3.hle.

I
1I i

I

•If.n•
I'il'.ure \··3. /':nglne Damage Limits (She,'! 2 of 3)

Change No. 12" 23 AlIgIIst 1971 1-12[)



SectionI R-3896-11

Condition Result

IUGIDDUCTSANDCOMPONENTS J

External damage

ELECTRICAL HARNESS

Connector pins bent or length incorrect

Connector pills and sockets corroded

Connector socket coniacts bent or misalined

C_nmecior inserts cracked or split

C(mneclor shells cracked, bent, or broken;

tilreads (hmaged: or anodic coating damaged

Connector si_ells corroded

Armored braid abrasions

Ra*sed braio

Brrud separated

Broken strands

V(nds or gouges in green or black overmold

lihsters, boles, scratches, or gouges m heat-
shrinkable overmold

9_oSurface scratches, nicks, or gouges inplug

t,l)rotcctiveboot

TURBOPUMP

Ftml inletdamage

LOX inletdamage

LOX in¢lucer damage

No damage is allowable.

No damage to pins is allowable,

No corrosion is allowal)_e.

No damage to socket contact is "tllowable.

No damage to insert is allowable.

NO daniel ro [o fi(lllnector is allowable.

No corrtJslon IS _:[lowable,

Up to one inch c[ continuous linear length in any
one area is acceptable.

Up to 5 perce,'_i maximum ieereasc in hal'nes.¢;

diameter with braid an}_rokcn is acceptable.

Up to 0. 150 inch or one percent of rubber tubing
visible m any one linear foot of harness Is

acceptable.

UI) to 2 nlaxielum at ally one point and not more

than 5 point!l within any 2-foot length is
acceptable,

Up to 1/4 Inch in dmmetcr (maximum) is

acceptable.

Up to 1/8 inch in diameter (maximum) is

is acceptable,

Up to 1/8 inch in diameter and less than 0.030
inch deep is acceptable.

No damage is allowable.

No damage is allowable.

No damage Js allowable.

!
,x_gFor additional information on danlage disposition, refer to Imragraph 2.4.3A.
k-

)

Figure I-3. Engine Damage Limits (Sheet 3of 3)

1-12€i Change No, iJ - 6 May 1971



H-3896-11

Condition

INSULATOHS, GENERAL

Limits

Section I

Fuel-wetted or -so<tked foil-batt panels,
asbestos blankets, or fiberglass cloth aSSf'il1
blies

Water-wetted or -soaked insulators

Cracked or torn insulators

Deformed insulators

Damaged or missing nut plates, blind nuts,
threaded studs j or helicoil inserls

Loss of texturizp,1 finish of f01l skins

Loss of aluminum tape from Insulator edv,ps

Loose lacing stud~

Missing lacing studs

Discoloration

INSULATORS, FOIL-DATT

Holes through outer foil skins In batt areas

Not acceptable

Acceptable condition

Not acceptable

Deformed insulators without cracks or tears
arc :lcceptahle.

Not acceptabl(·

Loss of lexturized finish is acceptabie.

Acceptabl!' condition

Lacing stud" that are free to rotate ar~

acceptable.

Acceptable cOI'ditlon if two or more adjacent
lacing studs arc not missing.

Acceptahle condition

Not acceptable

919

Holes through Inner f01l skins in batt areas

Elongated boltholes in standing flanges

Loss of Teflon tape VI'Ilt hole covers

Damaged or missing access door lanyard

Missing retaining washer or snapring for
·.lCCOSS door attaching screw

Dent or creased folding edges of stanclieg
fJang<'s

Holes up to 0.062 inch in diameter arc accept
able if there is a minimum of 12 inches between
holes.

Up to 0.625 inch in lenr,th parallel to flange
andlor O. 32~ inch in diameter horizontal to
flange is ac·~eptable.

Accept.qble condition

Accept,lllle condition

Accej,table condition

Acceptable condition

---------_._-_._---
Figure 1-4. 'I'hermal Insulation Damage Limits (Sheet I of 2)

Change No. !l - 2 Decelllb"r \970 1-127



Sc etion I

Condition

INSULATORS, ASIlESTOS

Scuffed or scratched aluminized coating

Frayed edges

Holes through asbestos cloth

INSULATORS. SILICONE

Scratches, nicks, or gouges

INSULATORS, GLASS CLOTH

Frayed edges of single layers

Frayed, broken, or torn outer glass cloth
layc'r(s)

misters in inner elastomer coating

R-3896··1l

Limits

Acceptable condition

Up to 0.25 inch from original edge is acceptable.

Up to 0.25 inch in diameter are acceptable if
wire in yarn is not broken.

Up to 50 percent or thickness in depth and not
largc'!' than 0.50 inch in diameter is acceptable.

Up to 0.25 inch from original ed[{e is ac((·ptable.

Individual danml{e spots up to 0.25 inch in
l"nr(th are acceptable if there is a minimum of
1. 50 inches between s!,ots and the damage IS

confined to the outer glass cloth.

Acceptable condition

Loss of grommets and/or sheet metal doublers
~lq

INSULATORS, LOX

Loss of foam filling and elastomer coatinl{ in
foam-lo~js area

Separation of foam filling from the foil ~;kin

Soft blisters in the elastomer cOatinl{

Swol1rn fonm

Gaps between edges of adjacent iosulators

Separated spot welds between foil skins and
bose clamps

Acceptable condition if two or more adjacent
grommets or doublcrs arC' not missing.

Up to 20 percput of surface a rea whC'1l void
extc'nds throllgh to foil skin is acceptable. Up
to 10 percent of surface a"ea is acceptable when
the remaining foam in the void area averages at
least O. 12 inch in thickness.

Accept.lble conuillon along edges for the
thickness of the inoulator.

Acceptable condition

Up to O. 12 inch in height ~ho"c the average foam
thickness is aeceptahle.

Aecepta1l1e condition

Ac;ceptahle condition

1·128
Figure 1·1. Tlwrmal Insulation Damav,r Limits (Sheet 2 of 2)

Chanv,e No. 9 - 2 December lU70



R-3896-II

SECTION II

GE NE I-La.L REQUIREMENTS

Section II

Paragraphs 2.1 to 2.1.2.3

SCOPE. This section contains general 1;'-] en-

gine requirements in terms of external input
and output, environment, maintenance, opera-

tional test, and documentation criteria, to sup-
port the scheduled and nonscheduled authorized

activities specified in section I.

2. i FLUID INPUT/OUTPUT REQUIREMENTS.

2.1.1 Input/output requirement acceptability
for the F-1 engine interface is as specified in
paragraphs 2.1.2 througtl 2. 1.9 and as delin-
eated in F-I Engine Interface Document R-6749
and F-1 Engine Model Specification R-1420.

2.1.2 PURGE REQUIREMENTS.

2.1.2.1 Turbopump LOX Seal Purge System
Recuirements,

a. Fluid specification: gaseous nitrogen
(MIL.- 1I- 27401 )

b. Fhlid supply filtration requirement: 40-

micron (or finer) filter having a maximum pore
size of 100 microns

c. Fluid temperature: 0 ' to 130 _ F

(1. Nominal flowrate:

(1) 0. 005 lb/sec at 80 psig (turl)opump
si_aft not rotating)

(2) 0.029 lb/sec at 30 psig (turhopump
shaft rotating)

e. Pressure: 60-100psig

f. Transient pressure m, rges: 30-100psig

g. Maximum allowable pressure during
stage or facility checkout: 125 psig

I h. Sequencing: required prior to admitting
LOX to the engines, anytime LOX is in the

')o,o.engines, when an engine is rotated from vertical

I to imrizontal, and for 30 minutes minimumafter engine rotation to the horizontal positlou.

2.1.2.2. _n_.evel LOX Dome
and Gas Generator LOX InJec[or_u_'-_ _m

Requirements.

a. Fluid specification: gaseous nitrogen
(MII,-D-27401)

h. Fluid supply filtration requirement: 40-
micron (or finer) filter tlaving a maximum
pore size of 100 mim'nns

c. Fluid temperature: 0 ¢ to 130° F

d. Numinal pre-start and cutoff flowrate:

1.75 lb/sec at 600 psig

e. Flowrate during static test: 0.16 lb/sec
at 950 pslg

f. Pre-start and cutoff pressure: 600-1,000
psig

g. Maximum loekup pressure: 1,200 psig

il. Transirnt pressure surges: within range
of 600-1,200 psig

i. Sequencing:

(1) Engine starting: sequenced on, and
system primed prior to engine start. The time
()f pril)lof] ]nll'[(p syste/lq t'_t3W ?'qUSt not oxcr'ed 4

minutes prior to engine start.

(2) Engine shutdown: engine cutoff signal
plus 30 seconds for engine static test and launch
abort

(3) Servicing: required for LOX dome and

ga.'J generator LOX Iniector flush, LOX dome
flust_, gas generator LOX injector flush, and
iive hypergol cartridge removal.

NOTE

The operational low-level LOX dome and

gas generator LOX injector purge is
interchangeable with the high-level LOX
dome and gas generator LOX injector
purge for these sequence requirements.

2. I. 2.3 O_Eerational Low-Level LOX Dome and

Gas Generator LOX !nlcctor Purge System Re-
quirements,

a. Fluid specification: gaseous nitrogen
(MIL-P-27401)

b. Fluid supply filtration requirement: 40-

micron (or finer) filter having a maximum pore
size of ]00 microns

c. Fluid ternperatnre: 0 ° to 130" Iz

d. Nominal flcwrate: 0.68 lb/see at 220 psig I

e. Pressure: ]20-600pnig [)_5

eA. Nominal l)ressnre: 220 psig I

Change No. 9- 2 December 1970 2-I



SectionlI

Paragraphs 2.1.2.4 to 2.1.2.5

R-3896-11

S

I f. Transient pressure surges: with a range (2) (Deleted) Iof 120-1,200 psig

g, Sequencing:

ql'i (1) Must be on whenever the hydraulic (3) (Deleted) 9

I control system pressure is cycled from zero

IPsigt°n°minal, and back to zero psig with (4) (Deleted)
I fuel and/or prefill in the ensine.

9S2

I

(2) Must be sequenced on at engine cutoff
signal during an engine static test or launch
abort. Must not be sequenced off for a minim,is
of one hour after cutoff if malnstage was obtained.

(3) Required prior ._o and during gimbaling
with prefill in the throst chamber.

(4) Required while admitting prefiH to the
ttwust chamber.

(5) Required anytime the gas generator bali

valve, oxidizer valves, and fuel calves are
cycle I after completion of tnrust chamber LOX
dome and gas generator LOX injector flush.

(6) Required during fluid transfer for the
thr_lqt chamber llquid lonl," test, f,wthmlst
chamher fuel jacket drain, for thrust chamber
fuel jacket flush, and for expended hypergol
cartridge removal•

(7) Must be sequenced on and system
primed prior to engine start.

NOTE

The operat:onal high-level LOX
dome anti gas generator LOX injec-
tor purge is interchangeable with
the low-level LOX dome and ga'_
¢C* _"g aerator LOX nqector purge for

these sequence requirements.

2. 1.2.4 Cocoon P_Jr_e System Requirements.

a. Fluid specification: gaseous nitrogen
(MIL-P-27401)

MAXIMUM ALI._OWABLE ENERGY FOR

LIGHT LNVU_ONMLNI'ALTEMPLIt,'tTLIIE _ 130* F

AMBILN'I _IEMrLI_ATtJI_E = 55 _

-- MAXIMUM ALLOWAIH,L
ENEROY FO]_ FL1GHT

280[ -_EXV (RONM LNTAI.

TLMPFIIAFLllL _ 10" }"

A_!IIO _'I TLMPEllArLRL =

2,o,. ...._ FI,O_RATI •

2ool

]6o --IT E M PE RATU|t_': I I_,

4.5 I,B/MINL _E 1

8o]
1,_" GLND

CALCULA rLn 11_'_ tA

4 ..... SLAI, rEMPLItA rLI1E

I,[Mlr

01

100 140 180 220 260 300 341)
e,"; E,ll FA C E "1LM P L E A't'LF_ E_ "F

380 420

FI-II-17A

b. Fluid supply filtration requirement: 40-
micron (or finer) filter having a maximum pore
size of 100 microns

c. l'emmratu e, pressure, mad flowr_,te

mu_',t meet criteria specifie_ in figure 2-1,

d, Sequencing:

I (1] A heated purge must be cycled on
betwecn 15 mimltes (missus)mlcl 30 mira,los

9e7 (m_xiRaum) after LOX is admitted to the

I engine propellant feed system and cemaiu onuntil launch commit.

Figure 2-1. Cocoon Thernaal

CondiUontng Requirements

" c,2.1.2.5 G2030 I,oA Dome ,'rod Gas Jeneratcr

I_.OX _jector Purge ,System _cl_qtiir-en_Em_[s'-s:

a. Fluid specification: gaeeous niIrogeh
(MIL-P-27401)

h. Fluid ,'mpply filtration requirement: 40-
micron (or finer) filter having a maxt:num pore
size ef 100 microns

c. Fluid temperature: 0 ¢' Io 13n ° F

)

2-2 Change No. 9 - 2 l)ecember 1970



R-3896-II Section II

Paragraphs 2.1.2.6 to 2.1.3, 1

( d. Nominal flowrate: 1, 26 lb sec at 175psig

e. Pressure: 150-200 psig

I f, Sequencing: required for LOXdomeand
h0_'

I I gas generator LOXinjector flush, LOXdome
q13 flush, and gas generator LOX injector flush.
I

2, i, 2.6 Thrust Chamber Fuel Jacket Purge
System Requirements.

a, Fluid specification: gaseous nitrogen
(MIL-P-27401)

b. Fluid supply filtration requirement: ,t0-
micron (or finer) filter having a maximum ,_ore
size of 100 microns

e, Fhlid t,.mlperalure: 0" to 130 ° F

d, Pressule: 300-400psig

e. Nominal flowrate: 0.37 lb/sec at 350psig

I I f, Sequencing: required for LOXdomeand
qfl2gas gc wrator LOX nject )r flush, LOX dome

'1115 II fhmb, thrlmt ohnmbor funl j:_ekrI flnr_h, nnd
I live hypergol cartrutge removal,

2.1.2.7 t ly_rgol Servicing Pu_tem Re-
quirements.

•l, Fluid specification: gaseous nitrogen
(MIL-P-27401)

b, Fluid supply liltration requirement: 40-

micron (or finer) filter having a maximum pore
size (if 100 microns

c, Flui'ltemperature: 0° to 130 _ F

d. Pressure: 100- 200psig

,% Nominal flowrate: 0.16 lb/sec at 150 pMg

I | f. Sequencing: required for spent hypergol
,q-',o2oartridge removal, I,OX dome and gas generator

I | LOX injector flush, and LOX dome flush.

2.1.2.8 llypergol Malfunction /"urge System
Requirements,

a. Fluid specification: gaseous nitrogen
(MII,- P- 27401 '_

b, i,'luid supply filtration requtremerd: 40-

micron (or finer) filterhaving a maximum pore
size of I00 microns

c. Fluid temperature: 0_ to 130 ° I,'

d. Pressure: 700-800psig

" e, Sequenc ni-:: required for live hypergol
€;_2 cartridge removal.

2.1.2,9 Igniter Fuel Waive Lockup Require-
nlents.

a. Fhtid specification: gaseous nitrogen
(MIL-P-27401)

b. Fluid supply filtration requirement: 40-
micron (or less) filter treeing a maximum pore
size of 100 microns

c. Fluid temperature: 0 ° to 130 ° F

d. Pressure: 725-775 pslg (static pressure,
no flow)

e. _'quencing: req_.lD.-cd for live hyporgol
cartridge removal.

2. 1.2,10 _F_um_ I'reserwRion Servicing
Purge System RcquH_menis.

a. Fluid specification: gaseous nitrogen
(MIL- P- 27,i01 )

b, Fhdd SUl)ply llltration requirement: 40-
microu (ur finer) filter tmving a ma.ximum pore
slze of I00 microns

e, Fluid temperature: 0 ° to 130 ° F

d, Pressure:

(1) Engines not incorporating MD14._55
chm_ge: 25-45psig

(2) Engines incorporating MD145 ch,'mgo:
5-10 pslg

e, Flowrate:

6ltj

(1) Engines not lncorporatinff, MD145
chmlge: 0.01 lb/sec at 35pstg "--

(2) Engines incorporating MD145 cimuge: 6_t,
0.003 lb/sec at 7.5 psig -- •

f, Sequencing: required for turbop,mlp II

preservation. 9_2
2.1.3 HEATEKCHANGERREQUIREMENTo,

2,1,3.1 treat ExchangL2 l tieltum nle_
R e_qul foments,

a, tleiium specification: Bureau nf Mine:i.
Grade A

Change No, 9 - 2 I)e(ember i370 2-3



SectionIf R-3896-11
Paragraphs 2. I. 3.2 to 2. I. 5

b. lielium supply filtration requi,"ement:
40-micron (or finer) filter having a maximum

pore size of 100 microns

C. Helium islet i)resJure-iemperature:
-400 ° to +130 ° F at a pressure not exceeding

400 psig

d, Flowrate: 1.00 Ib/sec maximum

e. Sequencing: Stage Contractor responsi-

bility

2.1.3.2 Heat Exchanger Ilelium Outlet System
Conditions.

a, Helium (miler pressure-temoeraIure:
-400 ° to 4500 ° F at s pressme not exceeding

325 psig

b, Helium flowrale: 1,00 lb/sec m,'_imum

e. Helium transient pressure surges:

surges not exeeudhlg ,100 llsig

d. Sequencing: Depends on paragraph

2.1.3.1 sequenciog.

2.1.3.3 Heat Exchmlger COX Output Conditions.

a. Fluid sp,,_cification: healed GOX
(MIL-P- 25508)

b. Fluid cleanliness:

(I) Maximum particulate matter size:
200 microns

(2) Maxhnum soluble hydrocarbon content:
75 ppm

(3) Maximum acetylene content: 1-1/2 ppm

c. GOXflo'vrate: 3-151b/see

d, GOX throtlle limits: Flowrate must not
be throttled be, ow 3 lb/sec.

e. GOX temperature: 400 ° to 500 ° F at en-

gine Interface _lth flowrate at 4 lb/sec

f. CtOX pre,s_ Ire: 1,360 pstg nominal dis-

charge pressure

g. ff_quenclng: tleaied GOX Is supphed
within one second a.(ier engine control val,e

2-,1

start signal, and fh)w terminates 0.75 second
maximum after engine control valve stop signal.

2.1.4 OXIDIZER FEED REQUIREMENTS.

a. Fluid specification: lklukl oxygen
(MIL-P- 25508)

b, Fluid cleanliness:

(1) Supply filtration requirement: 70-
micron (or finer) filters having a maximum pore
size el 200 microns

(2) Maximum srduble hydzocarbon content:

75 l)lnn

(3) Maximum acetylene ,aontent: _-i/2 ppm

c. Nominal fluldllowrate: 3,9501b/see

d. Fluidpre,ssure-lemperature: within
limits specified in fign.lres 2-2 and 2-3

e. Supply transient pressures: Maximum

allowable static pressure, surge must not exceed

335 pslg.

f. Pressurizing media: The frfllowlng fluids
may be used to prepre,_surtze and to pressurize
the oxidizer propell,'mt:

(1) Gaseous nitr,,)gen (MIL-I'-27_t01)

(2) Gaseous oxygen (MIL-,P-25508)

(3) Helium (Bureau o[ Mines, Grade A)

g. Sequencing: Liquid oxygen must he
mlpplied to the oxidizer pump inlet a mintnmm
of 90 minutes prior to engine control valve

start slgn_. The stage-provided oxidizer pre-
alve must be sequenced to ti,e closed position

Mtera time delay that :allows the engine oxidizer
valves to reach the closed position.

2.1.5 FUEl, FEED REQUIREMENTS.

a. Fluid specification: RP-1 fuel
(MIL-R- 25570)

b. Fluid supply filtration requirement: 70-
micron (or finer) filters having a ma×imum ]_ore
size of 200 microns

c. Nominal tluid flowrale: 1,750 1b/see

d. Fluidpressuee-temperature: within
llmlta specified in Ilgurea 2-3 end 2-4
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Paragraph 2.1.6
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e. Supply transient pressures: Maximum
;,'.1-', d)le static pressure surge must not exceed
360 ps_g.

f. Pressurizing nmdia: Ga:,eous nitrogen

(MIL-P-27401) or helium (Bureau of Mines,

Grade .A)nlay be used for prepressurlzatlon

m*¢lpressurization of the fuel propellant.

g. Sequencing: Fuel must be supplied to the
fuel pump tale/,+ a mininmm (ff 60 minutes prior
to the engine control valve start signal, The
sh'tge-provlded fuel pre-valves nmst be se-
quenced to the closed position 'after a time de-
_,t+), utat allows the engine fuel valves to reach

the closed posltlan and alter the ,'+htgc-provided
oxidizer pre-valve has reached the closed posi-
tion.

Fuel J)ump InletCouditions
.. . ,_ ._ .... 1, ,,_/, ;WU'-

_, _UII_H_yLIC GROUND SUPPLY RE-

a. Fluid specification: RP-I fuel

(MIL-R-25576) or RJ-I fuel (MIL-F-25558)

b. Fluid supply filtration requirements: 10-
micron (or finer) filter having a ma.xim,.m_ pore
size of 25 microns

c. Fluid flowrate: Fluid must be supplied to
the engine eonnec! point at a nominal steady-
state flowrate of 12 gpm with a transient flow-
rpte oi 35 gpm.

d. Fl,_i(Itemporature: 35 ° to 130' F with,m

liquid c,<ygen in engine proi)ell_. '. f(:cd system
;rod g0" to ]30" 1,' with liquid oxygen in cngilm
propelled feed systc,u,

2-6
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l'aragralths 2. 1, 7 to 2, 1.8, 1

(

I o. Bleeding: The engine hydraulic control
system must be !fled of entrailped air t:,efore
enorlrivial2, Ihc ealriue ('ontrol valve start

solenoid afler hlitial appticati*m of ilydraalics
()0 _) to tile el|[r, ille alltt any hme thereafter that

I iwdraulw system is inwtlidated bY drunlal.,_e,

l:_ntrap md air e'm be removed Ilv'cirrulatnlg
hydraulic fluid throu;h tile svstdm :it 1,000
psig (miniature) for a period" 15 minutes
(mihinlum).

f. Ooeralingpressures: The hydraulic con-
trot system pressure must bc supplied to and
removed from the engine in such a nlallner as

to preclude the possibility of the return pres-
sure exceetltng the supply pressure, Pressures
are as follows:

(1) If fuel valve leakagenecurswith(,ut the
hydraulic control system pressurized, hydraulic
pressure steady-state limits must be maintained
oetwoen ,t15 and 1 850 p._i_ and pressure tran-

90_ , slant hmfls (ir_cludlm_ suryes r_,sultmt_ fron
I imbalill_) between 4"i5 and 3 000 )_:g must be
I maintained at all trows fuel or ln',effll is m tilt,
| ¢t_gtul, without drain hoses installed ou thrust
| cilamber fuel tnh:t nlanitold drain quick-dis-

Coilnects,

(2} During and :tfter LOX admittance to the
('ll ,qlle but prior to ehe('kont valve at'lust:till to
tilt, ehgllle )[_sJtion durln_ ell_ 111o startiut hv-
draulie prossm'e steady-'state limits nlust be

maintained '.l},tween 1,450 a d 1,850 ps e, a <
transient pressure surges (including surges
resulting from gimbalint.Q between 415 and
2,000 psig.

(3) Duriu_€ engine starting prior to rheek-

out valve actuation to the eut,qne position hy-
draulir pressure steady-state Ihaits must |to

• _ t )x t_ rmaintaim d bet_een l, 450 and I, 6 _0 psit..

(4 During eugine starting hydraulic pres-
sure as measured at the entrine ,'ontrol valve
must not decrease below 9_0 psi,; or remain
below 1,200 psig for a time peri.)d in excess
Of 40 milliseeouds.

g. Ia the event fuel is loaded an the stage
with the sFtge prevalves closed and a minimum
of 415 its ghydrau it' /'ontr(_ pr,,ssare lu hal
applied to the iragine, drain lines must be in-
stalled on either the No. 1 and/or No. 2 ftlel

wrap inlet drain and the drainqule!_-dlseonneetine must be monitored for fuel pre-valve
leakage.

2,1.7 PREFILI, SUPPLY REQUIREMENTS

a. Fluid spncifieation: ethylene glycol
RI30210-017 (Roeketdyne)

b. Field cleanliness: Tile solution must be

colorless, cleat', and free of sedhnenl.

c. Fhdd flowrafe: 10-20 gpnl

d, Fluid In'C:_Sm'e: 20-40 llsig

e. Fluid t(unperature: (if" to 1300 F

f. C,m_l)o.;itirm: diMilled or dei_ali/ed v, ater
c(llllalllill{_ 50 _ 1 percent by welt/hi of ethylene
glycol

g. Acidity: ptI of solelion, 6.5 _1.5

h, Specific gravity: 1.0640 ,'0,0015 at 26 ° C

i. Flash point: must uot flash

1. Galllms required: al)proximalely 105
gallons not inclndin_, overflow

2.1.8 F'I,USIIING SOLVENT SUPPI.Y RE-

QUIREMENI'S.

2,1 .}3. I LOX l)onm and Ga-, G('nerat'*r I,OX

lnjecitn" Flashing System Requirenten_s.

a. Solvent specification: triehloroeHlylenc
1".B92 I0- 003 (lt_)::l:ehlyne) free vf seditll,!ni and

'.usllen(h'd nlatter. Alterllate sfdveuts tirol ilia3'
I)o ll%C(] are ;iN fol]t)ws:

(1) Triehlorocthylene (MIL-T-27602) 9r

MB02 I0-003 (North Anlericau Rockwell Carp,
Space Division) slay be used as a LOX dome and
ga,_ t.'enerator I,OX injector flushing trent pro-
vidcd a lninlliluul of 48 hours is allowed t. clap_L.

between engiue ilu_iifin t, and engine firtwg..

(2) Trichloroethylene (Federal Specifica-
tion O-T-634, Type I) may be used as a LOX

dante and gas generator LOX injector llushlng
agent provided it has passed the residue-soluble-
tn-earbon-tetraehlorkle test of MIL-T-27602 or

RB0210-003 (Roekefdvne) SIlrl a vninimnm ,)f 48

hours 1._;allowed to elapse between engine flush-
htg attd engine firing.

(3) Tricttloroethylene (MSFC-SI':._C-217)

raay be used as a LOX dante m_(I gas generator
LOX injector flushing agent provided it has
passed the reskhle-sohthle-ln-earbon-tetra-
chloride test of MIL-T-27602 or RB0210-O03

(Rocketdyne) and a utlnimum el t3 _lours is

allowed to elapse between ent.d,le tlushhlg and
enghm firing.

('hange No. 7 - 28 April 1970 2-'_
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b. Solvent must be supl)[iedto Oxldlzer

l)ume Flushing Kit G2030 installed on the en-
gille ;is shown in figure 2-5 and ;is follows:

(1) Flowrale: 9.9 bq)m nominal

(2) Pressurr,: 80-100pslg

{3) Temperature: 0 ° to 130 ° F

2.1,8.2 Thrust Clr',nber Fuel Jacket Flushing
:Requirements.

a. Solvent specificatmn:

(1) Trichloroelhylcne 1{B0210-003
(Rocketdyue)

(2) Triehloruethylene MB0210-003
(N(,rth American l{oekwcil Corp, SpaceDwismnl

(3) Trichluroethytelm (Federal 8t)eclhca-
I i,.)u O-T- 634, Type I)

(4) Trlehloroethylene (MSFC-SPEC-217)

(5) Trlchlor(mthylene (MIL-T-27602)

Ii. Fluid cleunhness: free of sechment aud

suspended matter

e, So[villi( IIlU,%I []i' hupphed to the two thru.',t
ellatld_er fuel inlet luauifol(t quick dlseOllUef'ls

for thrust chamber fuel jacket flush,ug as
follows:

(1) Fh)wrate: 10 Lq)m nmninal

(2) Pressure: 80-1O0psig

(3) Temllcrature; 0 ° to 130" F

2. 1.9 PRESERVATION FLUID SUPPLY i¢.I_3-

QUIREMENTS. Asystem must be provided to
supply a minimum of 5 gallons of preservative
fluid ffJr turbopump preservation meeting the
following requirements:

a. FluidspeeificatJon. corrosionpreven-
live MlL-C-14201, Grade 2, The only accept-
able altel uale i,_ cur_osion llrevelli,lllve

RB0210-016 (Rocketdyne),

b. Fluid cleanliness: supply filtration re-
quirement of a 75-mitten (or finer) filler during
reeirculalion and a 40-micron (or finer) in-line

filter dllring delivery (o the turbopunlp.

e. NOminal fhdd flowratc: 4.7 q'l)m at 200psig (on engines incorporating MDfa5 change
611. 1, 5 t_lm at 80 psig) -- - '

I d. Fluid L_ressure (monitored at instrumen-
tation tap I,glb): 17_-225 pslg (on engines
incorporating MD14__5 ehanffe, 70..90 psit;)

", 4 _ e O ro p ye. Fhfld temperature: 10 to 9. [ durinL
Ihdd rerircld;_tion and delivery lo turbopump

f. Mixing rtquicement: fhdd recireulaled
u lllillilllem of l0 minutes prior tu fhud delivery
to turbol*tlllq_ bearin[{8

2-8 Change N¢_. 8 - 9 Selllember 19'/0

g. On engines nacorporalmg MDI,15 change,
a sue{tOil pump is required with a flow eapabllity

of 2-8 gpm.

2,1, I0 CORROSION-PREVI:;NTIVE I(E_UIRE-
MENTS.

it. Fluid 5!)ec i ficallous:

(1) Uupaulted working surfaces: lubricating
oil (Federal Specification VV-L-800)

(2) Unl)amted stationary surfaces:
corrosion-l)reventive COmlmund (MIL-C-16173,
Grade I) or corrosmn l)rcventalive RB0210-016
(Roekeldyne)

b. l_I1Xillg l'equlrelllellt: Corz'osio[i tlrcveuta -

live RB0210-016 (Rocketdyne} ulust be thoroughly
tm.,.ed tit 70 _ to 95 _ F immediately l),'[or to each
applicati(m.

2.2 ELECTIUCAL INPUT REQUIREMENTS.

2.2.1 AC POWER REQUIREMENTS:

a. Corltro[ sys[eul l'C(lulreluenls;

(1) "I'urlz,i)unlp heater No. 1: 190-220 vac.

60 rl).¢i, ]. 500 wails Ill;l',:llllqltll [call

(2) 'I'tarbepun]p healer No. 2: 190 220 v,ic,
60 cps. I. 500 watts nlaoilnlurn load

(3) Igniter._;: 500-750 vac, 60 cps, 10,000
watts nlaxlll)lull load

I). Inslruill,2ulRllUU system " 9qulrelllelds:

(1) Turbopum 1) rpm trlmsducer: 5to 7.5
vac, 200 cps, O. 2 watt maximum load for
ground checkout

(2) Oxidizer flowmeter: 5to 7.5 vac, 200
el)s, 0.2 watt maximunL load for ground check-
out.

2.2.2 DC POWER REQUIREMENTS.

a. Coatro! system requirements;

[l) Voltage level: 24-30 vdc under load

conditions until 0, 5 second Mter completion of
_lm't sequence, and 20-30 vdc thereafter pro-
viding a m,'Lximum of 80 watts for 0. 100 second

and 65 watts thereafter for engine shutdown.

(21 Rlpl)le voltage; l, b rolls nh'lXilllUm
when measured with a peak reading vacuum lubo
vollmeter c(mnertcd in series with a 40-micro-

farad cai)acitor. The higher of the lwo vahl(s

measured ',vhml the voltmeler is successively
conlweted for each of tlw lwo polarities is de-
fined as ripplr, w,ltagf,.

I
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2 GN 2 PORT
3 PIII_,GE 1tl I_ORT

RLDUCER AN�I�- 15(."

SF,,AL ]_I0_CR$
4 PUW3E IA I't'RT

REDUCER AN�J�- 15C
SEAL 1210_CR8

5 AI)API'ER 9(2_153

6 I-IO_E R1806-12 108_

7 PURGE NO, 4 POR"K'

UNION Ah08 '- 1_%I

_FAT, 12'00C_112

21 20 19 18

15

16

17

//

LEGEND

'8 I(O6E R3800-12-0500

0 IIOSE RJ806-12°0600

I0 PURGB NO. 3 PORI'

UNION ANS)5 12C

_i AI 1210(ICI112

II PURGE 211 I'OIIF

REDUCER AN�IP- 15C

_qEA J, 12100(2R8

12 rGRGE 2A PORt

REDUCER AE�I0 15C

SEAl, 12 IC0('n0

13 AI),_PTER 9024153

14 1106_ R3800- 12- 1000

18 _O, 5 o800 rOlIT
Id NO. 2 I000 IPOIll'

17 NO, I 0500 PORT

18 llfl$1";IL38(i6-]2-0d00

19 ADAPI'ER 902210_

20 rAP (*F_

IJlFFUSEI( 8083034

21 II€.'SEI_-9024038-I]

22 rAY GEZb

DI I"FUSE R 0023934

23 ADAPTER 902n854

84 NO. 3 _60(I PORT

28 NO. _I 1080 PORT

I'1,11-2%k

Yigure2-5. Oxidizer Dome Flushhll(Kit Installation
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(3) Maximum voltage transient limits:
50-wilt positive pulse with a tiule width of 10

microseconds and a repetitive rate of 20 pulses
per second

(4) DC control system power requirement:

9=Y2290 watts maxlmuul

_). lnsirunloutation systeIll to.qtilremeuisl

(1) Circuit separation; Separate circuits
nmst be provided for prcs_;ure transducer

power, valve position power, electrical simu-
lation circuits (except for turbopump stlced and
heat exchanger flows), and all resl:_tanee-type
temperature transducers.

2,2A ENGINE F/I_t_uIrlEMENIS ON STANDBY
STA'rUS,

2,2A. 1 ST_AND__BY S.T.A_Lr_vs.j)_:F_rO_9.N_.
_andby status is defined as tile time period that
uninstalled flight spare or installed engines walt
for the next authorized activity to start. These
enghles are not in storage, per MSFC-STD-500.

2.2A. 2 y i3EI2ARJ_XTtON_OF_U_NJNfi_Tfl_I_L__F±p -

ENGINE FOR STANDBY STATUS a

a. Visually verify that all exposed and acces-
sible portions of engine are not damaged. Dam-

age, ifnay, must be within limits specified in
section I.

(2) Pressure transducer and simulation
circuit voltage level: 24-32 vdc. Continuous
maximum application of 30-32 vdc nmst not ex-
ceed 60 seconds.

b, Coat all nmehlned areas of thrust chamber

outrigger arms, turbopump mounts, and inside

and outside diameter of engine handler bearing
with corrosion preventative,

(3) Pressure transduce:" and simulation

circuit ripple voltage: 0.1 ,'ell m.'_ximum when
measured with a peak readhtg vacuum tube volt-
mct.r in series with a 4, 0-mlcrofarad capac-

tier. Tile higher of the two values measured
when lhe voltmeter is successively connected

for each of the tv¢o pt, larities is defined as the
ripple voltage.

(4) Pressure transducer and tllmulation
circuit lna):imum voltage tr,',msient limits: 50-

volt positive pulse with a thee width of 10 micro-
seconds and a repetitive rate of one pulse per
seeot_d

(5) Temperature transducer ix)wet require-
Ineut: 100 microwatts maximum for each lrans-
ducer

c. Repaint all tur!_pump and outrigger arm
surfaces that contain scratches.

d. Remove ally corrosion f,'om gas generator
feed line glmbal joint yokes; then coat yokes with 9_o

corrosion preventative,

e. Remove any corrosion from gas generator
fuel and oxidizer feed line Ilellows.

f. Verify or install 425 aluminum-foil tape
(Minnesota Mining and 1Vffg) over soaee between
thrust chamber exhaust manifold and thrust

chamber tubes, and white sealant RTV-102
(General Electric)between thrust chamber tubes

and bands. White sealant is only required on
engines where sealant was installed during
engine manufacture.

(6) Valve potentlonleter voltage and power
level_: 4.99 to 5,01 vdc, 0.50 watts maximum

g, Replace or install any broken Iockwire,
and plug any open engine taps.

(7) Valve position switches voltage and
current levels: 24-32 vdc, one ampere maxl-
alum

(8) Potentiomoter circuit ripple voltage,

0.025 volt maximum when measured with a peak
reading vacuum tube voltmeter cormected in
series with a 4.0-mierofarad capacitor. The
higher of _he two values measured when the
voltmeter Is successively connected for each of
the two polarities is defined as ripple voltage.

h. Refill any void in turbopump housing cavity
material.

1. Determine if turbopump requires re-
preservation; re-preserve turbopump (if required)
and enter date in Engine Log Book. Refer to
paragraph 2.4.11 for re-preservation lhnits and

to Engine Log Book for date of last turbopump
preeer i"ation.

)
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Paragraph 2.2A, 3

j. Verify that LOX pump and fuel inlet
closures are installed and that deMceant ill

closuret, Is as specified ill paragraph 2.3.6.2.

k. Verify that thrust chamber throat closure
is installed and that desiccant in closure is as

specified in paragraph 2.3.6.2.

I. Install Ghnhal Bearing Looks G4059.

m. Visually verify that oxidizer overboard
drain and nitrogen ptwge overboard drain line
exits :_re free of fluid.

n. Install all protective closures except for
fuel overboard drain line exit.

o. Installsuitable dratnqge line on fuel over.-

board drain lilleexti, or drain bag, and route

line exit so that leakage flows extel nelly from
engine.

p. Installengine on Air Transl)ort Engine

llandler G4044, Engine Itandler G4069, or

Engine ilandllng Dolly G4058, or equi_11ent.
930

q. Cover engine with Engine Cover G4047,
or equivalent.

r. Place engine in an environmentally con-
trolled area meeting criteria specified in
paragraph 2.3.1. Do not place engine in a
position where LOX pump elevation is below

fuel pump elevation by more than 7 degrees,

2.2A.3 PREPARATION OF INSTALLED
ENGINES FOR STANDBY STATUS.

d. Remove any corrosion frem gas generator

feed line gimbal joint yokes', then ('oat yokes with
corrosion preventative.

O. Reroove any curro:;ion from gas generator
fuel and oxidizer feed line hollows.

f, Verify or install 425 alumhnnn-foil tape
(Minnesota Mining and Mfg) over spar, e between
thrust chamber exhaust manifold and thrust

chamber tubes and thrust chamber, [lnd white
sealant tVrV- 102 (General Electric) between

thrust chaml)er tubes and bands. White sealant
is only required on those engines ill which seal,
ant war; installed during engine nmnufacture.

g, Replace or install any broken lockwire,
and plug any open engine taps,

h. Refill any vokls in turb,'_pump housing
cavity tiller materl:tI.

i. Determine if turbopump requires re-

preservation; re-preserve turbopump, if required,

and enter date In Engine Log Book. Refer to
paragraph 2.4.11 for re-preservation limits.
Itefer to Engine Log Book for date of last turbo-
puml_ preservation.

J, hmtall desiccant in thrust chamber throat

security closure as specified in paragraph 2.3.6.2.

k. Install thrust chamber throat security
closure.

1. Visually verify that oxidizer overboard
drain and nitrogen purge overboard drain line
exits are free of fluid.

a. Visually verify that all exposed and acres- ('.)/._.,._ _ _2e_ _/ ' ,¢' L'_
slblo portlor, e of engine are not danmged. ,_" rh. ,For engines lllstalled
Damage p if any, must be within limits specified (-'- l_6rform the following:
'n section I.

b. Coat all exposed machined areas of

thrust chamber outrigger arms, turbopump
mounts, and inside and outside diameter of

engine handler bearing with corrosion preven-
tative.

e. Repaint all turbopump and outrigger arm
surfaces that contain scratches through paint.

in a horizontal stage,

(1) hmtatl all protective closures.

(2)' Remove and replace fuel overboard

drain system bags with drain hoses, and _'oute
hoses so that leakage flows externally from
engine.

Change No, 14 - 9 October 1972 2-i0_,_
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n. For engines installed in a vertical stage,

installall protective closures except for fuet
overboard drain line exit. Installsuitable

drainage line on fuel overboard drain line exit
so that leakage flows externally from engine.

o. l,oek engine to s;age attachment ghnbal

,)30 actuators to prevent eng|ue movement. Do not
lock actuators tn positions that will cause LOX
pump elevation to be below fuel l)amp elevation
by more than 7 degrees.

p. Place stage in an envlronnaentally control-
led area meeting criteria specified in paragraph
2.3.1.

2.3 ENVII{ONMENTAL REQUIREMENTS.

. 3. t JnE_ Vp3_OrL  J::2TAt, COyDt=.
]qO__NS. The engine must be stored to preclude

D oIwlnc exposure to raln_ sand, dust, etc. The
3o , . . ,II ambient temperature of tile engine envtroilelLnt

must he within -20 ° to _ 140 ° F at a relative

humidity of less than 95 percent except when
the enghm is stored In the environment specified

by Standard S-IC Stage Storage Specification
MSFC-,STD-500. During engine handling,, with
tile engine Installed in authorized handling
equipment, the engine must not be exposed to
act.eleratlon loads exceeding 4g in any direc-
tion. All parts of the engine that require
protective closures or covers must be protected

at all times unless otherwise indicated by the
applicable procedures or requirements In this
manual or by Standard S-IC Stage Storage
Specification MSFC-STD-,500,

a. Install suitable protective closures and/or

COVCl"S Oil conlponents [lift[assen_bIies l'_nle- i

dlately after removal fr,.m engine. . ,,

b. Install suitable protective closures and/or

covers on joints of engine whero a component or
assembly Is removed, immediately after
r(!lno_a[.

e, Transport components or assenll)lhm

requiring rework or inspection to an environ-

mentally controlled area before removing pro-
teetlve closures and/or covers.

d. Do *lotremove protective closures and/or

covers from components, a3ser_lblh.'s,or engine
Joints until Inmmdhdely prior to ,nstallatlon of
components and assemblies oil engine.

e. hlspeet humidity Indicators of engines in

storage and standby status in aces:- ::,acewith

section I requirements within a in_elplnlU of

one-calendar-month intervals and as follo%_s:

(1) Engines stored tn accordance with

Standard S-IC _age Storage S'peclfic Jtton
MSFC.-S'rD-SO0: If the 40-percent storage
envh'oument Is exceeded, the humidity indi-

cators must be Inspected follow'rag correction
of the environmental conditioning problem.

930

I
(2) Engines In standby status: The humidity I

indicators must be Inspected following exposure !of the engine to an environment outside limits

specified in paragraph 2.3.1.

f. (Deleted) q_t

1

2-10B Change No. 14 - 9 October 1972



dtr_

!
/

I

!
/.
l
/

(
/

R- 3696- I i Seelioe lI

t_arah'raphs 2, 3.2 to 2.3.3, 2

g. Cinsures (hut require desiccant are as
follows:

Closure Use

LOX inlet

Fuel inlet

Thrust chamber threat

id,21tsl_..}tc2j}&ire_K

16(a)
16 (each inlet) (a)

4B

h. Replace desiccant each time desiccated
closures are removed re,' more than 5 l'ninutes
unless desiccant or closure with Installed desic-

cant in Immediately placed h_ a dcsircant stor-
age container as outlined in paragraph 2.3.6.1

2.3.2 NOZZLE EXTENSION ENVIRONMENTAL

L_.C_'YJN_DI_T_I()N_S:..The noz, zle extension must be
stored In)rlzonh!.lly or vertically on approved
hundlhlg equipment or pallets and covered to

preveut exposure to ratIl, saudj dust, etc,

2.3.3 PYROTECItNIC IGNITER ENVIRON-

MEN'rA, "ONDITIONS. The order of usage
"l'_._l:p'y-z:(_teci_n-n-_Vg"n_gr-_ is (1) earliest date of
manufacture and (_) earliest date of removal
from container.

2,3.3.1 Pyrotechnic |gaiter StoraFe. The
stor,ge a i'ea fdr pyrot-_chnte igniters must be
a structure, specifically deslgncd, located, and
designated for stor.',gn of ordnance. If pyro-
technic igniters containing one microcurie of
radium are stored in excess of 100 units

(either live or spent), lhe storage area should

dirplay a radi'dion identificationand should be

separate from nonradiating igniters. A maxl-

mum of I,500 units (live or _peut) is recom-

mended for sloruge without special shielding

and puclmging. Tile handling and storage of
live aud spent igniter.'3 that contain radiation
material should be coordinated with the radia-

tion safetyo[ficer at the using activity. Stof

age area trafficmust be kept to a niJMmuln, a

hlgh level of housekeeping must be maintained,

and the general safety practices must be con-
sistent with the best practices for explosive
storage areas. Every effort must he nmde to

maintain tilestorage area environment as run-

slant as possible, keeping tim relative humidity
as low as possible and the temperature between
0 ° and 120 _ F.

(a) Only 12 units are required when using
:¢ c.closures lmvinb single seals on the

desiccant cover.

2.3.3.2 Pyrotechnic/j_giter Service IAfe. "rim
pyrotechnic igniter must I,e stcr"ed'h't"Rs"o'rlgtnal
shipping container (can) In a_, approved storage
area until ready for use. Service life of a pyre-
technic Igniter Is as follows:

a. Twenty-four months maximum from (late
of manufacture wllen packaged and stored in its
_n'lglnal eontalnel.

NOTE

The expiration (late nnted on the pyro-
technic igniter container in deter-
mined by adding 24 months to the date
of manufach_re.

The "install Igniter Before" date
applie_ only to igniters that at'(: In-

stalled in a ready-to-tire state for
periods up to 6 mouths.

b, The shipping container must |)etagged or
labeled with the date tile pyrotechnic igniter was
fh'st removed from the container. The "Date

First Removed" tag or label provides informa-
tion for establishing the issue/usage require-
ments.

c. A pyrotechnic igniter removed from its
shipping container and not iestalled on an engine
must be repackaged as outlined in paragraph
2.3.3.3.

CAUTION

The out-of-container uninstalled

period must be held to a mlcimunl

to provide lna.xlnlunl protection from
handling and environmental damage.

d. A pyroteehr}Ic igniter removed from un mt-
gine due to cancellation of statictest or launch

is acceptable for reuse providing:

(1) The shipping container is labeled with

date of removal from engine.

(9.) 2'he protective closure cap and shorting

cap are installed lmn_ ilatcly.

(3) Tile igniter is not visually damaged.

(4) The igniter gasket in discarded and re-
placed with a new gasket,

2-11



Section II R- 3896 - 11

Paragraphs 2.3, 3.3 to 2.3.4.2

(5) The igniter Is repaclmged as outlined

in paragraph 2.3.3.3.

(6) The repackaged igniter is retu,'aed to
an approved storage ar_a.

2,3.3, 3 Pyrotechnic Igniter Hepackaging.
Itis reco'mn-ie-'t_d'e'd-t'-ha'}pyrm_t"e(_[V_"rs re-

main In the manufacturer's sh!pplng container,
undisturbed, until just prior to installation on
the eagles or other mandatory functions that
require Its removal. This will assure ffutxlmum
packaging integrity and a minimum ham.ling
damage. IXlrlng repaclmgtng', the original
Mflpplng container nmst bc used in order to re-
tain Information concerning dates, classifica-
tion, etc. Dtlrlng installation of new desiccant,
the elapsed time bate,can removal el the desic-
cant from its container ann tnstalltltton in the

igniter container mu,lt be held to a minimum.
Itepackage Igniters as follows:

a. Make sure protechve and/or shorting
caps are installed. Install shorting cap when
ha rl_ess iS disconnected fronl Igniter.

b. Observe all safety precautions applicable
at using organization, and wear recommended
protective clothing.

e. Inspect original shipping container (can)
and polyurethane foam wrap. If raoisture is
visually evident, dry container and replace
polyurethane form with dry palyurethane foam.

m d, Install .1/6 unit of new desiccant

93'tRB0295-O01 (Iiocketdyoe) In bottom of can.
fa

e. Wrap igniter In polyurethane foam and
place in can.

f. h_stall humidity lmqicator in can.

g. Secure lid or vaporproof barrier material
(MIL-B-131) (0.002 inch thick minimum) to eaa
with pressure-sensitive tape (Federal Specifica-
tion PPP-T-60). Tape must extend over can
end, and ends of tape must be secured by apply.-
tag a layer of tape around periphery of can cad.

NOTE

Vaporproot barrier material
(MIL-B-131) may be replaeett by a
barrier material with equivalent

moisture vapor transmission
properiie_.
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2.3.3.4 l_c_chnic Ixaiter _ Spent
'_r used igniters ahonld be collected ;rod hold for
di,qpos:tlin accor&mce with tim instructions of

the radiatlon safety officer of the using activity,

Spent igniters should be treated as radioactive
material in accordance with applicable Atomic

Energy Commission regalatlons or in agreement
wits state regulations. Tt c maximum number of
igniters to he held for disposal Is 1_ 500 (con-
tains approximately 1.5 mllllcurlcs of radium).

2.3.4 HYPEttGOLCAItTR1DGE ENVIRON-

MENTAL CONDITIONS. The order of usage for
the hypergol cartridge is (1) earliest date of
manufacture and (2) earliest date of removal
from container.

2.3.4.1 Hzi?_c£.,t_oq..Cartrtd£eS_e. Tim stor-
age area for hypergollc cartridges ni'ust be a
structure specifically designed, located, and

designated for _torage of ordnance. Storage
area traffic must be kept to a mhdmum_ a high
level of housekeelflng must be mahllaiued_ and

the general safety plactices must be coJ;ststent
with the best practices for Ilammable-llqutd

storage areas. Every effort must be made to
maintain the storage area environment as con-
slant as possible, keel)lag the relative humidity
as low as possible and the temperature between
0 ° and 120 ° F.

2.3.4.2 Hypergol Cartridge Service Life. The
hypergol "cartr"--'-qd-_ n'-qust----'h-'67st'--ore--iff'HV'it_ o"-rlgina, l
shipping container (ran) iP, an approved flam-

mable-liquids storage area until ready- for use.
Service life periods specified pertain to a hyper-
gel cartridge that has no' been mishandled or
internally damaged in a nmuncr that would not
be readily el:all)is. Service life is as follows:

a. Twenty-four mouths maximum from load-
lag date wbell properly packaged and stored.

NOTE

The expiration date noted on the hy-
pergol cartridge is determined by
adding 24 months to the loading date.

b. The shipping container must he taped or 9_2
labeled with date hypergol cartridge was first
removed from container. The "Date First Re-

moved" tag or label provides information for
establishing the issue/osage requirements.

bA. If the polyethylene bag (both bags ifdauble |

packaged) is noted to 0e torn after removing the 91'm
nypergol cartridge h'om the shipping container, I] ,_,_'
the hypergol cartridge must be restored fox' iservice as outlined in paragraph 2.3.4.2A.
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Paragraphs 2.3.4.2A to 2,3.6.1

c. A hypergol cartridge removed from its
shipph_g container must be immediately in-
stalled in an engine or repackaged :is outli-ed
in paragraph 2.3 4.3.

CAUTION

Thc out- of- coatainer/uninstalled
period must be held to a minimum to

provide ntiixlnltlal protection f:om
hantqtng and environmt.nial damage.

d. An anexpendcd hypergol cartridge re-
moved froln an ellglne title to cancellation of
static test or lannch is acceptable for reuse
providing:

(1) Tim hypergol cartridge is repackaged
as outlined in paragraph 2.3.4.3.

(2) The hypergol cartridge is not (hunaged
dlll'IIl[_ l'_,nloya] from e,w;ine or during repack-
aging.

{3) The shiplthlg container is labeled with
date of remowtl from eeginc :lrtd the container
reiurncd tu an approved [lammable-liquids
storag, _, area.

2.3.,1 2A tiypergol C'lrtriage Restoration. A

hypergol c:H'IH@,-5"WII'i'IiF7_ sei'vice-
able condition when tire following requirements
are met:

a. Tim existing packings and ring are re-
moved from the hyperi, ol cartridge.

b. The hy_)ergol cartridge is thoroughly
cleaned of all e,mtammnnts.

e. The hypergol cm'tridge iS visually in-
spected and found t_ be free of contaminants

and/or damage.

%.L' d. New packings are lubricated and packings
aud ring are installed on tlrehypergol earlrldge.

2.3.4.3 llyporgol Cartridge Repackaging. The
hypergol 7_fi-E_d_'(E_'liS_l_rh_fflHfff_II_f_din

the manuf,teturer' _ shipping conh, iner undla-
turbed until just prior to installation in the en-
gine, or arty any other mandatory procedure
requiring Its removal. This will assure maxi-

mum packaging integrity trod minimum handling
damage. A hypergol cartridge is repackaged
wh,,n the following requirements a,re met:

a, The 1 ,i,erL:tl ceu, trldge is visually in..
spected told fotnKl to be free of contaminants
and/or damage.

b. The hypergol cartridge shipping conta2ner

and eustflons a.re inspected m_d hmnd to be free
Of lllOiStux e.

c. Tire hypergol cartridge is double itacimged
bt Individually sealea polyethylene bags before
wrapping tire hypergol cartridge in a euM_lon.
The hypergnl cartridge is wrap ted in the cushlnn
before Inserting t'_e bype,'t;ol cartridge into tire
shipping eoatatncr with cushions positioned at
each end of the hypergol cartridge,

d. The hypergol cartridge is reltackaged in the
orlgln{tl shipping container with tile orifftnal In--
to:me,ton (concerning datcs, classlfica(mn, etc)
retained,

e. Covers and gaskets are installed on each
end of the shipping container and secured with
locking rings.

2.3.,t.,t ityperlJol Cartridge Disposal. b,'pcat
or over-a_c"_-Kgpb-/:_5 cTYSffartYK_.6"g-ff/ri'dt be
returned to Rockehlyne.

2.3.5 MISCEIA,ANF, OIJS I,OOSE EQUIPMI,;NT

I
912

_I::_N__VIjtO_N_Mk;N_'I'ALC()Nlil'I:I(-).NS._ Miscelianeons

ioe_e equipment is defined as those items of

engine equll;ment shipped with the engine and
reqni:t'ed for engbm installation in the stage.
Acconntabtltiy of the equipment must be main- |
tair.ed and the equipment nmst be prolterly pack- !
aged. Storage envirenment mast be within the o30
limits required for engine storage as cuiltned |
in paragraph 2.3.1. !

2.3.6 _.SIC_CA_N!' EN2.V-AI_.ONMENTAI, CONDIr

TIONS, The F-I engdne closures require

desiccant RB0295-001 (Rocketdyne) packaged tr

dust-free, high-burst-and.-tear-, strength pla:,tic
bags. Desiccant used in engine closures must
not be reactlwtted. Packaged deslecmR stay he
obtained in wtriot,s nnit sizes ranging from
fractional t,nltsof 1/16_ I/3, and I/2 Io sizes

of I, 2, 4, 8, al_(I 16 units and may be utilized

in any combination.

2.3.6.1 Desiccant SIora_?_.. l)esieeant must be
stored in a s"_m--l"e_ rachel container (20- or 30-
_allon size) having an airtight, gravity, s_:lf-

)eking door" and an externally mounted humidity
indicator with a three-spot iadic.'dinff elentent
for 20, 30, and 40 percent relative humidity

i f Iumges, A caution must be stenciled directly
on the cxtertor of the container stating: "This
container contains moisture-absorbent desiccant.
Do not open container except to remove desic-
cant. Reseal immediately. Take o,dy the
quantity required for Immediate use." If more
time one size of desiccant is stored in a con-
talent, segregate units by packaging each size
in separate plasUc bags, Tiw plastic bags may
be closed hr arty m:umer that will provide ready
access to the desiccant and lhat will eliminate
the possibility of physical damage to deMccant
bugs. The relative imrnldtty in the storage con-
tainer must be mair_iaincd at les,s tl_m 20 per-
cent re!alive humidity. If the 20-percent spot
on ti_e storage container turns a color other
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than bluej the entire contents of tilestorage

container mu,'_tbe replaced wlth a new supply
of desiccant, Desiccant removed tools the

storage container and not Installed and scaled

In a closuz e within a ln,qxinlnnl of ,_ lltllUlt@h 9
may be :,;prod outsicm tile costa!her for a maxi-

mum of one hour tf the deeiceant is placed In a
polyethylene bag (6-mtl Ininlmnm thickness).
E×cess air must be squeezed from the bag and

the op0n end of the bag must he folded, closed,
and sealed wt_h tape before the 5 minutes
l,tp_les.

2.3.6.2 ..D_esiccanl Installation, Desiccant muet

be stored ;Is outlined in paragraph 2.3.6.1 until
immediately prior to installation. The tlmd
phase between removal of desiccant frolYt stof

ago until sealing In a protective clomwe mart
not excetd 5 m|nutos_ or desiccant luust be

q_*disearded. Desiccant bags must always he
handlefi in a manner that will prevent tearing
or rupturhlg of tim bags. Immediately prior
to installing desiccant ill a closure, tim desic-
cant bag must be wiped with a clean, hemmed,
nylon cloth moistened with cleaning compound
(MII,-C-81302). Thequmdi_y of desiccant used
in :t partteuhlr closure is a.'._ stated on the clo-

sure or ;is specified In lhts manual. Specific
requlremen+s for desiccant in relation to the
engine are as follows:

WARNING

Cleaning c,.,:n_ound (MIL..C-81302)
Is volatile, Use in a well-ventilated

area since the vapors displace the

o:_ygen in the air, resulting in
suffocation°

e. When deslccnted protective ('l,):_ures ace

removed from engine, colnltale nulnbi, roi ba[_s
told units with aulnbor recorded and account for
all desiccant before processing hardware. Note
ennui;ion of bags. If hardware coataminaimn i_
suspected an result rd discrepant bag_, verify
condition of ltrocessing hardware,

2.4 MAINTENANCE REQ.UIREMENTS.

2.4.1 SEAL USAGF Se'ils from connections

that have been disassembled inust be replanted
with like-servieeahle items whenever a vbma!
inspection reveals contaminants, nicks,
scratches, m' ally other deice; that may impair
seating capability. A new K-seal nmst be in-
stalled whenever a K-seal joint, except for seal
moniiortntt ,or; plugs, is loosened o," opened.
Pressure- "uated (N_fflex) seals, except for
the seal est:u at the oxidizer OVel'i'sard clrain
line flange (at thrust chamber to ,tozzle extension
joint during static test at MTI,'), mast he re-
placed and re,turned to the Enghm Contractor COl'
disposition "._henever a joint i't leosened or
opened,

2,4.2 FASTENER USAGP. Bolts removed

from the engine or components nmst he rc'plact'd
whenever a visual inspection reveals damage to
tile bolthead, grip, th,'eads, p]ating, or dry-
fthn lubricant. Undamaged bolts may be roused

unless otherwise 5pecif!ed. Nuts may be reused
if threads and w_'onch flats are not, damaged.
Self-locking nuts may be reused If the locking
,_eature still provides positive torque drag.
Washers ace reusable as long as the platil_g is
aoi. damaged and the surfaces are not deformed.
Any e_;gine fastener disturbed during perform-
atmc of auihorized activities must he retorqued
to its appllcsble torque wdue at tile; completion
of that activity,

2,4.3 F..'uS'I'ENER CROgS-TORf_UE liE-
n. After engine receipt or daring a r:}.ceiv,ng QIJIRE_]];INr])7"'Th-e'_, cTi)ss-'--t'ol-iq"iiih_< ,--qi;_.t-god

inspection, replace desiccant if 40-perce/,t rein- m-'_i'_-(-[7_.,"i'r'_)3"(Tf(w mnltiiasterter apidieaiinn of
live hursidity iedicator shows colur nthor than
blue.

b. During engine storage, m',0_e sure fuel

ctosut'e, oxidizer closure, ,'rod thrust chamber
el0 security closure 30-pereeut relative humidity

| indicators show blue color, if color other
than blue is noted, change closure desiccant.

m c. When desiccant is replaced, inspect
humidity indicator after 24 imurs. If 30-per-
cent relative humidity range shows color
other allan blue, replace desiccant and repeat
inspection after 24 hours°

d. H relative-humidity indicator colors
overrun their borders duo to excessive
moisture, replace indicator.

flpctges or 1',tints, to almly eveuly 5isiributod

axial load_ to seals and gaskels. Torque must
be applied in increments of one third or tim
total torque to be :,pplied until all tasteners are

evenly torqued to the desired torqne value.

2.4.3A. DAMAGE DISPOSITION. All damage

to the env.tae, regardless of magnitude or nature
of discrepancy, must be considered as either
one of the foliowillff conditions:

a. Acceptable without repair if within the
acceptable damage limits specified in figure
1-3,
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Paragraph 2.1.4

lJ. Not acccptable wlthollt repair 01' 1III'Ihcl'
~valualiull to deterrnim~ an al1proilJ'iatc Ui~P08i

tion. This type of "al11af:e is identifh'd hy the
('utl'y "~o dnmagt' allowaule" 111 lhe Limits
colullln 01 li6'Ul'0 1-3. G''''('l'ally, thl,. applies
to dama1{C f01" \vhleh no ac(:cptable d:l.ll1age
1ll'HltH hav(' be un IOl'lHulalcd. r~ach dallln~('

ilceUl'J'l' I1CC IllU:-:t 1)(1 pvaluated on all illl,Hviclual
bas::; ill aecol'dancc with the authorit".cd sUe
dis ('rcpancy rcpl)1'lirlj.{ Hystcm.

2.4.1 COMI'ONF.NT HFUiOVAI~ lNSl'ALLA
J.!(~r:<J.R!~t~·jjf;1.1emIfYf,;E~fgt:(;~B:!riN::---
SI'I,CTION CONSTRAnI'l'S. C:",n po' ",n I rc
i-~l()v,i"t:-re·piii·ecill'ctlt:·~·.iil<irc!nf:>tallation rnu&l bE'
aecomplished 118irlJ :luthoril.C'cl and appl'ovNI
PI'OcctluI'es and "qlJlpment. Field modlfleatlons
of approved 1';CP's anrl lIwp~cljons by rFW'~

llJay hr- aecomplishcd at any lIelcl locatinn. Se,'
figures 2-6 for detail rl!qllif(lments on enmp0
(l(lnl l'('j,!acCIllf'lIl, l't'installaliol1, and adjllst
mnJl~.

-------

----------_._------

COInpOIH'llt
Non lell (' In tlire

Whl'll COlH
llL)ll('llt is
Hcplaeed

Whon Com
IJOl1t~llt Is
AdJuBted,
Distlll'lled,

or
H"llistalled

Compol1(~lll

N ollH.'llclntul'c

Whell Com"
P(l!H.'ut is
H,'placed

\Vhrll COin"
poncilt Is
Adju,;!"d,
UiHlul'hcrI,

OJ.'

£1eillstalif'd

(il )TIlI'lIst chambpt' body

Thl'llst "hamhol'
llljnctor

Thrust chi.\mlJe1' dOl1w

T llrbojlllllljJ

,"OX JJUlllp Inlet

Heat exehanger

No.1' I' No. 2 main
LOX orifice plate

No. 1 01' Nl). 2 main
fuel ol'ifil'c plate

Intel'faee panel

Gimbal

(aJ (b) (r.J

(a) (b) (0)

(a) (lJ) (c) (d)

(h) (c)

(h)

(e)

(c)

(e)

(il )

(a)

(e)

(a) (b) (.,)

(a) (c) (d)

(b) (c)

(b)

(e)

(lJ)

(a)

No. 1 01' No. 2 fllel
PUIllP inlet duet

Adjustment of b1'\\('Kols
and assoeiatlJd liIlNJ:

Heat exchangol'
helium outlet

""at exchanger
helium Intl'!

Heat excballt!,er GOX
outlet

Hydraulic ground
supply

HydraUlic grouad
return

High-pl'l'BSUl'e ducl~

( e j

(e)

(e)

(e)

(e)

(1;)

(llJ

(e)

(c)

(e)

(e)

(e)

(aJ

(h)

(c)
(d)

(e)

Adjust !;Imbal Xa and Z , nxes lIslnl\ Gimbal Bearing Locks 04059, holflinl( fixtnl'o T- 5037454,
and check fixtnl'C 1'-5039452 so thai dimensions from gimbal center to outer diameter surf"ce
of 4 thru"t chamber :nJectol' alinemcnl plI.S arc within 0.010 inch. Hecord new ((imbal Bettings
in F;ngine Log Book.
Verify tha.t intcrfa('c location dimensions al'O within limitu ti!l('cificd in F' ... l En[{inc 1I1torfa~~c

Document H- 6749.
Reaffirm that propcllant dud fit check and "linement nrc within limits of fit:urc 2-'1.
A torqnc chock of the onlel' 'lome bolts is required at COlilpll'tion of second firmg (first if only
OUll IS performed).
USIng appl cable Illliding fixlul'e 1'-503745'); allncment tools '1'-5039113, T-5IHI23:1, and
T- 5040940; and Gimbal nearing Locks U1049, adjllst braeketry an%r assodated llMs to
"orr~et iocations.

----_.._--- ----_._----_.
Figure 2- 6. Component Heplacement, ReinstnJlation, and

Adjustment Hequirements (Sheet 1 of 2)
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Sectlon Il

----_.._----_.
\Vht1n Com
pOJl(l'nl 16
Adjustl't!

\VIWH COIll· DiSlurh(!d l

C(Jnq)l.)Jlclll plm(;nt Is or COIllJ)UIlPnt
NOIl1(~ ...!elalllrp Hfl'placcd HcinHlalll'd NOll1t·nclature._. ---_._-_._---._._---- _._- ---

When Com
p()lIenl If.:
Adjust cd.

Wlwn Ct.I1I1- Dislurl.H.'d,
ponclIt iH or
Hepl",·"d H('IIl"lall~n

High-I"'cssure (e)
dud spacers

No. I Hml/or No. 2 (c)
oxidi'l.cr valv\ls

No. 1 aml/ol' No. 2 (l')
flld valves

lIydl"lulic cont "'.11 (f)
~y~.tlllli linct-:

(c)

(r)

(c)

(0

CtH'Oun condlUoning
P\ll'L~c hne

LOX dorn(' and gas
~wrwrator LOX
injcctot· pu ..~e linn

L,)X pump snal
IHlrl{U Iilw

};P'" rilll!. t'oolanl
contl'ol va Ive

(0

(i)

(I)

(f)

(1')

'(Cfli"affirn;th:llpropell:lnt duet fit check ami allnement arc w:thin limits of (i[(nre ?'-'1 .
• (f) f{paffll'l'll that lin" allnelll~nt IS within limIts or figure ?. 8.

9112(r,) Orifice sl," must lit' the saull' as that specified in lh" Engll'" Log Book .• _ AO ._•• _

FlguJ'(' 2-6. CompOIll'nt ncp'"ecmcnt, H'~installation, and
}\,liustr,w"t Hequi)'cmellts (Shed 2 o[ 2)

----------_.._----_ .._-----,--

tJoint Location

Ha>;lmum Axial G.lP Maximum
at LaI'ilust Space Differential

(Inches) Gnp(n) (IndlCs)--_.-.---_._-------------
No.1 oxidi?er dud to tUl'bopump volute 0.010 0.020

No. I oxidl,er duct lo valvo 0.040 0.020

No. 2 oxidizcr dud lo Ittl'impullIp volute 0.040 0.020

No. ~ oxidizer (hl{~t to valve o 040 0.020

No. 1 lueI ducl tu turiHlpllmp volutll 0.040 0.020

No. 1 fucl nud 10 valvc 0.180 (0. 110 fnr
horiwntal
assembly)

0.020

No.2 [uul duel to turbopullljl volute 0.0·10 0.020

0.0200.000 (0.040 for
hJrlzontal
assnmbly

raS-'i:Ji(,I;jiT,ixlmun:;-i)J[fcrcnlial Gap" is the <lWcl'l'nce between Ihe g~p ohtainnd at the j;"'gest
space and the gap ohtained allho smallest Hpacc. .

No, 2 (ud duct to valve

-----_._-----_...._---
Flr:"re 2-'1. Propellant Duel Fit-Check and Alillc!nent Rcqttiremcnts (Sheet 1 of 2)

2-16 Change No.6 - 10 February 19'70



Joint Lo('atlon---:...:.:::..:.:..

No. 1 oxidiz,,1' valve to LOX dome inkt (h)

No. ? oxidizl'r valve to LOX dome inlet(b)

No. 1 fuel valve to fllel manifold Inlet (b)

No, 2 fuel valve to fuelldanlfoldlnlet(h)

H·3896·1I

Mp-xlmum Axial Gap
at Lal'!:est Space

(Inches)

0.065

0.06~

0.065

0.065

Section II

0.015

0.015

0.015

0.015

'<ay-:r~laxjmnmflltfel'entlai Gap" is th" difference b"tweell t1w gap obtained at thl' larl(est
space and the (~ap obtained at the smallc!;t space.

(b) These allowable gap dimensions arc appllc'allic only fur the followinl( flt-ched' cases:
(I) Hcmoval and reinstallation or replacement of the LOX don'" and injector with

the oxidizer ducts remaiuing 'Ittached to t!1l' tU!'llopump and the oxidizer valves.
(2) Dlscolllwct!on of fllel vllives from fuel manifold with fuel duels remaining ,Ittached

to the fuel valves and tU!'bopump,

Fit''ll!'e 2·'1. Propellant Duct Fit·· Check and Alincmout Hequirelllcnts (Sheet 2 of 2)

Line-------'
No.1 fuel valve OP01l control
tubl'

Propellnnt valv"s close tl1b"

No. 2 fuel vall'I' open control
tube

Propellnnt valves close tulle

No.1 oxidizer v'llve dome
puq~e line

St:qucnep valVe! to f){lquencc
valve line

l'ropellant valves open lube

No.2 oxidl7,er v,\lve dome
purlJe line

Pl'opellant valves open tube

:=J -Maximum Allowable Limits

Offset Gap Anl~ulai;;n(a)
,Tal lit Location (Inch) (Inch) (Inch)

No. 1 fuel \':llve 0,30 ; 0,30 0.017

No, 1 fuel valve 1).02 .. 0.10 0.009

No. 2 fuel valve 0.05 ,0.20 0.017

No. 2 fuel valvl' 0.10 ±0.20 0.017

No. 1 oxidizer dome purge O. 10 ,0.05 0.009
chpcl( valvt'

91H

No. t oxidizt;"l' valve sequence O. 15 fO,30 0.017
valvl'

No. 1 oxidizer valve 0.05 .0.15 0.011

No. 2 oxidizer dome purge 0.10 iO.05 0.009
check valve

No. 2 oxidizer valve sequence 0.10 .0.15 0.017
valve

,;j"°1l.ngulation is determined after line is alined within offset and [lap requiremonts,

ngure 2·8. Tulle Allnement Hequirements :Sh"et 1 of 2)

Chauge No. 9 - 2 December 1970 2·-17
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Maximum AlIow,lhl" Limits •--- -
Ufls,·t (iap Angulation (a)

Line Joint Location (Inch) (Inch) (Inch)
-----

Propellant valv~s oprn tuue No. 2 oxidizer valv" 0.0'/ iO.15 0.011

l't'opellant valves opell tube l~nltion monitor va Ive inlet O.O(i ,0.02 0.012

1~{llltioli monitor valve sense Th"ust chamber fuel maniCold 0.03 ,,0. 10 0.014
Llbr

Propcll~\nt valves close- tube No. 2 oxidizer valve (). 15 ,0.20 0.021

19l1i!er fu"l >1upply lube No. t [upl high-prf.lSfHtft:' 0.10 +0. IGO 0.022
91H (Iud 01' hyp,,r1401 manifold +0.001

Jo:n~ine supply tuue No. 2 fuel hi~:h-\lr('nsure duct 0.05 +0.100 0.020
01' engine eontl'ol valve +0.001

('illS gencrator :;y.:;tem close Gas g(luerator 0.10 ,0.20 0.017
tube

Gas gen(>rator syst!"m open Gas gencrator O. 10 iO.40 0.051
tuhe

(a) Angulation Is determined after line is all ned within offscl and gap l'('quirem~nts.

Figure 2-8. Tube AJlnpmeul Requirements (Sheel 2 of 2)

2.4.4A COMPONENT nr,PI,ACEMI,NT
EF l"ECTSONENOINi,n>i<;'H.FOOr.lANCE AT
m;;A J.,1,;VEL. Gomp,ment replacement effects
,jilCiiginepei'fOl'll\ance al sea level :,re tabu
lated in fiBure 2-9. The deviations presented
lire the maximum expected eflects on sea-level
engi ne thrust and mll,ture ratio when tole listed
components are replaced. 'I'M following pro
cedure is to be used for delermlnin~ the maxi
I"um expocted performallce deviations for Indi
vidual engines:

a. 'fhe deviations lIstnd in figure 2-9, co~

re::pondlng to hardware replaced on the engine,
arc to be tabulated and included with the Engine

2-·18 Change No. 9 - 2 December 1970

LOf~ Book. This tabulation is l~cccDsary for
future reference anel continuous upt.lalinr; when
additi.onal rcplaccmpnts are made.

lJ. Tho ~ombination of deviations due to the
rcpJat~elllCntof ench indivirlual component
determllle~ the expect",' maximum performance
deviation. The combination Is accomplished >JY
calculating the square root of the sum of the
squares of the deviations listed in figure 2- 9,
corresponding to each component replaced.
Components replaced a second time arc treated
as a slngln rllplacement of the item. (No addi
tional varilltion is added besides the variation
for the component being r eplr.ced a second time.)
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.:;0dion II

Ht'asun
For
TestC(ir>,poncnt Bnlllg Heplaccti

Maxllll\lfJl Expuctcd
Pel'fol'm~))lce UIi...::el'taiuty

I--S-C'-'l--l","e-V-"-'l'-Th~1 Sea- Lcvc I-
(K (11) M)"llll'c Hatio__..l .1 _

Fucl pump
No. 1 Inlet clbow
No. 2 illiet elbow
Inlet assclilbly
Induccr
'!olute
Impcllcr

Turhln" assemhly
Nozz Ie (manifold)
First-stagc wheel

P"r hladc
Seeoml~stago wheel

• '01' bl adc
Stator

P0r scgmcnl
Honeycomb sO,ll

Gas (~cno)'ator oxidizer boolF:tru!, line seoop
Gas l~cncrator oxidit.cr bootstfap line

(ujlstrcam)
Gas gonerator oxidi?cr upstream ol'lHco
Gas gencrator oxidizer bootstrap linc

(downst ream)

(a! (Il)

(a) (h)
(a) (h)
(n) (I,)
(a) (b)

(a) (b)
(a) (b)
(a) (b)

(a)
(a) (Il)

(a)
(a)
(a)
(a)

(a)

26.9 0.014
9.0 0,014
9.0 0.014
9.0 0,014
9.0 0.014

18.9 0.029
12.0 0.019

:lG.6 0.00:;
19. 1 0.001
17. 6 0.002
0.2 O. I)

8. 8 0.001
O. 1 0.0

17. " 0.002
1.8 0.0

17. 6 0.C02

6.0 0.001
12.0 0.002

0.0 •1.9 lf21
12.0 •0.002

----_.._--
(a) Hcplacemcnt of this component rcquircs reorWcing and/or rctest for pcrformance uncertainty

and l'c(lline vall-e al,ceptabillty as mutually agreed by "nglne Contractor and NASA.
(h) Componcnt hot· fire lest "cqutrcd for functional Integrity verification--_._--_.

Figure 2-9. Deviations In Engine Performance Due to Component Ht'IJlacement
(Sheet 1 of 3)

Change No. 1I - 6 May 19'/1 2-18A/2 -laB
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------'----------,r----.--r--.----- ------

Component Deinl; Replaced

Gas generatur eXldj~er downsfrea1J1
()I'lflce

Gas generator fuel boutHlrap liue
OaH gCBm'ator fuel orifit€
Gar; generator hall valve
G~s generator injector
GaH [(<:'nemtor combustor budy

ThruHt ('l1ambor
Thl'tH:it r.hambef
M~iin injcr.lor
OxirUz(!:: dome

Turbltle exhaust system duct with heat
E!: changer

Nozzle extension
No. 1 m\l;ll LOX "r1fke
No. 2 l'najn LOX orifice
No. 1 m~\ill iue 1 orj [ice
No. ~ main fuel orifice

Ne 1 main o;:idii':cr valve
N". 2 main oxidizer valve
No. 1 ..min fuel valve
No. 2 main fuel valve

Nn. 1 turlJopump ',xldlzer outlet line
N(J. 2 lurbupUlnp oxidi:.'.el' olltibt line
N0. 1 turbopul11p fuel outlel line
No. 2 tUl'bopump fuel outlet Hne

Rp.ason
For

Test

(al

(a)

(al
(al (cl

(al

(a)
(a)
(al
(aJ

Maximum Expected
Perf()rmance Uncerta 'nty

I--~ea-Lovel Thrus;-r-sea- L;v-e-I-_.
(K IlJ) _l.~xture Hatlo._-- .._----,-- .

1. 9 o. a ~l

7.8 0.001
1.1 0.0

2~. 2 0.004
31. 8 O. 005
11. 7 0.001

21. 5 0.054
11. 5 0.043
6.5 0.029

t 7. a 0.016

27. a 0.003

15. a 0.0
0.1 0.0
0.1 0.0
0.0 0.0
0.1 0.0

13.0 0.019
20.1 0.112
1.1 0.022
9.6 0.018

1.3 0.002
4. 1 0.003
0.2 0.003
1.4 0.003

(a) n<'placemen! of this compoIlent requlre,q I'eol'jfkill~ and/or retest for performance wicert'linly
and 1'€(1IIne vatue aec3plabillty "8 mllt\l~lJy af,reed hy En~ine Contra~tor and NASA.

(c) Smgie engine hot-fii'e lest req'Jired for functIonal integrity verlfical.ion

,----_._------
r'igure 2-9. Do;riatiol1s in fo~ngille !)orfurlr:.ance r~ue to Component H~)placerncnt

(Sheet 2 of 3)

Change No. 11 .. 0 May 1071 2.. 19
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H··389B.. Il

----- --_.---

Maximum Expected
Performance Unc'lrtainty

Compon,mt Being Heplaced
----
Turbopuml)

Oxidizer pump
Inlet assembly
Inducer
Volute
Impeller

Reason
For

Test

(a)
(a) (b)

(a)
(a) (b)
(a) (b)

Sea- Level Thrust
(K tlJ)

55.0
30.2

'1.3
7.3

15,8
24. 6

Sea-Level
Mixture Hatlo

0.071
0.055
0.014
0.0.14
0.028
0.043

(a) Hcplacement of this component requires reorificing ahd/or retest [or performance ltlcertainty
and redllne value acceptallllity as mutually agre~r\ by Engine Contractor and NASA.

(b) Component hot-fire test reqnired for funclional integrity verHication

NOTE

Component hot-fir" test is required after removal and
reinstallatio.1 or replacement of turbopump intornal
components from the No.3 (uel seal to the first-stage
turhiM wheel.

--------_._----
Figure 2-9. Deviations in Engine l'erformance Due to Component Heplacement

(Sheet 3 of 3)

2.4.5 LOCKWIRE HEPLACEMENT. Lockwirc
removedt,,- ;'c-,;omp!ish authorlzeu activities
must I,,, replaced at ihe completion of thase
activities.

2,4.6 COVER Ai'lD CLOSURE: REQUUU;MENT.
All parts ofTf,-ee,iliincr;;quiring-Pi'oteeJivc
covel'S or closures must be protected at all
tl~lWfi unleRS CUVCl'U arc required to be off for
performance of 'til authorized activlt.y.

?.. 4. 7 J!:NGlN~~ ,:0£"1' O(){)J)S VEHlF'jCATION.
An a!(C '"contronOJi fc,i-co,rijjf;fi€ri't'Athat contain
f,oft good" is provlued in each F:nv,ine Log Book
If it hecomcs necessary to replace a component
ih3t contains I;Of! t~oodM, tilt' En[~inc' 1.0:( Bonk
"go cO/llroi 10[( /l1'.lSt be updated to reilee! tIle
new rcpl;]c~mlent date. '1': ...... replacenv-'nt date

, is the installation date of the solt t;OOdB in the
9,O('ompnnonl plus ,')2 (JuRk'ters.

2- 20 Change No. 'I • 23 Apr U )9'10

2.4.8 ENGINE OnIl'ICE VEtllFICATION. In
caBe ofCOii."rTiCtiiMwci;n·milT6e- diameters, as
,fcc0rded in the Engino Lo~~ Book, and the Hxter
nal identification of an orifice, the orific'e must
be rCn1ovod (rom tho enaine and the ol'i~'iee

diana,tel Illeasured, Ii the actual onfice dial'll
eto' differs (mm that recorded in the Eng-inc
Log Bool" notify l'ngine Contractor for disposi
tion.

NcyrE

The actual orifice rliametor and the
orificd diameter recordod in the
I';nv.ine Log Book may dUfer by the
allowahle machining tcleran':e of the
indlviuualorifice.
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2,4.9 CLEANLlNESS REQUIREMENT FOR
.!2ITliRNAL" CONNEC!1Q!::1S:- AJ I components
and lines that transfer fluids to en[(ine systems
must meet elcanlino:ou requirements of engine
system hardware prior to connection to the en
gine system.

2.4.lr SYSTEM INT<:RCONNECTI0N CON
§LRAINTS. Systenm that transfe-rflUlds tothe
engine must be plumbf'd , ur..lc5s otherwise
specified, so that floids canna, intermiX,

2.4.11 TURBOPUMP PRESk;RVATION HE
QUIREMENTS. "Pre;;-ii'rvatTQ;"iOf tlieturbopump
Is requireCi at the following times:

a. Wtlhin 4 hours after:

(l) An engine test that Introduced fuel Into
ql2~the turhopllmp Inhrleatioll system.

(2) A launch abort.

(3) Lubrication systflll purge In excess of
50 pstg.

9}" 1.>. Every 10 years.

must be maintained between the maximum clear
ance envelope of rigi.d lines and adjacent su1'
fac:J~ .

(3) A mlnlmulll clearance of 1/2 Inch must
I'" matnlainoel between flexible lines and adjacent
surfaces.

b, Rigid lin': support requirements:

(lj Line" 1/4 inch Ihrough 3/8 Inch in dia
meter must ~)e SUflpOl'ted every 18 inches
(maximum).

(2) Vnes 1/2 inch through 3/4 Inch In
diamctc1' must be supported eVel"Y 25-1/2 inches
(maximu'.n).

(3) Lilll)S one inch and over must 1)1' Sup
portNI every 30 inches (maximum).

(4) Olle··thlrd of distance spceifled In sub
stpp'J 1 through 3 is maximum Rpadnv, betwt:cn
ul1sllp!-'orted !lne f1tt1n[;s 01" to bends of mOrt'
tha'" 75 degrees.

fl, ComponPllts must not bf' lllOunted on p.ngine
lint's.

g. Clenrances mllst be maintained as spt'ci
fled JI1 f;tep a I>etween attachinl( flexible armored
harnesses and engine HIles.

d. Ci,lll1ping between attaching hardware and
Enginp lines lllust not stl'ess engine lines. Under
TlO circ'umstancC's shall any hardwrirt' be attached
to engin p hydl'aulic control linPR.

902
e. Attaching ha"dware must not be clamped

to line flexible sections.

f. Cll1fU'fHH'(, of 1/2 inch minimum mlJrtt be
malnlained be(W('lJ< attaching conventional dec··
trlcal hu,'ncsses and any line carrying" f1am
mab\!' fluid, including U(J"id oxygen,

h, Attachin'~ n"xj!lle armol'fd harness must
not be In dirl'cl r:ontact with any component that
contains or flows hoi-gas products, other than
thE:1 norm~) cunllccting of a harn~88 plug to a
component. Contact hy a support attached to a
hot-gas ,'omponenl Is acceplahle.

a. Minlmulll ~',earan('e between attachi'l!;
hardware and Hl1~Jlne linea:

e. If a preserved turbopump Is exposed to
fuel whHe horizontal, the engine shall be rot~.ted

to verttcal within fj JTlonths of the event and f ne
turbopump bearings rcpreserved within an addi
tional 4 >nontlw.

2.4.12 HIIHDWArm ATTACHMENT CON
§TJ],AIIf.f.S :-i,~igl";cConll;'aciorDes ignnevi ew
and e(1UCUrr(~ncc of applicable Sta~c C:)utractor
insla1Jal.inn elocuments m"Glbe chtalneel before
attaching any addillon~1 lines, harnesses,
brackets, clmT'ps, or otl10r hardware to the
englll('. Attach;,1g hardwarp to the engine in
locationll otlwr than those agr<!pd npon elurlng
Dc'sign Hevlew by tl'e Engine Conlractor may
result in rp<!uced eniline l'elll\hiJity. Unless

~1):,otherVlise specified, c"nHtrainls for installa'.loH
of attachin~ harrli,,..'arc and minlmurn ("learancp
between attaching tJardwa\'e and engine compo
nents arc as follows:

(l) Static concUtI"ns: A mlninHlm clearance
of 1/A inch Inust be m~lntnlned betwl'en rigid
lines and adjaeenl: surfaces.

(2) Dynrtmle conditions (inell'pendent of
vibrntlon): A minimum clearancf! of 1/2 inch

Change No. 11 - 9 Octoher 1972 2-21
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2.5 OPEIlATXONAL TEST REQUIREM~

2.5.1 SAFETY HEQUIREMENTS WHEN WORK
INQ.}VITH THERMAL.IN3ULATION.

a. Wear leather gloves and arm protection
to prevent injury from sharp edges and corners
of insulators.

b. Do not force-fit brackets.

c .. Use enough personnel when handllng insu
lators to prevent buckling 01' distortion of
panels.

CAUTION

Because of the extreme lightness
of insulators in comparison with
their surface area, they mUBI nol
be placed where winds or drafts
could blow them about.

d. US,) e"treme rare when handling insulators
ill windy areas.

e. Leave protective packaging on insulators
until ready for installation.

f. Do not stack or pile insulators on work
platform.

g. Use tiedowns 10 secure insulators; do not
use weights.

lJ. Prolecl Insulalo! s fro1ll punclures or leal'S
when handling neal' sharp projections or tools.

l. Do nol place eqUlpl!'f'Hl a[(alnsl insulators
or usc lhem for hand or {uot holds.

j. Do nnt bend fJan~~e t~bs of illsulators '0 a
sl'arp radius.

k. Do not exp'.>se insulators to llqulds or
moisture. The IMulation between foil sheets
cannot be conv()),lently dried. Insulation dam
all;ed lly fucl abso!'ptlon must be replaced prior
to engine firing.

I Make sure that vent covers On Inner foils
o[ cocoon and Ulrust chamber and nozzle exten
sion Insulators are not distorted and are free of
obstructions.

2-22 I:hanv.e No.6 - 10 February 1970

m. Insulators must not be all ned with drift
pins engaging nut plates of brackets.

n. Do not wear clothing, containing sharp ob
jects that may damage engine finishes.

o. Exercise ext rcme care to prevent damag"f'
to engine equipment.

p. Insulators are not rigid components untIl
iostalled. If misallnement of attaching features
occurs due to deformation of insulators from
handling, It mal' be necessary to use hand- force
to efreet Installation. To prevent damal;e to in
hnlalors, apply hand-force to large ar<)119 either
by !lushmg or striking with the heel o[ the hand.
Wea,. glovcs lo pl'event Injury ttl hands.

2.5.2 SAFETY SHIELDING AND SAFg Ol'ER
A'rlNG·TES1~PHE::;SI-!.R~~-P:T-;;ngine sy"iJtem
safe operating test pressures for personnel
safety are a& listed In figure 2-10. SaMy shield"
ing must be used on engine/components during
performance of authorized activities in this
manual that specify prcssures In excI,ss of the
values listed.
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(3) Wear safety glass~s or face shield
when using cleaning compound.

2. r'. 5 SAF!IT.L~EQUlf{EMEN~S WHEN WOR!k
ING WITH SOLVENTS. The hazard associated
with a solvent IS specified In the requiremnnt 01'
procedure by a warning note since Improper use
of a solvent can cause injury to rersonnel or
damage to equipment. The follo'.. lng steps list
the solvents used, their particular hazard, and
the safety precautions that should be followed
when using that sol'lent.

a. Observe the following safely precautions
when using trichloroethylene (MlL-T-27602), or
equivalent:

(1) Avoid excessive Inhalation of vapors
from trichloroethylene. Trichloroethylene gives
off vapors even at room temperature, and pro
longed Inhalatlon can produce o'lrcot!c effects
On the nervous system.

(2) Do not allow trichloroethylene to con
tact skin for prolonged periods since it can be
ausorbed thlough the skin. The liquid chemi
cally dries the skin, leaving It susceptihle to
Infection.

(~) Wear safety glasses or face shield
whlle uaing \l·ichloroethylene.

(4) W'mr a breathing apparat\i3 whlle work
ing with trichloroethylene Ir conllned or unvcnti,·
lated areas.

(5) Do not eXJlose trlchlorocl.hylenc to ex
ce~sive heat.

b. ObseA'Ie the following safety precaut:,ons
when using cleaning compound (MlL-C-81302),
or eqUivalent:

(1) Avoid exccf,,,i'/e Inhalation of vapors of
cleaning compound "6 it may eaU8e headaches,
dIzziness, sleepiness, or 'mconsclousness due
to lhe oxygen-deficient a.tmo~phel"e.

(2) Do not allow cleaning compound 10 con
ta,ct skin for prolonged period8. The liquid
chern ical dries tho skin, leaVing it susceptible
to Infection.

a. D~energlze circuits before working on
electrical components or electrical cables.

b. Place circuit breakers controlllng the
power source and all switches on tho electrical
equipment In the all or deenergized position
prior to connecting a power source to electrkal
cquipment.

c. Do not leave electrical controls unattended
when eleclrical poweA' is suppll~d to an electri-
cal system.

d. Ground en~lne and electrical conaoles to
a Cf,mmon ground wilh separate ground cables.-----------------.

2. 5. 3 SAlrETY HEglJrnEMENTS WHEN WORK
ING WiTHPNEUMA'l'lc AND HYDi'tAULlC SyS
TEMS. - •--a. 1'1'101' to pressurization of any system,
verify that all conncctions on the syslem are
fUlly engaged, ~,nd safety precautions, "uch as
warning signs and warning I1ghts, are displayed.

b. Do not tighten or loosen any fitting 0.1 a
pressunzed syslem.

c. Do not leave pressurization controls un·
atl~nded when pressure Is applled to a system.

d. Verify that test equipment hoses or lines
are depressurized prior to disconnection.

e. Secure all test hoses connected between
test equipment or facility and/or engine, to
prevent whipping In event of ac<:ldental dis
connection or line fallure.

f. Wenr safety glasses or faee shield when
working In areas where systems are pA'''S
surizod.

g. If allY fitting or line Is loosened or any
part removed, protect opening against entry
of foreign material.

h. In the event LOX propellant feod system
is depressurized with fuel propellant feed sys
tem pressurized, make certain nitrogen over
board drain is not plugged.

I. If closures are to remain on overboard
drain lines when I,OX and fuel propellant feed
systems are pressurized, closure fa,stoners
must be loosened to prevenl possible pressure
buildup In drain JInes.

2.5.4 SAFETY HEQUlREMEN'I'S WUEN IVOnK
ING wiTTl ELECTRICAl: 6'YSTl';MS.
----_.,----'-~;.....-,

1l1rormallon wlll follow
Ilt a later date.

Figure 2-10. /lafe Operating PI"essure Requil'ements

Change No.6· 10 February 1970 2-23/2-24
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(4) Wear a breathing appar,ltu, when using
cleaning compound in confined or unventilated
areas.

(5) Do not sUbject e:leaning eomp:>und to
excessive temperatures.

e. Observe the following safety precautions
wlwn using isopropyl alcohol (Federal Specifi
cation TT-J-735), or equivalent:

(1) Avoid excessive inhalation of vapors
of iSOpl'opyl alcohol since prolong2d lnhalatio.l
may cause sli(\ht intoxication.

(2) Weal' breathing app:udtus when u5inl>
isopropyl alcohol in confined or unventilated
ureas.

(3) Because of Hs low vaporizin!> qualities,
llse the lea:::.t i:Ullount of isopropyl alcohol eOJl
si stent with performing the task.

(4) We~ I' safety glas5es 01' face 51,ield
when uSinlo isopropyl alcohol.

(5) Do not use iSOI"'Opyl alcohol n~ar

sourrc of ignition heat or open Hame.

d. Ohserve the followin;~ 5afcty P"ccaul!ons
whC'n using nl'yeleaning solve'lt (Federal Speci
fication P-D.. 680), or equivalent.

(1) Do not use drycleaninl> solvent ncar
source of h'rJition, heat, or open flame.

(2) 1'/2a I' safely glasBes or fnce Bhicld
"/lwn usin!{ dl'ycl('anilll{ solv()nt.

2.5. (i SAFET 'i R";QU1REM~;NTS FOR THRUST
CHAMI3EI'tRNTIfY.--TIWiillnirnliti'l'iTaretyre::
qliTr~rnGn1S'Ul~iTl:'i'ust be followed wlwl1 p~rsonncl
f'lltE'r lhe thru!St chamber are :-\1:; follows:

<t. The man lift, if 'lmployed, lllllst he cap
able of operation ftom the work platform or
from ground level.

b. BreathjrJE~ appa.1'alUA must be worn when
entprllll( the thrust ch;unt'Br.

~. ~'he bueldy system mllst be Il,wd when per
sl/nnel entel the thl'u~t chamber. The stmldby
pcrsonncllllllst be 'lualllied in facllity operation,
(Jp~..ation of the breathing apparatus, ann opel'''
ati'lIl of the lift equipment. The standby per
sonnel must always remain In lIne- of-sight of
the, person in the thrust chambH.

d. Isol~te thrust chamber assembly In such
:I manner that Inadvertent pressurant 01' pro
pellant admiGslon is impossible.

e. Vel'ify with an explosimeter that combusti
ble vapors In thrust chamber are less than 20
llC'reent of lower explrJSive limit of combustible"
prior to allnwing personnel entry into thrust
chamhel'to make spark-producing repairs. A
list of combustible materials that might be used
in the thrust ehamber and their explosive limits
is as follows:

20 Percent
Lower Limit of Lower
(Percent by Limit (Per-
Volume in cent by Vol-

Mat',rial Air) ume In Atr)-_.__.

Alcohol (isopropyl) 2,0 0.4

Ethylene glycol 3.2 O. ~

Fucl (R.]-1 and I. 6 to 6 O. 3 to 1. 2
HP-I)

Frcon (clcani n!i nUIll,) none
compound)

Solvent (stoddard) I. I 0.2

Trichloroethylenc 12.0 2.4

2.5. 7 SAn~TY REQUJREMlmTS FOH HAN
DLINGT'cfNITERS AND Hy'P"ERCfoL CAHTHfllGE.
Wear'lli" folTowlng pr"tC'ctiv(' elothln[(, .

a. Fir,,- res istant body-length op''''- back
ar,bestos smock with snap-on straps for rapid
l"(lmoval. SrnO(:K f>hould h<ll1g ahout B in('ht''i
from the f1o~r.

b. IIe'at-resistant glove", fitted oversize so
that they can be rapidly shaken from t1w hands.

c. Fac!' shield with a fllll-view plastic win
dow. Shield must cover from Ol£' cr0""11 of the
hea.d to helow 0,,, chill Ineiliclilll> part of the neek.

d. Kllee-Icnl{lh neoprene bouts.

2. 5.8 GHOUND SUPPOHT F~QUJPMENTAND
SPl>CIAL TOOL ltEQIJIlm!i1k;NTS, The gro"nd
sUPi,ori "qulprneiiEaild speclalf(j(j'[, used III eon
jUlirtiOIl with the allthorized acllvitles in this
manual must meel their reepeclive t.~~t anel In
APCCtlOJl requirements prior to usage.
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2.0.9 ENGlNE S)O~RVICE LIFE. The totai
service life of the engine, in terms of opelating
time and number of starts, is 2,250 secollds of
operation within 20 engine starts. An engine
start is defined as attainment of sit~ thrust
equal to 90 percent of rated thrust.

2. 5.9. I ~~onenL§f~....!:i!£: A torque
clwcl{ of the oxidizer dome bolts is required at
1,350 seconds of engine firing.

2. 5. 10 COMPONENT r" ::LE LIFE LlIVIITS.
Record component cyck" dllring <>ngine cheek
Outs for the listed components on data forms
contained in the Engine Log Book. Contact
Rocketdyne representative for an engine<>rin((
recommendation as to hardware disposition
when tlw cycle limits, as defined in fig;ure 2-1"
are ex('('cded.

--------------

•

Name Cycle Definition
----~-------------

Cycle Limit

Fuel valve

Oxidizer valve

Gas genera.tor
ball valve

Engine control
valve

Ignition monitor
valve

J!~nHer fucl
valve

Anytime tho valve ]('av<'s the closed
)J'Jsition, roaches the apell position,
:.. nd returns to the dosed position, as
indicated by the valvo position switches,
ino0pnndent of the fluid or pre~sure

used.

AtlytlnH~ lIw v.l}ve leav(Js the c1os~d

p~sition, reache~ the op~'n position,
and retorns to the closed poSition,
as indicated by thp vaive p~siti()n

SWitches, independent of lh~ fluid Dr
pres~ure used.

Anytime (lie valve leaves the closed
!1'Jsitlon, reaches the oJh;n p::JSitiOll,
and returns to the closed p,'sitlon,
as indlLated by th,' valve p3.;ition
switches, independent of the fluid or
presslIr£' used.

Anytime the valvl' is ;H:hwled and !'5ub
scquently deactuated ar·; a result of the
applif'atiOll of th(~ rrqllirpd elf'f'tn('~J

power to the "tart s·~l('noid and stop
solenoid, respectively.

Anytime the valve poppel IS udocke<l
and is unseated as a result of the "pp!i
cation of the required ~ct118ti(Jn j)l'('EiSUre

t,) the (ontr"l p ,rt, followed hy r"turn
of the p3ppet to the JlOl'mally cl05('d posi
Uon, independent "f tbe fluid used.

Anytime the pIston is ttns('ate(! as a resuLt
of the application of sufficient actuation
pressure to the fuel inlf't port, followed by
return of the piston to the normall y closed
position, independent of the fluid IIsed .

900

900

900

900

400

45~

2-26

.__ .._-_._--------------_.
Figure 2-11. '::omp'.>nent Cycle Drflnllion and Limits (Sheet 1 of 2)



Name

Bearing coolant
control valve

Redundant shutdown
valve

Gimbal bearIng

R-3896-11

Cycle Definition
---_._-----,

Anytime the coolant iJ:lppets and/or
preservative poppet are unseated a~ a
result of the application of the re(1I1t red
actua~ion pressure, followed by 1','tUl'n
of the "oolan! p3ppets a nd/o,' the 1'1'0

servatlve poppet to the normally closed
position, independent of the fluid used,

Anytime the v.'l1 ve is actuated and S\II)

sequenl!y dear.tlll1ted as a re5ult of th 9
application and removal, respectively,
of the required electrical power to the
redundant ~hutdown vatve solenoid,

Anytime one gimbal aeuator is t'xtEmdec,'
or retracted from its nominal po.sition
and returns to its nominal pusiti(Jn is
defined as halt a cycle, or aaytime the
tllrust chamber centerlln~ is displaced
from Its null position, travpl>; in one
squar~ or clrclp pattern, and returns to
Its null position, is deflnpd ali onp cycl~,

Section II

Cycle Limit

900

1,900

Sec fi~;ure 2.. 12.

•902•

~02

Gimbal wmp- around
lines

Thl'ust OK pressure
switch

Checkout valve

Anytime one gl'l1bal actuator is ext,mdecl or See figure 2-12.
r~traetecl from Its nominal po~ltion and returns
to its nominal position is defln~tl as half a cycle,
or anytime the thrust chamber centerline is
dlspldl'cd from Its null position, travels in O,1e
square or circle pattern, and r"turns to its null
position, is defined as one cycle,

Anytime the diaphragm Is provided suffi- 3, '100
cient pressure so that electrical continu-
ill' is swHchcd from th(' normolly dosed
conlact to the nOl'mally open contact,
followed by suffieienl deer()[\se in \lres-
sure so that electrical continuity is switched
fro III the normally open contact bade to the
normally closcd conta,c!.

Anytime the checkout valve actuatur Is 900
supplied with sufficient electrical pow"r
to cau~() It,e checkout valve ball to lcavt'
the "ground" position, reach the ftfm~ine"

position, and suhsequentiy return to the
"ground" positloa, as Indicatcd by the
valve position switches.

Fiflure 2-11. Component Cycle Definition (uld Limits (Sheet 2 of 2)
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2.5.10.1 GIMBAL CYCLE LIMITATIONS.
Cycle Hmitatlons fOI' the gimbaf"iiCarlngand
lor wrap-around lines are presented in figure
2-12. In order to make sure that cycle limita
tions are not exceeded, a cycle ratio Is com
puted to determine toL~l cycles. A cycle mtio
Is defined as the ratio of the number of glmbal
Ing cycles to the limiting number of gimbal
cycles at a particular gimbal angular excursion,
A formula 10 comput" total cycle ratio for a
particular gimbal excursion is provided as
foliows;

where

M. ~ number of cycles at XI degrees (Refer to
1 Enf~inp Lng BrJOk.)

N
I

= limiting number of cycles at XI degrees

M.
N l = cyc:le ratio

I

a. The term "no leakage Is allowable" Is
defined as bubble-tight for gas, and an unmeas
urable amount of leaki\ge over a 5-mlnute
period when liquid is used.

b. Unlesll otherwise speclflerl, 2 - 5 minutes
mllst be aliowed for leakage ohservation on all
tests that specify no leakage Is allowable.

c. hit" leakage Is dehned as a formation 01
hubbies that do not Increase In size over a 5
minute period.

d. Leal(age ratea Sp""iflfJClln this manual are
at r,t~ndHrd condillons of 70" F' and 29.92 Inches
of mercury.

e. Lcak-test ('ompollnd must not be applied
to open ports or drain Ilt'"b '::urlng leak tests.

f. Leak-test compound must be !'l,moved from
engine sll!'face at compl"Uon of leak tests.

g. In the ev('nt a system Is llisturbed or
opened BubsNluent to completion of an authorized
leaknge test, the leakap;e test must be relieated

I on tlJe dlr,tnrbed or open joints. Whenever the
OG combustor to tU1'blne manifold Inlet flange

9?'1·9 has been dlflturbed or opened, an external le~k··
age test oj the joint shall be conducted.

2.. 28 Change No. 14 - 9 October 10'/2

,.--._--------------------

Figure 2-12. Gimhal DeaYing and Wrap-Around
Line Cycle Liln ital iOlls

h. Electr! cal re""ptaelr's anll plugs must be
inspected for damage, wenr, anti contamination
hefore conncctions are ma:!a.

i. When aceomplishtnp; authorized !(l1kap;e
leolation requirements, engine jol nls rna y be
opened, as required, to Isolate the specified
component.



R-3896-11 Section II
Paragraphs 2. 5. 11.1 to 2.5. 12

j. The moisture content of the engine oxI
dizer propellant foed system and the heat
exchanger GOX and helium cllscharge systems
mllst not exceed 26.3 ppm by volume of water
vapor corrected to standard conditions.

l<. If engine systems are opened, the open
11l(J8 mllst be protected against entry of foreign
material, and the molsturc' content of the sys
tem must be minimized tr, satisfy roquirements
of stOlP j.

I l<A. When reinstalling a joint, verify that
902 all joillt protective closllt'es nre removed prior
I to r€,eon'leclillr, the Joint.

1. The engine must he electrically grounded
to a faclllly ground and any test equipment IIsed,
during all tests.

m. Acceptable leakage rates ns specified in
test criteria art] cunfiw}d to those tlsiug Engine
Contractor-provided or equivalent stage Con
tractor test equipment.

I
n. Leak testing of engine joints should he

aecompllshed by completely covering fittings,
seams, or jointa with leak-test compound
(MIL-L-25567). If a leal< Is detected using a
leak detector, v!)rlfy leakar,e usin!r l03~k-test

9

1

13compound (MIL- L-2 5567) or by system isolatIOn.

o. When using a G3 J.01 Flowtcster to checl,
leakllr,e of joints Incorporating seal monitoring
pOl·ts amI no leakage is sppelfled, use tho
smallest tube of the flowtester. The ball may
move off the stop but must not rise above the

lowest graduation on the scale. which is less
than 0.25 selm when testing with gaseous n!tro
l(en or 0.29 llcim when testing with helium.

p. When a leak detector is used to detect
leakagil, refri~crant, Type 12 (Foderal ~ecifl

cation Bn- 1"-1121), Illust be added to the syslem
prior to the ap]llicatinn 01 r,aseous nitro(Jen.

2. 5.11.1 ~<ll~E CH~CKQ!1!..!<EQYllill.MJ;:NT§

AFTER STOHAUB. When an enr,ine ill removed
frai;l storage after bolng stored in accordance
with Standard S- IC Stage Storage Specification
MSI'C-ST!)-500 [or lime periods in excess of
G months, checkout of the engine is required.
See figure 2-13 for ehpckout requirements.

2.5.11.2 !WQ.l.NE Cf!EcQJSQU1:.l.~!~'lJR1"J>'1!?:!!H
A1"TI~JL~.:rAJ:l..I2J.l.Y•.§TATUS. Uninstallcd flight I
spa,'e and install"d enf(ines that are In standby 'no
must be checked out as outlined In fif(ure ~- 1.11\ I
hefore engine hot-fire operation,

2.5.12 ENGINF; S'I'AHTING ATTITUOE CON
§.TBA!.J:')S.. -To-;:-slarl'lng-;Uw eJJgln;;·~rlllst br;
In the thrust-c hamber- nozzle-duwn r.osilion
with the thnlst chamber centerline nol exceedinp,
a cant of 2 degl'r.es, 30 minutes, from the true
vertical,

Chllnge No. 14 - 9 October 1972 2-21JA/2-28B
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-----------------
Engine statuB When Next Planned
Placed in &1orage Engine/Stage Operation

Section 11

Requirements
(Fignre 1··1) --

Cc.mpleted Rocketdyne
checlmut.

Comph'ted single-engine
receivlnl} inspection.

Completed single-englnc
elldckout.

Completed engine IIlAtallatlon
in stag!!.

Completed stage stalic test.

Completed stage receiving
Inspection.

Complctcd singe post-statk
test checkout.

Installation in stav;e.

Inlltallation in stage.

Installation in stage.

Stag!! static test.

Post-static test checkout.

Post-stalic test checkout.

Shipment to KSC.

Activities in event columns
A lind B.

Activities in event columns
A qnd B.

Activities in event columns
A and B.

Acti vltles in ('vent columns
Hand J.

Actlviti!!s In event columns
N ami O.

Activities In event columns
N lind O.

Activities in event columns
Q, H, and T through W.

-----------------
'no

Fig\.re 2-13. Engine Checkout Requirements Alter Storage in Accordance With MSFC-STD-500

Engine Standby Status

Completed single engine
checkout.

Cornplete~ ",tage post-sialic
checkout.

Comilleted vf,hiclc
checkout at VAH.

Next Planned Slage Operation

Stnge st~iI.ic test.

Vehicle launch.

Stage static tost.

Vehicle laullch.

Stagc stallc test.

Vehlcl" ["unch.

Requirement" (Figurc 1-1)

Activities in event columns
fl, J, anri K.

Activities in event columns
H, T, and W.

Activitics in event columns
11, J, and K.

Activities In event columns
nand T through W.

Activities in event columns
H,.J,andK.

Activltlcs in event columns
U through W.

Figure 2-13A. Engine Checkout Requirements After Standby Status

Change No. 14 - 9 October 1972 2-29
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2,5,12A SLAVE lIAJIDWAlm USE DUmNG
~..T.b:rrQ.-:r-ESTI~G OF-EJ'!GiNEurrJ\!!.1:,E,. Du~tn~:
static testtng of engine at MTF', Hlave har'lware
may be used in place of t1'c standaI'd hardw~re

suppiied with the enroil",. The slavl' hardware
and the constraints for using the hal'dwarf? arC'
as follows:

a. New hal'dw,u'(> consisting of a llu!l'mocore
seal may be \ls('d in place of the delivered tadpole
seal for tile thn.st chamber body to nozzle ('xtel'
sion joint.

b. Slave hnrdwal'p, maintained in a clean
condition or clean('d to the requlrc..>menLs of
delivered loose equipment, consisting of the
nitrogen purge drain Une and an AN fitti"g,
oxidizer overboard drailllinc find s(la~. and
fll~1 ov€' rhoard rlrai n line and seal l may he
l'p1.ls£.1c1 unless dam;:tgcd or drtC'rioralect "lS de
termined by vism,l inspection.

90:::!
c, Slave attaching hardware, consisting' of

CI;ll11pS, nnts, holts, and washers for insb111a-·
timl ot tlozijle pxh'nsion and drain Hnes. may
be f011sNl a maximllfl1 of thr(~c tim'2s UlllpBfJ
damage is indicated by vi&ual insp('(~tion.

d. SI,av~ hardw~re. maintained in a dean
condition 01' clPaned to the re1uircments of the
delivere.1 propellant fe.ed sysh'm. eonsistlnro of
thf' No.1 fuel valve position transducer v('nt
rlI'ain tube for enl,incs i~stailed in the S-IC stage
ill l",sitions 103 ~nd 104 and the No.2 fuel valve
posili.on tr~n3ducer 'Vent drain tuh~ CQt' f'1~glnes

jnsta~Jed in the S-IC stage in pe"ilions 1'11. 102,
and 1Of' ~ ma~' ;J(? l'puscd unlN;s darn~gp(t or
deteriorated a3 determine'] hy vimml inspection,

('. Slav~ att&chi ng h(\rdware j consiStin[?; of
clampH, nuts, scrC'ws, and waBhers for installa
tion of the No. 1 and No.2 fuel v.llve position
trnTlsducer vC'nt dndn tubes, may b(' rellsed
unless damal:" Is ,ndicated hy visual inspection,

2,5.13 GH.113AL LIMIT CONSTllA1NTS. Engine
gimbal dlsplac;;r;leilt-j;]ii:gtlJe ml,fiitalned wltbln
a Equare pattern of plus and minus 6 (legrees in
the actuation planes from the delivered, allned
engine pas!lJoll, Gimbal acceleration must not
exceed combined Jonp;itudln~land lateral accel
eration 01 O. 5p; lateral Rlld lOp; longitudinal,
1. Og hteral and 6g lony,itudilllll, or 2. 5ff latHll!

2-30 Change No, 9 - 2 December 19'10

nnd Sg longitudinal, Engine tUlgular dispJaeQ"
ment is limited to the longitudinal acceleration
with an allowalJle displacement of 2 degrees at
109, 4 degrees at 6g, 6 degrees at 3g with max
imum anl,ular displacement lim ited to 30
radians/second2.

2. G.14 HBAT EXCHANCmn DRY-COIL TEST
ING CONSTllA!NTS. 'lTh,;ai excliii;,g';;j;-LOXor
helfumcoils--afe-liil)e run dry dUJ'in;; engine
tesling, the coils must be pruvided with a
50 ± 15 psi~ purge of gaseous Jlitrogen
(MIL- P-2740 1),

2,5.15 COCOON PUHGE STUB LINE STATIC
TESTING C6NSi'HAll~TS-:-'i'T;ecocool;'i;urge
stlib-lTiic-musrbe -i'mriovvd for cn[~ine testing
unless the complete purge system, <,onsic'ling
of the wrap.. around duel and manifold lines, is
installed on the engine.

2.5.16 FlREX CONH'l'HAINTS. A I,aseous
nitrogen- or w'iifiir'sy"stCI'ii niu'sflJe supplied to
protect the engine in the event of firc anel 10
control c,hamber aflerfirc follOWing engine cut
olf. In Ihe event of fire, water should bl' di
rected on the engine only in an emergency,

2.5.17 THERMAL INSULATION REQUIFm
MENTS.-'t'heri;;"fTnsiilaU,)n-Isiir,;vidclT1'()r
IIT[\ht testing the F-l engille. EngJlle stntic
tesis may be conducted without thermal inGula
tion if the el1L~ille arnbienl temperature require
ments for engine starting an' rn('t.. An engine
eqUipped with the lJracketry for ih(,rmaI insu!a'·
lion (ligure 2-14) and/or eqUipped with LOX
propellant fee'J syst('1Il insul"tion llIay be static
testC!d if Uw engine amLicmt t0tllperatux'c re
quiremellts fol' eJlgllH~ blHrUllg arc 111el. 1"ieul'~

2-15 lists a.nd locates the thermal insillation
access doors. Therl1lrl! insulation d[\n:lag(~ limitSq~()
are Bpedfied in figure 1-4. •

2.5.18 CONTROL SYSTEM SEQUENCING AND_
ELECTTIlCAL SA FETY ClHCUIT RE"UlRE
i.IEl'i:i;8~--The engine eleetI'r;~lctllltrt)1sYFI(~m

s;;qu;;;lclnr[ and safety l'ircuit requirements arc
shown in figure 2-,16.

2.5. 18A..fI,IG!LT~IN§'1J.n;,t.1E!'i1'ATLQtLii.YS-_
T!,,;..lI..1. VOk1:!,.Gr-;..ldHITS~ The flit[ht instrumen
tation system voltage limits presr!nted in flr;ure
~-16A are used to det~l'mlI\(' Initial [lreS3\1re
h anqduccr data for those Inp,truments for whlch
no data is available in the Eneln~ Lot: O"ole
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2.5.19 .JN~TI~Y.~E1'i:!,A1·IONRE:gUIHEJj.1!ill.~
Instrumentation requirements for static test are
outlined in figures 2-17 and? .. 18. Insh'umenta
lion requirements for launch are outlined in fig
ures 2-19 and 2-20. Deflnilions for interpreta
tion of the instrum entation I"bles are as follows:

a. The calegory column letters M andllD on
lhe lIIs\rumenlation tables are de,fined flS follows:

(I) The letter M Is doflned as mandatory.
A mandatory item is an engine element or an
operational support element es~entlal for the
accomplishment of test or launch, which includes
pre-lesl, static test, prelaunch, and launch. If
a mandatory Item fails derlng countdown, It
must be con'ecter! prior to static test or launCh.

(2) The letters HD are defined as highly
desirable. A highly desirable item is an engine
or operational support eloment that supports and
,mhances the accomplishm~ntof the test or
launch. Consideration must be given to tho re
pair of any hi{rhly desirable item that fails, but
In no case must the static test or launch be
scrUbbed for any slnl,le failed item.

b. Any function that Is interlocked for an
automatic sequencing device that will affect an
automatic shutdown or will prevent static test
or launcl. completion Is defined as mandatory.

c. NI \"edl1nes (mlnimulll and/or maximum
values or conditions) are mandatory. Vel'iIlca
tlons that the values or conditions remain withhl
the limits of acceptabJ e operation specified nrc
mandatory.

(I) MinimUlll and/or ma:dmum v,..Jues are
mandatory and are assigned to any engine ele
ment 01' operational support element required
te) meet a specified condition in order to gain
maximum assurance of acceptable system per
formance. It Is mandatory Umt at least one
method exists for verlfyillr: each retUinc.

Change No. 6 - 10 February 1970

Scdlon IT
Paragraph 2. 5. 19
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Figure 2-10, 'l'ht'l'mal Insulation Insulator Access Door.. (Sheet 1 of ?,)
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Indo" No. Access to

Section II

COCOON AHEA

1(a) Thrust OK pressure swlt ~hes and
n~lchzer dome purge and flush port

2 No. 1 oxlcllzer dome flush and purge
ports

12 JI:nltion monitor valve quick-dis
connect

13 No, 2 main fuel valve purge quirk
dlsconncct

14 Hypel'gol clrtridge container

15 No. 2 thrust chamber foci Inlet mani
fold qulck-dls~onnect

3 Hypel'go! purge '1u1ck-d,s,:<mnecl

4 Hypergol drain quIck-disconnect

Checkout valve
16 Enl'(ine hydraulic supply and return

line qukk-dlSCOIllWl'tR

o Gas generat"r drain
20 Oxidizer dome flush and purge port

6

'I

6

10

11

No, 2 oxldl""r donw /lush and purr:e
ports

Gas r;eJlerator oxidizer purg(' check
valve

Gas ~cncrator 11'.nllcrs

No. I fuel high-pressure duct drain
qUlck- dlscolllle.·t

No. I thrust chamber luel Inlet
manifold drain and No. 1 main fuei
valve P"l'!(C '1ulck-dlscon,wcts

17

16

10

21

No. 2 fuel hl!~h-pressure duel dral n
quick- di Sconne I: t

Inst rumentatloll

TUl'!iopump torque adapter and No.2
luel turbopump inlet drain qulek
disconnect

TlIHUST CHAMBEH AND
NOZZLE EX1'ENSlON AHEA

Thrust chamber elmlll "nd nozzle
e"tension iglllters

(n) Thermal Insulation set" to· 5 :lI,d slIlmcqucnt

22 Thrust ehaml.>er drain (3 placNJ)

1"I~ul'e 2-15. 'Chermallrwulallol1 108111alol' Acceon Doors (Hheet 2 of 2)
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,
Ma jnstag~]Shutdo\\'nIP "c- Stu rt Transition

Post-
Sta rt (;utolt ShutdowlI_.

a)

'illo)b) -izt:"r valve

-Ioset!

valve C!CJHCd(el

oxtpilsion -
extension

Hignal (f)(j) I -
blgnal(h)(j) I-
(i)

i
r

OjlC ration

Turbopump heater power(

Checkout valve f!,rollnd pOl..

No. I and No. 2 main oxid
closed

Ga~ generator ball valve c

No, 1 and No, 2 Inaln fucl

HYjlcql'OI lnstr'.iled ilWitch

nas l~cneraloI' and n01.z1e
igniter power(d)

Gas gCnCr,'tor)'}I\d nozzle
Igniter links(e (k

Enl(inc control valvc start

l'resbnro switch Pkk<lP(g)

1::!Igllle ('outrol valve 5top

H"dundant shutdown valve

Vlhratloo safr;ty cu:olf(l)

2-34

(a) DUl'il}r~ engine static h'Hthl~~ 01' launch ahort, heat(')' POW~'l' must he turned on at f'1l!{ine C'ontrol
val vo Hlop uignal ami mUHt J'omain on until all LOX !lnH bOt.!1l l'pmOW. d f10m llw ('ngllle. JJul'ln~

f~IH~iBf) !:)larL, twater power HiLlY l'lmlilill 011 WItH static l'~st 1)1' laund CUIllIIlIL

(hj Prior to thl' lIlitiation 01 aulomatil' l)cqlLeIl'~e, the {:h(~d'.O\Jt v,ltV(' 1H\I!il havn hl'lm previoll.!:lly
eyeted (0 the f)IlI~inf) IHwltlon With fl'e! ill Ih(' elll~ll\l' and a I\I'oUll<l hydraulic' HUppJ\, PI'e:iflUl'e or
t, ;)50 -IUJU )lHi[~, lor at Jt'Il,YI 20 H('('ondH without Hul)'Jt)(llli'nl dt'aJlla~',l' of lhe dl('d{()\ll v.:llve to
ill1<-t (\lIww hydl'Hnlk !'(\lUl'll !HHHL During (ho aut~lln:dH~ Sfl(lllf'IH;(~, tlu' <:IWl'!i.ll\!t valve ll1uHl IJp
ill lil(~ eJl{~llle po~il ion for at lei\:)l 20 sel.ohd~i prlOl' to eJl!'.irw :;tnrt :;ignal awl lht· ij{llil(~I'H mUHl
not 1)(' fired unl""ti Uw <:heckout valve IH In Il,., engine l,nRltlon,

(10) All <:"1:1",' test must he Ie. ndna!l'q If: (1) hath rnain fuel 'JalveH Il'ave thl' ,'\o""d poHltlon prior
to IOSH of hyp(lrf~ol illBtallc:d SWitC\l gig-unl; (2) om' main fllCl \'j"llve ((.?J.l'iH'S the open pot.i1lion
while Ihc oU",r '\lal" fupi valve ha~ Ilo1 left (he <'lObed pOH;tloll; {:n b:>U, Jllalll fuel valv'JH h''lve
upell l)0131Uoil during a t::tagcwl=:ilatlc tHHt.

(<I) (;"1; !,rnel'atOI' anu nozzll' exlcnsil,n IgniteI' I",\\'rr oust I", SUllp1iI'C! iol' 0, 100,0,050 second,
alld tl]f~ l'lIglllt' f'ouU'ul valvo Blal't tdgnallllllsl ot'('ur t··!; st.:comts aftt:r 19nUf.. t" p'lWnl' hal::) huon
inillator!.

(e) A ft,~t HlllSl be t('rminatcd if at ((':lsl 0·1(' g:u.:. W'IIt'I'ollor igniter 1J1I1~ and HILl' 110Z..d.I~ m,tCIlt,ion
igniter 1iJl!~ havf' not ".l·()J~Ul by t1w tlll\{> the engine eonllol vah'e tttal't Slt~lhl! if", illitJatpd.

Till' 1'lLgJIlC eOlltrol valve start Hienal JHlwf hp appllpd for 0, lUO sf.'t..:vnd mitlimum.
All ,'nv.ln(' t"l;t Illust h!' !l'I'llllnat"d if at lw,\st 2 Ilr 3 thrllot OK prl'sHUl'e switches haY., '\(It picked
\lP wlll'n cI\I'eked "Ill' I' ii, \i Sl'C'""}S (at Hlamlacd Inlet condltiolls bl",eifted in F-l ,;nl\ll1(' Intedace
Docun",nl H-U'f4U) ,,!!I'r l'ngill!' ('ontl'ol Y,.lvl' stal't HII~"al haR I"'cll illitiatNI.

(h) The ellgin!' eOlltl'01 v"lv., stop ~i:,nal Ill\lst Uf' ;-opp1icd fol' 0, lOG spc:ond minimum.
(I) The r"dullw,nt yhutclown valv(' sl[(nal must IJQ applied 101" a minimum of 2 minuter; and'a maxImum

of 15 minutes durlnf!, engine stall(: tesllnl~ or In UIl' event of Inuncl' ab:>rl. Durinl: tllght, the aig
nnlmust he llpplled a!lnuH'weously wHh clI!~lne cu!orf sigllal and be mallltailll'd Ihrougi, stage sep
aration, Power munt also be appOrd to the redundant 'lh,-,td~WII v.lIve aller cutoff if pJwer Is
applied tu the enGine eDllt rul valvc stal t s(lienoid to prevent /llilln ')nglne \alves from opPlllng.------- .._--_.__._--_.._-_...•_._--,.__._....... -_._.._---_._-~-

Figure 2··16, Electrical Cont rol SY5t~1l1 Scq...cncllll' and Saf..ty Clrculls (Sheet 1 of 2)

CI",nl'.(· No. Ii .. 10 l'chl'1J1U'y 19'10
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R-3890-11 Section IJ

(j) ~-:Xtcrnal "ontrol of the en~line start and engine stop gol.'mol(ls must be sllch th:!l an enl\inc start
solenoid canlwl be energized unless continuity to the stop solenoid connHcttJl' exists.

(k) A lest 1lI1ist be t"rminatcd any tin", thl" gas gelwrator and nozzle "xtens!on igniter link lIIr1icate
links op"n subsequent to attaining an igniter installed In<!H;a!ion with 28 vde power applietl to the
Igniters and priur to hi!:h \'oltage applieation to fire the if,'11itel's.

(I) A stage-static test must be terminated any time 2 of 3 vibration safely cutoff units indicate
vibration levels in excess of those spe~ified in ),'-1 Engine Interface Document H-67·JG.

--_..~ -
Fil<Urc 2-16, Electrical Control System Se'luencinl: and Safety Circuits (Sheet 2 of 2)

VoHal:" Limitsln)-
Low Hil:h

Initial C;ulhratl' Calihl'ate.•-- ._-
ParamC'ler Low Illgh Low lli~h Low High

- - _._-
~HlrC::l-.
pump bearing jet -0.125 n.275 0.875 1.275 3.875 'I. 275

'e11Cl'ator "hamber -0.150 0.250 0.850 I. 250 3.850 4.250

pUIIlp disehal'ge No. 2 -0.170 0.230 O.B30 1. 230 3.B30 '1. 2JO

1011 hydl'flU! ic rotUl'n -0.050 0.350 0.950 I. 350 3.!l50 4, :J~iO

Justion chamber -0.150 0.250 0.B50 1.250 3.850 4.250

pump dis"hal'ge No. 1 - O. 170 0.230 0.830 I. 230 3.830 4.230

W ('Ollt 1'01 (lpenin!~ -0.170 0.230 0.B30 I. 230 3. H;JO 1.230

ptJlllp disdl:lr~o No, I -0. 100 0.2·10 0.810 I. 210 :J.1310 4.240

lC I ,mtl'ol do~illg .. 0. 1'10 0,2:J0 0.!J30 1.230 3.1130 1.230

pump Boal cavity I. 150 1.7110 2.150 2.750 b.150 t), 7flO

exchangol' helium .. 0.050 0.:l50 0.0:'0 1. :J50 3.!l50 1.350
et

('xr.han~el· h('1 ium ..0.050 0.350 0.!l50 1.:J50 3.050 4.3,,0
t

('xc hanger LOX Inlet -0,160 0.210 0,B10 I. 240 3.IHO 1.210

,;xc!lan(,er GOX outld .. 0.160 0.240 0.810 1.210 .1. lHO 1.240

pump InlU( No. I O. 150 0.600 I. 150 I. 600 1.150 '1. (i00

]lump dirleharue No. 2 -0.160 0.210 0.840 1.240 3,810 1.210

Fuel

LOX

Engll

Gas g

l'uel

Cornn

l-'l'CS

Coml

Fuel

I1eat
out!

LOX

LOX

LOX

Leat
inl"

Heat

Heat

GGld

LH1a

NH5e

P02a.. ~

I'F2a-2

Tap

CG11)

l'F2a_1(b)

NH3a(h)

P02n_t(Jl)

NH2n(h)

1'07:1(b)

IIH:'a(b)

IfOU}b)

H01a(b)

KF'Ga .. l

(n) Voltag~ limits on prssHure parameters arc based on 14.7 ±1 psla applied to the transducer durlnr;
lng test. Pressures outside these limits have a significant efrect on the limits.

(b) Engines not Incorporating MD.2.l! chang"
-----------_.---

Figure 2.. 16A. F'Ugut Instrumentation Syst'~m Voltage Limits

2..34A!2-34B



H-3896-11 Section II
l'aragra!,hs 2.5.20 to 2.5.21

(2) A cato((ory of mandatory a'>signed to a
measl1rf)me'Jt assoeiatmt wIth a l'edline inrlieates
that the measurell10m is pr ill1a ~'Y for lllOnitoring
the rf~dline fllld musl rl~m:un operational SlIlC()
nO othol' means exlols to verify that till' l'('dllne
is within the specified liI:lits.

(3) Unless otherwise spccifip<l, the l'ecl.lines
as listed apply to each engine.

2.5,20 DE'I'EIlMlNING ACCEPTABILITY OF
WET1'EiJ SURFACl> LEAKACiiCliili;;;(;Vent
'sui-lacewetting is ohscl'vo<i"7)ltany l.omponcl1l
in the engine hydrauliC' control .system. deter
Illine if tlw condition is acceptaole as follows:

a. \V1JW wottt:rl HUl'fuc:O clPtlll \vith a c~oth

eli' napelled with clpanmg compound
(MIL-C-BI302), or 1''1ulvalenl.

WARNING

a. Unless otherwise specilied, any time an
uni"slallud ~n!(ine is in a vertical position, the
fuel overboard drain line at Ihe thrust ehambf.'l·
exit must be open to amhient environment.

b. Prior to engine rotation from the vertical
to the horil.onlal position for installation in the
S-IC stage, the fuol overboard drain system must
be isolated as follows;

(1) The Cl'Oss-to-lateral fuel overboard
draIn tub" IllU,Jt be disconnected from the
V-ftltln!'. on the fuel oVf.'l'boal'd drain line.

(2) TIll' No. I fuel \alve position trans
du('cr v('nl drain tuhe must be l'C'lllOvC'd IwhVQctl
the (uel valve and the tel' for engines to be In
stallcrl in the S-IC sta!~l' In positions 10:1 and
104.

Ii»~ Thl' "(lV!'l' IlIU'" il" inslalled on Ih" fuol
lJvel'board dl'''in lillI' "t 1I'" lh"ust "'1U1lI"e)' exll.

Day.1....v.~'1.i~c);J!~1'..2._'0!}Jcc) (x days)" 3,764 c:c

If fluid Is not evident in the bags after the first
24-hotll' lnspectton, fJubsequent bail Inspections
must be performed at 30-day mtervals.

(~) A ell an plllyelhy!l'n(, bag (one [(allon
luinimutn vo'umr) BlU",l ~)(o ilwtalkd 0:1 l'ach sidr
of th~ (USC'Ollll('f'tlOIIS lthlpd ill Huhst(·ps 1 through
a. Thc' b,tgR 1t~'l'Jt allow £1'1'(' fI(l\\' hut pr('v('nl
thp ('ulry of cCJlltamillantt.;, nar,B nlltbt IH' seN
CLII'C'd ill a 1ll.1I11lel' tll~lt allowH rotatioll oI the
('I1I~illC from ilo) LWIlLtI I'i v('rtil'al wilh tllf ' bal~H

fdll'd "ith fluid

f:. Tw('nty-foul' hOll{'[i aftor complc:tlon of ill'"
&lallatinn or hal-!,!-:, ilw h:q',H mu~t UP IIlH}JPetNI
for Huhl collcctioll. If fluid iri cvidf'fll J the bat.!,t)
must be l'cmov('(: 'mel qunlltily o( fluid meatiured.
New hagl; must be Installed on jolnls and in
sIll'ction "IHI fll1ld v,,]umetrl!' delernlinallun )'1'

pl'atcd '2(~ hO\ll'~ \atpl'. npt\lrml1\C Ruhf:\.C'qu(\nt
inspPcUoll time (mnximulll int.l!l'vals, 30 daY~i)

u"lng the f"llowlnr( forllll1la:

901

(:1) The No. ? fu"l \'alve I'oslti<lll tl'llnf>
dUGf:'l' vent drain tubo Illll£t he remuvpd Iwlwcen
ttl(' ftwl valvo aild til(' tee for cllJ.',irlf.'b to be in
btalled III Ih" S-IC ,;l:q~e In positions 101, 102,
an(\ 105.

l'. Inerc:lse hydl'O\lllic HyHtCIll pru:;l-HIl'O to
I, ;jOO-l, IjOO psig.

Cleaninl( comllound (MIL-C-lJI30?)
is volatih~. UBC!It a \vdl .. ventllatpc!
al'ca ~inee (hu v:lpeJ!'s displ,wu 01t'
oXY({(11l in the ail', l'csulling in
snffocation,

('. Oh::Wl V(\ ,!:Hu'l,u:e for f'viclf'lll(,(' of It.·;tkage.
li surface wdling l'eaJ)pearH wlthlll fi JninuleH,
\~ ipl' wplt(ld iJurface clt':11l ;dld 11lH})Cet H~lI'fa{'(>

alto}' <tl1l)lhp}' f)-lnlllulu inlm'val,

b. Prcs3ul'izc cllp,iJ1(.1 hyul'uul1e control Hoyt; ..

tcm 10 3-:lO psiI'.'

d. 11 IlC{'OSSH.l'Y, "(lIH'al Bit'}) (' jou!' IllOI'e

tlmos (a tolal o( 5 tiIHO'.). If HurtaC!' Wt'ltllll'.
j'ontinuoH (ollowin!', ttlP [) iw;pection lnt()l'val~,

I'cjoet the COlll}lOIH.mt. If ~ul'fn("t:' weHin{~ dlJl~~

not ;tppnal' iollowmg allY 5~mil1l1t(J lm~pcctlun

interval, prueond to Htcp o.

g. If necessary, repeat step f (our more
times (a total of 5 times). If surfal'e wetllng
contlpues followl nil the 5 Inspection Intf.'l'va Is ,
reject the component. If surface wetting does
not appear following lIny 5-mlllote Inspection
Interval. thtl component Js acceptable.

f. If no surface wclting appl!Oll'S wilhill 5 mln
Ul('H~ tho eOmllOn(!t\t is ae('cpl:.,bk'. If :1uda<;c
v, ()ttinlr 1iPJ>PIH'S witllin 5 miHutNi t wipp wetted
Sllrfal'o clNul nnd inspect aHel' another r; .. minulc
intcrv<l,i .

Change No.5 - 9 October ID69 2-~5
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Pal':llJ"l'aphs 2. f. 22 to 2. 5.22. I

a-3890-11

d. During S-IC staGe rotation from horizontal
to the vertical position, the tlu'ust chamber and
exhaust manifold must btl monitorcd for fluid
d,'ainage. Fluid draina.:e Is not alloll'able,

e. After completion of S-IC stage rotation
to the vertical position, the fuel overboard
drain system must be restored as follows:

(I) Tho oowr must be removed from the
fuel overboard drain line at the thrust chamber
extt.

(2) A clean polyethylene lJag (one gallon
minimum volume) must be installed un the fuel
ov<>rboard dratn line at the thrust chamber exit,
The lJal( must alluw free fl(.w Imt prc'vont the
entry of contaminants. The ba!{ must be re
moved pl'ior (0 enb.-(ne static test or launch.

the fuel valve and the tee for on[',lIl<'S inctalled
in the s-Ie s(a!{e ill positions 103 and 104,

(3) The No.2 fuel valve position trans
du('er vent drain tube ruust be removed hclween
the fuel valve and the tee for enb.-(nes installed
In the s-Ie st.'lge in positions 101, 102, aml
105.

(4) A clean polyethylene bag (one gallon
minimulll volume) must he ins(allod on each
side of the disconnect!olls in suhStqlS I t11rcllIgh
3, The hags mllst allow free flow hut prevent
the entry of contaminants. Bags mllst he sp
cUI'cd in a manner that nllowf: l'otalion of the
pn!;ln(· from v(·rtiral to horizontal with tht' hal{S
!tiled with fluid,

(5) The covor Illubt be installed on the fuel
ovel'lloal'd drain line at (he thrust chamh~r exit,

901

(3) The bags must be removNI from Hw
cross-to-lnhn'al fllel ovcl'hoard drain tuhe
,tIld the Y-filling on (he fuel oVI'rhoard dralll
line, and the tube rN:ollnected to till, V-fitting.

(4) The hags must be I'elllovcd from the
tee llnd the fuel valve, and the No. I fuel valve
position transducer vent drain lube reinstallNI
for engines installed ill the S-IC stage in posl
tionG 103 and 104.

g. TWQnly-four hOlll'f'i after eompll'tioll of
inHlallaUoll oi hags, llip hi.q:~~; nlln;! lw illhllor.tecl
for flllid ('oll"c!ion. If fluid Is evident, the
haf\l\ IllUtit Ilf' rellloved ami the quantity of fluid
measured, NelV har:a musl be installC'd on 001
joints, and insjle('!lon and fluid volullllllric do
termination repeated 24 hOlll'S latl~l'. nelCl'rntlit::
suhsequent inspllclion time (maximum int(,l'vals,
30 days) osing the followlnf, fo"nl\lla,

(:,) The hnA'H llIust bo temov(ld frolll tilt
tee <lnd lhe fll('J valvo, and the No.2 fuol valve
\losillon transdueor vellt ul'aill tube roillstallNI
fell" ell[(lneH lnslallcd In lh(, s-Ie slage ill posi
tions 10 I, 102, and 105.

f. Prior (0 S-IC stal;c rotation from vo1'lll:al
to lhe horizontal posil!on, 01' in tht' t'vont an
Installed engino Is in a horizontal stal~(' and the
fuel overllOal'd dl'aill ,;ystelll 11; 1I0t Isolaled,
the (uel uverboard drain Gystom I1\UHt tw i~;o··

laled alt follows:

(I) 'fhe cross-Io-Iah'l'al fllel overhoard
d.rain tube "lust be dl~(,()tlIw('h'd from the
Y-fitting on tho fud overboard drain line,

(2) '1'he No. I fuel valve position traIH;
ducer vent draIn tube must be removed between

.:'!-36 Change No. 5 - 9 October 1909

Dr<" 1 vul (cd I /la" 2 vol (I'C) ( , ,
=:..1-._._. _. ---2· .. i ._._..• _ ••_ xdays) = 3, 104 ''''

If ;(uld Is llot evident in the ba[(s ;lflOl' lho flrot
24-hour t!wprct1on, Buhf;>('(!ucnt halS inspections
Illuot be )H'rfo"l1led at 30-day intervals.

2.5.22 E.UP,J. rg.J'Df),Yii.TI';¥J?EMN I.U!~Q!!JJm.:

.l\1F]N·m~

2.5. 22.1 y'~!lll.~([ll1.~(!l:~!\t:iII£l.Y.~'}:!!",:.~I.J~~!.!.l.S!!!..,
1','lor to o[Jenlll~ enl(lne propeJiallt valves, lh'ain
h,mes l1lust be Illstalled On lh(' drain qulel'
dlllcon""dH of the No.1 and No.2 fuel high
pl'C:HHU'(l ducts, WlH gpnc)'ntor hall valvp lnlel,
lut'l,opuIllP No. 1 alld No. 2 fuclln!('t "llJows,
en(,'inp (:ont,·o] valve supply tube, and I'!mckollt

I



R-3896-1l Section II
l'al'agravhs 2.5.22.2 to 2.5.23.2

valve enl,,'ine return hone, [Ind fuel allowed to
drain. Drain hoses must be attached to the en
gine control valve supply tube and thc checkout
valve engine rctllrn hose qulck-dlscoJlnects
until after completion of all eniPne propellrUlt
valve actuations. If a gimbal system Is In
stalled on the engine, the drain hose must be
attached to the No. I fuel high-pressure duct
quick-disconnect uniil the hydraulic control
syslem pressur(, In decreased to ambient.

2.5.22.2 In!"_talled I':n[~ine, Vertical PO!!i.I1.£!!:.
Prior to each en!,'lne propellant valve actuation
drain hoses must he Installed on thc drain
quick-disconnects of the No. I and No. 2 [Ilel
high-pl'cssllre ducts, clwckoul valve cn~iIle

retlll'll hose, and [(as generalo,' hall valve [uel
inlet, and fuel dl'l1ined pl'ior to valve actuation.
Hoses must be left attached untll after comple
tion o[ valve actuations.

2.5.23 ENGINE IlEQ\;mEMENTS AFTEll A
LIG !fT!':!l!'!(CSTjUKEl~- -Eng IIH;'-r;;iiui;:;;;uentiii\fter
a lightning' strike are predicated On dala from
Inslnllllentation that mouitors stage and ground
AC and DC voUage and Clluent supplies to the
engl!lO; <L1ta anomalles noted during the lightning
strlk<J; and the engine conditIon after the light
ning strike. For Ihls requirement a data anom
aly Is do fined as allY fluctuation In voltage or
current lovellhal cannol be attributed to normal
system operation. Paragl'aphs 2,5,23. I and
2, 5.23.2 eonlain (.'ngine rcqulrements for lhe
conditions slleclfled,

2.5.23.1 Instrumenlatiou Monitored and No
pa~~l~! l!~-t IL~~~fi~~£5Ll~i}_nlL~r;:i.lii;ili"iitK"1Ir:f~c .
Vlsual1y inspect the engine for obvious IIr,htninv,
strike damage (eg, hnrned or heat-dls~olo,'C(1

thermal Insulation), J( damage IS noted, per
(arm mainteIL1t1ee, tnstlJl~, r.nd servicing tasks
reqUired to return the engine to a flight condition.

901

2. 5. 22. 3 l!l_~!(}}_(~dJ':nS!!! l!.L.I:!.0t:.~~2.!~ t!I!_J'!~!!ltl_'2!l:.
Prtur to each engine l"'opell;,ut valve acluation,
Ihe plut\s must ho ,'cmoved from the followlug
eUlline Insu'umentaUuu taps and fhlld aIJowed
to drain, The taps 11Ilwt he left opon until after
completion of engine valve actuations.

Inst rumentatlon
Taps

KFCtl-2

KF'la"1

IF2

PF3a-2

NOTF.

I';nvne Position
Efh'ctivlly

102

103

101 and 104

101 and 105

2.5.23.2 )nAtl'umnntatlon Not Monitorcd Or 'nr.
Ins tr II t IlC nfrliTnnJi:foi\i torc(Cllnd-fiiiii-AO-om.iiies
Not£d-i~ iillj";:-Llli!"i"filiiiiL~t.r-ikc-: --VIsuafjJlnspee t
the engine for ohvious Ill(htnln!( slrlke damage
(eg, burned or lleat-dtscolored thermal insula-
tion) nn,1 verify requirements, spccllled In stellS
a through d. If damage is noted (,r engine falls
to meet the reqllirements, perform maintenance,
testing, and sl'l'vlelnll tar,ks reqUired to return
Ihe enr,lne to a nt~ht eonditlon.

Non:

Mcasurem~nl~ may be taken (rom
easlly aceessible ground terminals.

a. Jo:nv,ine control valve:

(l) Start solenoid coil: fiB:I.7 ohms.

(2) Stop Holellold eoll: 55 .'1 alum,.

A sudlon pump lIlust he used to re
move rosldual lJuld from I'F3a-2.

h. Hcdund...,t shutdoll'll valve Aolenol<l eoll:
18.4 .L6 ohms.
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9J6

I

Section II
Paragraphs 2.6 to 2.6.3

c. Checkout valve:

(1) Ac(u9.lor motor windings: 15 Ohlllb
maximum,

(2) Open switch: 15 ohms maximum.

(5) Cltlsed swllch: 15 ohms maximum.

d. ThruFt OK pressur(' sWllch plciruP and
dropout vallles wllhln limits speclficd in
section J.

H-30911-11

2.6 nocU~ENTATIO!i..!~E:9ulHEr.mll.:!:.&

2.6.1 ENGINE LOG BOOK ENTHIES. An l~n

~Ino Log rlool,'nlust liemaintained for each en
g!ne to pl'ovlde accurato and current records
of cnglne conflguratlon, tests, oporal1ng time
for ,mglne and compol\(mts. orlUceo sIzes.
engine maintenance. and soria Ilzcd componenls
us inata lied. 'Fhe custodian of the enf;!ne mURt
maintain thn Engine Log BO(Jk and verify that
entries arc made for earh ~erlaJ1~eJ component
replacement, variable orlilcr! rcpl,leenwnt, and
othor malntenawJC ann test data. Th2 Enltl"e
Log Dook must aecompRny the engine whenever
engine cu~tody Ib IransferrNI.

2.6. 2 UN~ATISFACTOHY CONf)J'l'ION REPOHT
SIJBMITfA C' -AJi'iJnsntiRr;;~tory'C-ondlt lon--
HeporniJcnl musl be pl'ep,lred to report all
unsatisfactory conditions "n a part, component.
~nglne. OJ' lechnlea,l doeulIlenl. Information
detalllng the failure and Ils test history tlmt Is
r('qull'cd to (;Oml,I('tl' the veil Hliould be pro
vlded, If applicable, by thc StaWl (;rJlltrartor
to lhe Eng'ne CQntractor. In tlie event t1w
failed c:omponont Is removod from an l'ngine.
the f'dlerl com/lonc~\t must be returlltld to tho
Engine Contractor for f,lIlure nnalyslG.

2.6.3 Cm:CKOl}'f DA1'A. During the perform-
.\!lce oe"auiiioij:;ed testBO,jlcclflcd In section I,
the \('8t resull'; must be rocordcd llnd submitted
to the Enf(ln" Contraclox' upon ,'cquesl.

2-36B Change No. 14 - 9 October 19'/2



H-3896·11 Section II
~)aragraphs 2.6.4 to 2.6. 'J. 4

2. t3. -1.1 Engine Rcdlil.!.!!~~l'net-:E~ The en
gine tesl data on which engine redl1ne pal'a
rnetnr.!:i were recorded musl ba examined to
delermin(' whetlwr any l>ngine system is p""
fornling near its minimUJu 01' maximum estab·
Hshed limit. 11 an engine system with an es
tablished operatinl: limit is performing neal' lis
operating Unlit, EngIne Contracto>, must be notified
of tluH condition prior to t he next tost.

a ccmbillatici[L of paramt'lc!'s, almormal feed
tiystem oscillations, abnurmal feed system
oscillation amplitudes, 01' abnormal vibration
levels. A discrepaney ill allY lest p3.rameter
must Ill' !'eporlecl to Ellljillp. COlltl'aetor.

2.6.4.3 Data fwduclioll. Those em~int' lest
par~unewrs"tl1alai:"el'llr?;Jrded and u~ccl to es
tablish ell~llle ealllH'dtio" must be reduce:1 to
stanciuI'd ~H'a-levcl ('onditiolls, alld the 1'Cbult.'j
1l1ust be submitted tl) l-;ngirw Contl'aetol'.

2.6,4.2 Test InstrumentatIOn, All test In
strunHHll~that -.'l1Oilltor.':irirly cnv,ille p~ll'a
meter on a high-frequency, oscl1lolf,raph, or
scnled sytitem must be examiucd for abno!'w
malltlcs, su('h as suddpl1 shifW III any olle Dr

2, 6,4,4 Data Inte !'va IlJdillitioll, 'fhe d,ita 1Il

tcrval is "ilcfiIlPcT'tIHii perl,;cj" ,-;-["3, (J to 3,2 sec'
onds withill the time intel val of 35,0 t,) 40,0
seconds :Jft('r attainm(.'nt lJf rnainstal-{e (90 1)1:'1'
e('1l1 of lhl'lwt),

Errol'
(I'£'rccnt
of Full
R,ng<') ] :late[~ol"'Y[) .1__," 'I ime Period/Adion/NoteH

----
Calibration

Rnn~~('

j')aranwtC'l'
[)es('!'iplion

Identification/
Instrum<.>utu 

(jOll 'l'''t}J

PHlMArt¥ FI,!l1IlT [NSTHUMENTATION

KFua-l Fupi pump
lnlnt No. I

O. 20rl pslp; i 2. 0 SN.' llotPf!. Fuel PIIllJll illl(·t PI'(~HSlll'C' measure
IllPlll i:.; also llruviderl by sl;:II:~e··

static -test illstl'lUnelltation talHJ
1\1'01>-1 ami KFI;d·2, One of (ho
measllt'em('llls mll~l hf' C(i\8sifled
as mandatory, :md tho othDJ' Iwo
C'!assJflt'd as hll:i1ly df',;i "ahle,

'l'Ul'l>iIW

ou(lel
0·100 PSlfj 12,0 x

Fuo1 pump
di~:chaq~c

No, 2

0-2,500
psla

12.0 SN\ noteH, FuoJ plllllI) diHcilaT'I~n 1l1'PHHlll'C
nlranUl'elllollt is alHo lll'()vid('ci by
al1xiliary J'lif:hl IJI"trUI1l('II(a!iOI\
hlp 1'1"2a-1 am! sl:lf:c .. "talk .. tost
illstl'llmolltation tap" I'F2b .. l and
P 1"2 f1··2. 01\0 of the tnCaUlll'Cment!:J
mU6l 1)(: ehlssifil'd a~J mandalnl~Y,

and tile nlhOl' th"('1) cJa~c:ified as
highly rlc<>lmblo,

CGJo (;omhu:;t!oll
ehalliuor

0-1. :,I)()
pHia

J O. !; x

Gal) fj<.mcra··
lo!' chamber

0-1,500
IJHia

J1.0 x

Change No. 14 .. 9 Oetob~r 19'72 2-36C/~ .. 36fJ



R-3896-11 Secti"n II

~.r.l:'or

Idclltlficati<ln/ (Percenl
InstnllllellUi- Parameter Call1ll'.lllon or Full cate~rY

tion Tap Descriptioll Hallge Hallge) _.~ H,_D_..L__T_i_ll_lC_'_1_).,_.r_IOd/Actluu/tiole8

PHIMAItY j"LlUHT INSTHUMENTATION (colli)

P02a-2 LOX pump
dlscluH/:e
Nu, 2

0-2,000
psla

,2.0 Se,' Iloles. LOX pump discharge pressure
nlpaSlll'Crllcnt in also llrovidcd hy
aux!liary ftir:hl inslrumenlal,on lap
1'02 ..-1 and stage-~taUc-t,·~t in
slrunumtation laps P02b- I alid
l'02b-2. 0"" of Ihe measuremenls
muat 1'8 clasulflel! as mandatory,
and the other lhree cl:1HSlficd as
highly desirable.

NH5e Com mOil hy- 0- 500 psiu 12.0
druulic
l'elurn

x

LBla

LSi

Kli

1<'1

LOX pump
hearing jet

LOX pllmp
bcal'lug
No. I

Turbine
In!!'1
(manifold)

Gus gorwra..
Inr lHll valvt·
llmlt swlt.(·Jl

F'lH..1 1 vHlvp
No. 1 Iimll
switch

t"uel v.1. I.Vl'
Nu. I
pOJlI 11011

0-1,000
psta

0° lo
400" ~.

0" to
2, ODD'> F

Oll- off
(opell
C!!13t'U)

On-off
(open
('1013",1)

a.. lUO%

i2.0

!2.0

'2.0

See nol('s.

X

.see Hotes.

Sue notes.

x

LOX llUllip l){,!~ril1l{ jet pre~HHH'o

measurenwnl Is also provided by
8l:l({O~Hta t leN lcmt 1nstrument atioH
rap Lillh. Olle of Ihe measure
menls Innsl be classified as mlU\(h
lory, and the olh"r claaslfled as
highly destrahle.

MeaDur'llncnl may be (;lasallled as
highly desirable If lllI'bopump bear
Ing thermostat T3 Is used as an
interlock.

'l'urbltlC Inlet lemperature ia also
pl'ovided by Stag,,- alll'll lied
mpf\Hlu'rmcllt at tap GG?b. Que of
tllu IlH'ilfHlfCllll'ntn IH\l!it lw d~HJH1

fled as mandatol'y, and lh" other
elassll1l'd "" highly desirable.

GloIH~c1 position Is classified as
mand:! lory, and open [)usHlo!l 1s
clas"iflcd as Iilghly desirable.

Identlflcallon K6 18 an MSFC
munhcr l'c·[BfC'nC('.

Id(,Illll!catlon K'I In an MSf"C
IHlmher rCr(~l'CJlel!.

(a) Enl\lnMJ not incol poratinl\ 1>11)1'16 cJlall((e
---._--._----_._---_.----_.-----_._-_._---_._----'

Figul'e 2-1'1. Static Test Insll'umentatlon Catngory llequlrements (Sheet 2 of 9)
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Scction II H·3896·l1

Timc Pcriod/Aetlon/Notc5M I liD

CategoryCalibration
fulllge

relont ificatioll/
Illstl'Umenta- Parameter

lion Tup Descriplion

----------.-----,c--------....-------------
Ereor

(Perccnt
of Full
RlIlge)

PHIMAHY FLIGHT rNSTHUMENTATION (cont)

X HPM No, 1 is all ac eye1(' ('OUllt

(0-234 cps).

Idl'ntillcatlon 1'1 Is an MSFC
numlwl' J:'(~fcl'(.!ncc.

Sec nutes. ClosNI position i <; elasslficd as
mandator)', and 01>('11 positioll is
elassifled a.'l hiv,hly ,icsirahl~.

X Irlelltifkali<ln K9 Is all MSFC
Il\lmhl'l'referonce,

Se,' notos Closed po"itlOn Is classified as
mandatory, and O}WI1 positillll is
clt.sslficd as hll;hty desirahle.

X Idolltifkatilln Kia is all MBFC
numher 1'(·fCI'CIlC£.'.

K8

K9

KlO

'1'1

Fuel valvp On-of{
No. 2 (oppn-
limit switch closed)

Fuel valve 0-100%
Nu. 2
posltlon

Oxidizer Oil-oil
Valvc No. r (OpCIl-
limit swilcll doscd)

Oxi,U,er O-lOO(;{)
valve No, t
pOhit iOI1

Oxi,U,er Oil-Of{

valve No. 2 (opcn-
limll swileh closed)

Q<idizcr 0-100°;/
valve No. 2
position

TUl'bopUlllp 0-'1,000
I pm No. I fpm

x

x

Idcntification K8 is an MSFt.:
number rcforonee.

Tut'bopump 0-7,000 X
rpm No. 2 rpm

1'44 Heat ex'" 21)- 1{JO 12.0 X
(;ha nl~{' I' l~lHn

LOX lulel
flow

HPM No. 2 Is an ae rycle count
(0- 4,200 cps) ..

Idt:ntill<:atlon F44 Is all MS~'C
lIumh!'" t'(,rert!ll('p.

Idl'lltlllcation GUTt Is an MSFC
nllmber refC"rencC'.

x,2.0Enl~lIl(' Cll
vironlfll'nlal
tCJlllW1'atu 1'l'

0' to
1, ~OOI'> F

0" to
1. 000 0 F' (aA)

AUX1L1AllY FLlGflT iNS1'HUMT;NTATION

COTl

AlL"lllary flIl~ht Instl'UlllCnlalion Is
not HIJpJkahle on cnr~illct:J inc:o!'
porattllg MIJ)l6 "hanv,,'.

12.00-2,500
pSi.1

I,'tlcl punlp
d!.~charg!'

No. I

P 1"2a- 1 Sou nott's. FuC'i IHlOIP dischnl'gl~ pres1"itlJ'c is
also prOVided by primary Iljl~hl ill
stl'llnH'lllatlon tap I'F2a-2 anll
gtage~hta t IC- te.9l i nstrum (lilla l 1011
taps Pf2b-l and jlF2b-2. One or
the mcasurements Ill llst be classl
ficd as mandatory, and the othcr

• __._ _ three classified as highly desirable.
902 (aA) E:nglnes IneOrpOri\tlng MD159 ChMB'C
• Figure 2~i7-:·· Static- ·i;~-~t riislrum-e-,"'"',I-at"'l"":"on--C"'atel:ory- Hequirements (SileCf3Of!j)·----
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R-3890-1l Section II

Errol'
Idcntlfication/ (Percent

Categol'yInstrumenta- !)arametel' Ca!lbral\on of ~-ull

llon Tap DescrIption Range Hange) M IHD TIme Period/Acllon/Notes

AUXILIAHY FLIGHT INSTRUMENTATION (cont)

P02a-l LOX pump 0-2,000 .2.0 See notes. LOX pump d[,.charge pressure
discharge psia measurement Is also provided by
No. 1 primary Illght inetnnnontallon tap

1'02a-2 and stage-static-test In-
strumentallon taps P03b-l and
P02b-2. One of the n",asu!'cments
must be classified as laandatory,
and the nthel' three rlasslfled as
hIghly desirable.

NH3a E:nglne con- 0-2,500 .2.0 X
trol opening psln

NH2a Engine ron- 0-2,500 .2.0 Dee notes. Control system supply pressure
trol clOSing pilla measurement prOVided by stage-

static-test Instrumentallon tap
NIllb may be used in !leu of engine
<:ontrol clos1 ng preSS\ll·e. Engine
contl'ol closing preosurc Is also
provldcd by slage-slallc-test In-
strumentation tap NH2b. One of
the measurements listed must be
classified all mandatorv, and the
othel' classl!1od as hlghlV desirable.
All measurcmeats Illay IJe elasslfled
as highly d~slrable If a facility-
""pplled hydraulic pressure 11mblll-
cal canneetlol, Is operational.

HO.!b Heat ex- 0-2,000 .2.0 X
eha~Bcr psla
LOX Inlot

H04a Heat "K- 0-2,000 :1.2,0 X
ehanlici' psla
OOX outlot

HH2a Heat eX- 0-500 12.0 X
chauger he- p91a
llum Inll,t

IllI3a Heat ex- 0-500 .2.0 X
changoI' he- psla
Hum outlet

PO'1n LOX pump 0.. 60 • 2.0 See nol cs . LOX pump s('al cavity pressure
seal co.vlty psla IlllJaSUI'emcnt Is alsc. provtded by

stage- etatle- test lnst ru mentatlon
tap P07b. One meaeul'ement must
1:le claBslfled a,~ mandatory, and
the other cluslfled as hIghly desir-
able.-----------

I"lgare 2-17. Static Teat Instrumentation Category Requirements (Sheet 1 of 9)
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Seetloll 11 R-3696-11

---------------,---,-------_._--
Identifieat ion/
Instrumenta

tion Tap

Ern1r
(Percent

P.lrameter Calibration of Full ~~ff?5!22..
Description Hange Il.ange) M I HD Time Perlod/Actlon/Note~

AUXILIAHY FLIGHT INSTRUM"NTATION (eont)

x

x

x

x

x

x

to. !j

rO.5

-to.5 fj(lfJ IHlltls. LOX punlIl dlH('hal'gc Pl'('SBIU'C
mCa!ill1'enlf~ljt Is a),S(l provhh.:d hy
prjnlju'Y illBtnuneotat Ion tap
PO?'a··2 and auxiliary flight II1Htrll
1llC!l1lati4)ll lap 1'02,,-1. One 01 tlw
Jneasurcments must he dassilicd
af; mandJ.tory, and til(' other three
classified a,l hl[(loIy dl'slmble.

Fuel pump inlet presfiure measure
ment is also prOVided by primary
flight instrllmentatlon tap KF6a-l.
One of the measurements mllst he
('lassJfl(ld as mandatory, and the
olh0r lwo clasHlfleri as highly
dl'sl t'able,

,0,5 See notl'/;' Fuel pump dlschat'ge pressut'e
measurem(mt Is also pt'ovlded by
pl'ima t'y II Ighl itlllll'lI/l1enl,,!irJ\l tap
1'I,·2a.. 2 ancl auxtliat'y rtil~hl instrll"
lllenlatioJl lap l'F2a-1, One 01 the
\1Ieaslll'em~nts musl b~ clal/sincel
at; mandatory, and the otlHH' three
d:wslfll'(l as highly desi rahi<>.

0' to 130' F ;2.0

Fuei pump
inlet No. 2

H('at ex- -300' to t2.0
changer -250' F
LOX Inlet

Heat ('x" -300' to ,2.0
changer .600' F
COX outlet

Heat ex .. -300' F'to ,2.0
changer he- +600' F
Hum outl<!t

Fuel pump
Inll·t No.2

STAGE STATIC TEST INSTHUMENTA'I'ION
Fuel pump 0-250 ,0,5 Sec noles.
inlet No. 1 psla

P ~'2b.J (h)(c) ~-uel pump 0-2,500
discharge psin
No. I

P F2b- 2(b) (I') Fuel pump
dlscharge
No, 2

P02 h- I (b)((:) LOX plllll P O.. ~, 000
dlsehargH psla
No. I

P02h_2(lJ)(e) LOX "ump
rllse}1H l'gc
No.2

GGlb(b)(c) CrJlllbu~tlon 0.. 1.500
chnrnhel' psia
No. 1

CGld(b)(e) Gom bu ~tiOll 0-1,500
ehan1ue I' pnla
No.2

llll ~lh

HOIa

KF6b- I

H04h

91~2 KFfla-2
•

(tl) Enl(lncs not IllcorporatJ ng MD1!! ehange
(c) Engine" Incorpor,ltln!( MD.!.!!Q lllld MD!§1. change:;

Figure 2-1'1, Static Te:;t IllHtrumentati-;;;;- Category H~qujrem:ents (~;t 5 0(9)
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Section If

Time Period!Aetion/Notes
Pol rameler
Ileserlptinn

Identification!
In~{tl'umcnta

tion 'j'ap

Error
(Percent

Calibration of F'ull Category
l~lI\p,e Han~,,) M JHD

------------ ------- '--- -_......--------_._---
STAGr,; STATIC TEST INSTHUMENTATION (cont)

GGlb Gas genera- 0-1,500 to,5 X
tor chamber psla

TG5.1 Turbine O-lOJ 10.5 X
outl!,t psia

NH2blb)(d) Euglne ron- 0-2,000 <2,0 Sec notes. Control system supply pre';Bure
trot CIOBin!: psla measurement provlrlNl by slagc-

stalic-Iest Instrumentation tap
N/:lb may be used in lien of engluc
control c!oslng pressure. En~ine

control closillt~ pressure measure·
ment ts also provided by auxlliary
flll:ht instrumentation lap N1I2a.
One of the III eaHurenwnts listed
must be classified as mandatory,
and the olher classified arl h11:hly
desirable.

NH~b(b)(d) Eng-tne eon- 0-2,000 .2.0 X
irol opening psia

NII8 HNhmdant 0-2,000 ,2.0 X Iahuldown pala
valve 902
supply IPl'C!':IRlll'e

Lfllb LOX pump 0-1,000 ,?,O Sec nO\('B, Two transducers arc provided on
b(~"ri ng jet psla ~n~ln"s Ineorporatinl~MD150 and

M 151 rhangf's. Lr-X j:.uillif1)eal'-
Inf:.-Jerpl'4~mHll'(' n100SUl'enH'llt Is
also provided by pl'iL-ii\'y Insh'lI-
nlentatlon lap LBta, ()n~ of lilt'
mcasurelllC'l.lu must IJ(! chs.ltfh1d
as mandaiory, .Ind thf nther claesl-
l1ed as hlf~hly detllrabll',

I'fo'IO(lJ)(d) I'W'l Imlwller 0-500 ,2,0 HCl\ notes. Two transducers ;\re uro\'idcd fol'
oadwas ng pHia thi8 measuL'<!ment. (lnc must hi;.'

classlfiNI as mandatory, and lhe

Nll1l,(b)(c)
other e)alJslfled aU highly de!lirabll',

Control sys- 0··2,000 f?,O Sec notes, Engille (:on! 1'01 dOHlnfi prf'SSlll'e
ietll bUlJply psla provided by f1tage -sta ie-iN,t In-

Blrumen!alton tap NH2b or auxil-
iary f1lllht lIwtrulIlentation tap
NIl?a may be \l[wd in 11"11 (,r coni col
sYfJt<"nl supply pr()I,Wure. Oue of tlw
rneOl.HUfNnCnlG llstccJ In\l8t hl~

clatlslfled as mandatory, and the
other elaBfJllled ,,8 highly «(eBll'al,le,

r)TI'~il(jnc;'lioi1iJCOI,pnl'atint MDH~ ('haT"
(: Engines Ineorpol'allnr: M )150 lim Mil iiI changen
d\ Engllws not Incorporating "MDL51 c1Jalige

~----.-----_ ....._~- •.._._----~...-_-- -_ ...._----- ......_--
Fignre 2-17, stallc Test Inatrunwnlatlon Categol'y Hequiremellt~l (Sheet e of 9)

Change No, 6 - 10 Febl'ual'y 1970 2-41



Section n

._-_._--_._-,

STAGE Sl'ATIC 'rBST l"iSTRlJMEN'rATION (cont)

F07lJ(b)(c) LOX p\!mp 0- 50 ,-2. (, SCl' not!$.
seal cavity llsig

IdCl,l:fleation/
Inslrmnenta

tlon Tap

GC2a

Paramr,le.
Description

Turbine
j'llet

Caliuratlon
RanGe

0-1,500
pslg

E.rt'or
(Pen:",nt
01 F'ulJ
Range)

±0.5

Category

M HD

x

Tim I' Pel'iod/Actioll/NOlt's

Two transducers ~.re provldl~d 011

en~lnes Incorporating MDHiQ and
MD!.~..1 chanp;ea. LOX pump s~al

cavity preF.mure mfla5UrenH.~nt 18
al';'J provIded by auxlliary fl.\g~Jt

Inslr"mentatlon tap P07a, One
11lC'Hsurement must te claF.lsifJed
as flH.ndatoI'y, anct tlw other classi
fied as highly dr.~jrable.

E'''.n~m-MUNI'l'OHgj)INKTHlJM~~N'l'ATIONPARAMWrEHS

PZ.A1-Y

?3A2·- Y

PZ:\3-Z

CZ.'I.I-Y

CZM-Y

CZAIO- Y

LOX pump 0-250£1 X 0- 3,500 eps fUter
!nle\ Hange

Fuel pump O-~WOg X 0-3,500 CP3 filtcr
inlet enJOW

Fl1el pun.p 0-250g X Triaxial mountlJlg pad 0-3, 500 COB

Inlet Ellbow

Fuel pomp 0-250£1 X Trls.xln.1 mOllnllng pad {)-3, 500 cps
inlet elbow

Fuel pump o 250& X Trl"xial mounting pad 0-3,500 cps
hO\lllilig

}"'u~~l purnp 0-25Gg X 0-~,500 cps
houslr.g

0018 gb'· ra.. 0.. 'jOOr, X Adapter block (Y) 0- 3,500 cps
tor combustor

Gas genera- 0-500" X Acl3 pter blcH,k (2) 0- 3, 500 cps
tor com bustor

LOX dorne (j-70'1f, X de to 10 kc ±2db

'JOX dome 0.. 'I07g X de to J(. kc ~2dt)

LOX dome 0.. 70'lg X dc to 10 kc ±2dn

LOX pump ()·200 psia X de to 10 kc ±2db
inlet

LOX pump 0-2,000 X de to 10 kc ±2db
rllscharr,e p91a
No. t

(bj"-ff,i;glnDswi7Jlcoporatinr, MDlAI change
(c) Ellgjll{\~ Ic',orporatlng MDlR(j";;:nd MillSI chang')s

----------------_._---------
1'1r,.ne 2-J'I. stath: Test lnslrurnenhttloll Catcgory [wqulrcwC'nls (sheet 7 01 e)



R-3896-11 Section U

.--,.... '----rl-------------
Error J

Identification I (Pen'ent
Co h:"_O_l'YIpstl'lImenla- Parameter C:tlibrati()n of Full ~

lion T_al_'__ Description .•~!:::.-_~~~e) M]~e p~ri(ldlACtion/N._,<,_te_'" _

ENGINE-MONITORED INSTRUMENTATION PAHA"m'l't~HS (cont)

»02c-2 LOX pump
dischal'f~p.

N .1. ,~

0-2,000
psia

X de to HI i,e t2db

C03h LOX injection 0- 3,000
psia

x de to 10 kt t~db

KF7a-1

l'1"2d- )

eFla

CF2a

CGla

GGle

Sec notes

GG2n

TGSb

~'uel pump
inlpt No. 1

Fu"l pump
discharge
No. I

Fuel IIlani-'
told

f'uel inj~c

tiOll

Com tn::1tiun
eh:tmher

GaB l(,'nem
lor chamber

LOX duel
inlet
temperature

LOX suet iOIl

line pressure

T"rbi ne in
let lempera
lun:

llJl'hin4] out
let t<;mpcra
lljre

0-200
p~la

O~2J500

psia

0-2,000
~)sla

0-2,000
pSln

0.. 3,000
psia

0-1,500
psia

-300" 10
-250' F

:)·200
psia

0" to
2.500 0 Ii'

CO to
2,OO(V Zi"

t 1. 0

to,')

±1.0

x

x

X

x

x

x

SCI' note.

x

x

x

x

(lC to 10 kc i 2db

de to 10 ke t2dh

de to 10 kc +2db

de to 10 kc ; 2,jb

dc to 10 kc i 2db

de (0 10 kc ±2rlLJ

Engine \nsition 1 or 2 il:; mandatory,
and one 01 engine position~ 3~ 4, or
5 is mandat.ory. Olhpr positIOns
arc hlp,hly dcsiralil,>.

Tcn'pcraturt> musl 1)(' measured ~JO

inc;h{'s or m'Jt'("' auovp oxidizer' in
let JJan!-{C'.

TurbL1(' llliel ma"ifolcl tcmp""a!"rc
is also pruvided as pi Unary rUgl t.
;n!3ll'umrntation sy6lPJrJ mfJaSurc·
men! altap 'j'CHa. One of til"
meaSurementcl must he elasslfjpd
as mandatory, and tho otller clasHI
fied as highly desirabl~.

---_._-----_.
{, i[,'ure 2·17. Slatic '['pst Instrumentation Category Requirements (Shpe! R "r ~)
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Sl,rlion II H-3896··11

ErnH'
·----1,.------·----

Id"'ntHleatton/ (Percent • L
Instrumcnta- P'tramcto'i Calibration (,f Full Category

_~~~r~p__D_cf.Crip~~.. Iu-.tnl{C ..~an(~c~.~ ~ Time =Ofj/~til~~~=,--.........

ENGINE-MONlTORED INSTRUMBN'( A['ION PIIRAr.mn:IlG (cont)

Bngin~ Cnn" 0-10 vde X
trol valve
slop Big-Ilal

Hedundant 0-40 .de X.
shutdp\m
valve sjl~llal

By!'p)'·,ol in- 8-4<) 1'<1<' X
stallf-!d switrh
5jl~lJa'l

No. :~ thrutJ t U·-40 vd" See T:ot('.
OK pess~ro

HWlt,;h pldalp
signal

No. ?, thl'u,,[ 1J-40 vd,: Sue note.
OK !'rl'SSlll'P
HWltch picktAjl
sif411UI

No. :3 Ih"u"t 0-40 vde l;{'(' II(J(C.

Ol( pn:ssuJ'n
switch pi<'kup
t.iv,nal

LOX dmfle 0-1,0[10 • I .0 X
and ~ras gf.::n'" P':::l.'l
c'lalnr LOX
illjedor [l·,lrf~p.

pn $sure

G.t'(;u .. u by- 0' [" f J.. 0 X
Jrnul1c fHlp- ~()O" F
ply U:IJlj1era'"
lure

lIC voH"'IC 0-41) vdt· t1.0 X

·i."Vi~) of thl'LC thrust OK pressure
:switches :1 n' cl~~ssifi~ld as manria
Un'y, and thp otlmr e!8sHificd as
highly d"sil'.lbl,!.

Two of three thrllst OK p"essure
swllchen arB el:Js9lfied tiS manda....
IfJry, ann th~ other "lassifled a"
hi;:hly rlesirah!e.

Two 0: Ih.l'f2$.,! thrust OK pn'[J.3urQ
&"'litthef3 ar(' l,.·ltH:i~ifHJd a& manda
!Ol,y, altd the other dassiIicd as
1I\~):liy desHacle.

jo'jgurc 2-1'1. SIalic Test IllSll'um~lilationCa!~gOfyHCfjl';l'emcn!s (Sacp[ 9 of 9)



R-3896-11 Section II

Control system supply 400 psiB
rrecsur" (e"gine posl·· 415 !1(Hp;(b)
Uo'! I only)

See notes

LSI

TUlbopump LOX
illlet tempel'atLlre

Turbopump No. 1
bearing lempera
lUI €'

1, f,OO psig

1,850 rSig(b)

1,400 psig J, 800 ]lS;g

1, 4IiOpsig(b) 1,850 PS;g(b)

1,400 psi{\ 1,600 \lslg

1,450pSIg(b) 1,650 psig(b)

_275° F

0' F

Mf2USUrcmClll:-; of cTlginC' rosHiolls 2
lhruugh :; may be m;('~1 as l'f..'dlifW

batktlp.s. F(lCilitY-~llppli(;d :lyrlr<ll.1lic
umbilical conne..:tiofl pl'(,SSUff', whell
cOl'rccled for Sy,,(COl della P, i~ an
~ll'c(!ptable alternatt-: fo]' UHF; l'('clJinL
p"-tTa nlder.

Re'l"ircd anytime hydraulic systcm n
is in opel'alion prior 10 start of LOX '120
loading. I
nt:'quired fruln start of LOX loading
to chcekout valve font~ll1e l'plurn p:)si
Hon commafld.

Hcqui),l'd from chechoJt valve ('m~ine

l"f'lurn positi(JII command to lJllgiJlc
control valve st.art sult'Jlold cn('l'~.ized.

Temperature is flH'aEmrvd at or below
LOX. pre-vulve. Required a( engine
control val'll' start si~naJ

Appliea!!le for cfll:lnP. posit 1011 1 or 2
an~t for engine pm,itiol1 3, 4, or 5.

Required from start of LOX loadinv.
to enr,ine control valve start sir~n;11.

This p.lrameter may :'" ~elctcd if
turbopump bearlnr: thermosl;'l T3 is
mwd as :ttl iJlterlock.

Sec noles. TuruJpul11p LOX
seal leakn[~e

Efi~~ine

interfacp
Tl1rb'Jpump LOX
sf'al pnl[','e pr('~

sure

60 psig lOO psi~

See notes.

M">.lmurn allowable prc%ure dJrio/(
faclll.ty or stage system t'heckont iR
12 [, psi~. Reqoi rod from stn rt of
arlmiltin~! fuel or LOX to engine pro
p~llant feed system 10 engine control
valvtl starl signal ami any tinH.: fvel
or LOX Is ii' el'glne prnp,~J1ant feed
Byr:tem. Common supply Hyst.crn
prossL1re· measurement to 5 lwgincs
is a"ceplable.

A visual inspeelion of (lxidizer ovur
bJard drain Ime is requlr"d with
LOX In englnc f;ystem (0 verify 110
liquid leakage exisls al ent,lnc ('{JIl

11'01 valve start E igna I.

(a) "ngines not Incorpnrating MD1!J! change. Or. engines Incorpnraiing MD~J~ change, a stage or
facillly In~lrumentat:on tap mllst be lItllized to mantlor control sysl€'m supply pressure.

(b) These pressure values are appUcaQle al the €'lIgllle illterface.--------_._-----_._---_.-
Figur!' Z-i6. Slatlc 'fest Operallng lledllne Instrurnentalion ReqlJlrem('nts (8he,,( 1 of 3)

Change No. 11 - 6 May 1971 ?-45



Section IT R-3896-11

I
natr-'-m,------- Jj' Redli~lues .~ -----
'.... II f.n rM-'.
~~.2~~.~~·lptl~ _Minlmum_,_L~aXlmUlll Tin"e Period/Action/Notes

ENGINE l'H~;-Sl'AnT (cant)

Engille
Interface

KF6a-l

Engine
interface

Englnp
Interfaee

9iOEngine
Interface

PFlO

Turbopump LOX
Inlet pressure

Turbopdmp fuel
inlet pressure
No.1

llydraulk supply
temperature

DC electrical
voltage

LOX dome and gdS
generator I,OX in·
jector p'.lrl>e preR
$\.tfe

ENGINE START TO
F;NOlNE SHUTDOWN

Turbopump fuel
impeller back
cRslng pressure

78.3 psia

43.:i paia

60' 1"

24 vdc

24 "dc

120 p81y,

150 ps[g

130" F

32 vdc

30 vde

350 pRig
400 pslg

Re'luired at engine control va. Ie
start signal. LOX pre-valvtls open
must he interlocked to make sun'
that all LOX pre··valves al'e open at
eni(lne stRr!. Minimum turbojlllmp
LOX Inlet pressure is '15 psia If
mvasured at or immediately helow
the stay,e LOX pre· valve.

Required at engine eontrol valve
stal·t Signal. Fuel pre· valves upen
must be interlocked to make sure
that all fuel pre·valves are open at
engine start. Measurements of en
gine positIons 2 through 5 or No.2
fuel pump illiel pressure Ulay lw
used as a backup.

Required [rom start of LOX load
ing to engille control valve Htart
signal. Common supply system
temperature measurement to 5 ClI

gines Is acceptable.

From initial power appllcatlon to
checkout valve enf(ine return posi
tion command. Com mOil voltage
measurement to 5 engines Is
accl'ptable.

From checkout valve engine return
p~~ltlon command to ene-Inc rontrol
valve starl si~;lJal.

Unrl('r flow conditions. From engine
IBnlter firing signal to engine thrust
OK pressure switch signal at a maxi·
mum lockup pressure of 1,200 psig.

Common supply .~ystem meRsurernent
to [) ~nginps l~ accept.able. Sequfmte
p'.lrge on so that system is primcd
at Igniter firing signal.

Mi"imuUl value Is applicable 6
Seconds after engine control valve
slart signal; 400 ppig is applicable
0-10 seconds after engine contl'o!
valve start eigna!.

2-46

~-_ .._--- _._--, _._. ._-'--
Flgu,-e 2·18. Stallc Test Operatlng Redllne Instrumentation gequIl'emeJ1ls (Sheet 2 of 3)

Change No. 11 • 6 May 1!l71



._---_....---

R-3896-11

-c--:-:-:--.._
Redline Values

Inslrumen- -- ~r-:=

~all_o_nT:p D_e_s~~~:I_o_n ......M_l_n_h_n~~J_~.::~~num

ENGINE START TO
ENGINF: SHUTDOWN (coni)

Section II

Time Pel'iod/Action/Noles----------_..__.-

CZA to- Y V,b,'aliou safety
cutoff

CZM-Y
CZAI-Y

KF6a-l

PF2a-l

EngilH~

inlerface

P02a-l

P07a

Ll31a

Enf~lne

inler··
face

Tur!lopump fuel
inlet )JrCS8Ure

No. 1

Turuopump fuel
discharge> pre£>
,;nl'e No. 1

Turbopump LOX
inlnt

Turhnpump LOX
(tischarp,e pres
surc No. 1

TUt'boputllp LOX
seal cavity pres ...
sure

Turhopump bear
ing j~t pressul"('

Turbine manlfold
temperature

LOX pump seal
purge prCfJSUre

12 psiro

30 psig

200 psig

30 psig

2.280 psis

1. '100 psi g

12 psi!(

540 psig

1,'175"F

lOa psiro

See notes.

Minimum value is applicable 6
seconds after engine control valve
start signal.

Ol)ll'r No. 1 or No 2 Itll'bojJtlmp in
let In{'asurmnents rn'C' acc('ptablp
all'Jl'n~tes 1'0" lhe parameter.

Other No. 1 0" No, 2 tUl'bopump luC'!
dischargo pressure l'J.1CnSUrcments
arc ac~ejJtable alternates for this
paramct(\r.

Minimum value is applicable 6
scc,i}nds aftf'r engino control valve
stal t signal.

ThiB pm'ameler may be IIsed to llmit
turbopump ~pep.c1 to 5,800 rpm and
may be adjuEtcd to a maximum valtW
of 2, 010 psig.

Other No.1 or No.2 lurlJopump LOX
01 scha,'ge pressure measurements
fire ~lcreptable alternates for this
paramr·ler.

Other h;rbopump LOX seal cavity
preSS\ll'C meaSUl'CmenlH are accept
able alternates for this paranwlcr.

Minim'Jm value is applicable B
sf"cOJl(ls aft'Jr flngirw control vnlve
stal"! sir;nal.

Other turb(,j.'.lIrIp hJurhg jet prc~·

&\11'0 IncasurmJ1Ellts ar~ aeec!)laLJh'
l,jlcrnatcs for this parameter.

Maximum value Is applicale from on
gine control v<t!\'e start signal. Tur ..
bine Inlet temperature with maxi
mum vahI(' of 1,575" F is an ;,ccept
able alle:r!late 1'0" this paramet~r.

Maximnm and mirlimum values are ap
plicable from enginc conlrol valve
sl'!r! signal. Common sup\?ly svstem
measurement to 5 engines IS i.1ccept
able.

100g rms fa!' 45 milliseconds conlinu
ously from 2 013 accelerometers (ap
plicable from engine control V 'IIve
stur! signal).

(c) Engines not inenrpuratlng MD.!1Q change
--_.. .._.__._..__ _ ..... _ ._c .._. _

ngun) 2-10. Slatir. Test Operating Hedline Inslt'ument.atlon lIcquin'm~llt.~ (Sheel 3 ()[ 3)
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Section II

Identlfication/
Instrumenta

tion Tap
Parameter Calibration
Description Range

R-3896-11

PHlMAHY FLIGHT fNSTJWMENTATION

KF6a-l

1'05c

PF2H-2

GGle

GOld

J!02a-2

Fu~1 pump
inlet

Turbine
outlet

Fuel !;ump
discharge
No.2

Combustion
l:hambpr

Gas genera
tor chamber

LOX pump
dischRl'ge
No. 2

0-200
psia

0-100
psia

0-2,500
p3ia

0-1,500
psia

0-1,500
psia

"·2,000
psia

±2.0

,2.0

,2.0

.0.5

fLO

t2.(l

S~e noti..~!l. One of five eng-inC' pJsitions is man
dtJ.tory unless fuel tank ullage pres
Sll rc mcaslIrcnH'llts ar~~ upe rat low\J.

If fuel lank ltila[~e prt'~sllre is oper
ational, theBr~ IIlpa!5UfCTnPuts are
c19ssiHed as highly d2s1r~lJle.

x

x

x

x

x

xNH5c

LEla

LSI

K6

K7

Comlllon hy
draullc re
turn

LOX pump
bearln[~ jet

LOX pump
b~arinl',No.1

Turlline
tnlet

Gas ~~E'nera

lor ball valv"
lim it switeh

Fuel valve
No, 1 limit
"wlleh

Fuel valvr'
No. I
posttlon

0.. 500
psia

0-I,01l0
p~iu

0" to
100' F

0' to
2, (l,10" F'

On- "fi
(open
rlosed)

On-off
(open
eloserJ)

0··1.00','&

!2.0

f2.0

±2.0

±?.O

x

x

x

SP.8 notes.

x

X

Mf.!aS1Jl'Cffifmt may be classified an
highly rteRirabl~ iI tUJ'bnpurnp '}cur··
inff {h(~rmi)fitat T3 iH uspd as an
Interlock.

Idenllilcatlon KG is an MSFC nllrn
bt>r rofHence.

Closeci I':.mition if; mandatory, and
open positiun is highly desirahle.

Identification K7 if! an MSFC l1\un
h(!l' reference.

----~-- .
t.a) Engines 1101. inrorporallu!: MDI.'16 l'I1anrjO
------------_._-------_.. --_ .._---_._----_.__.

Figure 2-10. l'·'~.nr.h Instrumentation Culel\ory Roquh"emenls (Shcot 1 of j)



R-3896-11 Section II

Jdentlilcation K8 is an MSFC num
ber reference.

Id.entification K9 is an MSFC num
ber "deH'nce.

Closed jJosllion is mandatory; open
position is lllghly destrable.

x

x

See notes.

See notes. Identifieation KID is an MSFC num
bl't· r~fet·()l1cP.

Closnd position IF: mandatory, open
position is highly dr,sirahle.

On-off
(open·
r;josed)

On-of!
(open ..
closed)

0-100';'Oxidizer
v<llve No.1
ponUioll

o-..<idizcr
valve No.2
limit switch

K8

Kg

Kto

..----..----------.----Error--I----1-------------·-----

IdentHica(ion/ (Percent C te or
'Ilistrum~nta.. Paramcter Calibration of ~-ull a g y

--'Io.n Tap De~cription rw~ge Range) ~~ ::'il~~~::~~AClion/No~::",_
PRiMAHY FLIGHT INSTHUMENTATION (cant)

Fucl valve Oll-off X
No.2 limit (op'm-
switch closed)

Fuel valvIJ 0-100%
No. 2
posit iun

Oxirlizel
valve No. J
linlit bwitcll

PF'2a -1 Fuol pllmp 0-2,500 ±2.0
diAcharp;e psla
No. 1

l'02a .. 1 I,OX Jlump 0-2,000 ;,2.0
discha.rgp paia
No. 1

Identification 1'44 is n.1l l\ISFC IIUI11

bcl' relerencc.
Identification CGTI is aJl MSFC
number 1"p.£er j,)nce

Enl.rines not incorporating MD96
ehanf,e. .....

x

x

X Idonlificalion Tl is an MSFC num
ber reTe-renee.

RPM No.1 is an ac eye!" counl
(0-231 cps).

HPM No. 2 Is an ae eyele count
(0-4.200 cps).

x

x

x

x±2.0

0-100)1,

0·7,000
rpm

0..7,UOO
rpm

20 -1 00
,,'Pin
0" to
J.500° .F

Oxidizer
\'alvc No. 2
position

'I'urhopump
rpm No.1

TurbojJump
"pm No. 2

Heat px
cJl~Ulg(>r

J,OX inJ.d
Jli)\\,:

pic;!",»

Engine en
vil'Omnellt::d
tempel'ature 0' to

1, 000 0 F'(lJ)

AUXII.IATtY FLIGHT INSTRUM8NTATION

T.l

1'44

CGTI

(i;)"Enr,i"nes lnc()rp(l.. ~ting MfJ159 chlUlge
FTgure..~-:-L"a~~~Tn;;rrili:lpiiTil11oilC'atpgOl·y-JfequT~entiJ(Sii;;CT2',i 5)

Change No.7 .. 28 AprU 19'10 2-40



Section 11 H-3A96-lt

Jdentlf:::-----·--------~:~~~~ili~t. C t •

Instrumr-nta- Pal"ar"der Calibration of Full -'1 l'llory
lion Tap Dr-scriptIOn Hang" fulnge) M lID
_._---------~- .-~---, ........

AUXILIARY FLIGHT INSTRUMENTATION (cant)

Time Veriod/Aetiou/Notes

NH3a Engine eon- 0-2,000 [2.0 X
tI uI opPlling psia

NJI2a Bnei1ll.~ con'" 0-2,500 ,2.0 S<H.! not('H. Ono of five t'n~in() pOMitinns jg mrJ,Jl-
lrol psta datory. This measurement may he

~laHRified as highly desirable jf the
facility-supplied hydraulic lImbili ..
tal Gormoction prcbf>Ure j~ opera..
!.lona!.

HOllJ Heat €x- 0 .. 2,000 ±2.0 X
('}lallger jlsia
LOX inlet

H04a f1"at ex .. 0-2,000 <2.0 X
changet\ psia
WX outlel

HH2a Heat ,'x- 0-500 ±2,O X
~hanger h,-- psia
Hum inlet

1I1/3a 1~J"!.lt px- 0-500 >2.0 X
changer he.. psJa
Jillm outlet

1'07a TOX r"mp 0-50 ;!2,O X
sr-al cavity ~sia

WJla Heat (IX_ -300" to 12.0 X
('han~('r _250 0 F
LOX" nIt:!

!lOlh He'al px" - 300" 10 ,2.0 X
("hanger i 600' F
(;OX outlet

t11l3b Heat ('J(. ··300' tr) ,2.lJ X
cbangPI' hc- +600 0 F
I\um outlet

9~1r, Krna-2 Fud rump 0' tQ 130" F' 12.0 X'.- iniN ,~o. 2

ENGINE-MONTl'OHED INSl'IWMF.NTA'J [ON l'AltAMETEHS

.
PL:A 1· Y I.OX pump 0-2i;0!: X 0-3, !l00 cp~ filter

iulet IJanr{C

PZA2·Y Fuel pump 0-250g X 0- 3, 500 cps fUter
inlet elbow

PZA3-Z Fuel pump 0·250g X Triaxial mount!ng pad 0-3,500 cps
Inlet elbow

PZA4-X I'~JAI pump 0- 250g X Tl'ia;<!al mOUnOnl! pad 0·3, 500 cps
inkt elh';w

------ -------
Fll!Ure 2-19. Launch InRtfumf:ntation (;rltel~ol'Y Hequiremellis (Sheet 3 of 5)

,
2-50 Chan/:e No. n- 10 Fpbruary 19'/0



n· 3898··11 Section II

Triaxial mounling pad 0-3, 500 cps

de to 10 kc -,2 dh

0-:3, BOO ep!)

de t.o 10 ke ,2 ~l>

de to 10 ke ,:,: dll

de to 10 ke ,2 db

de to 10 ke '2 dl)

x

X

X

X

X

X

X

fl.O X Engine position 1 or 2 l5 mandatory,
and OnE' of ellgin p positions 3, 4 , or
5 it-; mandatory, Othe'r })ositioll&
arc highly desl ",,11 Ie .

1:0.5 Set! notes. One of fiVf~ cnginC' p'Jsitinns is mall""
datory; othn's arc highly d~sirabl~.

This measul'emellt may be cla.<.;si
fj~d as highly dec;i"able If a LOX
t.ank uJhlJ~e preSSul'c me<!sllrement
is ope r~ t ioual.

fuel pump 0··250g
housing

F'1H~1 pump U··250,(
hou~ing

LOX dome 0-70'1g

LOX dome 0-707g

CODlhu$tioJ'\ 0-3,000
l'haml1er PSIa

a:1S gf~IJ('ra- 0-1,500
tor chamber Jl~>ia

LOX pump 0-200
iul(,t psia

LOX duel -300" to
inlet -250' F
temperature

LOX sueUon 0-200
line pressll re psia

PZA9··Z

CiI,AJO· Y

CI.\1\4- 'I

CGla

GUlc

PZA~·Y

Enr:ine con·· 0-40 vdr
trol valve
i~taI't f;l~n::t~

Eng-Ill!..' con- 0 ·40 vdc
tr(l} V:~[V{,

stOll signal

Herlundant 0 -40 vdc
shutdown
valVE> signal

Hyperl~ol O·w/JCJ vd('.
Installed
switch signal

No. I thrust 0-40 vde
OK pressure
switeh piek··
up signal

No. 2 thl"UBt 0-40 vele
OK pressure
switch pickup
slf,l1al

x

x

x

x

Sr,,, notCH, Two o[ thr"" thrllst OK pro~sure

switches are class Hied as manda
tory, and till' olh'" classified as
highly dasirablc.

See noteR. Two of thn?c thrust OK pressure
switches are cla';6Ifi~d as malld,
fury, and the other cla6sifipd at)

highly dosiral>J',.
-_.~._---....._-_.. ,.._-"--,-~--------,--~-"._---_._-

Flg"rp. 2-10. ullJlleh lnstrum~ntatlon C:atc~"ry Requirements (Sheet 4 of 5)

2-5;



Section U n-3896-11

IdentHlcat\on/ (~~;~~~t~'t-¥I:
Instrumenta.· Parameter Calibration of Full ._~ cg.? y

lion '1'.11' Description Range Hange) MJ!~ Tln~:!.crlod/Action/Notes

E:NGINE·MONITOHf,D INbvfnUMENTATION PARAMETERS (cant)

0-1,500
psi"

No. 3 thrust 0-40 vdc
OK pressure
switch pick-
up sil{llul

LOX clrm'"
ahct ~;'lS gell'
erator LOX
injector
purge

t1.0

SeA notes. Twoof three thrust OK pressure
switches are classified as manda
tory, and the other classified as
highly desirable.

x

Gronnd hy
draulic sup'
ply tempera
ture

DC' voltage

0" to
200' F

0-40 vdc

±I.O

d.O

X

x
._--_._--_._-------,-----_.__._._-----

Figure 2-W. Launch Instl'umcntatlon Catet:ory Hequlrements (Sheet 5 of 5)

1,800 pslg

1,850 PSig(b)

1,400 paig

1,450 PSig(b)

'I--t . ~{edl;ne Value~ ~--_.
uS rumen- ----_
~~_Ta~.._!:_:~cri[Jt.i~~_' Mlnim~ax~~~_~ ._,. Time perlod/Actlon/N_o_t_e_s _

NH2a(a) Contrul syst~m supply 400 pslg 1,600 psig Measur£ments of enl{ine positions 2
pressul'e «('ngine posi' 4151lS1g(b) 1 8"0 I (b) through 5 may be used as redline
tlon 1 only) , u ps g backups. A facilitY"supplied hy'

draulic l1mblllcal COllJ1ectioll pres
sure, when corrected for system
delta P, is an acceptable alternate
for this redllne.

nequir~d anytime hydrauli<' ,;:vstem
is in operatlon prior to slart of UlX
lOading.

Required from start of LOX loading
10 checkout val'll' engine return posi
tion command.

I
9?1l
I

1, 100 psl~

1,45CJ psig(b)
1,600 psig
1,650 psig(h)

Required from checkout valve en[{ine
return position command to enjline
control valve start solenoid
~nerglzed.

(a) Engines not incorporating MD96 change. On engines incorporating M/)96 change, a stage or
fa.ellity imrtrumentatlon tap must be utilized to monJtor control system Siipply pressure.

(b) Pressure values are applicable at the engine inlel"face.

-------------------
F'igure 2-20. Launch Operating Hedline Instrumentation ReqUirements (Sh~et 1 of 3)
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R-3800-1J. Section n

0" FTurbopurnp No. I
bearing temperature

LSI

----.-------------1--- nC~I~~C va,ue~--I--·
Insirumen- ~~..__

latioll Tap Dc~~rIPt~~ .I.~:~.~~_L~.:~~~.::~._. 'l'lme Perlod/ACtion/No_te_',, _

See notes. Turbopumll LOX -2'15'F Tempcratul'e is measured at or
inlcltemperatllre below LOX pre··valvc. Required at

engille control valve a(art siRna!.

Applicable for engine posillon 1 or 2
and for engine position 3, 4, or 5.

Hequircd from elar( 01 LOX loading
t(t t'f1~pnc control valve start ~it~na1.

This parameter Illay be dPleted If
turbopurnp bcatinl'{ thermostat '.1.':3 is
used as an JnterJock.

Engine
interiaec

Turbopump LOX
seal purge pressure

lOU }1hig Maximum allowable pressure during
facility or Shlg(-!' systE1lYJ ~heekol1t is
125 polf" He'jUICed from start of
numllllnf, LOX to ong-lne propellant
feed :.yut"m ~tld 11"ylJme LOX is in
en!l;ne pi'opellant feed system,
Commotl supply system measure
ment to 5 (JII~~i(l~n i.s H.Cf'ellt~hle.

9'20
u

r...1oa~urcment3 of t}ngin(! positlon Z~

thon 1, 3, 4, HT\d 5 may hH '.'8t'd 3;q

redllne alternate".

COTI Engine enviro~lt1ental 0' F
temJ>f2ratur('

130" F I
~07

Common supply system t"mporalureI
measurement, when corrf'cted {OJ

system delta '1', to 5 engil,es is
aeoeptablc backup for this redlinf'.

Stn' notes.

f<;nt;ine
interfnc(l

Turbopuwp LOX
sm~.l lealiage

Ttll bopurnp LOX,
IJJ1f~t pressure

'18.3 psla

See HotO!:!. A visual inspection of oxidizer over
board drain 1I ne Is roqlJll'ed wit h
LOX In enr.ln" syst"m to ve rlfy no
111lJid loakag" exists at engillo Can
trot vnivc SW.l't sigm\l.

Requirf'rJ at engine <otllltl'ol valve
start sign,,!. LuX pru'valves op"n
must be intel'loeked to make sure all
LOX pre-valves are open at engine
start. If pressure is measured at or
immediately helow stage I.OX pre
valve, 75 psla Is minimum.

One of five engine position meaalll'e
monta or LOX tank ullage prussure
measurempnl of a minimum value of
23.7 psia Is acceptable as redltne
alternate.

Fil;\'re 2,20. Launch Operating H'1dline TnstrulIlentation Hcql.l1rements (Sheet 2 of 3)
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Section II
Paragraphs 2,7 to 2,7,1

n'3896-11

Redline Val::u::e:.:s~_-1

_D')~:.~:I.pti~'~__.__.~~llm~n~J~MaJllm,"n
~uel l'ull1)llnkt prIm' 43.3 psla
Hure No. 1 (c'''f,iJ\c
prmillon 1 only)

Instrumen
tation Tap

KJo'Oa- 1

};of{ille
Interfacc

F;ngine
Interface

Hydraulic sllpply
temperature

DC elN:trical
voltage

LOX dome and gas
generator LOX
injector purge

24 vdc

120 pslg

130" F

30 vdc

Time Pel'iolVAction/Notes

Joi.el pre· valves 0lmn must be In!ln
locked to make sure aU fuel l're
v~lvcH arc opcn at eugine start.

Fuel tank ullage llllUllYlUW lJl'cs~ul'e

redllne is an ar.c"pt"ble alternAte
wllh 27 psla. MeBSUI'l'rnents of en·
gine posltlon~ 2 thl'O\lI~h 5 ur Ko. 2
fuol pump Inlel pl'elJSUre mllY be
used as 1 cdJine backup. Hequlred at
engine control valve start signal.

He'luired from start of LOX loadlnv,
to engine control valve start signal.

Cornmou supply system meaSl1re
tn{·~nt to 5 cIJI;inus hl acceptable.

From Initi;,l powel' appllr.atlon to
ctleciHlUt. valve ~ngiJle return pc)tJjtion
(".llnrn;{lld.

C(I:llnlO11 voltage JOeaf..IlJrement to 5
t'flf{ll1Nl is accelltable.

from ched~f)ut valve Cllgine return
poHltion command to en~~jne control
'1al/f~ Btdrt Hlgm\J.

Frnm enB'Jne ignitor firing signal to
cuglnc thrust OK pl'p.H1"re switch
si[(nal at a maximum locllup pres
8t11'(' of 1,200 I).f.;ig. COnlIllOn Bupply
system m~)at)llrem(~nt to 5 engines
Is acceptablp.

Flf.1ll'e 2· 20, L~unch OperatinG Hedllne Inslrumentation HCf(uJ,cments (Stlf,cl 3 of 3)

2,7 AP'P! leAST g SPI,:(,l~·fCATJONS.

2, '{,I Throughout this manual rderp-nce is
madn to the 101l0",;ng spec!lications by tille
and bask do"ument number; however, in all
easp-s tlw iAsue "pecifin" below shall govcrn.

MIL- B-·131E
i\ rnen(hnent 1
1-1 July' 1967

MII""C·14201A
23 April 1\156

Barrier Material, Water
Vapol'pl"nol, ~-Ie){jble,

Heat Sealable

Corrosion PI'(,venUve,
S<Jft F'llll1, enid Appli
cation

MIL-C-J01'13D
AmClH.lmenl 2
19 Novemb"r tfJU8

MIL-C-81302B
23 Dccenlh"r 1908

C()rr,,~luu Prevenllve I
Cumpotlml, Solvcnt
Cut.back, Culd Appli
,'allan, Grade I

Clennillg Cumpound, l'I?')
Solvent Trlchlol'ot l'l- I
fluorocthane

2- f>4 Chal\g~ No. 13 - 4 Aprll 1972



H-3890-11 Seetion n

},m~F-25558B

Amendment 3
14 March 1963

9t MU~I,·25567C
I 9 June 1971

MIL-P··25508D
16 March 1962

((25

MIL-P-2'140lB
19 S'lptcmbcr 1902

MlL-l'-'5r,76C
Amendment 1
3 Nnv"wber 1.967

IMSFC-SPF:C-21'1
10 August 1962

932MSFC_STD_500A

IAmendment 2
25 Sep/cmllo!" 1970

MIl,- T-2700?A
25 ,January 100r,

I DB-J:'-1421I 29 February 1968
tyd~;

I
·O-T-634b
Amendment 1
9 Octob"1" 1968

P-D-BBO
Amendment 2
9 .Jw'e 1964

I 1'1'I'-T-0060C
925Amcndlllent 2
I 2 )o;1<,.1"oh In'/()

'l'T-I-735a
Amendment 2
5 May 1961

, VV-L-800A
'Pa;20 February 1970

Fuel Hamj et F;ngille,
Grade J1J-l

Leak Tcst Compound,
Oxygen Systcmll

P;'ope)]ont, Oxygen

P.r()PCll~U1t Pressllri7.lnt~

Agont, Nltrugen

l'l'opcl lant, l~t.Y·oGono

Trlchlo!'oelhy Ieuo,
TeelUllcol

Trl chloroelhyleue,
Oxygen P)'ope Ha.nl
Compatible

Fluorocarbon
Hclrlgecants (Type 12)

Trj(;hloroethyleno ,
Teehn1.(:al

Dry Cle,lnlllf( Solvent

rape: P L'CSSllrc

SensU t'1(' J~dhp.Blve;

Waterproof, For
Packaging

Isopropyl Alr:ohol

Lllurlc"tillg Oll, General
Purpuse, Preservative,
IWaler- Displacing,
Low Temllora(u.re)

VV-I'-236
17 December 1954

Helium

Petrolalum, fechnlcal

Bureau of ~Alnes,

Hallum Grade A

Change No. 13 - 4 Aprll 1972 2-55/2-%



H- 38% -11

SEcnON HI

OI'EHATING PHOCEUIiHES

WAHNING

Secllv.l III
Paragl"aphs 3.1 to 3.1. 2

THE FOLLOWING GHOUND SUPPOHT I'QulPMENT MUST BE OPEHATED BY
AUTIIOHlilF:n l'EHSONNEL THAINlm IN THE USE Of THE gQUII'Mt'Nl'.

G20~lO, Oxidizer Donie Flushinrr Kit
0203'1, Fuel Dralna~e Kit
G2339, Sca-/enge Pump
03104. Pneumatic F)(\w TeolH
G31n, Test Plate, Plug, and Tool Set
G3130, llyperrrol System Tool Kit
G3136, Thrust Ch,lmber Thro"t Plug
G~142, Enl{lnc Checkout r;on'101e
G3144, 'I'urulne Bxhaust ExH Pressure

Check Fixture

G3153, High" Voltage 19l1iter
(;404901' 751\151505, Engine Vertlo.ll Installer
G40U9, Engine Handler
G4079, Nozzle Extension Allnemont Tool
G4089 01' 99-902G815, Thrust Chamlwr Tlll'oat

Security Closure
9026622, !:lert Igniter
99-901200B, Fuel Drain Vont Adaptor Kit

3. 1.2 V'Hi.0}}_!.E_QR!!::.l.9~; INSP_ECTION.
Visually verify that part lIumber ancl size of
eaeh variable or'Wce ill>ltalled on the engine
agrees, within machining toleranco, with Ihe
variable orlfice nominal size recorded In the
En~lne Log Book. The Or Iflcc Is IdentHled with
the actual measured size, which nmy differ from
Ill!' Enl;lnc Log Book !locord (nominal size) to
the extent ot the tolerances listed as follows:

,;COPE. Thin sec!lon conlnlns !'ocommcnded
dotal I procedu"es 10 pel'form aulhorizorl aellvl
lies HIH'clfled in section I. In tl:e event of
confllc! belween crltel'ia sper.Hled In sl'ctlons r
hnct II and in thlR section, scetions I and IT cri ...
terla shall apply. During the follo\\'inp; proce
dures, Slat;e Contrac((,r and!or NA3A Sl\IJpllEd
cc!a!1"d procl'rluros Inust lJ() used when InstallIng
lntercollnec~shelr/ceu Ihe ~u,11ne :llld gl'ouad
support cqutpnwnt aud!ol' checkoul l'quipmcut
thal are not supplied by the Engine Contractor.
When perfol'mln~ work spec:iflcd in this m:tnual,
al1 local safety and health directives "m5t be
compllec. with. It is assulll,Ju thes~ dl,'eclives
are In con.!Jllanee wllh the Occupattonal and
Safety Healtn Ac(, V/hen local safety and health
dirertlves :,. e more stringent tran those speci
fied In this manual, tM local dIrectives will
prevail.

3. I INSPEC~rIONS.

3.1. 1 When no rec.cmmenc!.'l.t!ons are made for
the method of podcrllltng the lnspect!oz. actlvl
t\es specified In sectlona I and II, no additional
Instl'uctions are 1'e4ulred.

Part
Nmuuer---_.

HD251-4071
R0251-40n
IW251-4080·
HD251-4083
RD251-4085
HD251-4087
HD251-409B
RD251-4100
HD251-4103
RD251-4104
HD251·-410ll
HD251-4118
HD251-4129
HD251-4130
RO?51-4131
HD251-5001
HD273-1027-

Tolerdnce
-ilnch)._

-,O.C01
,llJ.001
,0. (101
ill. 001
,0.001
,,0.001
;C.001
ill. 002
;0.002
,O.OO?
;D.OOl
,0.002
;0.0005
;0.0005
,0.0005
;/).001
,0.0005,
-0.0000

Change No. 14 - 9 October 1972 3-i



Section III
Paragraphs 3,1. 3 to 3, IA. 1

R-3896-11

3.1.3 .9J.DES'T' AS.1!.§.,!!I}J.yLINSTALbATION
DATE II SPECTlON, Verify that date embosned
'on metal strTpatlached to englnc moun! strut
and marhd OL])E,"'I' ASSEMBLY/
lNSTALLATION nAT:;; agrees with old·!>;t
Inst.lll date recorded In En'(lne Log Book on
Age Control Log for Componellt SynthetiC
ilubber Items form. If the dates do not agree,
determlnc accuracy 01 E"g1ne Log Uook I'lltry;
then, if requlrect, elO,hoss a new 1/2-mch wide
metal strip of 9.1umlnum, ekES, or zinc with
the worct~ (3/32-1nch-hlgh lellers) OLm:ST
ASSEMuLY/lNS'I'ALLATlON DATE: followed
by the oldest Instal! date recorded III Engine
Log Book and safetywlre new metall1trlp In
place of 010 metal strip with I.tlc()l\el 10ck\\'Ire
MS20995N.

3.1A CONTAMINA'(lON AND DAMAGl~
J~!i!:!'y'Ew.rTol'C·--· ..--------

3. IA. I When worUng with or around the engtne,
the foIlowlhg procedures should be observcd and
perfOl'mcd, as app1!cabJe, to pl'cclude possible
eontamlnatlon aJld/or damage 10 Ihe enb'ine.

a, Make sure that clothlnl-( worn by personnel
Is free of 'loose pal'ticlet; and libel'S and pockels
are emptled 01 lorelgn objects that could con
tcibute to contamlnatlon.

b. Take only l'oqulrNI pHtS, tools, and tellt
equipment In enl-(Ine area; pedor III an aecounl
In~ ol tonI;; ,wd parts at bep;lnnlng and end of a
prol,.,eulJrc.

c. Make sure that all lest equipment and
tools used meet the cleanness requlremenls for
use in I\CJuid oxygen, (lIel, and pneumatic
sy~~....dns.

d. Make sure that tools are propel'ly t3th
cred to carrying indIvidual or are carried In
a suitably tethered bag whun work Is being
performed above engine.

e. Provide water shields and wind brcalw
when an engine system I~ to be opened In an
outdoor location during rain or high winds.

3 -2 Change No. 14 - 9 CetObsl' 1972

f. Make sure that areaS ar'_' checked above,
al'ound, and below system being opened for
op~rations that may cause 01' allow conlamlna
tlon 0; system. Take proper measures to
prever.t contamination of othor systems from
systenl belTlg opened,

WARNING

The following procedure uses
trichloroE'thylene, whl~h Is a toxic
solvent. I.tlhalaUon of its vapors or
prolonged contact wllh the Iiqulc.l
can Cause serious injury or death.

• C<Jmpl'esserl gas must not be us~d for I
drying or cleaning unless effective
chip guarding ts uSf'd and personal
protection equipment Is worn,

g. Prior to opening any engine system, usc
a reo:ulated source of low"pressure (less than 30 I
pslg) gaseous nitrogen (MIL-P-2740J) or el('an,
dry all' cor.formlng to cleanncr-s and hUJaidlty
requlremellts of MIL-P-27101 to blow area free
of ;l('c1"mulaledloose contaminants (water, sand,
elc); then using a dean, IInl-free cloth mols..
tened with Irlchloroethy1l'ne (Mll,-'l'.-27602),
wipe aroa free of all visible contmnlnants.

h. Provide a suitable conlainer to catch
residu1l fluids when a systcm Is opcned.

I. Install protedlve devices as quickly as
pos.lible wllOn a system Is opened, to prevent
the entry of cont:unlmmts.

CAUTION

eiOSlU'eS having sponge rubber seals
mus, ,lOt be used, since c<Jntamlnallon
of ccmponenl or sYdtem can result.

j. Usc protectlve elosure!J and covers
spEcified in H-3806-4 for opened engine systems
and removed-part openings when at all possible.
Make sure that protectlve closures and covers
are cleaned as outlined In R-3806-3 prior to
Installation. Secure protecllve closureE and
covers with the required number of fasteners.
If fewer than the reqUired number of fasteners
are used, adequate proteetlon may not be
provided.



R·3B9G-ll Sc,ctlon III

k. If protective closures Dr covers specified
tn R- 3896-4 are I.ot available, flangecl ar~as

may he packaged uSll\g method shown In figure
3-Al and as follows:

CAUTION

When securing Ad'll film 01' IJ.lg-s
to the line with tape, a mlnil11um of
20; \Jercont of the tape width musl
contact the body "f th" lLlC to 11I'C
vent the entry f)f contaminants.

NOTE

The tajle used In this procedure Is
presstu'c-s<Jnsilive tape HDOI %-,002
(Rocketdync).

(1) Covcr open ends of 1111(' with Ad'll'
No. 33(; Illm (0.002-lnch mlnlmlllJl thlcknOo'ss)
(Allil'd Chemical Corp). Wrap film 0\,('1'

periphery of flange a'ld sccure fllm to body
of IInc with tape.

(2) Install a bag (0. 004-lneh t"l"lmum
thlclmcss) made from clean plastic shnet ami
Rtrlp (Fecleral Speciflcatlotl Irp. 378, Type Il)
I)VCl' Aelar !lim tf) ('ompletely ('over an,1 e:dend
beyond flIm. Expel all' fran I bag, and SCcurl)
bag to hody of line with lape.

NOTE

Clean polyethylene bags (Fedcral
Stock No. 81.05- LCO-6Ull) or dean
polyethylene tubilll': (Fedc,ral Stock
No. 8135-782-7460), heal scaled
alone cud, lIlay be used Instead
of plastic sheet and strip. All
polyethylene malerlal uBed Illusl
lJe 0.004-llleh mlnllllum thickness.

(3) Atlach a certificate of clca.nne8s to
taped area, If required.

(4) lnr.tall a second bag (0.004-lllch mini
mum thickness) made from clean plastic sheet
and slrlp (F,~dera1 Speciflcalloll L-1'-3'lU,
Typc Tl) over flrsl bag. Expel all' from bar.,
and ~ec\tre bag to body of line with tape.

l------~------------

GEN-?"'-._-----------
Fig.urc· 3-;\ 1. Alternate Prob~etive Closures

[OJ· J<~ngiIH'I Lines

Clean polyPlhylelle b,lgs (f\'dcl'lll
Slack No. 8105- LeO-B8ll) or el"all
polyethylene> tubing (Fprleral Storl:
No. 013,,·782·7460), heal sealed
at one cnd~ Inay Uf' llsed inBt(.·ad
01 plastic olwet and strip. All
polyethyl(,llc malerlal uf;cd must
be O. 004-1nch mtnlinuIll thlekness.

(5) Gather and tape bat: ovel' periphery of
Hange to prevC'nt flange [l'onl e'lltlng through bag.

(6) Apply 2 laycr~ of tape over out9r ba~,

Tape hlUBt cov~r flllrfaee of Ilane-c und extend
over periphery of flangc. Secure cmds of tape
by appl ying a hlyer of tapc around perIphery
of flange.

(7) Attach a fluid system Irlentlflcatlon
hlbel to linn, If ~'cqtdred.

1. Package pressure caps, plugs, seal s,
,ulel miscellaneo1Js small parts helllg retained
for reInstallation In clean plastic sheet and
strip (F'edera1I'pecifleatlon L·,P-S78, Type II).
Sec;ure p::ckuf(e by !Jeat s"allng lJr with pressure
se",·,ltlvc lape R130195-002 (Hocketdyne).

Change tlo. 14 - 9 Octobe.- 1972 3-2A



Section In
Parar.raphs 3.113 to 3. 2.AI

R-3896-11

I

NOTE

Clc'an polyethylene bags (Federal
Slock No. 810G· LCO.G8ll) 01' clean
polyethylene tubing (Fede"al Stock
No. 8135,·'/82-74601 heat sealed at
one end, may be used. All poly
ethylene material used must ue
0.00'1 Inch thlck.

m, The 101lowing stundard plUll and caps 01
the appropriate size may also be used to pro
tect eflb'i.ne :lnd removed-parI openings:

(1) Plug AN806-JX In tuhe coupling nut&

(2) Flug AN814-XXJ and 0·· :'Ing MS28775
in threaded parts

(3) Cap ANfl29-XXJ on threaded male
littings

WAnr.'NG

The lollowing procedure USt'S clean
inll compound (MIL-C-81302), which
is volatile. Use in a well·ventlJated
area since the vapors displace the
oxygen In the ali', resuitilllt In suflo
cation•

• 'fhe following procedure ust'S Iso
propyl alcohol, which Is lJrUllrnahle
and mnst not be used near heat,
sp~.rks, n.r ope" lhme. Inhalation
01 Its vapors or prolonged contact
with tlw liqu.ld can cause serious
Injury.

• CompreSSed gas must nol be used
lor drying or cleanIng unless ellec
tlve chip guarding Is used and
personal protection equipment
Is worn.

n. Belore removal 01 Ii flllld-system closure,
clean exterior surlaces of c!osul'e using Ii clean,
hemmer! nylon cloth or a clean brush moistened
with unused deaning compOImd (MlL-C-81302)
or Isopropy i alcohol (Federal SpecWcatlon
TT-I-7a5l. Dry 010sl1rll with a r<'!\ulaled sou,'ce
of low-pressure (less than 30 pslg) gaseous nltro-.
gen (MIL-P-2740l) or clean, dry all' conlorming
to the cleanness and humIdity reqnlrements uf
Mll.-P-27401,

o. Package protective closures and covers
to be reinstalled on the same system opening In
cloan plastic sheet mId strip (Fedel'al Specifica
tion L-P-378, Typ~ II). Seal package with
pressure-sensitive tapo HB0195-002 (Hockotdy",,)
or by heat seaUng.

NOTE

Clean polyt!lhylene bags (Federal
Stock No. 8105-LCO-6811) or ~leall

polyothylcne lublng (Federal Stock
No. 8135-782-7460) heat sealed at
one end, may be used. All poly
ethylene material used must be
O.OO·j Inch thick.

S.IB.l See figure 3-A2 lor materials reqUired
to perform tasko specified In Ihls manual.

3 2 '""INSTALLED-ENGINE TES'l:. "',,----_._-------
r.!l.Q..QEDJ.1!U:1!.

3. 2.Al ~~nglne Checkout Gonsole G31'12 Is
used lor testing lmlnstall',d engines. Panels
on the engine checkout console are Identtrled
by relerence designation number or by nomen·
clature. III the procedures, panels wll1 bc
identified by placing the relerenc)c designation
number or the nomenclature I as applicable, In
parentheses.

3-2B Change No. 14 - 9 October 1972



Identification------_.
Aclar No. 33C (Allied
Chemical Corp)

Airtex 21'/, Type II
(EoH Corp)

BB·F-1241. Type 12
(Federal Speeiflcation)

Brayeo 777 (Bray
on Co)

Bureau of Mines,
Orad(' A

C-5A (FeU Products)

Ethafoam (Dow
Chemical Corp)

FS1281 (Dow
Chemical Corp)

Krytox 143AZ
(Du Pont)

L-P·378, Type II
(Federal SpecllicatloH)

MB0210-003 (NH,
Space Division)

MIL-B-13!

MJL-C-14201 ,
Grade 2

MIL-C-l6173,
Grade I

MIIrC-81302

MIL· F- 25558

MIL- L- 2556'1

R.3896··!1

Name

FUm

Tytng tape

Refrtgerant

lIydraullc flutd

Helium

Thread compound

Foam

(li'case

F'1uol'lnated all

Plastic shellt and strip

Tllchloroelhyh'uc

Vapor-proof barrIer
material

Corrosion preventive

Corrosion pl'eventalive
compound

C;eaning eompound

RJ-1 fuel

Leak-test compound

Section III

Use

Protecting parts.

Tying bags on iue! overboard d,'aln
system.

Leak testing system joints.

LUbrlc~tlng hot gas seals.

Leak testing heat exchanger helium
coils and lines.

Lubricating hoi gas fitting threads.

Cushioning thrust chamber
no....le extension on pallet.

Lubricating luel system packlngs.

Lubricating thrust chamber fuel
and oxidizer seals.

l'aclmglng parts and collecllng fue!
system overboard <lraln syslem
fluid.

Flushing Ihrust chamber fuel jackel
and U)X dome and Clushln[( rras
generat()~ lOX lllje~lur.

PackagIng pyrotflclmlc Igniters.

Preserving turboflump bearings.

Protecting unpalntetl stationary
aurf;lces.

Cleaning desiccant bags, exterior
of closures before they are removed,
and leak-teM compuund from jotnts.

Ponglne hydrauUc system fluid from
ground supply.

Leak testing joints pressurized
with gaseous nllrogen.

Figure 3-A2. Malerials Spoclfled In This Manual (Sheet 1 of 3)
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Secllon m

Identlflcatton

MIL·p-2Gr,08

MlL-P-25576

MIL-1'-27401

MIL- 1'- 27602

MSl'C-SJ'EC-217

MS20995N

No number

0-1'· 634, Type I
(Federal Speclllcation)

P-D- G80, 'l'ype I
(federal Sp,,,'lflcallon)

PPp-'r-60
(Felleral Specification)

HBOHO-012
(Rocketdyne)

RB\1105-002
(Rocketdyne)

RD0210-003
(Rocketdyne)

n- 3096-11

Name

Liquid oxyge n

"l'opellant kerosene

Gaseolls nitrogen

Trlchloroethylpne

Trichloroethylene

Illconcl lockwire

Aluminum foll tape

Trichloroethylene

D,'ycicilnlng compound

Waterproof tape

Lubrlcunt grease

Pressure-sensitive tape

Trichloroethylene

Use

EnKine oxldl z"r syslem fluid.

Engine fuel system fluid.

Pressurlzln(; fluid for leak and
lWlclion testtng engine Bystemg and
flutd for engine purge systems.

Handclcanln3 exterior surfaces of
engl'le beforo opening an onKlne
system, flushing thrnst chamber
lueJ Jacltet and LOX dUll,e, and
lJushlng gas ecnerator LOX Injector.

Flushlnp; thrust chamber fuel jacket
and LOX dome .wd flushing gas
generator I..oX Injector.

Safetywil'lnF, fillings with lockwlre
holes and safetywlring torque gear
honstng cap.

Protecllng /lpace betwcen thrust
chalnbcr tubes and exhaust manllold,

FIuahllllo: thl'ust chamber fuel jacket
and LOX dome and flushing gas
genN'ator LOX Injector.

C1Mnlng hypergol fiystem test tool
aod manifold.

Packaglnr; pyrolechnic Igniter;; ilnd
secul'lng luel overboard drain system
Ih:ld coUocli on bags.

Lubl'lcating threads and packlngs tn
fuel, oXidizer, hydrau!tc. and over
board drain systems disconnected
during checkout. servtclng, and
fltorage. Lubrtcatlng teal equipment
used during engine testlng,

Securing Eth"foam on thrust chamber
nozzle extension pallet and securing
Aclar No. 33C film.

flushing thrust chamber luel jacket
and LOX dome :\nd flushing gas
generator LOX InJector.

-------_._---_._.------
Figure 3-A2. Materials Specified In 1'hls Manual (Sheet 2 of 3)
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Identification

HB0210-016
,Rocketdyne)

HB0210-017
(Rocketdyne)

RB0295-00'
(Rocketdyne)

RTV-l02 (a)
(Genel'a! Electric)

SAB 5W

TT-I-7~5

(Fednal Specification)

VV-·1,-800
(Federal Speelltcatlon)

VV-P-236
(Federal Spe(~lltcatlon)

\11/)·.40
(Hockel Chemical Co)

III 05 -I.e0- 68 11
(Federal Slo~k No.)

3135-'182-7400
(Federal Siock No.)

fl.·3806-11

N~me

Corrosion preventative

Sthyl~ne glycol

Desiccant

White sealant

011

Isopropyl alcohol

Lubrloallng 011

Petrolalum

Prescrvatlve

i'olyllthylene lMg

l'olyethylt>ll'; lulling

Section III

Usc

Preserv1ng tnrbopuDlp beal'lngs
ane' prlltectl ng tIDl'alnted stallonary
surfacE's.

ThruF,t chamber fuel jacket preflll
fMd.

Pa':kaglng pyrotechnic Igniter and
maintaining engine Interior humidity.

,',eallng llrea between thrunt chamber
tubes and external bands.

Lubrlcatlng turbopump torque
gear shalt.

Cleaning closures.

Protecllng IInpalntnd working
t)Ul"faceR.

LubricallHK thrusl chamber tube
surface thai ('ontaots lhrnst chamber
throal pluv, and lubricating ovcrlap
area on turbine exhaust exll prcssure
tcst llxturc.

Luhrlm, tlng lurbo!lUmll torquc
I~ear SIUltt,

l'ackllg!ng parts and ~nllecllllg fuel
systcm ovel'boal'<l uraln system £1uld.

Packaging parts and collecting fuel
syst~m overboard drain system fluid.

(a) Compowld has lImlled Bhclllife. Hefer to age-controlled compounds In R-3896-3 (or
usablllty teal.

Flgurc 3..A2. Matcrlals Specified In This Manual (Sheet 3 Qf 3)
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Section m
Paragraph 3.2.1

R-3896-11

3.2.1 PREPAIUNG ENGINE AND ENGINE
CHECKOUT CONSOLE FOR TElil'. The
following paragraph" prepare Engine Checkout
Console G3142 and tho engine for continuous 01'

Indivlduallests.

c:AUTION

Low-now pneumatic f10wmeterH
(rlltomoler type) used in the
following procedures are easily
damaged by flow surges. All
valves, reg~lators, or other flow
conll'ol devices In syslem" con
talnlnlng the~e flowmeters must
be actuated very slnwly to provent
damage to the flowmetel's.

a. Verify that console circuit breaker,
switches, and lights are tn the off or neutral
posltlon, regulators and hand .'alves are
closed, and pressure gages Indicate zero.

b. Verify tnlerconnecllon betweclI consoles.
(See figure 3-1. )

c. Verify that !'.i!SSILE AlH FLOW and LOX
CLEAN AIH FLOW flowmeters arc callbrated
at the pres~ure at which llows are to be
measured.

d. Verify that facllity electrlC.ll, pneumatic,
ancl hydraulic sources are appllecl to consoles.

e. Determlne t'Jlltll to be performed; then
Bee figures 3-1 and 3- 2, and Install l'equh'ed
nlectrlcal eqUipment.

NOTI!l

For continuous checkout, all
electrlcal equipment should be
installed•

• F:Iectrlcal cable COIUlector torqup.
need be only rtngerllght.

3-2F Change No. 13 - 4 Aprl11972

f. Move MAIN POWEH 8wltch (lAB) to ON.
Th(, following llghts must come on:

(1) MAfN POW8n ON, +DC GROUNDED
(dim), and -DC GROmmED (dim) (lAO)

(2) NO. 1 NO THRUST, NO.2 NO THRUST,
and NO. 3 NO THRUST (lM)

(3) GROUND and MANUAL (2A7)

(4) CLOSED (2M)

(5) NO. 1 CLOSED and NO. 2 CLOSI!lJ)
(2A2)

(6) NO.1 CLOSED and NO.2 CLOSED
(2A6)

g. Pl'e~5 CIRCUIT BREAKEH 15 AMPS
(2A9). All flowmeter llghts must come on.

h. Slowly open GN2, MSL AIR, L. C. AIR,
HELIUM, FREON NO.1, FREON NO.2, and
IIYDHAUIJC PRl~SSURE shutoff valv('s (MANI
FOLD PRESSURE SHUTOFF VALVE PANEL).
'l'he following lights must come on:

(1) GN
2

PRESS ON

(2) MISSILE AlIt ON

(3) LOX CLk:AN Am ON

(4) lIElJUM PHESS ON

(5) NO.1 FREON PHESS ON

(6) NO.2 FHEON PRESS ON

(7) lIYD PRESS ON (lA7)
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Sectton I_ R-3896- 11

Paragraghs 3, 2, 2 to 3, 2.2, 3

8,2,2 EI,i'_CTRICAL TESTS FOR UNIN-

_'-'ET'--"....

_, 2.2. I Fll_h! Instrumentation _en_.! Fun_c;
tlon Tes._t:Test In_trumentatloa usedtoperform
the flighti,strmnentation system function test

activity Is provldod by the Stage Contractor.
The te_. activity when complemented by criteria

referenced in section II, requires no additional
illstrtlrt,one; therefore, I1(I recomrnondatione

are provided fox ;he method of accomplishing
this activity,

3,2,2.2 T.____]2_uu_2pHeater Function Test.

a. Verify that engine checkout console is
prepared for electrical operation (paragraph
3.2, 1).

Procedure Result

b. Move LIGHT and

AC LINE switches

(2A9) (i,aside tempera-
ture recorder door) to
ON.

Temperature recorder
neon light comes on.

NOTE

Tile temperature recorder requires

a 5-minute warmup period.

C, Move MOTOR

switch (2A9) (iuside
temperature recorder
door) to ON.

Chart p,_per moves 30
inches per hour; chan-

nels I, 2, and 3 prlat

ambient teml)eratnre.

CAUTION

In the following procedures, any
time the HEATER OVER TEMPER-

ATURE light comes on and/or the
HEATER 'rEMP NORMAL light goes
off, this test must be discontinued
and the cause of the indication
determined,

d, Move HEA'rEI_

POWER switch (2A9)

to ON.

AC POWER PIIAS _'.A,

AC POWER PHASE B=

AC POWER PHASEC,

and HEATER TEIVIP

NORMAL lights (2A9)
come on.

._p_£_c.edure

e. Record meter

values of No, 1 and
No. 2 heaters.

f. Allow heaters

to cycle 3 times.
Record minimum and
ll%axtmtlIll tempera-

tures for each cycle.

Res. ult

No. 1 HEATER CUR-

RENT and No. 2

HEATER CURRENT

meter_ (2A9) indicate

7.5 _2.5 amperes;
channel 1 prints heater
temperature rise.

Temperature range for
thermostat pickup and
dropout mnst be 65* to
180 ° F.

NOTE

If ambient temperature Is above 85 °
F, the heaters may not cycle. Thor..
mostats cm_ be cooled with a spray
refrigerant, Type 12 (Federal Spec-
ification BB-F-1421) applied in
short burets directly on tile thermo-
stat.

g. Move MOTOR,

AC LINE, and LIGHT

switcLe_i (2A9) to OFF,

Temperature recorder

neon light goes off and

chart paper stops,

h. Move HEATER

POWER switch (2A9)

to OFF.

AC POWER PHA_E A,

AC POWER PIIASE R,

AC POWER PHASEC,
and HEATER TEMP

NORMAL lights (2A9)
go off.

3.2.2.3 Hypergol Installed Switch Function Test.

a. Verify that engine checkout console is
prepared for electrical operation (paragraph
3.2.1).

aA. Perform, as applicable, contamination
and damage prevention procedures outlined In
paragraph 3.1A when performing title test.

b. Remove pin and closure from hypergol
manifold cartridge container inlet port.

!
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H- 3H96- 11 Seclllln IfI
Paragraph 3.2.2.4

WARNING g. Hemove hypcrgol &yslem lebt tool.

CAUTION

NOTE

~!ll

Sume hydralllil' flUId
llIay dralll from check
out valvfJ e-nglne retuI'n
hOl-ic when. hO!1e is CUI~

neclcd awl worm valve
is cycled,

Channels 13 and 14
iJlt-ucat(' off, m1<J 15
and 10 indicate on.
Disregard other chan
nelH.

ENGINE light (2A'1)
COU1<lS 011 and GHOUNIJ
light goes off; channels
13 and 14 indicate on alld
15 anrl16 illclicale off.

Proccdllr<'

IJ. Connl.lcl a drain
hose lwtwecn <}ulck
diSnHlf\eet 0/1 c!l,..dwul
valve engille retU1'll
hos" and facihly hy
draulic drain.

CAUTION

DUl'illl: the follOWing sleps, [l'l'o,uld
hydraUlic presslIre llHWt not be ap
plied to ellgine ,:Jring checkout
valve cycling to precludc inlroduc··
lng hydraulic fluid into the file 1
feed fJystem.

[lA. Perform, as Hl1pli('ablD, l'ont~uninatioll

afl~~ ~1."Hll~C IH°C'Vl'lltion pl'occdul'('s outlinNl ill
paragraph 3.1A when performing tltis tesl,

aBo l{0111oVC pressure ('ap from checkout
valvp engine !'(·tl.ll'll hoso dl'nlIl l1.uick .. rlisCOIlI1C('t.

WAHN1NG

The following procedurc uSPS dry
clcanin{~ solvent, which is f1alllJnahh~

alld must not he used JlPar heat,
sparks, 01' open flame. Inhalation
of its vapors or prolunged contact
with the liquid can "ause s(!rious
injury.

h, Clean threads of hypergoi manifuicl cal'
tl"idgt, container inlet Jlort \I,.'ilh drydo:wiOl t

soll'eni (Fe'deral Specification P .. D-GBO).

1. H('m()v(~ packaging 'rom hy})prgol mnnifold
('artl'idgp ('ontaincl' inlet port c!oHurp. J,ttln'iCalt'l
(l\tBtlhyj L) cloSUl'f' pat'kilq~ with F8]231 I~rp.at:e

(Dow Cornin!: COI'p). Install do,m,'c and ~ccure

with attaching pin.
3.2.2.4 CllPekullt Valvl' 'l'imilll' Test.-_._--_.. _._- -~ ......--

:l. Verify that ('n~~in(' c!l('('koul console ib
prepared for electril'al operatifln (para((rallh
3.2.1).

c. Turn 011 facility
event recorder and
set speed at bO inclws
}>(l1' rninutc.

,I. Lift guard, move
OnD C,IF:CKOUT switch
(2)\'1) to ENGINE, and
hold until valve reaches
full travel.

HYPEHGOL CAR·
THIlJGg INSTALLED
!l!(ht (2A'1) rcmain;
off.

llYPEHGOL CAR
TRIDGE INSTALLED
hr,ht (2A7) COmCS on.

HYP;.;n(',OL CAH
nUDGE INSTALLF;D
light (2A'1) r:oes e,ff.

The followl11i~procedure u~es dry
cleaning solvellt, which IS f1ammahle
and must not lw lU:H'd Ill'ar Ilf'al.
sparkt;, or open flam(:, Jrlh.llatwH
of It") VUiJOl'ti or prolonged eontact
\l,ilh the liquid can calise serious
LnJUl'Y·

e. Depress and
hold lever of test
tool.

f. Heleasp ll~ver.

Whcli inbtalhng the hYPol'~()l ::.ynlum
t(~st tool into the hypergol manirold
cartl'idg-o contall\f'l' Int('l port, ex
tl'CHlt! eall' IllUC,t be u:wd to Jlrevent
damage to lilt' hypl'r[\O I cart nclge
followor.

e The th"loads uf lhe tl'st t001 cap must
be ('t"an "fir! fre(' of lllcks to prevent
~~alJ ing tlu: tht I\ads of the ca,p and
co"taill(.',· ml~t 1'01'1.

The method for applyillg lubricant
III the following procedure is out
lined 1Jl H· 3896- 3.

('. Cleall threads of hy[l<'l'gol maJ\lfuld car·
ll'idg:e eOllta.iner inh't port wlth drycl{'anin~,

.sulvPllt (Federal "i)~c;ficaliun !'-D-680). Lu
I brlcate (Method A) thrpads with lubricant grease

IUI0140-012 (Hock"tdYlle).

d, Luhricate
I (Method L) cap pack

illg with FS12Ul grease
(lJllW Corning Corp);
thell carcfully insert
hypergol system tl'st
looi 90212'/9 into hy
porgol manifold car
tddl~C container inlot
port, ami screw cap
(clockwise) onto inlel
port ulltil cap bottoms.

Change No.8 - 9 September 1970 3··5
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Figure 3-3. :Primary Flight InstrumentationSrhematic (Sheet 2 of 2)

Procedure

e, Release GI_.D
CHECKOUT switch

(2A7) (C.I_.OUND).

f, Measure told

reet;rd valve travel

time from ground

position dropout
(ehmmel 16) to en-

gine position pickt_p
(clmnnel 14) ,zad

from engine position
drot_out (channel I_)

to ground position
piekt_p (channel 16),

Result Procedure Result

GROUND light (2A7)
comb's on and ENGINE

Ught goes off;chan-

nels 13 aat(l14 indic,de
off and 15 and 16 indi-

catO o11.

Travel time must he

0, 5 to 3.5 senon(k,_

for each cycle•

g, Repeat steps d
through I 2 additional
times.

As specified in steps
d through f.

h. Turn facility
eveat reet)t'(ler off.

I]ecorder stops.

i. [:/.emove(iraillhose connected in step l).

j. Remove pressure cap from p:lckag'ieg, and
Install pressure cap on checkout valve engine
retuz'n hose quick-dlscomwct. Torque prensure
cnp to 30-40 ft-lb. Safetywiropressurecapwtth
Inconel lockwire MS20995N.

,
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Section III

Paragraphs 3.2, 3 to 3.2.3.2
R-3896-11

3, 2, 3 LEAK AND FUNCTION TEST Pi_OCE-

D_fiES. FOR UNINSTALLED ENGINES:.
figures 3-1 through 3-8. )

3.2.3. 1 Turhopump Torque Test.

a. Remove cap on torque-gear housing.

b. Attach a torque wrench with an adapter
(1-1/16 inch deep socket) and oar extension (2
feet long) to torque-pinion-gear :,haft.

Proeedure Result

c. Depress lockpin Torque-pinion-gear
on torque-gear housing, _haft nqgages turbo-
and depress torque- pumli shaft.
pinion-gear by applying
pressure to adapter.

d. Using torque
wrench, slowly rotate
turbopump shaft clock-
wise and counterclock-
wise one full revolu-
tion mininium. Record

maximum turbopump
shaft breakaway and
running torque value.

Mooing elements must

riot rub, bind, snuff,
or register hi) uneven
toroue. Torque must
not exceed 20 ft-lb.

NOTE

One revolution of the turbopump :_haft
requires 5 revolutions of the turbo-

pump torque gear.

• L'Jbrication of the turbopump torque-
gear shaft with preservative WD..40

(Rocket Chemical Co) or oil (SAE
5 weight) nmy reduce bindbag, rub-
bing, and scuffing noise or uneven
torque of the tu:'bopump torque

gear. Refer toR-3896-3 for pro-
endure on preservative applieatiea.

e. Remove torque wreuctlj extension, and
adapter.

f. Verify that lockpin on torque-gear housing
is fu!ly extended and that torque, pinion-gear
shaft is in hJekout position.

NOTE )

Tbe method for applying lubricant in
the following procedure is outlined
in R- 3806-3.

g. Lubricate (Method J) pacl,dng with hlbri- |
cant grease RD0140-.012 (i_.eckctdylte); then in_tall
packing on torq_m gear housmgcap.

h. Lubricate(MethodA) threads of torque_
gear housing ca t) with rubric;rot greaac

RB0140-912 (Rocketdyae); then install cap
fmgertight on torque-ge,u' houmm;. Safetywire
cap with inconeI lockwire MS'.'O995N.

3.2.3.2 TilrustOK Pressure Switches Leak
I,'une tion T e,._.K_t

a. Verify that enKine checkout console is

prepared for electrical and pneumatic operation
(paragraph 3.2.1).

a.A, Perfol'ni, as applicable, contanlina_ion
and damage prevention procedures outlined in

paragraph 3. IA when performing tiffs test.

b. Verify that NO. 1 NO TIIRUS'I, NO. 2

NO THRUST, and NO. 3 NO THRUST pressure
switch-Lights (1A7) are on.

bA. Remove plastic cap from pressure
switch check(alt connection at engiue interface.

Retain plastic cap for reinst_dlation.

NOTE

The method for aPl)lyinglubricant in

the following procedure is outlined
in R-3890-3.

c. l,ubric'tte(MeHlodA) threads el pressure
switch checkout connection with lubricant grease

RB0140-0]2 (Roclletdyne); then install pressure
s,vitches adapter 9025291, or equivalent, on
pressure swDch checkout connection at Interface

panel, Torque adapter hose coupling lint to
135- [05 in-lb.

d. Connect fuel hose between adapter and
FUEI_ }3. S. IJNE port (2A3).

e. 1)osition F/M ['EL valve (2A3) to BY-
PASS.

!

!
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R- 3B96-11 Section IF

(

CAUTION

In the following procedure, pressur-
ization rates must be limited to 50

psig/see from 0 to 895 psig and 5
psig/sec from 895 to 1,270 psig.

Procedure Re_._ult

f. Slowly open
FUEL BS REGtIIOH

(2A3) until
HIGH pressure gage

_ (2A4) itldicates 1,125-
], 200 psi.

Facility check calJps
switch tube and switch

mar0fold are pressur-
ized.

g. /_4)ply leak-test No leakage is allow-
compound (MIL- L-- able.

25567}, or equivalent,
to joints and fittings of
Iacility check calips
switch tube and to switch

manifold cover plate.
Record results

h. Close FUEL BS REG HIGII (2A3).

CAUTION

In the [ollowing procedure, depres-
suriza'|on rates must be limited to

5 psig/see Irom 1,270 to 895 psig.

i. Slowly open bleed valve (FUEl, BS BLEED
panel) until LOW pressure gage (2A4) indicates
zero; then close valve.

j. (Deleted)

CAUTION

In the following procedure, pressur-
iz#ion rates mu:_t be limited to 50

psig/sec from 0 to 895 ps_g and 5
psig/sec from 895 to 1,270 psig.

k. Slowly open
FUEL BS REG tiIOtl

(2A3) until pressure
switches actuate as

indicated by lights.

NO. I TItRUST OK,
NO. 2 THRUgP OK,
aim NO. 3 THRUST

OK lights (IA7) come
on; NO. J NOTHHUST,
NO. 2NO THRUST,
and NO. 3NOTIIRUST

lights go off.

1. Slowly open FUEL BS REG HIGH
(2A3) until HIGII pressure gage (2A4) indicates
1,240 _.30 psi.

m. Close FUEL BS REG HIGIt (2A3).

CAUTION

In the following procedure, depres-
surizalion rates must be limited to

5 psig/sec from 1,270 to 895 psig
anti 50 psig/sec from 895 to 0 psig.

Procedure Result

n. Slowly open
bleed valve (FUEL
BS BLEED pmml)
until pressure

switches deactuate,

as indicated by lights.
Close valve after

gage indicates zero.

NO. 1 NO THRUST,

NO. 2 NO TtIRUST,
and NO. 3NOT}IRUST

lights (1A7) come on:
NO. 1 THRUST OK,
NO. 2 TIIRUST OK,
and NO. 3THRUST OK

lights go off.

o. Repeat steps j
through n 3 times.
Record actuation and

deaetuation pressure
for each switch during
each test.

On the second and third

tests, each pressure
switch must actuate at

1,060 :_65 psig and de-
actuate within 75 *25

psig of ils actuation
pressure.

oA. Remove pressure switch checkout con-
nectien plastic cap from packaging. I

p. Disconnect fuel hose, remove adapter,

and install plastic cap RD205-5016-0004 on |
pressure switch checkout coer, ectioa liegertight. !

WAILN1NG

The following procedurr, uses clean-
i]_g compom_d, which is volatile. Use
in a well-ventilated area since the

vapors displace the oxygen in the air,
resulting in suffocation.

q. Remove all lea.k-test compound from joints
and fittings with a eh:an, dry cloth, or by flush-

Ing inaccessible areas with cleaelng compound
(MIL-C-81302)o

C]umgo No. 8 .- 9 September 1970 3.13



SectionIll R-3896 11

Plug Torque
Port Location Plug and Bleeder (a) Seal (ia.-lb)

Thrust chamber combustion AN814-2JL (b) RE261-3004-1002 (c) 100-120

chamber pressure transducer
(tap CGle) (on transducer adapter)

)

Thrust chamber combustion

chamber pressure transducer

(tap CGle) (on injector flange)

No. 1 and Nt,, 2 oxidizer valves

to oxidizer dome (on dome f]a_nges)

Heat exchanger cheek valve to
oxidizer dome (on dome flange)

No. I and No. 2 fuel manifold

inlets (on inlet flange)

Prefill liquid level aeteetor
(on fuel manifold)it)

Heat exchanger to exhaust manifold
(cm exhaust manifold)

No, 1 and No, 2 fuel inlet elbows

to fuel pump inlets (on elbow
flanges)

Fuel pump outlet to No. t fuel
high-pressure duct (on pump fl;mge)

Fuel pump outlet tu No. 2 fuel
high-pressure duet (on pump fMnge)

No. 1 fuel high-pressure duet
(on pump end flange and valve end
flaage) (2 reqd)

No. 2 fuel high-pressur+: duct
(on pump end fl_lge and vah,e end
fhmge) (2 reqd)

AN814- 2JL (b)

ANSI4-2JL (e)

ANSI4-2JL (e)

ANSI4.2JL (e)

ANSI4- 2JL (e)

AN814+ 2JL (b)

ANSI4-2J (e)

AN_) 14+ _'F L(e)

AN814- 2JL (e)

MS9015-02 (e)

RE261-3004-1002 (e)(d) 70 _5

RE261-3004-0002 (f)(g) _/0 ::5

RE26]-3004-0002 (f)([') 70 _5

RE2iJJ-3f)04_0002 if)(1)) 70 _5

Id_;261 +3004-0002 (f)(h) 70 _5

RE261-3004-1002 (c)(d) 70 _5

RD262-3001-0002 (j) !0-16

MS29512-02 (j) 11-15

MS29512..02 (j) 11-15

MS29512-0P (j) 75 _5

MS9015-u,: " MS295 i2-02 (j) '75 -i5

(a) Safetywire with Incollel ]oel<.wire MS209:)5N after iorquing_ a(_ aPl,licable.
(b) Lubricate (Method A) with it,read cnmlmond C-SA (Felt Products).
((') Intoreiiangeable with 1210OAA2.
(d) Lubricate (Method R) with Brayco "/77 Iwdraulic fluid (lh'ay Oil Co).

(e) Lubricate (Method A) with lubricant gre_.se ftBiil40-Ol2 (I+.oekeidyne).
if) Inte:'ehr.ngeable with 12i00CR2,

(g) Lubricate (Method It) with .fluorinated +,11 K£'yiox 143AZ (Du Po._t) or )ul_rical)t grease
RB0140-012 (Rock,.,tdyne),

(It) Lvbrieate (Method R) with flnorinated oil Kcyiox 1,13AZ iDu l)onL),
(i) E]_i_,inesnot Ineorporaiin,_.MDJ ?,3chang.±,

(J) Lubricate (Mt,ihod J) with l_,l)_l_,_ntgrea_e }tiH)140-012 (Honkotdyne).

3-14
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R-3896-11 Section III

Plug Torque, , Ca)
Port Location Plug aud BI_ eder Seal (h'_-lb)

No. 2 fuel high-pressure duct to
gas generator fuel duct (at orifice)

Oxidizer suction duct to oxidizer

pump

No, I and No. 2 oxidizer pump
discharge to oxidizer high--
pressure ducts (on pump flange)

No, 2 oxidizer punq) outlet
pressure transducer (tap POT, a-2)
(on bloo 2 high-pres_:ure duct)

No. 2 oxidizer high-pressure
dust to gas generator oxidizer
duct (duct end) (at downstream
orifice)

No. 1 and No. 2 oxidizer high-
pressure ducts to oxidizer valves
(on oxidizer valve flaegos)

Gas generator chamber pressure
transducer (tap OGld) (on gas
generator in_ector)

Heat exchanger check valve to
oxidizer flowmeter (on flowmeter

flange)

Heat exchanger oxidizer flow-
meter to heat exchaager oxidizer
supply hose (on flowmeter flange)

Heat exchanger oxidizer supply
imse to heat exchanger (on heat
exehanF.er)

AN814- 2JL (e)

ANB14_2JL (e)

RD265- 3012-0001 (e)

AN614- 2JL (e)

AN614- 2JL (e)

ANSt4_2J (e)

MS9015-.02 (b)

MS9015-02 (e)

MS9015-02 (e)

ANSl4.2JL (e)

RD262-3001-0002 (]) 10-16

RE261-3004-0002 If) 35 _5

, -(f)
ag261-3oo4-oooz Io-IG

RE261- 3004-0002 If) 50 :_5

RE261-3004-0002 (D 70 _5

RE261-3004-0002 If) 35-40

RE261-3004-1002 (c) 85-.95

RE261-3004 -0602 (I)

RE261- 3O0d- 0002 (fl

RE261-300't- 1002 (e) 70 _5

I0-15 ft-lb

10-15 ft-lb

{a) SMetywlre with Inconol )ockwire MS20995N Mtor torq,Vng, a,'J applicable,
(b) Lubricate (MeihocJ A) with thread compound C-SA (Felt Products).
(e) Interchangeable with i2100AA2.

(e) Lubricate (Method A) with lubricant grease RB0140-012 (Roc.ketdyne).
If) Interchan,rreable with 12100CRZ.

(j) Lubricate (Method J) with lubrica.ot grease RB0140-012 (Rocketdyne).

Fli_re 3-8. Seal Monitoring :Port Rt,,4uiren:ents (Sheet 2 of 3)

(
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R-3896-11 Section ]n"

Plug Torque
Port Location Plug and Bleeder (a) Seal (in-lb)

Heat exchanger GOX duct (heat AN814-2JL (e) RE261-3004-1002 (c) 70 _5

exchanger end) to heat exchanger
(on heat exchanger)

Helium supply duct (heat
exchanger end7 at heat exchat_ger

Helium return duct (heat
exchanger end) }_t heat e×chani,ter

Turbine to he;Lt exchanger (on
heat exchanger flange7

Turbine outlet pressure
transducer (tap TGhc) (on heat
exchanger)

AN814.2JL (e)

AU014-2JL (e)

Ab1814- 2j I_.(b)

ANS]4-2JL (b)

RE261- 3004-1002 (c) 70 _5

RE261- 3004.-1002 (c) '_0 _5

RE261- _004.- i002 (c) _0 -_5

RE261- 3004- 1002 (c) 70 15

(a) SaJ:etywim, with Inconel Iockwire MS20995N _dter torquing_ as applicable.
(b) Lubricate (Method A) with thread compound C-hA {Felt Prodvcts).

(c) Interchangeable witil 12100AA2.
(e) Lubricate (Method A) wlth lubricant grease RB0140~012 (Rockctdyne)°

Figure 3-8. Seal Monitoring Port t:tequirements (Sheet 3 of 37

Change Yo, 12 - 23 August 1971 3-15



Seetion III R.- 3896- 11

Paragraph 3.2.3, 3

3.2.3.3 LeE Pump Seal Purge Leak and
Fuacti " st. ""on ]. e

a. Verify that engine checkout console is
prepared for electrical and pneumatic operation
(paragraph 3.2. l).

h. Verify thai covers are removed from

nilrogen purge overboard drain lilleandoxidizer
ove_'hoard drain line at thrust chamber exit.
When cover ]s removed from oxidizer over-

board drain, verify that no evidence of fluid

exists. Notify Eul_ine Contractorif ftmd exists.

e. Remove closures from pump seal purge

line, and installLOX seal and gas generator

actuator purge adapter 9022012, or equivalent,

on lille.Torque adapter fasteners to 70-80 ill-
lb.

d. Connect a hose belween pump seal purge
line and LOX PUMP SEAL & GO ACTUATOR

PURGE (IA5).

e. Open LOX PUMP SEAL PURGE shutoif
valve (IA5)

NOT F

The following procedure introduces

pressure into the LOX pump seal
purge system. When pressure is
hrst applied the oxzdizer overboard
dram line and aitrogea pur;,_e line
exits must he observed for evidence
of fluid,

f. Open LC AIR PRESS REG (1A5) until I.X)X

CLEAN AIR PHESS gage indicates 85 it0 psi,
and verify absence of fluid from ox'dlzer over-

hoard drain lille and nitrogen l,urge drain hne.

CAUTION

Leak-test compound used in Ihe fen
lowing procedure must not he used

on overboard drain line exita to pre-
clude introducing leak-t_.;;t com-
pound into the lines.

Lvak-tevl compound must uot be
used on tie>: line bellows :_lnee it

ca,mot be remevtd from Ih_ bet-
lows,

Procedure

g. Apply leak-

test compound
(MIL- L-25567) to

all joints and fittings
of LOX pump seal

purge system.

Result

No leakage is allow-
able,

NOTE

In tilefollowing procedure, ifleak,',ge
is expected illexcess of 4,000 scmL

two flowtesters must be used, con-
nected in parallel, at each line.

h. Using Ihmu-
mahc Flow Testers

G3104, or equivalent,

simultaneously meas-
ure flowrate at exit

end of nitrogen purge
overboard drain title
and oxidizer over-
board dram line.

Record flowrate.

Flowrate past tlleturbo-

pump intermediate seal
LOX side and fuel side

must not exceed 5. 000
scim at each line. If
combined drain line
flewrate does not ex-

ceed z(,lio, i/erforrn
LOX pan'q_ seal
isolation test
(paragraph 3.2.4. 1).

i. Close LC AIR

PRESS REG (1A5),
LOX CLEAN AIR

PRESS gage (IA5) de-
creases to zero.

j, Close LOX PUMP SEAL PURGE shutoff
valve,

k. Remove adapter 9022012, or equivalent,
from pump seal p"rge line, and install cl,)sure
on line. Torque closure fasteners fingertight
o!u:.' 1/4 turn

WARNING

The following procedure uses clean-
ing compound, which is volatile. Use
in a well-ventilated area since the

vaporr" displace lhe oxygen in the air,
resulting from suffocation.

1. Remov._, all leak-test europe,end from joints

arid fittings with a clean, dry cloth, or by fl,.ish-
leg inaccessfl)le areas with cleaniug comIJound
(MIL-C-S1302).

)

3-16 C_mnge No. 3 - 1 July 1969



R-3896-11 SectionIII
Paragraph3.2, 3, 4

3.2.3.4 Heat Exchanger tfelium System Leak
'rest.

a. Verify that engine checkout console is

prepared for electrical and pneumatic operation
(paragraph 3.2.1).

aA. Perform, as applicable, contamination
and da sage p.. event|on procedures outlined in

paragraph 3.1A when performing this test.

b. Remove cover and install heat exchanger
helium line inlet test plate 9024407, or equiva-
lent, on helium supply duet (heat exchanger
end). Torque fasteners to 120-155 In-lb.

c. Connect a pneumatic hose from plate
9024407 to I:UEL BS L1NE (2A3).

d. i_.emovc cover and installpressu.re test
fixture T-5039231 on helium return duct (heat

c×changer end). Torque fasteners to 25-30
ir,-lb.

e. Position F/M SEL valve to BYPASS,

l'rocedur_ Result

f. Open FREON 'IX')
FUEL BS shutoff valve

(2A3) until t,OW gage
(2A4) pointer stF_rtsto
move. Clo.¢evalve.

Refrigerant, Type 12
enters helium system.

g. Open FUEL BS
P, EG tHGH (2A3) until

}EtGtt gage (2A4) indi-
cates 400 d0 psi.

Helium ducts and

heat exchanger coil

are pressurized.

CAUTION

If leak-test compound is u_'{ed in the
following procedtv'e, it must not be
used on flex line bellows, since it
cannot be removed from bellows.

Procedure Result

i. Verify leakage

using leak-test com-

pmmd (hilL-L-25567),

m' equivalent, when

leakage is suspected
at the following joints:

t uzz leakage (as de-

fined in section II) i:_
alh)wable.

(I) Helium e'upply duct (heat e×changer
end) to heat exchanger

(2) Heat exchanger to betium return duet
(heat exchanger end)

(3) Helium bypass hose to helium return
duct (heat exchanger end)

(4) Heat excExnger helium outlet Instru-
mentation hose to helium rciurn duct int:iru-

mentatlon tap HH3a (on engines not incorporating
MD9_66 change)

(5) Heat e×changer helium outlet inst.ru-

mentation hose to transducer (on cng, tnes not

hworporaiing MD9.68 change)

(6) Heat excMni;er helium outlet tempera-
hire tr_n:;ducer to helium outletduet ihstru-

menL'_'tioutap llH3b (on engines not incorporating
MD9_6 clmoge)

j. Close FtlEL BS b:EG IUGH (2A3).

k. Open FUEL BS

BLEED valve on panel
below {2A4) Imtil I,OW
g'age (2A4) indicates
zero, Close ;'a]ve.

Helium ducts and heat

exchanger coil are de-
pr eSSLU'ized.

i. Remove ])ueurllattc hcfie from plate
J -9024407 and III,LILM lIT EXCII INLET (1A5).

h. Using Iialogen
Leak Detector

5797934-G1 (General

Electric), or equiva-
leut_ monitor and re-
cord leakage at all

flanges, fittings, In-
strumentation lines,
and bellows in heat

_A*;citangerhelium
system.

No leakage is allow-
able except at joints
listed in step i.
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[ •Section llI A-3896-11

Paragraph 3.2.3.5

m. Remove heat exchanger helium line inlet

re:st plate 9024407 and pres;,are test fixture
T-50_9231, and install covers on heliw_ supply
duet (heat exelmnger end) :_mdhelium rt.!_,rn

duct (heat exc_mnger end).

WARNING

The following procedure uses clean°

ing eompowld, which is volatile. Use
in a well-ventilated area since the

vapors displace the oxygen indm air,
resulting in suffocation.

n. If leak-test compound was used, remove
all leak-test compound from joints and fittings
with a clean, dry cloth, or by Hushing inacces-
sihlo arenas with cleani_g compound
(hilL- C- 81302).

3, 2.3.5 Heat Exchanger LOX System Leak
Test.

a. Verify that engine checkout console _s
prepared for electrical and pneumatic operatmu
(paragraph 3.2.1).

aA. Perform, as applicable, cont,arnina*dou
;trtd damage prevention procedures outlined In
paragraph 3.IA when performing this test.

b. InstallThrust Chamber Throat Plug
G3136 (paragraph 3.6, 15).

c. Install an adapter with a drain hose on
throat plug quick-disconnect, Vent bose outside
of tllrust chamber to atmosphere. Secure hose
with bose outlet pointed away from personnel.

d. Hernove cover from, mid tnshtll pressure
test fixture 'r-5039232 on GOX duct (heat ex-
chaeger end). Torque fasteners to 50-55 in-lb.

e. Commct an o×idJzer-elean hose Item
fixture T-5039232 to I,ON .'-IT EXCH INLET

(IA5).

eA. Conncct a source of gaseous nitrogen to

throat plug seal. UMng a suitable material,

support the gaseous nitrogen supply hose to re-

lieve all weight of hose from seal valve stem.

Procedure Result

f. Pressurize

throat plug seal to
50 (+5, -10) psig.
Maintain pressure
during remainder of
test.

Thrust chamber throat

plug seal is pressurized.

g. Open GOX BACK PRESS valve (1A6).

h. Open FI_EON TO Refrigerant, Type 12
GN 2 shutoff valve (lASt enters oxidizer system.
until GOX PRESS gage
pointer staxts to move;
then close valve.

i. Open GN2 PRESS Oxidizer c,_ets and heat
REG (]A5) until GOX exchanger coil are
PRESS gage ind|cates pressurized.
IO0 ,'5 psi.

j. Using Pneu-
matic Flow Tester

G3f04 at a.'taptec on
throat plug quick-
disconnect, measure
and record reverse-

flow leMc;w,e past
heat exchanger check
valve gate,

Maximum :_I_owable

Ivak,age is 50 schn.

jA. Opon GN2
P[t.ESS REG (1A5)
until GOX PRESS

gage indicates
1,400 i20 psig.

Oxidizer ducts and beat

exchanger coil pres-
sure is increased.

k and 1. (Deleted)

CAUTION

I|L the following step, the f, aseous
nitrogen supply hose must be sup-
ported to prevent the weight on the
seal valve stem from (lamagdng the
seal.
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CAUTION

If leak-test compound is used in tile
following proc_,dure, It must not b,-

used on flex lille bellows, since it
cammt be removed from bellows.

Pr()cedtu'e Result

111. Using [lalo,uJn
Leak Detect,,.r

579793" G1 (General

Elec,'ric), or equiva-
lent., monitor _.nd
record ln'aL'tge at sll
flanges, fittings, ".n-

,qt l'uln cnt,2tion lhles,
and bellows in heat

exchanger LOX sys-
tem. Monitor and

record leakage of
oxtdizor coil M ex-

hau,_t _ystem mani-
fold ¢,xit.

No leakage lz allow-
able except at joints
ll¢ted in step mA.

R-3896-11 bcction lII

I'aragraph 3.2.3.6

oA. Close GOX BACK PItESS valve (1A6).

p. l)i,_,conn(,et o×tdizer-clean hose from
fixture T-5039232 and LOX II'l' EXCIi INLET

(1A5), Cap open port on fixture.

q. Decrease thrust cilamber throat plug seal

pressure to zero.

r. Remove Thrust Chamber Throat Plug
G3136 (paragraph 3.6.16).

WA IhNING

The frill€hying precede.ire nses clean-

mg compound, which is volatile. Use
ir_ a well-vent/Isled aria since tile

wipers displ_ce tile oxygen in the air,
resulting in suffocation.

s. Itleak-ies( compound was used_ remove

]e,ql',-test compound from joints and fillings with

a clean, dry cloth, or by flushing, inaccessible
areas with cleaning colopound (MIL-C--81302).

|

teA. Verily leakage
using leak-test com-
pound (MIL- L-25567),

or equivalent, when
leakag_ is suspected
at the following joints:

Fuzz leakage (as
defined _n section II)
is allowable.

(1) Iteat exch,'mger to COX duct (heat
exchanger end)

(2) Oxidizer by])ae's hose to GOK duct
(heat exchm,ger end)

n. Close ON 2
PRESS REG

(1AS).

Supply pressure to
Ileal e×ehanger oxi-
dizer system stops.

o. Open GN2
t]I,EED valve on

l,anel below (1At)
until (;OZ PRESS

gage (]AS) !ndteales
ze/'o. Close valves.

Oxidizer duete and

heat exchanger eotl
are depressur! zed.

3.2.3.6 _I[_9_ition- Mqn.it2o):_yalve D_Dia_.l_
Leak Test_ U/hen flowtesters are specified,
Pneumatic Flow Tester G3104, or equivalent,
I/lUSt be esed.

a, Verify that engine checkout consol,, is
prepared for electrical and pneumatic operation
(prtragraph 3.2.1).

sA, Perform, as applicable, contamination

al_ddamage prevention procedures oot]ined in

paragraph 3.1A when performing this lest.

b. Remove pressure cap and install engine
checkout volve high-pressure adapter
9022038-21, or equivalent, on CONTI¢OI, port
quick-disc vnoect.

c, Connect pneumatic h(lse from adapter to
[MV CeNT PORT (2A7).

d. Remove tltt'u.,d c|mmber exit closure and

security closure ov tl}rust chm'ober thro_t clo-
sure, ff in_tallect.
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Section Ill It-3896- 11

e. Disconnect tgnillon monitor valve drain

iul)e from ignitien monitor vah'e ATMOS REF
port.

NOTE

Steps eA through eC are optional.

ca. Remove attuchtng hardware that secures

ignition monitor valve sense tube clamp to
bracket on thrust uhamber fuel inlet manifold.

Retain attaching hardware for reinstallation If
acceptable for reuse in accordance with require-
menis of sr,eti(m II.

eD. Remove attachin_ hard_are ihai secures
ig,nition monitor valve sense tube to thrust

chamb,r hxel inlet nmnifold, carclully separate

flanges, and remove seal plate. Reblin attach-

big hardware for reinstallaOon ifacceptable for

reuse in accordance with requiremenls of
section If.

eC. Install pressure test iixtu,'e 'r-504343G,
or equiv;dent, on (hrust chamber fuel irdet
manifold between i,_nition men!tin' valve sense

tube flange anti fuel inlet manifold flange.

Torque nuts to 47-57 in-lb. Connect a red
streamer to test fixture.

prucedu re

f. Make sure GRD

CIIECKOUT switch is

at GEOUND.

Result

C hec, kout valve

GROUND light (2A7)
is on,

g. Verify that IiYPERGOL CARTRIDGE
INSTALLED ligid (2A7) is off.

CAUTION

The following procedure pressurizes
the ignition monitor valve CONTROL
pori, If HYPERGOL CARTRHX3E
INSTALLED tight is on and pressure
in excess of 100 psig is applied to
i_;nitlonm,)nitor valve CONTROL

port, damage _o the valve cartridge
follower can result.

h. Open IMV
COW/' PRESS REG

(2A7) uutllIM_ tCOH-

TIROL PRESS HIGH

gage indicates ],400

.-t20 psi.

CONTROL port is
pressurized,

Procedure Result

i. Using flow-
tester I nleasqre alld

record leakage at ig-
nition lnonitov valve

ATMOS REF port.

No leakage is allow-
able.

). Close IMV
CONT PRESS REG

(2A7). Open _MV
CONTROL D I,EEI)
valve m_til IMV
COrq'rROL PRESS

LOW gage indicates
zero, Close V_)[ve.

CONTROL port is de-
pressurized.

NOTE

The method for applying lubricant Jn

the following i)roeedure is outlined
in It-3896- 3,

k. Remove plugs, ahd lubricate (Method A)
fittiag and (Method G) tube wilh lubricant grease

RB0140-012 (Rocketdyhe), and install iglfition
monitor valve drain tube. Torque coupling nuts
to 270-345 in-lb.

1. Open ]MV CONT
PRESS REG (2AI)
until IMV CONTIIOL

PRE,_S HIGH gage
indicates i, 400 :t20

psi.

CONTROL port is
pressurized.

m. Apply leak-
test eompout:td
(MIL- L--25567) to
all pressurized
joints of ign'_,ion
monitor valve cap.

No le,'tk, age is allow-
able.

a. Close IMV
CONT PRESS KEG

(2A7). ()pen IMV
CONTROL BLEED
valve until IMV
CONTROL PRESS

LOW gage indicates
zero, Close valve.

CONTROL port is de-
pressurized.

o. Remove pneumatic hoze from adapter arid
JMV CONT PORT.
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R_3896-I1 Section Ill

Paragraph 3.2.3.7

p. Remove engine checkout valve high-

pressure adapter 9022038-21 from ignithm
monitor valve CONTROL port quick-disconnect.
l_cnlove pressure cap from packai;ing, and ill-

stallpressure CnlI on quick-disconuccl finger-
tight.

g_. Perlornl, as applteal)le, cnntanflnalion
and damage prevention procedures nutlined in

paragraph 3.1A when performing this test.

WARN.rNG

The following procedure uses clean-
ing compmmd, which is volatile. Use
in a well-ventilated area since the

vapors displa,'e the oxygen ia the
air, resulting iu sulfocation,

q. Remove all leak .test compuu,d from joints
and fillings with a clean, dry cloth, or by Ilush-
ing inaccessible areas with cleaning compound
(MIL-C-81302).

NO'CE

Stevs r through u are r_}qnired only
if thf' ignition monitor wave sense

tube was blanked nff.

r, Verily that ignition monitor valve sem,.:e
tube clamp is disconnected; then remove fa,_-

tenors that secure igafitlonrnolfitor_,a]vesenze

tube to thrusl cimmber fuel inlet mrmtfold, and

remove bhtok plate from between flanges.

s. Verify alinement of ignition ratn_itorvah'e

sense tube as outlined in R-3896-3.

t. Remove seal plate from packaging, and
lnutall seal plate belween lgmiiion monitor w'dve
s,,,nse tube and tlwust chamber fuel inlet mani-

fold. _?ecure i,lbetO marllfold with 4 bolts, 8
washers, and ,l nul.s. 'rmque nuts to47-bTin-lb.

u. Install clamp securing l_nitlnn monitor
valve sen,_e lubc to bracke_ on tilrust chamber

fuel inlet manifold. Torque clamp fasteners
to 24-30 in-lb.

3.2.3°7 ifypergol Manifeht Leak and Fmwtion

q_esA Whe flow esters are)_'_,c_i'[ie,l-i,Vi, h'l's--

procedure, Pneumalic Flow Tester G3104, or
eqnlvalent, n_us¢ be used,

a. Verify tlm.tengine checkout console is

prepared/:or pneumatic and electrical operation
(paragraph ,% 2, J).
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R- 3896- I I Seclmu Ill

b, Remove igniter fuel valve drain tube and

ignition monitor valve d"ain tube.

c. Remove pressure cap from hypergoi man-

ifoldpurge quiek-dmconnect.

d. Ilemove pressure cap from hypergol man-
ifold drain qmek-disconncr'i and connect a
pneumatic hose from quick-disconnect to IM'V
CaNT PORT (2A7).

e. Remove pin and closure from hypergol

manifold cartridge container inletport.

WARNING

The following procedure uses dry.-
clemdng solveut, which is flammable

ul/d must uot be used ut_ar heatp

sparks, or open flame. Iuhalatkm

of )iS vapors or prolonged contact

wit}) the liquid c;m cause serious
injury.

NOTE

The method for apI)lying lubricant in
the following procedure is outlined
in R-3896- 3,

f. Clean threads of hypergol manifold ear-
tr_'dge container inlet port with dryrleanb_g
solvent (l;'ed-ral Specification P-D-680). L_.t-
bricate (Meth(xtA) threads with llabrlcaut grease
ltB014;)-012 (Rocketdyne).

CAUTION

When installing bypergol simulator

into the hypergol manlfohl cartridge
container inlet port, extreme care
must be used to prevent damage to
the hypergol cartridge follower.

The threads of the hypergol simu-
lator cap must be clean and free of

nicks, to prevent galling the threads
of file cap uod inlet pert,

g. Make sure that Ihrcads of cap on hypergol
simulator T,-5029716, or equlwdent, are clean
and Ires el niek_; then ]u0ricate (Method L)
simulator shaft O-ring wHh FSJ 2;]] grease (Dew
Cornlng Carp), m_d carefully insert simulator

into bypergol manifold earfrfdge container Inlat
port. Screw nlmulalor clockwise sell1 It b_ltoms.

h. Verify that pressu,'e cap is installed on

union in situulalor cap.

t. Remove closure from No. 1 fuel pulnp

inh.t; then cover fuel inh,t with Aclar No. 33C
film (0. 002-incb milmnuel thickness) (Allied

Chemmal Carp) punctured in such a lnanuer uq

to prevent a pressure buildup in the fuel l)ump
without allowing contaminants to eater pulnl).
Secure fihr, '.vith pressure-sensitive tape
RB0195-002 (Roeketdyne),or equivalent.

Proeedur_ ttesult

I. Slowly open
IMV CaNT ,PRESS
liNG (2A7) until
1MV CONTROL

PHESS I2OW gai;e
indicates 200 _ 10

psi.

Hypergol manifold is
lsl I!ssul'lZl'rt.

k, Using flow-
IcMer, Jue,t3ure and

record poppet I everse

flow te_Cgal_,e of the hy-
pcrgol manifold purge
quick- discommct.

MuxJlnuu) allowablc

leakage _s 3 scum

l, Uslng flow-
tester, nleasure

leakage past it,alter

fuel valve piston
shaft O,ring at ig-
niter fuel valve vent

port,

M ,"_i m um allowable

leakage is O. 25 seim.

m. Using flow-
fester, measure
leakage past cam

follower O-ring at
ATMOS REF port.

Maximum allow:tblo

leakage is 0.25 ,';elm,

n. Close IMV Ilypergol manifold is
CaNT PRESS ttEG depressurized.
(2B7). Open ]MV
CONTP.OL BLEED

wive untll IMV
CONTROL PRESS

LOW gage indicates
zero. Close valve.

o. Remove plugs, lubricate (MelhodA) fitllnl_n

and (Method G) tubes wit|, lubricant grease

liB0140-012 (Rockeida,,ne), and !n:_ball lgniti,m
men|tar valve draln and t,,mflter h)el valve drain
tube_, Torque eouplingnuts to 270-345 in-lb.
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Fechon III
Paragrapn 3.2.3.8

1{·3096-1l

Til') follOWing procedure uses
cll:aninr. eompoun1 ~ whir h is
vo;atile. US" In a weIl-ventllnted
ar"a since till! vapors rJispla"e lhe
oxyr,en in lhe all', nsulting in
suIIoeation.

w. Henlovc Aclal' lilm front No. 1 f"el )JUllIp
mid and reinstall closure on IIw Inlet.

x. Hemove hvpergol simulator '!'-[)02071ll,
or p.quivalcnt, fron, hyperg"l manifold cat'tricige I
"'m!ainer Inlet 1'01'1.

WAF)IING

TIl(' following pl'ocedure uses dry
e1canlng solvent, which isfJamrnablC!
and must not be l'sed neal' heat,
sparks, or OJl<lI1 flallle. Inhalation
of its vapnrs or prolonl(rd conlad
with til(' liquid can caUSe sprious
injury.

V. Clean th",';!'!" of hypergo!man\lold car
tri(lge ('(Jtltailler inlpt port with dl'yelPtl111ng
so!wlll (Federal r,pedficulion P-Il-600).

/;OTE

Th" ",,,thod for applying 11lhricant
in t1lC followmR pro('cdurp is l)\1t

Hned iii J{-3896·3.

7.. [(('move' p3cka~ing fl'Ol'1l Itypergol mamfold
cartridge l'()Jltaillcr inlc>t IJort clmiUi'e. Lubricate
(Melho" L) d,s'll' e packing with F81261 ~(reasc

(Dow C)rning Corp). Install closure and secw'~

wilh all.lrhlng pin.

WA!~U'G

aa. Remove alJ leak-test compound from
jufnls umllit:lng& with a dean, dry cloth, or
by flushing Im'ccessible areas with cleaning
compound (MIL-C··81302).

Hesult----
Hypcrguld manifold Is
pressurized.

No }(lakagC' iH aIltJw
ahle.

Hypcrgol manlfolrl Is
deprcssurlzed and I~

niter fuel valve closes.

Ilyp~rgol manifold
pr~ssure is Incrcased,
and Ir,nll"r fuel valve
relieves. Maximum
ignit(>l' fuel valve rt:
Heving pl'pssure is
2'10 psig.

l'E!!,-~£~

q. Slowly open IMV
CaNT PHESS REG
(2A7) until IMV CON
THOL PHESS LOW t;Ut~C!

imli('ales 200 '10 psi,

NOTE

1'. Hpnwve Pl'cssUl'e ('lip fl'um packaging,
and install pl'C!ssUl'e c"p on hyp"l'I:o) manifold
purge f1.1~if'k-disconn('ct. Torque pr(lss\u'C' rap
lu 30-10 it-lb. Raf(>I,'wil'e prC!ssure ('up with
lncond luekwire MS20995N.

If it:-'11itpr fuel val vp r(l'lic\,('s prior
to attnio!nr: 190 psi~. (MV CaNT
PHESS HEG (2A 7) must b" clOned
until vnlvc rC~l?ats. since step r
lllUst lw !)(ll'[ornH'd at il pn'ssure
If'vC'! lJf·low thp v(llv(~ opcninr;
prrmHirc.

r. Apply leak
(£,1,1 ('ompound
(~Tll.-L-2~,:;G·11 to
al J pressur i 7.('d

joint~ allfi porlB of
hypt'l'r~ol . ,lallifold.

s. Slowly open
IMV CONI' PHESS
HEG (2A 7) until
','nit(·l' fucl valve
rl'1ievl's 01' IMV
CONTHOL PHESS
HIGH gag(' illdi catt'H
200 p,;i, accord
relic\'lng pressure.

t. Close IMV
CONT PHESS REG
(2,1.'1). Open IMV
CONTHOL BLgED
valv~ until IMV
CONTnOL pngSS
LOW gag~ indicaloR
~·.ero. ClOd(' valve.

As specified in steps
sand l.

\I. Perform ste{>B
s and I two addition.al
timC!:;.

v. Hemove pne\lI1wUc hose from hypergol
manifold drain 'l"ir,l<-diGconned an'~ JMV CaNT
POHT (2/1'1). Rmnov(, pressl,ln, cnp 11'01.1 pack.
aKinf{, nnd llJstaU Pl'cfisuro cap 011 Jlyper~~oj,

manlf"l,j drain qu!P.k-dlsconnect. Torque pres
S'.,re ('ap to 31)··40 It-lb. Safctywil'c presRllre
cap will' Inconel ]or!(\virp. MS20UO!iN.

a. Verify that engIne ohrekout console Is
prcpared 1m' electrical, pneun:atlc, and hy..
dl'aullo operation (paragraph 3.2.1).

aA. Perform, as appl!('able, contmnlnation
and damar," prcv"lition fH'oc"durCH outllnt'd in
paragraph 3. JA when p"c!urllliug this test.
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R-389n-11

NOTE

The nlelllotl for applying lubricant in
tile following procedure is outlined
!It 1t-389_ 2.

b. l{eulove elosuee frOlll cheekoul vulve

gromld rehn'n hose, and install presslll, e test

fixture T-5039240. or equivalent, ou h_,se,

|Lubricate (Method J) fixture O-ring,*ilh lu-

bricant grease RB0140..Ol2 (RocketdyaeL
Torque fastene,'s to 35-40 ill-lb.

e. Verify thai eagiue checkout valve is in

grouud position; theu install a hydraulic hose
between test fixture and t/YD RETURN port
(2A1).

d. ROlllOVe elosu/'e froul eu_rtne eonlrcl valve

| gr,auld s'apply hose, lubricate (Method J ) [ix-

turn O-ring with lubricant grease RBO140-012
(l{oel;et(lyne), and install pressure test fixtm'e

T--b039234, or equivaleol, un heso. "lorque

fusteners to 34-50 in-lb.

dA. Install a hydraulic hose between IvM
fixture and IIYD tlI-FIK)W OU'PI,ET (1A2).

e. l{elllOVe [iresL_ure L't,p _l'q)|)l ivllJlioll nloni-

tar valve CONTi{OL poet quick-disconnect, aud
install engiuo checkout valve adapter 9022007-11
on quiek-diseouueet.

f. COUllect a pneumatic hose froul adapter to
IMV CeNT PORT (2A7). Install pre.':_ure cap
on remaining port el adal)ter.

g. Remove pressure cap from, aud attach u
drain hose t%the fol/owin K ouick-dJacmme( Is:

(1) Engine control :alve supply tube drain

(2) Cheekou[ valve enF,qne return[lose draiu

gA. Remove pressure (Ill) fl'oln_ and attach a
drain hose to, the following quiek-dlsconnsets:

(1) No. 1 fuel high-pressure du(.t drain

(2) No. 2 fuel high-preilsure duet drain

CAUTION

In the followhq; procedure_ during re-
,naval of the gas generator ball valve

fun/ tah,t quick-disconnect cap, the
qmck-diseonneet bed 7 must not be
allowed tc turn ,_inee a lorqtw de,-
crease betweert quick-discoul)eet

body and adapter or adapter amtgas
generator ball valve fuel housiug
can result in seal leakage.

(3) Gas generatur ball valve fuel inlet
draiJ_

(4) Tnrbolmm p No. 1 fuel inlet elbmv drain

(5) htrbopump No. 2 fuel inlet elbow drain

Seetwn lit

NOT E

The method lor applying lubric'lut in
the followinr, pl oeedm'e is outliued
iu II-3896-3.

gP,° After completion of drainage fz'om buses

irlstalled iu step gP,, relllOVe deain hose_ except
for No. 1 fuel hh,rh-i)ressure duct drain on en-
g'incs with gimbal actuators installed. Remove

pressure laps h'om packagdng, aud install pres-
sure capsj except for gas geuerator ball valve
fuel inlet deaHl, oil each qniek-di,'monneel. Torque
3 'a-.inch i)res_,ure caps to 30-40 ft-lb and 3 'd-
inch pressure caps to 70-75 It-lb.

gC. Lul;rieate (MethodA) threads of t,'als gen- |
erator ball valve fuel inlet drain quiek-discounect
wiql lubrieanl grouse RB0140-,012 (l(oeketdvl:e}
or FS1281 grease (l),uv Corning C_wp), and'in-
stall pressure Cap. T(wque pressure eH 1) t:,

210-230 iu-lb.

gI). Safelyw, re a/1 quick-diseolmeetpress.,,o
caps with lneouel |oekwiro MS20995N.

Procedure Resull

b, Move lAGllTand Temperature recto'de,"
A(" IJNE switches neou light eume,'_ on.
(2A9) (inside tempera-
lure reem'der dum') to
ON.

NOTE

The temperature recorder re-
quires a 5-minute warnmp period.

i. Move MOTOR switch (2A9) (inside tem-

perature reeorder door) loON, Monitor hy-
draulic fluid temperaluro.

tA. Open tlYD HI-FLOW SIIUTOFFvalve(IA2).

j. Opeu tlYD Ill- I/ydraulie eolffrol sys-
FLOW REG (1A2)tmtil tern is pressurized.
ttYD I/I-FLOW PRESS

gag_ I,ldleates I, 800
50 pal, Maintain this

pressure [O1" 5 minutes

Intnl ]llunl while pePfor Ill -

tag ,',teps k through IA.

k. Monitor hy-

drau/ic tiuld leakage
from all fl:mges,

fittings, and Instru-
mentation liues eou -
nected to the follow-

tag:

No leakage is allow-
able. (If surface wet-

ling it; noted at any
ttmo ,luring test, refer
tO seetiou lI to deter-

miuo if tills eonditlou

is aeeei)tahle. )

{1/ No. 1 and Nm 2 oxidizer valves

(2) No, 1 and No. 2 fuel valves

(3) Ignition moultor valve

(4) tJheekr,dt valve

3-2a

(5) fla,,_ geaeralor /)all valve
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Secliou IlI H-.3896- i1

(6) Engine control valve

(7) I{cdund2.nt shutdown valve

at:
Monit(n" and rocord hydraulic fluid leakagt'

.,Pd:!w--cd_k_IZL I._(X_u_L(

(1) Engine hy-

draulic supply check
valvl, leakage from
engine control valve

supply tube ch'ain
quick -disconnect
drain line

2 ce/nl llla_\iilllall

(2) OhP*_kotlt valvo 2 ('e/Ill llllLKitllUnl

ball seal leakage from

checkout valve (,ngine
l'etul'n h(J_e (lraia

quick -disconnect
drain lint,

NOTE

In the folh)wing steib previously

recorded C(Itllpl)liPllt h, akage should
be used as a _tide for determining

eolIlponent isolation sequence. Wtmn
leakage is accounted for, no further
isolation is required. If necet_sary,
refer to paragraph 3,2,4,2 lot
tsolat[oll pl'Ocethlros.

in. Monitor fuel overboard drain liae, at
thrust chamber exit, for fuel leakage. Any
leakage requires isolation from fuel overboard
drain lille and recording of leakage rate of tht.
following components:

(1) liedundant
s hl.ltdOW n valve

2 cc/m tuel leakage
nl_ialulll from drain

port

(2) Ignition
nl onitol' valve

5 ce/m fuel leak.-q,_e
nlaXhllxlnl from 5'raixl

1)t)l'l

(3) I,, gile con-
trol valve

5 ,'c/m fuel leakage
lllaXillH.lill i'l'Ola OVC1 *o

rido drain port

(4) All other

conll)onellts (* Olll i'll Ol'_

1o this draill systelll

No letflrage is allow-
alflc.

l__rs!e__edt,r e L_#._nill_

n. Close HYD IIl-

t"l,OW REG (!A2)until
IIYI) HI-I"I,OW PIH_ISS

gage indivates 1,550
_50 psi.

System pressure de-
crca,,ms and sl'dlilizes.

hA, Monitor and 5 drops per lllillute
record actuator rclura lllaX[lllUlll

line drain quick-
disconnect poppet
leakage (center en-
l,,;in e only].

o. Verify that hydraulic fluid 1_ls circulated
[OF a IllilllUllllll Of 15 Illillulos to celll(W'., ell-

irapp( d au" lrolll hydraulic control system be-

tore proceeding with test.

p. Open IMV
CeNT PRESS REG

(2A7) until IMV (:ON-
TI{OI, PRI<S, _] 1.OW

gage indicah:s 50 =5
psi.

lgaition nlollttof valve

CONTROL port is pres-
s'.lrizod.

q. Move FOUR-
WAY VALVE switch
(1A1) to 8TAWI',

Enghle control valve
start solertoul is

energized. NO. 1
CT,OSI']D and NO. 2

CLOSED (2A2), gas
gem rater CLOSE (2A3),
and NO. 1 CI,OSED
and NO. 2 C1,OSEI)

(2A6) lights go off.
NO. 1 OPEN and NO. 2

OPEN (2A2), gas gen-
erator OPEN (2A3),
and NO. 1 OPEN and

NO, 20I'EN (2A6)
lights come on.

qA. Open H_,'L) Ill-FI,(SW REG (IA2) until
)I e_ ¢, ]-II'YD I:[I-FLOV, t _E8o ,aLe ir_dieatcs 1.800

_50 psi.

r. Monitor and

record hydraulic
fluid leakage h'om

all .€}aages_ tiOings,
p.I1 (I tllstl'dnlelllatloll

lines eonn.( ted to

the following:

No leakage i;_ allow-
able. (If ,';re'face wet-

t)ng is noted at ally
time daring test, refer
to scclion I( to d_lez'-
mile if this condition

in act epiablc'. )

(1) No. I and No. 2 oxidizer vi,)ve_t
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1{-3896-11 Seriion Ill

(2) No. I and No. 2 fuel valves

(3) II'nition rnouitor valve

(4) Checkout valve

(,5) C,_.:,,_i,P_lryator ball valvr

(G) Engine control valve

(7) Redmalant shutdown valve

NOTE

Ill tile following step, previously
raeo:'ded component leMcage should

be used as a guide for determining
vonlpoilet_iisohdiorl seq_tellce. Wheu
]eaJ:.age i_q accounted fOl'_ IlU further

isolation is required. If necessary,
refer to oaratir'qlh 3.2. ,I. 2 for
isolation procedures.

s. Mc, nitor luel nvorboard drain lille, at
thrust chlillll)er exit, for fuel h akago. All?,,
leakage rrquires isolation from fuel overlloard

drain line and recording of leakxge rate of lhe
following components:

Procedure_ lte_.=s!!l_t"

(1) Redundant
_,hu Rlown valve

2 ec/m fuel leakage
ITla.XilllUlll frnm drain

1)oft

(2) Ignition
mordt or valve

' o"
5 co m ,uel leakage
naaxbntull from drain

pc,:'t

(3) l';ni_ine con-
trol vah, e

5 ce/m fuel le.'tkage
lnaKIP31ffl'l frogl] older-

ride drain port

(4) All oLher
eompottents COI)lYOOII

to +his drain system

No leakage t_, allow-
able.

sA. Ch)se Irgl) III-I"LOW ItE(i (IA2) until |
IIY1) FtI+H,OW PI1ESS gale I t,ttes 1,550 i_50 psi.

Procedure Ite,mlt

t. Move FOUR-

WAY VAIArE switch
(IAI) tr, STOP.

],ngine eox_iroI valve
start ._olenotd ix

euerl/ized. NO. 1
OPEN and NO, 2 OPEN

(2A2), gas generator
OIWN (2A3), and NO. 1
OPEN andNO. 2 OPEN

(?At1) lights 14o off.
NO. 1 CI,OSED and

NO. 2 CI,OSED (2A2),

gas f;enerator CI,OSE
(2A3), and NO, 1
CLOSED and NO. 2

CI,OSED (2A6) lights
CO[lIC OU.

u. Move I"OUR-
WAY VALVE switch

(1All to START.

Engine control valve
start solenoid is

energized. NO. 1
CLOSED and NO. 2

CLOSED (2A2), gas

geaerator CLOSE (2A3),
•rod NO. 1 CLOSED
and NO. 2 CI,OSED

(2A6) lights go off.
NO. l OPEN and NO. 2

OPEN (2A2), g'as gen-
erator OPEN (2A3),
and NO. 1 OPEN ,-rod

NO. 2 OPEN (2A6)
lights come on.

f
%
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l_aCah'v;¢ph 3.2.3.9

(

v and _, (Deleted)

WAI_NING

Tile following procedure energizes
fife rednll[liHll slnltdOWO valve

solenoid, which causes Ihe valve

Imusiug to heat up. After electrical

power has been applied continuously,
the vah, e solenoid ease temperr.{ture

can cause injucy to personnel touch-
hag the case.

• If the redundant shutdown valve is

kept energized for more than 15
minutes, the solenoid tempel ature
lncreasc will cause the valve to
actuale slnwer.

Procedure .[_.ys_3tl.L

x. Press :rod hold
REDUNDANT SIIUT-
DOWN VALVE switch
(IAD.

Redundant shutdown

vIllve is energized.
NO, 1 OPEN and

NO. 2 OPEN (2A2),
gas generator OPEN
(2A3), and NO. 1
OPEN and NO. 2

OPEN (2A6) lights

go off. NO. 1
CLO_ED and NO. 2

CLOSED (2A2), gas
generator CLOSE
(2A3), andNO. 1
CLOSED and NO. 2

CL(._ED (2A6) lights
come fiB.

I xA. Open IIYD tt'[-FLOW RF, G (1A2) until
}tYD tII-FLOW PRES_J gage indicates 1_800
_50 psi.

y. After hydravlic
system has becn pres-
6uriT, ed for a mint.mum

of 2 minutes, monitor
and record fhdd leak-

age at fuel overboard
drain line.

9. ce/rrl m-c¢t_mlm

NOTE

Unaccounted for fltti(i leakage in
excess of 2 ce/rn requirt,,', le:d_:ige
isolation (l)aragraph 3.2.4.2) of
redundant _hulduwtt valve drahl
port seal.

yA. Close HYD System !)re'_Sure
tII-FLOW REG (1A2) decreases and
until I'PID tII-FIX)W stat)illzes.
PRESS gage indicates

l. 550 450 psi.

CAUTION

*l'he hflh_wlng pro::edure d,?(?ltt'.rffizes
tilervdundant slmldowr, valve which

v, tll cause approximately 2.5 ce 0£
hydraulic fluid to be expelled from
/its fuel overboard drain hue, Per-
sonnel must be clear of drain llne

exit.

z, l?vlo;'l_e _rIJ_,-

DIINDANT Stl UT..
DOWN VALVE switch

(1al).

zA, Close tlYD HI- FLOW StlUTOFP valve
(la2).

CAUTION

The ilYD III-PI.,OW S[tUTOFF valw,
must be completely closed before

closing the ilYD HI-FLOW REG, to

prevent damage to pressure reducing
valve 19-9023747.

an. Close HYD HI-

FLOW REG (1A2) until
HYD liT-FLOW PRESS

gage indicates zero.

ab, Close IMV
CONT PRESS REG

(2A7) untilIMV CON-

'tROT, pf_r;ss LOw

gage indicates zero.

Iledtm'lan[ sh,tdown
valve solenoid is (le•

energl *ed.

Hydrau!lc conh'ol ays-
tent is depressurlzed,

Ignition monitor valve
CONTP,_'L port ts de-
pressurized.

3,2.3.9 Ignition Monitor Valve Shuetle Pres-
su__re_..!'e.st_:

a. Verify that engine checkout console is

prepared for electrical, pneumatic, and hy-
draulic nperaHon (paragraph 3, 2, 1).

aA, Perform, as applicable, contamination
a ttd damage prevention procedure_ ot :'lned I rt

paragraph 3. IA when performing this test.
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b. P,emox, atlach, np hardware Ihnt seeure_

il.91ilion uh_nit(le valve sel_se tube c|dlnp to
bracket oil thrust t'haniber fuel iulet nt;u/Jfohl.

[tel;tin aLt;t('hing hardware hw relnstallalio" *f
aeeeplable for rt, uae ill aceoFd{illet, with t'_
qtlirenlents of seettint ][I.

c. Remove attaching hardwate that set'ul'es

ignition re,mitre' valve ,neltse hlbp tl) lhl n_t
('hal_ll)(,P ftnq inlet manil'old; ('aveful{y s_'parate

flanges, nnd remm'e seal plate, l*,etaiu attach.
in}, hardware for reinsfallatmn if ac('ep" _le tea

retls_ TM hi at't'ol'dal!ce with reqtnlenielRs of
seehon II.

d. lnstaT1 pressure test fb, ture T-5U.ta,lat;,
or equivalent, on tlleust chanlhee fuel inlet

malqfold betweee ignition lltOlt[|or valve, son,se
tube flallbre arid fut?t inlet manif,fld llmk;o.
"i wque nu(_ to47-5'1 in-lb. Ctmneet a red
stt'e.:_iner to it, st ftxt,.u e.

dA. Vel'ify that drain hoses at'(. installed on
engine control valve supply tl.ll)e ({i,I.tltl aitd
Chuek(}tl[ valve pl't/.iae return ho._>e drain (p:*ra-
gruph 3.2.3.8).

dB. i¢emove pressure eatp f/'¢ml, aqd atta<'h

a d|'ain hose t% tile following qm¢'k-di,';eonneets:

(ll No. lfueJ high-t)ressureduct drain

(2) No. 2 hml high-pressure duct drain

CAI VI'ION

lit l!m following pro_:edure, during re-

ilitiWl] of tt;e Ira,q {rent, l'alol" ball valve
hill ioh't qtilek-fliseonnPct cap, tile

qttirk-disconneet body IntlSt not be
a!h)wed #o turn since a torque de-

crease between quick..diseonneet body
az d adapter or adapter a_d gas gen-
e:atm' ball valve fuel housing € an
eesult in seal leakage.

13l (;as generator b_ll valve fuel inlet
drain

(4) Turbopunq) No. J. fnel inlet elbow drain

(51 Turbopulup 1"4o. 2 fuel inlet elbow drain

dC. Afler complelion of draiJ_at ,, from hoses
installed lit step ID., relnove drain ho:,es, ex-
{'opt for N_,. I fuel high..pressur duet drain on
eugines with ghnLal actuators installed. I,'.em,Jve

pl'e,qBllt'9 caps from packaging, '_md Jll.¢il*'l.]l ial'e8 -

sure earls , exc, e0t for gas getmlator ball valve

hml inlet ,train, oa call| quick-d'sconncct.
l'omluc 3,'0-inch pressure e_,ps 1o 30-.,'10 £t-lb

and a/J-inch pressure caps t.o 70-75 f{-ib.

3-26 Chaage Nil. 8 -. 9 September 1970

NOTI','

('he inelhod hr <tpldying luhrtcani lit

lhe f+lllo;_lnl, r ] ,¢'t,dtlre {s outlilwd
irl R-3896-'3.

tilt. i.ul)rieale (MethodA) threadsof gas
genel ,due hall ,,'al'_ e fuel inlet dl .im quicK-
lils('ollneef with ]ub,'icalit i'A'ease Itl_01 10-012
(R(_ekeld" ,') or 1'812t:l ,u'e:l-e (1)m'. C¢lrnilG;

Corp), and inslaU iJPeSSdl'e cap. Torqne l)re:,-
flure i/a l) I.o 2]0-230 tn-lh.

dE. SafetF' re all (luiti;-di'-;eollne('_ i "esstire
caps with Inct, el loci,wire /',I_120995N,

e, Verify that h)dr,iulit' syst.'nl is eOil_ll,cl(',l
lo engiiu, (parai(raph 3.2.3.8).

f. VecPy that a Imeumath: hose is in,,talled

betv. eeri igni|hm nlonilor vaL,_, CONTROl, peel
and IMV CeNT I'ORT 12A7) (paragrailh 3.2, 3.81.

fA, Ol)(,li IJYD Ill-I"LOW SIIU'I'OV} alvt
(1A2j.

I)l'oeedur _

g, Ot)t'n tIYD III-
Ft,OW PEG 11A21 until
IIYI) tit- F[,O; PItESS

gage i_ lieates 1.550
50 psi.

h. Mm,e I<_)IJR -
WAY VALVE switetl

11A11 Ill START.

i. Slowly cqlen
1MV CtJNT PRESS

l{l_O (gA'I). M, milor
and reem'd IMV CIDN-
TRO1, PRESS [,OW

ga e i)l'OSstlre whell

N_ I alld No.2 hill

valves opell,

j. Move FOUR-
WAY VALVE switch

(1A1 j to STOP,

I(e,_;ult

gllgilte hydraulic eOll-
ll el , vsIel]i i_ 1): t-'r_-

NO. l CLOSED and

NO, 2 CLOSED (2A2J,
and gas generator
CLOSL {2.'13) lights g,J
off. NO. 1 OPEN and

NO. 20I?EN (2A2),
and l;a8 gone t[ol'OPt_N
faAa) lights e ,nil on.

NO. 1 C.LOS/, )aad

NO. 2 CLOS]_I) lights
(2Af) gooft. NO. 1
OPGN and NO, 2OPEN

lights (2A61 eOli)e ii,l,
Shuttle pi esStll'¢, illns{
be 20 _,t l)aig.

NO. I OPEN ,end NO. 2

OPEN (2Aa), gas l_en-
evatoc OPgN (2A3),
a_ld I'10. 1 t'tF/gN and

KO 2 OPeN (2A61

lights go off. b'O. 1
CLOSED and NO. 2

(U,OSED (2.A2b leas
geaeralor CI,OSE (2A31,
and NO. 1 CLOS_Dand
NO, 2 CI,OSED (2A6)

lights come oil.
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PrL I'pdtt 1"(_

k. Close I,VIV
C_N l I Itl,Sa RI'X,

(2A7). (3pen IMV
CONTROl, I_LEF, D

valve until IMV CON-
Tt(OL PttESS I,OW
[,_al;e indicates zero,
Ch_se valve.

I. Repeat .'_IEps

h thl'ou:_hk 2,addi-

lions I times.

]A.

(IA2L

th,sult

CONTI(t)I, port is de-
pl'e.q.suri zod.

I[UlilHin n_ollit(lr valve
Mmttle pres:ml'Cb re-
corded in the 3 tests

must be within 2 psig
of eaeh other.

(?lose IIYD I]I-I'LOW SIfUTOFF valve

el.

CAU TION

Tile ]tYD Ill-FLOW SIIUTOFF valve

must be eompletely ('loBed befure
eloshli,, the tIYD III-FI,OW RE.G, tu

preveilt daulago [O prossUI'O redt)eilltl

valve 19-9623747.

Close tlYD I[I- Eugiue hydraulic con-
FI..OW RN(;- (IA2) until h'ol svs'enl is deiwe._l-
IIYD II[-I_M)W PI¢t_SS surlzed.
Irlll;( ` illdlcales zero.

3.2.3.10 Igni.[i_oJ\2ME,fl toil Vj_J t._F.I nt_[[low 'rest:

a, Verify lhat eugine checkout console is pre-
llared for electrical, pneunlatie, and hydraulic
operation (p;tragraph 3.2.1).

aA, t)el'_Ol'lll, ;)s appheat)le, coldamiuation
_llld (laulil{,,e pl _Vclltion i?ro('e(lueo_ oui_llef.i li_

paragraph 3.1A when performitlg tills test.

b. l#,enlove pin aud closure h'onl hyl,orgol
ma:tifold cartridge coutaJ.i)er inlet port,

WARNING

Thc foIlowiug proeed,tre uses dry-
elem_ing sol',e)lt, ,.;,hlchI,_ fln;nnlable

aed must not be used near heat, sparks,

or open Ilk, me. In)relation o$ its vapors
or prolonged contact with the liquid
¢,al] cause serious illjUry.

NOTE

The method for applyiog lubriea;fl m
hie f(.dlewlngprocedure is outIiaed
li_R-3896-3.

c. Cle;,n threads of hy'pergol |nanifold car-

tridge eonlahie), hflet port with dryeleaning
_mlvellt (Federal Specification P-D-g80). I,ubri-
e:lle (MettiodA) tlu'eads will! lubricant v,reasP

IO301,10-012 (Roekc Idyne).

Seetion Ill
t)ar;ipralih 3.2.3.10

CAUTION

When lnslailtn t, Ill(' hypergl)l system

test tl)ol lute the hypergol lll,qnifold
cartridge ('ontainer inlet port, ex-
treine care lllllsl IJ( ) tlsed to pi'£'vcut

dainal,_e to lhe [lyl)erl;ol earh'idge
folhnver.

• The thread_, of the test tool yap nlusl
I)o elean and free of uicks to preveel
l'_alling the tbroada or" the Call and ill=
let port.

Peoeedure Result

d. Make sure that IIYPEII(.K)L CAR-
thre'ids of test tool 'Yb'.tDfiE [NS'I'ALLED

Call _re clean and fr__'c light (2A7) remains off.
'ff llieks; /bOll lubricate

{Method L) ('/ill pack-
in K with FS1281 grease
(D)w Cmuing Col'u)

and carefully m_Jel l
hyl)erl{ol system test
tool ')021279 lni_) hv,

pergol nla,lifold car-
lrirl:(, ('fltltlliD_) • jnlot

port, ,€.lerew cap
(ch)ckv,'ise) o.lo inlet

purl until it bottoms,

dA. Verify tlmt drain hoses a,'e installed Oil

('ngine conl_ro, valve <supply tube draili and check-
out valve engine return hose drain (para!.raph
3.2.3.8).

dlt. I{etnove !,rvssurt, cap from, aud attaeha
drain ]lose 19. t'lo following quick-dlscorlileC{s:

(1) No. 1 fuel high-pressuz_, duet drain

(2) No. 21uelhitlh-pressureduvt drain

CAUTION

hi the following procedure, during re-

moval el tile gas generator ball valve
fuel inletquiek--diseonueet cap. the
quick-diseonn:,ct body must not be
allowed to turn since a (orque de-

crease l)etweon quiek-diseonueetlmlly
and adapter oe _Mapter and gas goil-
erator ball valve fuel hous|ng can
result in .coal lcaNage.

(3) Gasgenerator ball valve fuel inlet drain

(4) 'rurbopump No. 1 fuel inlet elbnw drain

(5) 'rurbol_unlp No. 2 fuel H:let elbow drain

!
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dC. After completion of drainage from hoses
installed in step ,bX, ren%o'/e dl'nin hoses, ex-
cept fox" No. 1 fuel highq)ressnre duct drain on
enginns with gimbal actuators installed, llemove

pressure caps from packaging, and Install pref-
sure caps, except for gas generator ball valve
fuel inlet drain, on each quick--disconnect.
Torque 3/'8-Inch pressure caps to 30-,t0 ft-lb
and 3/,l-inch pressure caps to 70_75 It-lb.

NOTE

The method for applying lubricant in
the/oilow:.ng procedure is outlined
Is1 R-3096-3.

dl). Lubricate (MethodA)tbreads of gas gen-
eratoz b'dl valve fuel Inlet drain qulek-disc.oanect

with lubricant grease RB01 t0-012 (Rocketdyne)
or FSI281 g-cease (Oov,, Coming Corp)_ ard in-

stall pressure cap. Torque i-,rcssuz:e cap to
210-230 in.lb.

dE. Saletywire all qulck-dlscomlect pressure
caps wItilInconel lo,.'kwireMS20995N.

o. Verify thst hydt'anlic system Is connected
to engine (paragraph 3.2.3.8).

f. Verify tlmt pressure test fixture Is 'm-
stallefl between *gaitton monitor vah'e _e',se

tube tlange and thrust chanlb c fuel inlet flange
(pa r_,raph 3.2.3.9).

g. Verify that a pneumatic hose Is irugalled

between ignltlon monitor valve CONTROL port
and IMV CeNT POtt'r (2A7) (paragraph '3.2.3. O).

y r 9c_cd_nz___e. _R_,_:.lk

h. Depress and iIYPERGOL CAll-
hold lever of test tool. TRIDGE INSTALI,ED

light (2A7) ,;sines on.

hA. Open HYD HI--FLOW SIIUTOFF valve
(162).

t. Open ttYD lit-
FLOW REG (1A2) un[tI
HYD HI-FI,OW PRESS

gage Indicates 1,550
÷50 psi.

j. Move 1;OUR-WAY

VALVF switch (IA1)
to START,

Engine hy,lcaullc con-

trol system is p,es-
surtzed.

NO. '1 CLAOSED and

NO. 2 CLOSED (2A2)

and gas generator

CLOSE (2A3) lights

go off, NO. 1 OPEN

and NO. 2 OPEN(2.52),

snd gas generator

OPEN (2A3) ltgh*s
come on.

CAUTION

The following procedure pressurizes

the ignition monitor valve cO_rROI,
port. With the IIYPERGOL CAR-

TIIJDGE INSTALLEI) light on, pres-

sure in exress of trio psig mm_t not

be appll.cd to/lie ignition monitor
valve CONTltOI, port or da,nage to
the lgtfition monitor valve bolt cat:
result.

Procedure

k. Slowlyopen IMV
CY)NT PRESS REG

(PA7) untilIMV CON-

TROL PRESS IA3W

gage indicah, s 28 .-'2
psi.

1. Wait 5 minutes,
then verify that No, 1
and No. 2 valves re-
main closed. [{ecord
resalts.

m. Move FOUR-
WAY VALVE switch

(IAD to SLOP.

n. Close IMV
CeNT PRESS REG

(2A7). Open IMV
CONTROL BLEED
valve until IMV

CON FROL PRESS

I,OW gage indicates
zero. Close valve.

Result

CONTROL port is
pressurized.

NO. ! CLOSF, D and

NO. 2 (?IAV3ED light:_
(2A6) remain on.

NO. 1 OPEN and NO, 2

OPEN (2A2). and gas
generator OPEN (2A31
lights go off. NO. £
CLOSED and NO. 2

CLOSED (2A2), and
gas generator CLOSE

(2A3) lights c_;me on.

CONTROL port is de-
pressurized.

nA.

(1A2).
Close HYD III-FIA)W SHUTOFF valve

CAUTION

The HYD ill-FLOW SIIUTOFF valve

must be completely closed before
clo_dng the HYD III-FI..X)W REG, to
l)rOveh;: d_'tt'nage to pressnre reducing
valve 19-9023747.

o. Close HYD

ltI- FLOW REG (1A2)
until IIYD HI-FIL)W

PIt.ESS gage lndicales
zero.

F,ngine hydraulic con-
trot syslem is depres-
Surized.
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Paragraph3.2.3.11

Procedure I{(Ta.I_
I). lie|easelever IIYPEtlfK)L (:All-

on hypergol test tc_ol. 'I'I_II)Gf:; INSIAt,LEI.
light (2A7) goes off.

3.2,8.11 Valve Tinting Test.

a, Verify [kal ell_nt' eheekou! cousl,h, is pre-
pared h)r eleelrlcal, pneumatic, and hydrauhe
operation (p,,vagvaph 3.2. l).

a-lA. Perform, as applicable, cuntainina-
lion and damage preventi_ul pro¢'edures uutlined
in paragraph 3,1A when performing tiffs tu,;t.

aA. Verify that drain lu_ses are. installed on
ellt£111c control valve supply tube drain and
eheek_)ut valve ell[One return hose eh'ai_ (para-
p,rapl_ :/, 2.3.8l.

all tk,move pre_sttr_ cap from, and attach
a drain ]ILISO tu_ [he FO]IOw]I]_. r qub'k-disconnects'

(l) No. 1 [t_,"i ]fil,,h-l)re:;surc duet dr;ti'l

(2) No. 2 fuel high-pressure duct drain

CAIvr[ON

In the folln_vhlg pr¢_eedure, duping
reillov;ll o_ the t3s geueP:itor t)_l/i
valve fuel tnlel qulck-dlsconnect
cap, the quick-discomlcct body must

not be allowed to turn 81nee a torque
decrease bet_'een quick-disconnect
body and adapter or adapter and gas
generator ball valve fuel Ilottsing carl
result in seal leakage.

(3) Gas gin:crater ball wdve fuel taler
([rain

(4) Turbopump No. l fuel inlet elbow drain

{5) Turb(_ulnp No. 2 fuel Inlet elbow ¢h'ain

aI). Luln'lcato (,"¢lethod A) threads of gas
geJ_er,m,r ball valve fuel iTllel dra]B quick-
dlst'ulnloel wiNi hlbl/iCaot gr*,.lse IlN01,10-Ol2
(lll_rkuttl)'ne} or I:$1281 gleasl' (I)tiw t'clrilillg

('orll}, and iliStall pressure cap, 'l'orqtle pres-
'3ui'e cap i,) 21(J-230 in-Ill.

!

ill'l. _lCetywire allfitil(,k..dlsct,llnecl pl'esstire
eaps with liir,_uel IoclBvire MSZJ99;$N.

h. Verify that hydraulic system is connected

to ellgllle (pal'agr;ll?]l 3. 2, :1, _l.

c. Verify that pressure tesl fixture l:-; in-
stalled between igililion IilOLIP.or valve _('iibe
tube tl_ulgt, slid thrast chanlbc, r fuel illlol flailtt¢,
(paragi'aph 3.2.3.9).

d. Verify lhal lJneuniatir hoe" is installed be ~

t_reoi ignition UlOilitoi' valor, CON'I'ItOL p_q't ttild
1M_. CO?_'P PoIrP (2A7) (paragraph {}. 2.3,8).

e. Verily that on telnl_cratare rfTol'dt'r (2A!Ii
(i.ll_ide recorder door) MOTOIt, ..lt,tl i, aM AC
I,INE switclu's ape oil.

NOTE

'renlperatul'e 1 t_COl'lter ;etitlil'eS a 5,

ulllltltO warnlup pel'iod.

cA. Opell IIYD ItI-FI.OW StIUTOFI." vah, e
(1A2_.

t2r_ec_edtj_re_ !i_>_g_t.

f. Open IIYD tII-
FLOW i_F.G (IA2)
until Ili'D Ill--FLOW

PRESS gage indi-

Fates 1,550 _20 psi.

llydrau]ic control sys-
trill is pressurized.

aC. After completion of d.ratnage from hoses

htolalled ill step aA, remove {h'ahi i,oses, ex-
cept for No. 1 fuel htgh-presmire duct drain on
engines with gimbal actuators inst,'dled, Remove

pressure caps from packaging_ and Install pres--
sure caps, except for gas genezator ball valve
fuel Inlet drain, on each quick-disconnect.
Torque 3/8-inch preS,_ure cap,<; to 30-40 ft-lb
and 3/4-inch pressure caps to 70-75 It-lb.

NO'PIg

The inethod for al}piyillg iubricani in
the following prf}(',ed,li'e Is outlined
trl 1_- 380B-.3.

g, Circulate hydraulic fluid for a niluil_lanl
of 15 minutes to reinove el.trapped air fruin

hydraulic control system before proceeding
with test.

h. Turn on fa{:lltty iilstrumentation, Record
oxidizer valve.s, fuel valves, and gas generator
ball valve tiuwlg during steps 1 throut/h o.
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(

t. Mow, I,'I,i)B ME'I'EI¢ bl,;I, ,'>wm'h (2A1) lu

I,OW.

Proc,2dure l't t,,'-..Lflt

j. Mow; IM'¢ CON-

TROL ,switch (2A9)

to AUTilMATIC.

MANtJAL Itghl. (2A7)
l't'lll fl IIIs I)I1.

k, Malt' ,_tl rt,

IMV CONTIIOI,

P,I,FED valve (2A7)

iS clo_cd. Open
iMV CeNT PRESS

liEG Ulitil IMV

CONTROl, PIIESS

I,OW g_lgo iiidlcab,_-;

50:5 psi.

I. bt+l_.'<.' FOUII-

WAY VAI,VP switch

(IAI } to ,S'I'AWI',

n'. h_lol, e FOIjI_-

WAY VALVE s_vilch

(1A1) to STOP.

IMV CON'I'IIOL PRESS

I.OW gall, uidicalcs

50 ,'.5 psi.

NO. I CId)SEI) al_d

NG, 2 CI,OSED (2A2),

arid !UI_ __[prltq'_l[ol'

CI,OSE (2A'<I) h_:hl<, pc

off. NO, 1 Ot)EN

:uld NO, 2 (JPEN (2A2),

ll[Id j',lis p,t'llOl'litOl'

OPEl'7 (2A3) lights

Clinic o11. MANUAl,

lit{lit (2A7} goes elf

aiid AU'I'OMATI(" lll41ii.

COI'I1OS Oil, NO, I

CLOSEI} and NO. 2

CLOSED (2A6) lil'ht,_

l,rO off, NO. I OPEN

and NO. 2 OPEN (?A6)

]ight_ come on.

NO. 1 OPEN and NO. 2

OPEN (2A2), gas gen-

erator OPEN (2A3),

and NO. 1 OPEN and

NO. 2 OPEN (2A6)

lighls go off. NO, I
CLOSED and NO, 2

CI,OSED (2A2), gas

generator CLOSE (2A3).
and NO. 1 CLOSEI)

and NO. 2 CLOSED

(2A6) lights come on.

AUTOMATIC light foes

off, and MANUAl, light

Cq]lllOs O(l.

Proc t,dtli;.{2

n, Close, IMV

CeNT PRESS b_gG

(2A7). Ol)t,ll IMV

CONTROL IILEED

valve until IMV

CeNT I)I{|';SS gall(-'

In{hciiit, a Z(_l'().

Close valve.

o, ll(.I)_,at steps
k tin'out; t n t! addi-
Iional l I Illt.,'-i.

p. Makf, sure
11%17 CONTROl,

UI.EED val_e (2A7)

I'_ cbi,<wd. O/wn
IMV CeNT Pllt"<gS

RE(; Uillll 1MV

CON'T'IIOL PltESS

LOW ,gal4u nidlcaq>s

50 - 5 li:ii,

q, Mu;'_, FOUR-

WAY VALVE M','_tch

flAY I to STAIFI' :hid

hMd. Obtain an

ailitllelOl' I'eltflill[_

aii'l r(,l_orft ctlrrenl

dl'aln of start sole-

noi(l: then release

swilch.

r. Monilor hy-
<tl'lltl] i1: flu id flow-
ra{e o_ IiYI) RE-

TUItN FLOW (2A1).

llccol'd flowrate,

Ilesctll

liDiilion InOllillll' v,'llv,,

('ON'I'It()I_ pln't is

dell r c,;J._ui lzc, d.

A,4 <q)l,Cilll,d 111 bI.('t)S

k Ihlotll:h It.

IMV CONTIt O1,

Pitlgss LOW t',atte

mdl<'ate,_ 50 - 5 psi.

Currt,lil (h'aiil nltlS[

lie| t'xt {'od (J.60 ttill-

peres, NO. l
CI,(JSEI) ;iild 170. 2

CLOSED (2A2), ar.d

1_118 tr{*llOl'_l{)l '

CLOSE (2A3) lights

go off, NO. 1 OPEN

anctNO, 2 OPEN

(2A2), <llld gas p,eller-

;itc, r OPIgN (2A3),

ligllt:, conw on,

MANUAL light (2A7)

goes of[. a/ill AUTO-

MAT1C light conies

on. NO. I C1,OSED

and NO. 2 CLOSED

(2Ag) ligilts go off,
NO. I OPEN and

NO, 2 OPEN (2A6)

lights come on.

FlowPato with valves

o|)oil must be 1 I. 6

.-t:l. I gpm.
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Section 11I

Paragraph 3.2.3.12

Procedure

s, Press and tlotd
down Hl.;l)U NDANT
SIIUTDOWN VALVE

switch (IA1). Obtain

all ammeter reading
and record current

drain of sole,told;
lhcn roles;co switch.

t. Move I,X)UR-
WAY VAI,VE switch

(IA1) to STOP and
hi)hi. Obtain an

ammeter reading'.
and record Cllrrent

drain of solenoid;
then release switei|.

u. Monitor hy-
draulic fluld flowratc
on HYD RETUHN

FLOW (2A1), Re-
cord flowrate.

v. Monitor facility
instrumentation re-

cord of the 4 timing
tests.

w, Move IMV
CONTROL switch

(2A7) to MANUAL.

t{-3896-11

Result

Cu;rellt drain must not

exeoeo 2 0 as'pores.
NO. I OPEN,I;tdNO. 2

OPEN (2A3), andNO. 1
OPEN and NO. 2 ()PEN

(2A6) ligiRs go off.
NO. 1 CLOSED and

NO. 2 CI,OSED (2A2),
gas generator CLOSE
(2A3), and NO. 1
CLOSED and NO. 2

CLOSED (2A6) lights
come on. AUTOMATIC

lighl (2A7) goes off, and
MANUAl, light comes on.

Current drain must

not exceed 0.60

amperes,

Flowrate with valves

closed must be 11.6

i 1.1 gpm.

Valve timing must meet
requirements of sec-
tion I.

MANUAL light remains
Oil.

Hydrauhc control ,sys-
tem is depl essLIrizcd.

x. Turnof[facility instrumentation.

xA. Close IIYD hI-FI,OW SIiUTOFF valve
(1A2).

CAUTION

The HYD Ill=FLOW SHUTOFF valve

must be completely closed before
closing the HID II[-FLOW REG, to
prevent danmge to pressure reducing
vah,e 19-9023747.

y. Close IIYD ItI-
FLOW REG (1A2)
until tlYD HI-FLOW

PRESS gage indicates
zero.

z. On _,empcrature Recorder stops
record (2A9) {inside re-
corder door), move
MOTOR, LIGHT, and AC
LINE switches to OFF.

as. Move FI,OWMETEII SEL switch (2AI) to
BYPASS.

all Verify thai ignition meatier valve sense
tube clamp is dis('t)lnlo, ctcd; t]leil relnove [asten-
ors that becure ifpfftion lnOllllor valve sense

tube to thrust chamlmr fuel inlet manifold, and
remove blank plate from between flanges.

ac. Verify alinement of ignition monitor valve
sense tnbe as tmtllncd In i{-3896-3.

ad. Rcnmvc seal plate from packaging, and |

iustall seal plate bciweeo ignfftlon monitor vah,c
sense tube and thrust chamber fuel inlet mani-

fold. Secure tube to manifokl with 4 bolts, 8
washers, and4 nuts. Torque nuts to47-57iu-lb.

so. Install cl'|mp securing igafitlon monitor
valve sense tribe to bracket on tiwust chanlber

fuel inlet manifold. Torque clmnp fasteners to
24-a0 in-.lb,

af. Disconnect pncumalte hose from between
ignition monitor valve CONTROL port quick-
disconnect and IMV CON'].' 1K)RT (2A7).

ag. Remove eub, ine checkout valve adapter
9022007-11 from ignition monitor valve CON-

TROL port quick-disconnect. Hcmove pressure I
cap from packaging, and install pressure cap on |
quick-discommct. Torque pressure cap to
30-40 It-lb. Safetywire pressure cap with
Inconcl loekwire MS20995N.

ah. Remove dr,fin hoses and install pressure II

caps on each of the following quick-discommcts.
Torque quick-disconnect pressure caps to 30-40 |
It-lb. Safetywire pressure caps with Inconel i
lockwirc MS20995N.

(1) Engine control "valve supply tube drain

(2) Checkout valve engine return hose drain

(8) No. 1 fuel Mgh..pressnre duct drain on
engines with gimbal actuators installed

3.2.3.12 Fuel Feed System Leak Test. When
a flowtestcr is specilied in tiffs procedure,
Pneunmtic Flow Teeter G3104, or equivalent,
must be used.

a. Verify that eng-ine "heckout console is pre-
pared for electrical, pneumatic, and hydraulic
operation (paragraph 3.2.1).

b. Verify tlmt iwdraulic system is connected
to engine (p.a'agraph 3.2.3.8).

hA. Perform, as ",pplicable, contaminai:ton m
and damage proeedUl, eS outlined in paragraph !
3.1A when performing tiffs test.

c. On eugines not incorporating MD161
clmnge, remove closure frmn No. 1 fue-'i'pump
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(

inlet elbow, und install outboard fuel inlet test
plate 902011;2 net incorporating cap,ire bolls.

Torque pl_ te fasteners to 120-155 in-lb.

d. On e..glnes incorporating MDI_6_I change,
remove closure dust cover ,lnd install outboard

fuel inlet test plate 9020162 iucorporstiilg capHve
bolts. T¢)rque plate fasleners to 120-165 In-lb.

e. Connect a fuel ho_e between plate INLET
port and FUEL PUMP INLFT port (IA3).

f. On englnes not incorporafi,W. MI)I61 change,
remow, closure from No. 2 fuel pump inlet
elbow, and iltsiall inboard fuel inlet test plale
9020161 not iacorpt_ratieg captive bolts. Torque
plate fasteners to 120-.155 in-lb.

g. On engines i,lcorporailug MI)161 chattge,
reulove closure dust cover and insia'ri-inboard

fuel islet test plfde 9920161 incerpuratingcaptlve
bolts. Torque plate fasteners to 120-155 tu-lb.

gA, Vent exhaust system by removing plug
from either gas generator IGNITER boss.

h. Verity that thrust chamber exit and thrust
('h,tnlbel' throat closures are removed alld that

fuel overheard drain llue at exit end of thrust
chamber is vented to ambient.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

i. Remove cross-to-lateral drain tube from
behvcen cross and fuel overboard drain line

Y-fitting_ and install pressure cap AN929- 16C
on fuel overboard drain /Line Y_fittiog. Lubri-
cate (Method A)threads on llne with lubricant

grease RB0140-012 (Rocketdyne_. Torque
pressure cap to 1,200-1,400 in-lb.

j. l:temove fuel ch'ain maaito".d cover plate
and seal plate from fuel drain ,uardfold, and
install fuel aeal drain m.-_aifoldadapter 9020907.
Torque fasteners to 43-47 in-lb.

k. Remove plugs h'om INLET and PRIMARY
ports on adapter,

kA. Remove pin and closure from hypergol
manifold cartridge co,Ruiner inlet port°

WARNING

The following procedure uses

drycleantng solvent) whicl, is flam-
mable and must not be used near heat,
sparks, or open flame. Inh;datlon of
its vapors or p,'olonged contact with
the liquid can cause serious injury.

NOTE

The method f(,r applying lubricant

m the following procedure i,s outlined
in R-3896-3.

kB. Clean threads of hyporgol m_)ntfnld car-
tl _dgo contai_mr inlet port with dryeleard))g
s(',Iveut (Federal _pecilicatlou P.-l)-6t_o).
I,ubt'lcale (Method A) threads with lubricant

l_,'ease RB0140-Ol2 (Rocketdyne).

CAUTION

When lustalliKtg hyperg(tl simulator

into the hypc_'gol manifold cartridge
container inlet port, OX_I'eUlC c;Ire
I31USt lie H_qCd tO l))'evc[fl d:kuni_,e to

the hypcrgol cartridge follow(,r.

• The threads of the hypergol 81alu-
later Cal) nlusl he tie,ill and free of
nicks) to prevent gulling the threads
of the cap _md inlet port,

kC. Make sure that threads of cap ou hypcr-
p,ol simulator T-5029716, or equivalent, arc
clean and free o[ nicks; then lubricate (Method
L) simulator shaft O-ring with FS1281 grease
(Dew Coming Corp)) and carefully insert
simulator lnlo hypergo] manifold cartridge
container inlet port. Screw simulator clock-
wise until tt bottoms.

'kD. Verify that pressure cap ts instalied on
union in slnmlator cap.

1. Remove pressure caps from the following
quick-disconnects:

(1) No. 1 and No. 2 fuel high-pressure
duet drains

(2) No. 1 ;rod No. 2 fuel inlet elbow dr:,ins

(3) Engine control wlve supply tube dram

(4) Checkout valve engine return hose draiu

CAUTION

In the following procedure) during
removal of gas generator ball valve
fuel inlet quick-disconnect cap> the
quick-disconnect body mus_ not be
allowed to turn since torque decrease

between quick-disconnect body ,and
adapter or adapter and gas generator
ball valve fuel housing can result in
seal leakage.

(5) Gas generator t_all wdve fuel inlet drain

]A. Open tIYD HI r'IX)W SHU'IOFF valve
(IA2).
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Procedure Result

m. Open HYI} HI-
FI,OW P.EG until ffYD

tII- FLOW PRESS gage

indicates l, 550 150
psi. Moniloe hydraulic

fired leakage.

l;,ngi m hydraulic con-

trol is pressurized.
No* leakage i_ allowable.

n. Slowly open
MSL AIR PRESS REG
(1A3) lmtll FUEL
PUMI ) [NI,ET PRf':SS

gage (1A4) indicates

80_5 psi. Move MSL
AIR F/M _21,',Lvalve to

tIIGII (1A3).

Fuel feed system is

pressurized, and
flowrate Is indicated
on MISSILE AIR I,'LOW

ItlGH flownletcr (1A3).

o,, Using flow-
testel'_ Ine_tsure uud

record poppet reverse
flow leakage "it each
quick-disconnect

listed in step I.

Le_tkage al each quick-
disconnect poppet must
not exceed 3 scim.

p. Remove presstwe caps froln packagtng_
and install pressure caps on quick-disconnects

listed In step 1, except for gas generator ball
valve fuel Inlet drain° Torque 3/8-Inch pressure
cap_ to 30-40 ft-lb and 3/4-Inch pressure caps
to 70-75 ft-lb.

NOTE

The method for applying lubricant in
tile following procedure is outlined
in R-3896-3.

pA. Lubricale (Meihod A) threads of gas
generator ball valve fuel inlet drain quick-
disconnect with lubricant grease RB0140-012
(Rockcklyne) or FS1281 grease (I)ow Cornb_g

Corp), and install pressure cap. Torque
pressure cap to 210-230 in-lb.

pB. Safetywlre all quick-disconnect pressure
caps with lucenel lockwlre MS20995N.

q through s. (Deleted)

CAUTION

Leak-test compound used in the
following procedure must not be
treed on overbozgxl drain line exits

to preclude introducing le_tk-test
compound Into the lines.

• Leak-test compound must net be
used on flex line bellows since it

ca-nnot be removed from the bellows.
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t. Using lcak-te_.,t No leakage is all¢_wable.
conlponPd
(MIL- I,-25567), or
equivalent, monitor
leakage at flanges,

gimbal yoke bellows,
fittings, and lnsfru-

meutatlon lines on
or conueeted to t]le

following:

(1) No. 1 itnd No. 2 fuel inlet elbows

{2) No. 1 mid No. 2 flJel high-pres.,:urc ducts

(3) No. I and No. 2 fucl valves

(4) Gas generator fuel feed duct

(5) Gas generator ball valve fuel side

(6) Ignitor fuel supply tube from No. 1 fuel
high-pressure duct to hHmrgol mantfcld igniler
fuel inlet port

(7) Fuel volute to valve lube feed tube

(pump volute to bearing cool,,nt control valve)

(8_ Turbopump bahmee cavity high-pressure
tube and iurbopump bahmce cavity return line

(9) Engine control valve supply tube from
No. 2 fuel high-pressure duct to engine control
valve

(10) Checkout v'dve engine rehirn hose

ta-. Remove cap on torque-gear housing.

lB. Attach a torque wrench wlth an adapter
(1-]/16 inch deep socket) and an extension (2
feet long) to torque_pinlon..gea.r shaft.

tC. Depress luck-
pin on torque-gear

houslng_ and depress
torque-pinion-gear

by applying pressure
to adapter.

nt_

tester, nlea_nre
leakage past turbo-
pump fuel inlet.

Torque-pinion- gets'

shaft engages turbopump
shaft.

NOTS

In tile following procedures, uae
revolution of the turbopump shaft
requires 5 revolutions of the
turbopump torque gear.

Using flow- Lea.kage past turbopump
fuel inlet seal must not
exceed 50 scim.
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l') roc pda yc Rcs...ult

seal at INLET port
oa adapler, l{eeol'd

leakage (tu ri)opunl p

shalt rotating and
stationary). Sh)wly
l'ota|(" tut'l)epqnl I)

shaft to detern_ine

nlaxtmUlll lea ka t,_e

rate whether rotat-

ing or stationary.

v, Using flow-

tester', l]).easu re
leakage at PlII-
MARY port on

adapter. Record
h,akag(' (I u rbop_.H;'q)
shaft rotating and
stahenary). Slowly
rotate hlrl)optllllp
shaft to determine

maxhnum leakage
rate whetlmr rotat-

inl, or slationa_ y,

Leakage past turtle-
pure t) ln'imary fuel
seal alust not exceed
rio schn.

w. Wait until flow of MISSILE AIR FLOW

LOW flowmeter or MISSILE AIR FLOW HIGtt

flowmeter, as applicable, has stabilized for at
least 2 minutes. Measure and record total fuel

feed system leakav, e.

x. Using flow-

tesler_ illeaHure leak-
age at fuel drain
(][sc, ontweted it}

step i. lteeord re-
suits.

I.,eakage past gas gen-
erator ball wtlve fuel
shaft seal i'_iust not ex-
ceed 0.25 seim.

y. Using flow-
tester, measure
leakage from fuel
overboard drain at
thrust chamber
exit, Record re-
:3ults.

Leakage past bearing
eoolant control valve
check valves must not
exceed 2 sclm.

z. Using flow-
[r ster_ laeasure

nominal leakage past
turbopmnp fuel inlet
seal at il]let port on
adapter (lurbopump
shaft stationary).
Record results.

l.,eal_ge past turbo-
pump f,.ml islet seal
must not exeeeO 50

scim.

l_rncedal, e Res_ull

aa. Using flow-
tesler _ roeasure

nomhml leakage
past turbopul_l I) pri-
nlary fuel seal at

PRIMARY port oil
adapter (turbopump
shalt stathmary).
Record results.

lib. Remove plug
from hypergol mauL-
fold tnstrumentatlon

tal) lF3, and usinga
flowtesler 7 ali)asare
leakage past igniter
fuel vaiw_ poppet,

ae. Close MSL AIR

PRESS REG (1A3),
and move MSL AIR

F/M SEL valve 1o

BYPASS.

ad. Slowly open
FUEL PUMP BLEED

valve (MANIFOLD

BLEED PANEL),

l,eakag; . ast turbo-

pump primary fuel
seal must nc,t exceed

50 seim.

Maximum allowabhe

leakage lit igniter
fuel valve poppet is
O. 5 selm,

Flow through MISSII,E
AIR FLOW IIIGII flow-
meter (1A3) deerca,aes
to zero,

FUEL PUMP INLET

PRESS gage (IA4)
decreases to zero,

adA. Close HYD Ill-FLOW SIIUTOFF valve
(1A2).

CAUTION

The HYD lII-FLOW SttUTOFF valve

must be conlpletely closed before
eleslllg the IIYD llI-I_LOW KEG, to
l)revent danlage to pressure reductnL;
valve 1.0-9023747.

ae. Close tlYD IIYD III.-FLOW PI.tES8
Ill-FLOW REG (1A2) gage (lAg) decreases

_-O zero.

•,if, Add the/ollowlng leakage rate results to
obtain total fuel feed system measured vent
leakage rates:

(1) Bearing coolant valve check valves
leakage (step y)

(2) Nominal turbopump fuel hdet seal
leakage (step z)

(3) Nominal ttlrbopump primary fuel seal
leakage (step aa)
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ag. Subtract the total fuel Iced sy:Aem meas-
ured vent lvakage rate obtained in step af from
total fuel feed system measured leakage rate
obtained in step w. The result is the calculated

leakage *'ate pasl checkout valve ENG RE'I'UI_N
port ball seal, gas generator fuel lt, od ._5,stem,
and sMrl ,'rod aouo se,"ds _t" both fuel valves,

ah, If calculated h.akage obtained m :dep ag
is !u'eater than 15 seim, perform checkout
valve l_Jo|_ltloa leak test as ouliiae.d in f_aral, t'aph
3.2.4.,, and, u;fiug (lilt; total fuel feed system
[{,akilg( rate, subtract Io(al tael system meas-
ured vent leakage, step ag, to obtain leakage
veto lia_t Ita'Jgenerator fuel feed system aad

ftlol vi/lves Skll't alld ilose seid.

at. l[ gas goner:tier ball v,'flve fuel ball seal

lllLd fuel v&l'¢ea ,,ikiri Ctlid nose seal leakage sliLl
ex('t,eds l, r) sciel, ptq'[Ol'ltl _,as generator fLtel

feed system ;sciatica leak test (paragraph
a.2.4,,1).

aj. If fuel valves skirt and nose seal leakage
still exceeds 15 scim, perform fuel vtdves skirt
and l'Jose seal isolation leak test (paragrap/1
3.2.4.5).

_. Remove fuel hose from outboard fuel t.'flet
test plate ,'rod FUEL PUMP INLET port (1A3).

al. Oa engines not lneorpmailng MD161
change, remove test plates frera No. 1-a-Kit
No. 2 fuel pump inlets, remove closures from

packaging_ ar d install closures eu inlets.
Tighten closure fasteners fingertight plus 1/4
titre,

am. On engines ineurporatb_g MI)161 change,
remove test plates from No. 1 and N'o.--'2 fuel

pump Inlets, remove dust covers from packag-
ing_ and install dust covers on inlet closures.

an, Remove fuel seal d:a|n manHold adapter
from fuel drain manifold_ remove _uel drain
maaifold cover plate and seal plate from packag-
ing, and reinstall fuel drain manifold cover

plate and seal plate removed in step j. Torque
bolts to 44-47 in-lb. Safetywire belts with
loconel loekwire MS20995N.

ao and ap. (Deleted)

NOTE

The method for applying lubricant in

lh,u folh,wittg liroe_dure I_ uutlhmd
in R-8896-3.

3-34 Cilange No. 12 - 23 August 1971

aq. Remove plug mid packing frfan packaging.

Lubricate (Method ,I) packing ned _Melhed A)
plug with lubrieau_ grea._,e I_0140-012
(Rocketdyae). Install phtg and packing ia iastrn-
e_entatton tap IF3. Torque plug to 40-65 in-lb.
Safetywire l)lug with Iacom,q lock_vtre MS20995N.

WAI_2qlNG

The following procedure n_es clean-

ing cenlpound, which ts volatile.
Use in a well+ventilaled area state

the valiors displace the oxygell ill
the air, rcsultini_ in suffo('ation.

at. l,[etllov(, all lettk-te,_.t compound [Poltl
joints and fittings with s clean, dry cloth or t)y
llu,qhtcg Inllecesslble areas with cleaning eom-
poand (MtL-C-ttl302).

as, i{elllove torque wrcllch_ cxtellSiOll_ all([

,t(|apter.

at. Verify that loekphl oa torque-gear hous-
ing ix fully extended and that torque-pinion-gear
shaft tx in lockout poslliea.

NOTE

The method for applying lubricant in
the foiler, rag procedure In outlined
in R-3896-3.

au. Lubricate (Method J) packing with lubri-
cant grease R_0140-012 (Rockctdyne); then
Install packing on torque-gear hou,_iag cap.

av. Imbricate (Method A) threads of torque-
gear hnttshlg cap with lttbl'teatxt grease
RB0140-012 (Roeketdyne); then install cap
fingerttght on torque-gear housing. Safotywire
cap with lncoael lockwire MS20995N.

aw. Remove hypergol simulator T-5029716,
or equivalent, from hypergol manifold cartridge
container inlet port.

WAILNING

The following procedure uses
drycleaaing solvent, which is flam-
mable and must not be used near heat,
sparks, or open flame, Inhalation ef
its vapors or prolonged contact with
the liquid can cause serious Injury,

ax. Clean threads of hwper_ol manifold car-
tridge container hflet port with drycle,'mtag
solvent (Federal Speciftcattoa P-D-680).

\
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Paragraph 3.2.3.13

NOTE

The method foc applying lubricant
in the following I)rocedare is out-
lined ia R-3896-3.

ay. Remove hypergol manifold cartridge
coatahmr inlet port closure from packaging,
Lubricate (Mctbod L) closure packing with
FS1281 grease (Dew Corning Corp). Install

closure and secure with attachi,_g I)in.

3,2.3.13 LOX Feed S..ysAen3. L_e__ Tes.._._t. When
a flowtester is specified in the procedure,
Pneumatic Flow Tester G3104, or equivalent,
must be used,

a. Verify that eagtne checkout console is
prepared for electrical, pneumatic, and
hych';'mlic operation (paragraph 3, 2, 1).

aA, Perform, as applicable, contamination
and damai.:c prevention procedures outlined in
paragraph 3.1A when performl'_g this test,

,"all Verify that exhaust system is vented
through gas generator IGNITER boss (para-
graph 3.2.3, 12).

(
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(

(4

b. Remove protective closures frolu nitrogen
purv e overboard drain line aud oxidizer over-

board drain line }it exit end ,ff t]n'ust ehaulber.

e. Otx enginet, not ineorliorating MD161 change,

I'OIUOVC'pierce,live closure from iul'boil'_]llpoxi-
dizer inlet, ned ira, tall oxidizer punlp inlet t_st
plate 9020163 net incorporalirq, captive bolts.
Torque plaie fastcners to 330-430 in-lb.

d. On en{;iues incorporating MDI61 change,

remove dust cover and install oxidiz¢;l _ pump
tide/ test pktto 9020163 incorpora[in{.,_ captive
})oils. Tol'IIUe l)late fasletlors to 330-,130 in-lb.

e. Connect an oxidizer hose between oxidizer

pinup inlet test plate 9020163 and LOX PUMP
INLET port (lA3).

f. Install phlg AN806J8 in nih'ogon purge
ovcrbeard drain line at thrust cha|nbor exit.

g, Disconnect actuator rod sc_al vent tal)es

froal OXID VENT port OU No. I and No. 2 oxi-
dizer valves. Cap tubes.

h, Move L.C. AIR F/M SEL valve (IA3) to
BYPASS.

P r oc.e ¢.l__,_e.e

i. Slowly open
L.C. AIR PRI':SS REG

(IA3) until LOX
PUMP INLET PRESS

gage (IA4) indicates

80 J5psi. Move L.C.

AIR F/M SEL valve

(1A3) to HIGH. Re-
cord pressure.

iA. l{enlove ca 1) Oil tol'que-gellr housing.

ill. AtLach a torquc wrench with an adapter
(1-1/16 inch deep socket) and an extension (2
feet long) to torque-pinion-gear shaft,

Result

LOX propellant feed

system is pressurized,
and I,OX CLEAN AIR

FLOW flowmeter (IA3)
indicates flow.

iC. Depress lock-
pin on torque-gear
housing, and depress
torque-pinion-gear by
applying pressure to
adapter.

NOTE

In the following procedure, one

revolution Of the turbol)ump shaft
requires 5 revolutions of the turbo-
pump torque gear.

Torque-pinion-gear
slmft engages turbo-

pump shalt.

Pl'occdllre Result

j. Using flow-
test (21" _ Ill oD sure

and re('ord ]eakago
froln oxidizer over-
Iioard drain line at

t]lrklst (']l;IHlber exit,

Slowly rotate turbo-
i)ump shaft to doter-
lUille lUaXinldlll

leakage rate whether
rntating or stationary.

Leakage past turbo-
punlp primary LOX seal
must not exceed 700
seim.

k. Using flow-
tL'sIor, Ill caSill'O

"led revord leakal,e
at ueiuator rod

OXID VI,INT l)orl
of each oxidizer
valve,

Leakage past each
t)ol|,nn rod lipseal hill.st
n(it exct.ed 30 seinl.

1 and m, (Deleted) I

CA U TION

Leak-test compound used in the

following prucedure Inust not be
used on overboard drain line exits

to preehldc introducieg leak-test
compound into the lines.

• Leak-lest COlnpound must not be
used on flex llne bellows since it

cannot be removed from the bellows.

n. Using leak-
test colnpouod
(MII,- L-25567) inoni-

tor leakage ai flanges,
gilubal yoke bellows,
litiings, and instru-
znenlation lines on or

connected to the

following:

No leak,'lge is allow-
able, except OU engines

net inc_wl)oratin|, ,
M1)1_)8 change where
fuzz leskat,e (as defined
in section It) is allow-

able between gas gen-
erator ball valve

oxidizer housing and

actuator cavity housing

joint.

(1) Oxidizer pump
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(2) No. 1 and No. 2 oxidizer ]ngh-ln'essure
ducts

(3) No. 1 and No. 2 oxidizer valw,.s

(4) Gas generator oxidizer feed lhm

(5) Gas generator ball valve exirlizerside

(6) Oxidizer lmmp inlet to oxidizer lmmP
VOltll e

(7) Gas generatm' ball v:flve oxidizer shle

tO actuator housill_ r

(a) No. 1 and No, 2 oxidizer valves cover
lo housing

NOTlq

hi the following procedure, ff le_'d_-
age islesqlhsn 30 seim, Pneumatic

Flow Motdtor G3131 may be used.

o. M_dee sure flint flowrate of LOX CLEAN
AIR FLOW flowmeter (1A3) has stabilized for

at least 2 mhmles. Record total I,OX propellant
feed system leakage.

Procedure Result

p. Using flow-
tester, omasurc sad

record leakage at
oxidi_or overboard

drahl line (turbo-
pump shaft stationary).

Leakage past turb ',,stop
prinmry LOX seal mu_t
not exceed 700 scim.

q. Close I,.C. AIR
PRESS REG (1A3), and
move L.C. AIR SEL
valve to BYPASS.

LOX CI,EAN AIR FLOW

tllGIf flown',eter (1A3)
decreases to zero.

r. Slowly opea
LOX PUMP BLEED

valve (MANIFOLD

BLEED PANEL).
Close valve ,-filer

pressure decay.

LOX PUMP INLET

PRESS gage (1A4) de-
creases to zero.

s. Acid tile followhlg measured leakage rates
to obtain total I,OX propdlant feed system meas-
ured vent leakage rate:

(i) Oxidizer valves bottom rod lip seal

leakage rate (step k)

(2) Nondnal hnrbllpumlJ primary LOX seal
leakage rate (step p)

3--36 Change No. 6 - 10 Febrtm2y 1970

t, Sut.traet tile ssnl O[ step s from recmdod

results of step o aad record as the raleulsted ,}
leakage rate past gas generatm' I,OX food sys-
tem and skirt and nose se;.l of bolh oxidizer
valves.

u. If calculated leakage (step t) is greater
than 10 sehn, perform steps v and w, rPlwllt

steps I through k and o throuph t; llwa proceed
to step x.

v. Verify that hydraulic system is cnnnected
h) engine (i)aragraph 3.2.3.8).

Procedure Result

w. Open IIYD liT- l._ngine h}draulic con-
I,'LOW SIIUTOFI;' trol system is prus-

valve (IA2). Slowly surized. No leakage
t_pen 11¥11 ltl-l,'l,OW is allowable.
REG ustil HYI) Ill--

PLOW PRESS gst,'e
indicates 1,550 _50

psi. Monitor hy-
draulic fluid leakar/e.

wA. Close IIYD III-t,'LOW SllUTOFF valve
(IA2).

CAUTION

The ItYD Ill-FLOW SIIUTOFF valve

musl be completely closed before ]

closing the tlYD HI-FI,OW RING, to
prevent damage to pressure reducing
valve 19-9023747.

x. Close tlYD tit- tlYD Ill- FLOW PRESS

FLOW REG (1A2). gage (IA2) decreases
to zero.

y, If calculated le,'_kage (step t) is greater
than 10 seim with hydraulic syste:n pressurized,
perform gas generator I,OX feed systera isola-
tion leak test (l>arsgraph 3.2.4. O),

z. Ifleakage after iIerformanee of step y is
gretlter than 56 scim, perform oxidizer valves

skirt and nose seal isolation leak test as out-

lined Ill paragrapb 3.2,4.7.

ml. Oil engines not Incorporating MD161
chang% disconnect oxld,zer hose, and r'_{ove
plate 9020163 from oxidizer inlet by loosening

all attaching bolts 3 full turns before removing
individual bolts, Itemove packaging from oxi-
dizer Inlet closure, and install closure on oxl- Idlzer hflet. Tighten closure fasteners finger-
tight pills 1/4 taxrn.

ab. Os. engines Incorporating MI.[.161 change,
disconnect oxi(ltze_' hose and remove plate I

9020163 h'om oxidizer inlet closure, hmtall
dust cover on closure, i

/



(

R-3,_96- 11 Section III

Paragraph 3.2.3.14

I_]O'I,E

Tile method for applying lubricant in
the following procedure is outlined
ill R.- 3896-3.

ac. Remove plugs, lubrh, ate (Method A) fit-tings and (Method G) htbes with lubricant grease
RB0140-012 (itocketdyne), and reins/all actuator
rod seal vent tubes and actuator seal de'sin tubes.

Torque tube coupling nuts to 13b-185 in-lb.

ad. Ins'tall oxidizer overboard drain line pro-
tcctive closure tm drain li_m at exit end of thrust

chamber. Torque closure far, tenors fingeriight
plus 1/4 turn.

ae. Remove pressure test fixtures
T-5039240 and 2'-5039234 from checknut valve

ground return ]n)se and engJn( _ control valve

ground hydraulic supl)lY hydraulic h_Jse. Instal]
plates on hoses. Torque plate fasteners to
35-40 in-lb.

af. F_emove l)lug from nitrogen purge ever-
board drain Ibm.

WAILNING

The following procedure uses clean-
ing compound, which is volatile.
Use in a well-vent|hated area since

the vapors displace the oxygen ill the
air, resulting in suffocation.

ag. Remove all leak-test compound from
Joints and fittings wit]) a clean, dry cloth or by
flushing inaccessible areas '_,tth cleaning com-
iound (MIL-C-81302).

all. l{elnove torqnewrench_ exteesion, asd

a&q)ter.

at. Verify that lockpin on torque-gear housing
is fully extended and tim/. torque-ptnion-ge_,r

shaft i,_ ill lockout position.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3,

aj. Lubricate (Method J) packing with k_bri-
cant grease RB0140-012 (Rncketdyne); ttlen
install packing on torque-gear hcmsing cap.

ak. Lubricate (Method A) itweads of torque-
gear housing cap with lubricant grease
RB0140-012 (Rocketdyne); then install cap

fingertlght on torque-gear housing. Safetywire
cap with Incenel lockwire MS_I0995N.

3, 2.3.14 Exhaust System 1.,e,'d¢ Test.

a. Varify that engine checkout console Is

prepared for pneumatic operation (paragraph
3.2.1).

_A. Perform, as applicable, contamination
and damage prevention procedures outlined in

paragraph 3.1A when performing thin tent.

NOTE

Tile meil_od for applying lubricant in
tile following pr(_cedure is outlined
in 1_- 3896-.3.

b. ltemove lJlng from tnstrumentatinn tap
GO2a; then lubricate (Method J) adapter packing

and (Method A) "tdapter union with lubricant
grease RB014O-012 (Rocketdyne), and install

engine exhaust ,_ystem supply adaptor 9022043,
or eqnivalcnt_ in gas [_enerator instrnmenh_iint_
lap GO2a. Torque union ttJ 55-80 in-.lb. Retain
removed hardware for rninstallation.

e. Conner( an oxidizer-clean hose between
achpter 9022043, or equivalent, and GG I,OX
INJECTOR & LOX 1)OME PURGE (lAb).

d. Remove either plug from gas generator
IGNITER boss; then lubricate (Method J) adapter
packing an:l (Method A) threads el union with
lubricant p:cease RB0140-012 (Roeketdyne), and
install engine exhaust system monitor adapter
9025299, or equivalent, in gas generator IG-
}.TI'ER boss. Torque union nut to 225-275 in-lb.

e, Renloye closure h'om thrust ch: ,)el"dome

and gas generator purge tube, and installLOX

dome and gas generator LOX purge adapter

9022010 or equivalent. Lubricate (Method J)

adapter packing with htbricaut grease RB0140-012

(Roeketdyne). Torque achpter fasteners to 70-
80 in-lb. Verify t|mt all ports on adapter are
plugged or capped.

f. Connect a tee to a¢;aptcr 9025299, or
equivalent, attach a hun,, bleed valve to one end
of ice, and close valve. Connect a fuel hose
from other end of tee to 1NSTR TAP DNSTR

OF TURB connection (1A5).

g. Remove clamp holding turbopump turbine
and heat exchanger anttflrex shield to provide
access to flange seal monitoriPg port vent hose
outlets.

I
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t'£' .ot,'ed__ure

h. Chec+k that

pedeslal exhaust sys-
tem manilold seal at
thrust chamber exit

is lnflatcq to +peel-
fled pressure.

i. Open GG LOX
PURGE shutoff valve

(lAb). Slowly open
1,(" AIR PRESo ttkG
until PltESS DNSTR

OF TURB gage ir_di-
cares 10 ,I psi+

Result

Seal must remain in-

flated during remain-
der of test.

F,nghm exhaust system

is pressurized, and
LOX CLEAN AIR

PRESS gage (1AS)
indicates 10 +1 psi.

j. Remove closure Maximum allowable
from oxidizer over- leakage is 25 scim.
board drain line [md,
"d,_ing [hu,unlatic 1,'h)w
Tester G310,i, measure
and record reverse-

flow leakage past gas
generator LOX purge
check valve _ate.

k. Remove plugs,
and using Pneumatic

l,'low Tester G3104,
lneasul'e and record

leakage at tim following
statie seal monitoring
ports:

(1) Turbine Io 10 selm

heat exchanger (on

heal exchanger

flange)

(2) lie:itex- I0 selm
_.'hanger to exhaust
manifold (on ex-

hau,qt manifold)

1. Using Pneumatic Flow Tester G3104, or
equivalent, at vent hose outlets, measure and
record lemkuge from the _ollowtng static seal
monitoring ports:

(1) Gas goner- 10 scim
ator combustor to
turbine manifold in-

let (o, gas geeerator
flange)

(2) Gas gener- 10 svim
ator injector to
combustor

Maxhnum allowabh,
leakages are asfollows:

CAUTION

Leak-test compound used in the
following procedure must uot be
used on flex line I_ellows since tl
e[lnnot I)e renloved fl'oel the bellows.

m. Using leak-test compound (MIL-L-25567),

leak-test Jm following fhtnges with leakage |
monitoring port plugs removed. |

Procedure Result

(1) 'D.trbine
manifold outlet tu

heat exchanger

(2) tIeat ex-
changer to turbine
cxlumst manifold

(3) Gas gener-
ator combustor io

turbine nlaoifold inlet

(4) Gas gener-
ator injector to
combustor

Fuzz leakage (as de-
fined in section II) is
allowable.

I,'uzz leakage {as de-
lined in section II) is
allowable.

No leakage is allowable.

No leakage is allowable.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

n. Remove from packaging, lubricate

(Method A), and install monitoring port plugs
removed in step k+ (See figure 3-8.)

o. Apply leak-
test C ompotllld

(MIL-L-25567) to all
flanges, fittings,
and instrumentation
lines on or connected

to the following and
record results:

No leakage is allowable,
except on eng'lnes not
incorporating MD176
change at flight turbh_e
manifold temperature
transducer where fuzz

leakage (as defined in
section II) in allowable.

(1) Gas generator ball valve (downstream of
oxidizer ball and fuel ball)

(2) Gas generator ball valve to gas gener-
ator injector

(3) C-as generator combustor

/
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Paral_n'aph3.2, 3.15

(;

(4) Turbine exhaust manifold and heal ex-
changer

(5) Thrust ch,"nnber exhaust manifo[,t wehl
joints

CAll TION

WAH.N1NG

The following procedure uses clean-
ing compound, which is volatile.
Use in a well-ventilated area ,_incc

the vapors displace the oxygen in the
air, resulting ill suffocalioa.

The exhaust system mu.';l be (iepres-
surized as m_tlined in steps p through
r, tu prevent eontanlinalion of tile
engine mid checkout eon,';ole systems.

x. Remow_ all leak-test t:Otllt)tstlad fl'olll joints
and fillings with a clean, dry cloth or by flushing
inacces.';ible aicas with cleaning coml)ound
(MII,-C-81302).

Procedure

p. Close GG I,OX
I'URGE shutoff valve
(IA5).

Ifle!Jatt

Supply pressure to
exhausl system stops°

qo Open hand bleed

valve on igniter boss

adapter until PRESS
DNSTR OF TURB

gage indicates ze,'o.

Exhaust system is de-
pressurized.

r. Close LC AIR

PRESS REG (IAS)
until LOX CLEAN AIR

PRESS gage indicates
zero.

Console purge system

is del)ressurized.

s. Remove fuel hose from adapter 9025299
,m_d INSTR TAP DNSTR OF 'KIIIB. llemeve

hand bleed valve from adapter.

t. Remove oxidizer-clean hose from adapter
9022043 and GG LOX INJECTOR & LOX DOME

PURGE. Remove adapters.

NOTE

The method for applying lubricant hl
tilefollowing procedure is outlined
in R-3896-3.

u. Remove plug and K-seal from packaglag.
| Lubricate (Method A) plug threads with klbri-

cant grease RB0140-012 (Rocketdyne), and in-
stall plug and K-seal 12100CR,t ia instrumenta-
tion tap GO2a. Torque plug to 80-90 in-lb.
Safet.,r.vire plug with Inconel tockwire MS20995N,

v. (Deleted)

w. Deflate exhaust Seal is depre,'_surized.
system manifold seal
at thrust chamber exit.

y. Install turbopump turbine and heat e.x-
changer antifirex shield, l'ositionelaml)

coupling johds within 3 degrees of a line extend-
ing frenl the ('enter of [he fuel inlet elbows

through the turbopunq) aft support. Torque
clamp coupling joint nuts to 85..95 is.-lh.

3.2.3.15 I,OX Dome aLld Gas (;eneratr,r I,OX

lnjce, tor th'[r-_;,",l,'-_}[kzqnd'---_.=t]lieti})i_'-q_cs'i_ "....

a. Verify that engine checkout console is pre-
l)arcd for pneumatic operation (paragraph 3.,_. 1)

aA. Perform, as all lieable, contamination
all(I datnage prevention procedures outlined ill
paragraph 3.1A when performing lifts test.

NOTE

The melhod fer applying lubricant in
the follmving procedure is outlined
in R-3890-3.

}), }'le/llove c,_oStll'e froyll LOX aortic and gas
generator LOX iajeetor purge interface, and
install LOX dome and gas generator t,OX purge

adal)ler 9022010. Imbricate (Method J )adapter ]l
l)acking ',villi hlbrlcant grease Itl101,10-012
(Roeketdyne). Torque adal)ter fasteners lo70-80

in--lb. Verify that all lmrts on adapter are
plugged or caI)ped.

c. Corn]eel an oxidizer-clean hose between
adapter 9022010 and CG I,OX INJECTOR & LOX
DOME PURGE (IA5).

d. Verify that exhaust system is vented

tilrough gas generator IGNITER boss (paragraph
3.2.3.12).

e, Verity that thrust chamber exit, tl,rust
chamber diroat, and oxidizer overboard drain
line closures are removed and that thrust cham-

ber emt i_ clear during test.
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f. OpenGG I,OX I'URGE shutoff valve (1A5).

Prncedu;'e ltJ.2mj_lk

g, Open I,C A1R
PRESS REG (IA5)
until ],OX CLEAN

AIR PRESS gage
indicates I00 _5

psi.

Airflow tlu_mgh sy.stem

iS verkl/ied at gas gen-
(,rat(Jr i!4mter port
thrust chaml_cr injector
aim overboal d drain

line or I,y foiqlll[ r, nldi-
vidui[[purge SyStem
lines.

CAUTION

l,eak-icst compound used in die foll)w-
illg pl'ocuduro InllSt 110_ be Ilsed ell

oVOl'bolll'd draill line exits to precluclc
intl'e(htcmg leak-tt,st colnponlld il_ll'O-
du2ed lille the lira, s,

Leak-test con3Dotllld must not be U._ied

on flex lille bellt)ws sillce it c,qnnot be
renloved fl'Olll the bellows.

h, Apl)ly leak-test
compound
(MIL-L-25567) to all

joints and fittings of
LOX dome toldgas

generator LOX in-

jector purge system.

No Ieakap:e is allowable.

I

Remove till leak-lest (,olllpoulal fronl joints e_1.

and fittings with a clean dry cloth or by flushing " "

inaccessil)lo lit'ellS with el(,:lllill_, t COml'li_tlnd
IMI t,-0-813021.

3.2.3, 1(' Turbol2unl I Bearing Coola# Svstenl
Leak and i'_l_c_{{,i_ "i dsg_,

it, Verify ihut engine checkout console is l)re-

lmred for electrical and pneumatic operali[m
(pnragrapl_ 3.2.1).

aA. Perform, as applicable, comamination
and d'ilnage i)revellt|on proee'hu'es o'dtlhled in
paragraph 3. IA when performing Ihi_ test.

b. l_tqnove clH,_iktFes frelll Iliive_or¿ purge
overI)oilr(I drain line slid exit|[z(,," OVOl'b()ill'(I
drain line at thrust elmrnber txit.

NOTE

The method for applying lubr_ :ant in
tilt, following procedure is outti.._d
in R-.3896-3.

c. I(oIlIOVe oh)sure froln l)lllll 1) seal |nLrb*e
line, and install LOX seal and gas generator )

actuator purge adapter 9022012, el' uquivalent,
on line. Lubricate (Method J) adapter gasket |
with lubriemfi grea..w 1,_B0140-012 (Rocketdyne).
Torque adapter fasteners to 70-80 in-lb.

i, Close GG LOX
PURGE shut(if[ valve
(1AS) and I,C AiR
PRESS REG.

j and k, (Deleted)

I_,OX CLLAN A1R

_' _ (1AS) de-PRES_ b,ll,u
el'eases [o zel'o.

d. hmtall pressure test fixture T-5039241.
or equivalent, on fuel overboard drain llne at

ttwust chamber exit. Imbricate (Method J) fix- |
lure O-ring with lubricant grease t'd:10140-.012
(Recketdyne). Torque fl:dm'e fasteners to
10-15 in-lb.

WARNING

The following procedure uses cleaning
compound, which is volatile. Use in
a weD-ventilated area since the vapors
displace the oxygen in the air, result-
ing in suffocation.

e. Connect a fuel hose betweea pressure test
fixture and PRESEI{VATIVE INLET port (IA2).

f, Ver',fy that cross-to-latertfl drain tube is
renloved froln betweoa cross 8nd fuel overboard

ch'ain line (paragraph 3.2.3.12).
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g. Verify thatpressure capAN929-16Jis
installed ontuel overboarddrain hne (para_'aph
3.2,3. 12).

h. Connectan oxidizer-clean hosebetween
adapteron t)unlp ,real purge line and !,OX PUMP
SEAL & G(} ACTUATOR PIJRGE port (1A5),

i, Open LOX PUMP SEAL PURGk: shutoff
wtlve (1A5),

j. Open LC All-< PRESS REd (JA5) until LOX

CLEAN AIR PRESS gage indicates 75 _5 psi.

_. Open PRESERVATIVE INI,ET 8/O valve
(1A2),

CAUTION

Wheu pressurimn_, fuel overboard

drain lille,pre_s:u'e in drain system

faust not exceed 15 Imig or damage
to clrain llpe can result,

Procedure Result

1. ("pen GN 2
PRESS REG (IA21
until PRESERVA-
TIVE INI,ET

f'F¢ESS gage indi-
cates 10 ±l psi.

Fuel overboard drain
lim_ and fuel drain

m'mifold and lines are

pressu.'ized up to
bearing coolant vnJ ve

outlet port,

CAUTION

Lead,-test compound used in the fol-

Imvisg procedure must not be used
on overboT, rd drain Hn,, _xits €0

preclude b_troduch_g leak-test com_
p+Jund into the lines.

m. Apply leak-
test t:Oml)OUnd
(MIZ,-L-25567) to all

Joints and fittings on
bearing coolant outlet
(lobe valve to turbine
b,:aring ]ube fuel
hose) and drain lines

LosJ_-t(_;;t compound FllllSt no{ bC

used on llex line bellows since it
eaartntbe removed from Ihe bellows,

No leakage is allow-
able.

n. Clo,'m GN2
PRESB REG (1A2).

o, Close L, AIR

PRESS REG (IAS),

PRESERVATIVE IN-

LET PI-_.ESSgage (IA2)
decreases to zero.

LeE CI,EAN AIR

PRESS gege (1A5)
decreases to zero,

Section IlI

Paragraph 3.2.3. !7

p. Close LOX PUMP SEAl, PURGE shutoff
valve (1A5),

q. Disconnect fuel hose from PRESERVATIVE
INLET port: and pressure tt.:_t fixture at luel
overboard drain line.

r. Remove pressure test fixture T- 5039241
from fuel overboard drain line,

NOTE

The method fox' applyini_ ]ubrteP+nt in
the following procedure is outlined
ht R-389( _,

s. Remove pressure cap from overb{)ard
drain line, and reinstall ernss-to-lateral drain
tube. Lubricate (Method A) 1" ,(,, threads and

lubricate (Method G) tube with lubricant grease

I_0140-012 (I_,leketdyne). Torque tube eo'aollng

nuts to 1,200-I,400 in-lb.

sA. Remove paekag'ing; then clean and inspert
threads of plug ST3950122ftKLD01 .(or adequate
silver plating. Replace plug if silver p]ating is
not adequate. In_;tall washer 651912-3 on plug.

Do not lubricate plug. h',stall plug in gas genera-
tor IGNITER bess and torque to 600.650 in-lb.

Saletywlre 2 i_iter plugs together with hu:onel
lock.ire Mo2099o.4, A.s an alternate, plug
MS9015-68 with washer 651912-3 or gasket
AN901-8C may be used, If wa.dmr 651912-3 is
used, install plug MSg0] 5-08 in IGNITE]It boss
_nd torque to 150-200in.-lb. If gasket ANg0I-8C
is used, ncrew plug M89015-08 fingertight4ate

IGNITER bess. Cimek that gasket seats In re-
ees,:ed groove on IGIZiTEIt bos_: then torque
plug to 150-209 in-lb. Safet_vlre plug with
Im;unel ]ockwire MS20995N.

WARNING

The following procedure uses c]eanlng
compound, which is volati]e. Use in
a well-ventilated area since tl)evapvrs
displace the oxygen in the air, result-
tag in suffocation.

t. Remove all leak-test conqJoued fl'enI joints
anti fittings with a clean, dry clgth or by Ilush_
tag in._ecessible areas with cleaning compound
(MIL-C-813021,

3.2,3, 17 Thhrjls.t COjyjllj.t._.r.Ppcumatie Leak
're__st. w]_en Ilowtesters are specified in this
procedure, Pneumatic Flow Tester GhI04, or

equlva]e)lt) znuSt I)e tlsed+

a, InstallThrust Chamber Throat Plug G3136
(p,,ragral)h 3, 6.15).

b, Verify theft enghle e;,eekout console ts pre-
pared for pneumatic t_peratlon (paragraph 3.2.1),
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bA. Perlorm_ as applicable, contamination

and damage prevention procedures outlined in
paragraph 3.1A when performing this test.

c. Remove phlg and instal] an oxidizer-clean

adapter, incorporating a check valve and a union
ANOlS-8C, or equivalent, in thrusl clmmber

dome PURGE IB port. Connect an oxidizer-

clean hose between adapter check valve and GG

LOX INJECTOR & LOX [K)ME :PURGE (IA5).

d. Connect a iuel bose between thrust cham-

ber throat plug quick-disconnect and FUEL B. S.

LINE (2A3).

c, Remove c!o,,mre from prefill check v,'fl.v,,.

I. Install inlet port half of pressure test

fixture T-5037801 on prefill check valve.

g. Verify installation of pressure test fixture
T-5039232 on COX duct (beat exehmlger end)

Iparagr_ph 3.2.3.5). Connect an oxidizer-
clean ]lose betweeii adap'er and LOX B. S, LINE
(2A1).

h. Verify installation of hypergol system test
_ool 0021279 (paragiapll 3.2.3.10).

i. Remcve pressure caps from the following
qnlck, disconnects:

CAUTION

I._the following proee0urc, during re-
moval of No, 1 and No. 2 fuelln]et

manlfold qulck-dlsconnect pressure

caps, the quick-disconnect body must

not be allowed to b!rn since damage to

quick- diseormect body can result.

(i) No, 1 and No. 2 fuel inletm:nifuld

drains

(2) No. I _ld NO. 2 fuel valve purge

(3) Hypergol manifold drain

(4) HypergoI manifold purge

(5) Iglfitlnnmonitor valve control

CAUTION

In the following ,Rep, the gaseous
nitrogml supply hose must be sup-
ported to prevent the weight on the
seal valve stem from dam_l>,ing the
,'3eal.

iA. Connect a source of gaseous nitrogen to
throat plug seal. 'Using a suilable material,
support the gaseous nitrogen supply hose to re-
lieve all weight of hose from ueal valve stem.

Procedure Re._ult

j. Pl'essorize

throat plug seal to
59 (._5, -10) p_ig.
Malnlain l)ressure
during remainder
of test,

Thrust chambee throat

plug seal is pressurized.

k. Move F/M SEL handle (2A3) and FLOW-
METER SEL handle (2A1) to H:[GH.

W_4 PJq ING

Tile following procedure pres-'uxqzes
the thrust chamber and can be ex-

t.vemely hazardous, All personnel

must be kept clear of the thrust
chamber exit during this test.

1. Open GG '[,OX
PURGE shutoff valve

(1A5). Ope, LC AIR
PRESS Pd_G until
LOX CLEAN AIR

PIhESS gage indicates
30 (+0, -'i) psi,

Thru._R chamber Is

pressurized. FtJ FH,
BS PRESS .PANEL

LOW gage (2A4) and
LOK BS PRESS

PANEL LOW gage
(2A8) indicate
30 (_0t -3) pM.

m _md n. (Deleted)

,)
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A
o. Verifythat LOXdome andgas generator LOX (9) Thrust chamber dome purge port plugs

purgeadapter9022010isJn_talledandthatalll)orts PURGE IA, PURGE 2A, PURGE 2B, NO. 3
on adapier are plugged or capped (paragraph 3.2.3.15). PURGE, and NO. 4 PURGE

Procedure Result Procedure Result
m

Maximum allowable r. Using flow-
leakage is 10 scim. tester, measure and

If leakage exceeds 10 record poppet
scim, perform oxidizer reverse-flow leakage
doJne purge cheek 'valve at each quick-
isolation leak test as disconnect listed in

outlined in paragraph step i,
3.2.4.3.

II. Remove closure
from oxidizer over°

board drain l_ne and,

using flowtester,
me'_sure and record
reverse-flow leak-

_l!,re of NO. 1 aud No. 2

oxidizer dome purge
check valve _;alos.

CAUTION

Le,_k-test compound used hi tile follow-
ia_f procedure must not be used on
flex line bellows since itcannot be re-

moved from tilebellows.

l,eakage at each
qmek-disconnect

poppet must not ex-
ceed 3 scim,

s. Using flow-
tester_ l'aeasure and
record reverse-flow

leakage past the ineri
prefill check valve
gate,

Maximum allowable

leakage is 50 scim.

CAUTION

q. Apply leak-test
corl_peusd

(MIL.L-25567} to al)

ftange.% I ittin_*,s,
and comlections ell
or connected to the

following and record
results:

No leakage is allowable.

(1) Oxidizer v,'dves and fuel valves (down-
arrears of poppets)

(2) Ignition monitor wdve sense tube

(3) Hypergol manifold outlet hose between

hypergol manifold and thrust chamber

(4) Joints between thrust chamber dome

and rejector m_d between injector and thrust
chamber body

(5) Thrust chamber instrumentation

(6) No, 1 and No. 2 oxJdizer dome purge
check valve_:

(7) Thrust chamber dome and gas gone,-
aim' oxidizer purge tubes

(8) Exposed thrust elmmber tube surfaces

The thrust chamber must be depres-

surized as outlined in steps t through
x, to prevent contangnation of tile

engine and checkout console oxidizer
system s.

t. Close GG LOX
PURGE shutoff

valve (1A5).

Supply pressure to
thrust chalaber stops.

u. Open FUEL B.
S. BLEED valve on

panel below (2A4)
until FUEL BS

PRF"S PANEL LOW

gage (2A4) indicates
zuro.

Thrust chamber is

depresaurized.

v. Open I,OX BS
BI,EED valve on
panel below (2A8)
until I.OX BS PlIESS

PANEL LOW gage
(2A8) indicat_,szero.

Heat exchanger oxi-
dizer system i_ de-
pressurized.

w. Close LC AIR Checkout console

PRESS REG (1AS) purge system is de-
until I,OX CLEAN pressurized.
AIR PilL'.aS gage
iJ_flicateszero.

x. Clese FUEl. B.S, Bt,I_ED val_c on panel
below (2A4), and IX_X B,S. BLEED valve on

panel bel,-,w (2A8).
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Section III

Paragraphs 3,2.4. to 3.2.4,1
R-3898-ll

y. Remove oxidizer-clean hose and pressure
test fixture T-5039232 from LOX B.S. LINE

(2All and GOX duct (heat exchanger end). In-
stall protective cover on GOX duct. Tighten
fasteners ftngertight plus 1/4 turn,

z. Remove fuel hose from thrust chamber

throat plug quick-disconnect and FUEL B.S.
LINE (2A3).

NOTE

The method for applying lubricant in

the following procedure is out!*ncd
in R-3896-3.

s't. Remove oxidizer-clean hose and adapter
from GG LOX INJECTOR & LOX DOME PURGE

(1A5) and PURGE 1B port. Remove plug and

seal from packaging, lubricate (Method A) plug
and (Method R) seal with lubricant grease

RB0140-012 (Rocketdyne), and install plug and
seal. Torque plug to 20-30 ft-tb, and record

plug installation torque value. Safetywire plug
with Inconel lockwire MS20995N.

ab. Reduce thrust chamber throa_ plug seal
pressure to zero.

ae. Remove LOX dome and gas generator
LOX purge adapter 9022010, and install closure
on LOX dome and gas generator LOX injector
ptu'ge interlace. Tighten fasteners fingertight
plus 1/4 turn.

CAUTION

In the following procedure, installa-
tion uf No. l and No. 2 fuel inlet

m'mlfold quick-disconnect pressure

caps, tim quick-discomlect body must
not be allowed to turn since damage
to the quick-disconnect body can result.

ad. Remove pressure caps from packaging,
and install pressure caps on qulck-diseo_mects
listed in step i. Torque pressure caps to 30-40
It-lb. Safetywire pressure caps wilil Inconel
lockwire MS20995N.

ae, Bemuse Thrust Chambel Throat Plug
| G3136 (paragraph 3.6.16).

at. Install thrust chamber throat security
| closure as outlined in paragraph 3.6.13.

ag. Remove pin that secures hypergol test
tool cap, and carelully unscrew cap and remove
tool from manifold.

WARNING

The following procedure uses dry-
cleaning solvent, which is flammable

and mustnotbe used near heat, sparks,
or open flame. Inhalation of its
vapors or prolonged contact with
the liquid can cause serious injury.

ah. Clean threads of hypergol manifold car-

tridge container and 9fief port with drycleanlng
solvent (Federal Specification P-D-680).

at. Remove packaging from hypergol mani-

fold cartridge container inlet port closure.
Lubricate (Method L) closure packing with
FS1281 grease (Dew Corning Corp). Install
closure and secure with attaching pin.

aj. Remove pressure test fixture T-5037801
and install closure on inert prefill check valve.
Tighten fasteners fingertight plus 1/4 turn.

WAR NING

The following procedure uses clean-
ing compound, which is volati*e.
Use in a v:ell-ventilated area since

the vapors displace the oxygen in
tile air, resulting in suffocation.

ak. Remove all leak-test compound from

joints and fittings with a elema, dry cloth, or by
llushing inaccessible areas with cleaning com-
pound (MIL-C-81302).

3.2.4 ISOLATION TEST PROCEDI¢._]_
UNINSTALLED ENGINES.___

3.2.4, 1 LOX Irump Seal isolation Test. This
test is re_ired only in the eyrie past

the turbopump intermediate seal is zero. This
test determines if the purge supply or the sys-
tem overboard drain lines are obstructed. Zero

flowrate of the seal is acceptable.

a. With LOX pump seal purge system pres-

surized at 85 _10 psig (refer to paragraph
3.2.3, 3), rotate turbopump shaft approximately
2 revolutions anti repeat leakage measurement
at overboard drain lines. :d ]eqkage i'] within
limits, ccmtinue test. (Refer to paragraph
3.2.3.3.)

aA. Perform, as applicable, contamination
and dan|age prevention procedures outlined in

pa.ragraph 3_ 1A when performing this test.

b. If flowrate is not experienced from both
sides of turbopump tntermedJate seal, backflow
the i_rbopump intermediate seal from LOX
side as follows:

(1) Close LC AIR PRESS ,,,,., (1A5) uettl
l.fOX CLEAN AIR PRESS gage Indicates zero.

(2) Disconnect hose from LOX pump seal
p,rge Interface.
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R-3896-11 Section HI

Paragrai)h 3.2. ,t. 2

(3) On engines not incorporating MD161
change, remove protective closure from ttii;bo-

pump oxidizer inlet, and install oxld,zer pump
inlet test plate 9020163 :.or Incorporating captive
bolts. Torque plate fasteners to 330-43t, in-lb,

(4) On engines incorporating MDI61 change,
rcmove dust cover and install oxidizeirpump in-
let test plate 9020163 incorporating captive belts.
Torque plate fasteners to 330-430 in-lb.

(5) Connect an oxidizer hose between oxi-

dizer pump inlet test plate 9020163 and LOX
PUMP INLET port (1A3).

(6) Disconnect oxidizer seal vent tube from

oxidizer drain tube. Loosen tube clamps, as
required to gain access to oxidizer drain tube.

CAUTION

In the following procedure, the pres-
surization supply line must not be
attached to oxidizer overboard ,L ain
tube at thrust chamber exit.

(7) Connect an oxidizcr hose between LOX
BS LINE port (2All and oxidizer drain tube.

(8) Move L.C. AIR F/M SEL valve (1A3)
to BYPASS.

(9) Slowly open L.C. AIR PRESS R.F..G

(1A3) until LOX PUMP INLET PILE_JS gage (1A4)
indicates 30 (_0, -5) psi.

(10) Move FLOWMETER SEL valve (2A1)
to BYPASS.

(11) Slowly open L.C. AIR HIGI{ PRESS
REG (2A1) until LOW pressure gage (2A8) indi-

cates 20 (_0, -5) psi, and back/low the turbo-
pump intermediate seal from LOX side allowing

flow to go overboard through nitrogen purge
overboard drain line and LOX pump seal purge
internee.

(12) Verify flow h'om LOX pump seal
purge lnteHace and nitrugen overboard drain
line,

(13) Close I,. C. AIR IIIGIt PRESS REG

(2A1) until LOW pressure gage (2A8) Indicates
zero,

(14) Close L.C. AIR PRESS REG (1A3),
and open LOX PUMP F3LEED valve (M_%NIFOLD
BLEED PANEL) until LOXPUMPINLET PttJ._';SS

gage (1A4) decreases to zero. Close valve after
pressure decay,

(15) Disconnect oxidizer hose between LOX

BS LINE port (2All and L_2X drain tube.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

(16) Lubricate (Method A)threads of oxidizer |
drain tube and (Method G) oxidizer seal vent tube |
with lubricant grease RBOl40-012 (Rocketdyne),
and install oxidizer seal vent tube. Torque tube
coupling nut to 1,500-1,800 in-lb. Secvre
clamps, as required.

(17) On enb, ines not incorporating 5,I1)161
change, disconnect oxidizer hose, and re'l-no:re

plate 9020163 from oxidizer inlet by loosening
all aOaching bolts 3 hill turns beforf_ removing
individual bolls. Remove packag'ing from oxi-
dizer inlet closure, and install oxidizer inlet

closure on oxidizer inlet. Tighten closure
fasteners fingc* tight plus 1/4 turn.

(]8) On engines incorporating IdD161
change, discermect oxldizei hose and remo,/e
plate 9020_63 incorporating captice bolts, h'om
oxidizer inlet closure, lasta]l dust cover on
closure.

(10) Recomlect imse to LOx pump seal
purge Interface disconnected in substep 2.

(20) Verify leakage from both aides of

turbopump inter nediate seal as outlined in para-
graph 3.2.3.3.

3.2.4.2 Fuel Q.,rerb_qard I_)£ai!hl_iu_e Iso.iatio_n"
Te_zs.t_. This test is required only in event of ex-.

cesMve leakage h'om fuel overboard drain line,

a. Close tlYD ilI-FLOW SIlUTOFF valve
(lA2).

CAUTION

The IIYD HI- FLOW S}IU'rOFF valve

must be complctely closed befm'e
closing the ItYD Ill-FLOW ItEG_ to
prevent dan]age to pressure reducing

valve 19-0023747.

Procedure .[!c_.sqR

aA. Close IiYD Ill-

FLOW REG (1A2).

IIYD Ifl-FLOW PRESS

gage (1A2) indicates
zero.
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Result

b. Close IMV
CeNT PRESS REG

(2A7) until IMV
CONTROL PRESS

LOW gage indicates
zero°

Ignition mealier
valve CONTROL port
is depressurized.

c. Periorm, as applleablc_ contamination

and damage prevention procedtu'es outlined ill
paragraph 3.1A when performing this lest.

d, 1{emove redundant shutdown valve over-

ride line from between redundant shutdown

valve and engine control valve as follows:

(1) Remow; attaching hardware that secures
line to redundant shutdown valve, and remove

seal plate. Refer toR-3896-3 for handling in-
formation. Retain attaching Lardware for re-
installation if acceptable for reuse in accordance
with section 11.

NOTE

The method for applying lubricant
in the following procedure i:; out-
lined in R-3896-3.

(2) Install pressure test fixture T-5041521
on redundant shutdown valve OUT port. Lubri-

| cute (Method J ) fixture O-ring with lubricant

grease RB0140-012 (Itoeketdyne). Torque
fasteners to 35-95 in-lb.

(3) Disconnect line lronl engine control
valve OVERRIDE port.

(4) P,-oteet line Item contaminants, and

leave line installed on enginv.

e. Remove control valve override drain tube
h'om between tee mid redundant shutdown valve

DRAIN port.

f, Diseom_ect tube from tgmition monitor
valve ATMOS REF port.

Procedure Resutt

g, Open 1MV CeNT Igt:_tlon monitor
PILESS REG (2A7) until valve CONTROL port
IMV CONTROL PRESS is pressurized.

LOW gage indicates
50 J5 psi.

gA. Open HYD tiI- FLOW SItUTOFF valve (IA2)o

h. Open tlYD Hl- ttydrau/ic control
FLOW REG (IA2) unt_A system is pre,_sur-
IIYD III-FLOW PRESS ized.

gage indicates 1,550

_:50 psi. Maintain this
pressure for 5 minutes
minimum while per-
forming step i.

t. Me,filer and record hydraulic fluid le_kagc
at:

(1) Ignitionmoui- 5 cc/m maximum
for valve ATMOS

REF port.

(2) Engine con-
trol valve OVER-

RIDE port.

5 ec/n'l inaxinlulll

(3) Rechmclant
shutdowa wdve

DRAIN port.

2 (n/nl illaxiroul|l

j. Verily that hydrauht fluid has circulated
for a ITlillilnum of 15 minutes to remove oil-

trapped air Irum hydraulic control system be..
fore proceeding with test.

k. Move FOUR-
WAY VALVE switch

(IA1) to START

po,dtion.

Engine control valve
stal t soLe,mid is

energized. NO l
CLOSED and NO. 2

CI,OSED (2A2), gas
generator (]LOSE
(2A3), and NO. l
CLOSED and NO. 2

CLOSEt) (k,A6) lights

go ell. NO, 1 OPEN
sod NO. 2 OPEN

(_A2), and gns gener-
ator OPEN (2A3),
and NO. ! OPEN and

NO. 2 OPEN (2A6)

tight:; (:sine on.

-)
/

)
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1. Repeat stop i. As specified instep i.

m. Open HYD HI-

FLOW REG (IA2)

until HYD HI-FLOW
PRESS gage indicates
i,800 *.50psi. Maln_

tain 'his pressure for
5 minutes mi:)imum.

Hydraulic centrol

system pressure is
increased.

n. Repeat step i. As specified in stepi.

o. Close HYD HI-

FI_)W REG (1A2)
until HYD :[iI_ FLOW

PRESS gage indicates
1,550 ±50 psi.

S_stem pressure de-
creases and stabilizes.

WARNING

The following p_'ocedure energizes

the redundant shutdown valve solenoid,

which causes the valve housing to

imat up. After electrical power has
been applied continuously, the valve
solenoid case temperature can cause
injulT to personnel touehi_g the case.

• If the reduvqant shutdown valve is

kept energized for nmre than 15
minutes, the solenoid temperature
increase will cause the valve to
actuate slower.

p. Press and hold
REDUNDANT SHUT-

DOWN VALVE switch
(IA1)

Redundant shutdown

valve is energized.

q. After i_ydraulie
system has been pres-
surized for a minimum

of 2 minutes, monitor
and record fluid leak-

age at redundant shut-
down valve DRA!rN port.

Leakage past drain

port seal must not
exceed 2 cc/ln.

Procedure Result

r. Release RE-
DUNDANT SHUT-
DOWN VALVE

switch (1A1).

Redundant shutdown
valve solenoid is do-

energized.

s. HOLD FOUR-

WAY VALVE switch

(IAI) in STOP and

monitor OVERRIDE

port for leakage;
then release switch.

Leakage past OVER-
RIDE port must not ex-
ceed 5 cc/m. NO. 1
OPEN and NO. 2 OPEN

(2A2), gas generator
OPEN (2A3), and NO. :[
OPEN and NO. 2OPEN

(2A6) lights go ell
NO. 1 CLOSED and

NO. 2 CLOSED (2A2),

gas generator CLOSE
(2A3), aad NO. 1
CLOSED and NO. 2

CI.£)SED (2A6) lights
come on.

sA. Close I_YD tII-FLOW SiIUTOFF valve

(IA2).

CAUTION

The IIYD HI-FLOW SIIUTOFF valve
must be completely closed before

closing the HYD tII-FLOW REG, 5o
prevent damage to pressure reducing
valve 19-9023747.

t. Close tlYD HI-

FIDW REG (1A2).
HYD Ill-. FLOW PRESS

gage decreases to zero,

u. Close IMV Ignition moL'_tor valve
CeNT Pft.E&S REG CONTROI, port is do-
(2A7) until IMV CON- pressurized.
TROL PRESS LOW

gage indicates zero.

NOTE

The mettled lor applying lubricant in
the re]lowing procedure is outlined
in R-3896-3.

v. Remove phlgs, lubricate (Method A) fit-

tings and (Method G) tube with lubricant grease
H.B01d0-012 (Rocketdyne), and install conlrol
valve override drain tube between tee and re-

dundant shutdown valve DIL4,IN port. Torque
tube coupling nuts to 135-185 in-lb.
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Section III R-3896-11 "

Paragraph 3,2.4.3

w. Remove pressure test fixture T-504!521;
then remove packaging, and install redundant
shutdown valve override line as follows:

(1) Install seal plate between line flange
and redundant shutdown valve OUT pert. Se-
cure line to valve with 4 bolts _nd washers.

Torque bolts to 85-95 in-lb. Safetywire bolts
with Inconel lockwire MS20995N.

(2) Connect line to engine control valve

OVERI¢JDE port. Torque coupling nut. During
last 1/2 turn prior to seating flare, record

maximum torque. Torque must be 50-200 tn-lb.
Continue to torque coupling nut to 270-340 tn-lb
above recordeu torque.

wA. Open tIYD HI-FLOW SIIUTOFF valve
(1A2).

Procedure

x. Open HYD HI-
FLOW REG (1A2)
until }tYD Ifl-.FLOW

PRESS gage indicates
1,,550 ±50 psi.

WARNING

The following procedure energizes
the reduncL'mt shutdown valve sole..

sold, which causes the valve }_ouslng

to heat up. After electrical power
has been applied continuously, tim

valve selenoid case temperature

can cause injury to personnel touch-
ing the case.

CAU TION

If the redundant shutdown valve is

Rept energized for more than 15

mimltcs, the seh.noid temperature

buildup will cause the valve to
actual(, slower.

y. Press and hold
REDUNDANT SIIUT-

DOWN VALVE switch

0AI).

z. Monitor redun-

dant shutdown valve
override line eonnec-

lion for leakage.

aa. Open IIYD HI-
}"LOW REG (JA2)

until HYD }H-FI,OW

PRESS gage indicates
l,O00 _50 psi.

Result

Hydraulic control sys-
tem is pressurized.

I!;_ngh]ecentr()]valve

OVERRIDE port is
pres[-u'ized.

No lc;Jkage is allowable.

Ilydraulic control sys-

tem pressure is in-
creased.

Procedure Result

ab. Repeat step y. ._s specified in step y.

an. Close HYD tiI- System pressure de-
FLOW REG (1A2)until creases and stabilizes.
IIYD III-FLOW PRESS

gage indicates 1,550
¢50 psi.

CAUTION

The following procedure deenergizes
the redundant shutdown valw, _ which

will cause approximately 25 cc of
hydraulic fluid to be expelled from
the fuel overboard drain line. Per-

sonnel must be kept (:lear of drain
line exit.

ad. Release RE- Redundant shutdown

DUNDI,.MT SIIUT_ valve solenoid is de-

DOWN VALVE energized.
switch (1A1).

adA. Close HYD HI-FLOW SIIUTOFF valve
HA2).

CAUTION

The HYD ill-FLOW SIiUTOFF valve

must be completely closed before
closing the HYD III-FIXJW REG, to

prevent damage to pressure reducing
valve 19-9023747.

adB. Close |IYD ItYD HI-FLOW PRESS

lib-FLOW REG (1A2). ga4_,e (1A2) decreases
to zero.

N_9 ?E

The method for applying lubricant in
the followfi_g procedure is outlined
in It-3896-3.

a(:. Remove plugs, lubricate (Method A) ilt-
ting and (Method G) tube with lubricant grease I
RtS0140--012 (Rocketdync), and install ignition
monitor vah,e drain tubr_. Torque coupling nut
to 270-345 In-lb.

af. Complete hydraulic control system leak

and function test a_ outlined in paragraph
3.2.3.8.

Q • ...................._. 2.4.3 Checkou? Valve Isolat!_?n_],e_aJtT_e:2[z

a. 1)isconnect hydraulic hose from IIYD RE-
TURN port (2AI) ai_d connect to ACT & HYD
[IE_ISJIhN LINE port (2A7).
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nrocedure

b, ,)pen HYD HI.-
FLOW SHUTOFF

valve (I.A2). Slowly

open IIYD HI- FLOW
REG until IIYD HI-

FLOW PRESS gage

indicates 1,550 453
psi. Monitor hy-

draulic flukl leakage.

c. Move MSL AIR

F/M SEL valve (1A3)

to BYPASS, and open
MSL AIR PRESS REG

until FuEL PUMP IN-

LET PRESS gage (1All
indicates 80 45 psi;
then move MSL AIR

F/M SEL valve (1A3)
to IIIGII,

R-3896-11

Result

Engine hydraulic con-

trol system is pres-
surized. No leakage
is allowable.

l_tel feed system is
pressurized, and flow-
rate is indicated on
MISSILE AIR FLOW

tlIGII fiowmeter (1A3).

Section III

Paragraph 3.2.4.4

CAUTION

The orifice plate removed in the fol-
lowing procedure is calibrated and
must be protected from contamination

and damage,

b. Itemove attaching imrdware that secures

gas generator fuel duct to No. 2 fuel high-.
pressure duct, and remove orifice plate. Re-
tain orifine pJate for reinstallation. Retain

attaching hardware for reinstailatiot, if accept =
able fur reuse in accordance with requirements
of section II.

NOTE

The method fur applying lubricant in
the Iollowtnff, procedure is outlined
in R-3896-3.

e. Install gas generator fuel feed duct test

plate 9025270, or equivalent, between fuel duet

d. Watt until flow of MISSILE AIR FLOW

ttIGH has stabilized In,' at least 2 minutes, then

measure to_al fuel feed system leakage. Re-
cord results. Use results to compute leakage
past gas generator fuel feed system and fuel
valves skirt and nose seal.

e. Close MSL AIR

PRESS REG (1A3),
and move MSI, AIR
F/M SEL valve to
BYPASS.

f. Slowly open
FUEL PUMP BLEF'_
valve (MANIFOLD

BLEED PANEL).

Flow through IH1SSILE
AIR FLOW flowmeter
(1A?) decreases to
zero.

FUEL PUMP INLET

PRESS gage (1A4)
decreases to zero.

fA. Close IIYD 1[I-FLOW SIIUTOFF valve (1A2).

CAUTION

The H'YD HI-FLOW SlfUTOFF valve

must be completely closed before
closing the ItWD HI-FLOW REG, to
prevent damage to pressure reducing
valve 19-9023747.

g. Close IIYD Ill-. IlYD lit-FLOW PRESS

VLOW REG (lAg). gage (IA2) de('reases
tO zero.

h. Complete fuel feed system leak-test pro-

endure as outlined in paraffraph 3.2.3.12.

3,2.4.4 Gas Gcnerabn" Fuel Fee¢.__llSy.s_tm_!/
Isolation I,-ak Te_t.

a. Perform, as applicable, contamination
mad damage prevention procedures outUned in

paragraph 3.1A when performing tJfis test.

cA. Remove gas generator ball wtlve slmft

fuel seal vent tube connected to banjo fitting on
actuator housing,

and No. 2 fuelhJgh-pressure duct. I,ubrieate

(Method J ) plate O.-rings with lubricant grease |
RB014O-012 (Itocketdyne). Torque plate fasteners
to 270-290 in-lb.

d. Remove plug from fuel duet port GF1, and
install gas generator fuel feed duct adapter
9025271iu port. Lubricate (Method J)adapter |
packing and (Method A)threads of union with ]
)ubrinant grease RB0140-012 (Roekctdyne).
Torque union nut to 75-100 in-lb.

e. Connect a fuel hose bet vcen adapter and
FUEt_ BS LINE port (2A3).

Procedure

f. Open HYD tlI-
FLOW SIIUTOFFvalve

(IA2), and slowly open
IIYD III-FIX)W IU_G

until HYD HI-FLOW

PRESS gage indicates
1,550 4.50 psi.

g. Open FREON TO
FUEL BS shutoff valve

(2A3) until LOW pres-
sure gage (2A4)pointo.

starts to move. Close
valve.

h. Move him SEL
valve (2A3) in BYPASS.

Slowly open FiJEL ItS
REG LOW (2A3) until
I,OW pressure gage
(2A4) indicates 80 _5
psi. Move F/M SFL
valve to ltlGlt.

Result

Engine hydraulic con-

trol nysfem i5 pros-
sartzed,

Refrigerant, Type 12
enters gas generator
fuel feed system.

Gas i;enerator fuel feed

system is pressurized
and tOW pressure

gage (2A4) indicates
80 a5 psi.
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SectionI]I

Paragraph 3.2.4.5

R-3896-11

Procedt[re

i. Using Halogen
Leak Detector

5797934-G1 (General
Electric), or equiva-

lent, monitor leakage
at all joints and fittings
of fuel duct and luel

side of gas generator
ball valve.

j. Using Pneumatic
Flow Tester G3104,

or equivalent, tunas.-

urn and record gas
generator }:all valve
fuel shaft seal leak-

age at gas generator
ball valve fuel vent

port.

k. Verify that flow
on FUEL B.S. LKG

HIGH flowmeter (2A3)

has stabilized for a
minimum of 2 min-

utes; then record gas

generator fuel ball
seal leakage.

1. Move F/MSEL

valve (2A3)to BY-
PASS.

Result

No leakage is allow-
able.

Maximum allowable

leakage is 0.25 seim.

Maximum allowable

leakage is 20 scim.

Flow through FUEl,
B.S. LKG HIGH flow-
meter decreases to

zero.

in. Close FUEL BS RE(; LOW (2A3).

n. Slowly open LOW pressure gage
bleed (FUEL B.S. (2A4) decreases to

BLEED panel), zero.
Close valve 'after

pressure decay.

hA. Close liYD ItI- FLOWSItUTOFF valve (1A2),

CAUTION

The ilYD tlI-FI_',)WSHUTOFF valve
must be completely closed before
closing the IIYD HI-FLOW REG, to
prevent damage to pressure reducing
valve 19-9023747.

o. Close IIYD HI- HYD }II-F[L)W PRESS

FI,OW REG (1A2). gage (1A2) (Increases
to zero.

p. Discormect gas generator fuel dnct_ re-

move plate 9025270, and reinstall luel orifice
and fuel duct on No. 2 fuel high-pressure duct.
Verify that orifice imAalled is the same one as

renie:'ed in step b. Torque bolts to 270-290 In-lb.

3-50 Change No. 8 - 9 September 1970

q. Remove fuel hose from adapter 9025271

and FUEL B.S. LINE port.

NOTE

The method for applying lubricant in
tbe following procedure is outlined
is 11-3896-3.

r. Remove adapter from fuel duct l)ort GF1.
Remove plug and packing from packaging; then

install plug removed in step d in port GF1. Lu-

bricate (Method J) packing and (Method A) |
threads of plug with htbricant grease RB0140-012
(Rocketdyne). Torque plug to 40..65 in-lb.

Safetywire plug with Inconel lockwire MS20995N. !

JcA. Remove plugs, lubricate (Method A) fit-
tings and (Method G) tube with lubricant grease
liB0140-012 (Rocketdyne). and install gas gen-
erator ball valve shaft fuel seal vent tube re-

moved in step a. Torque tube coupling nuts to
135-185 in-lb.

s. Secure system as outlined in paragrnph
3.2.3.12.

3.2.4.5 Fuel Valves Sqdrt and Nose Seal Isola-

lion Leak Test_..

a. Perform, as applicable, contamhmtion

and danmge )_rcveatton pl conduces outlined in
paragraph 3.1A when performing this test.

aA. Remove No. ] luel high-pressure duct as
outlined in R-3896-3.

b. Install fuel valve inlet test plate 9020155
on No. i fuel valve inlet. Torque tc,;t plate

fasteners to 1 _040-1,210 in-lb.

c. Connect a fuel hose between test plate and
FUEL B,S. I_NE port (2A3).

Procedure Result

d. Open tIYD Ill- Engine hydraulic
FlXbW SHUTOFF control _ystem is
valve (IA2) and HYD pressurized.
Hf-FLOW REG until
IlYD HI-FI,OW

PRESS gage indicates
1, 55 ° -_50 psi.

e. Move F/M _EL valve (2A3) to BYPASS.

f. _lowly open No. 1 fuel vah, e is
FUrL IS REG pressurlzed.

LOW (2A3) until

pressure gage
(2A4) indicates
80 ._5 psi.

=.
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R-3896-11 SecflonlII

g. Move F/M SEL
valve (2A3) to HIGH,
Measure and record
stabilized flow on
FUEL B.S. LKG
HIGH Ilowmeter.

11. Subtract leakage
in step g from leakage
in fuel feed system
leak test, paragraph
3.2.3.12, step aj.
Record results.

i. Close FUEL BS

REG LOW (2A3), and
move F/M SEL valve
to BYPASS.

J. Open bleed valve
on FUEL B.S. BLEED
panet; close valve after
pressure decay.

Leakage past No. 1
fuel valve skirt and
nose seal must not
exceed 15 scim°

Leakage past No. 2
fuel val_e skirt and
nose seal must not
exceed 15 selnl.

Flow through FUEL
B.S. LKG HIGH flow-
meter (2A3)decreases
to zero.

LOW pressuregage
(2A4) decreases to
zero.

k

l"
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_-3896-11 Section III

Paragraph 3.2.4,6

(

JA. Close HYD Ill-FLOW SHUTOFF valve
(1A2).

CAUTION

The HYD HI-FLOW SttlJTOFF valve

must be completely closed before
closing the HYD HI-FLOW REG, to

prevent damage to pressure reduc-
ing valve 19-9023747.

k. Close HYD ItI-

FIA)W REG (IA2).

HYD HI-FLOW

PRESS gage (1A2)
decreases to zero.

1. Remove fuel valve inlet test plate 9020155
from No. 1 fuel valve inlet, and Install No. l
fuel lfigh-pressure d._ct as outlined'i" R-3896-3,

m. Secure system as outhned in paragraph
3.2.3.12.

3.2.4.6 Gas Generator LOX Feed System
Isolation ]_'_k"T--e-sE "W-h_-n-af_t_i:%_ ]-_

specified in this procedure, Pneumatic Flow
Tester G3104, cr equiv',lont, must be used.

a. Perform, as applicable, contami_mtlon
and d_mage prevention procedures outlined in
paragraph 3.1A when perlorming this test.

aA. Disconnect ball valve shaft oxk[izer seal

vent tube from bmqo fitting on gas generator
ball valve oxidizer vent port.

_O'I'E

The orifice plate removed In the
following procedure is calibrated
and must be protected from con-
L'tmtnatlou and damage.

b. Remove attaclfing hardware that secures

gas generator oxidizer duct (duct end) to No. 2
oxidizer high-pressure duct, and remove 2
seals and oriilce plate. Retain aitachinz I -.rd,.

ware for relnstallation, If acceptable for re-
use in accordance with reqtdrement of sec-
tion lI. Maintain orifice plate in an oxidizer-
clean condition.

NOTE

The method for applying lubriem]t in
the following procedure is outlined
ill R-3896-3,

c. Install gas generator oxidizer feed duct

test plato 9025266, or equivalent, between gas
generator oxidizer duct (duct ena) and No. 2
oxidizer high-pressure duet. Lubricate (Method
J) plate O-rings with lubricant grease

RB0140-012 (Rocketdyne). Torque plato
fasteners to 120-130 in-Ib,

!

d. Remove ph_g from port GO'ta on gas gener-
ator oxidizer duct (valve end). Lubricate
(Meflmd J ) adaptec packing and (Method A) |

threads of union with lubricant grease RB0140-012
(Rocketdyne) and install gas generator oxidizer

feed duct adapter 90252,q7, or equivalent, in the
port. Torque union nut to 75-100 in-lb.

e. Co:mect an oxidizer hose between adapter
acd LOX B. S. LINE port (2A1).

Procedure Result

I. Open HYD Ill-
FLOW StlUTOFF

VALVE (1A2). Slowly

open tIYD III-FLOW
REG until HYD ttI-

FLOW PRESS g,_J_
indicates 1,550 _50
psi.

Engine hydraulic con-

trol system is pres-
surized.

g. OlYen FREON
TO LOX B.S. sbutolf

valve (2A1) until l_OW

pressure gage (2A8)
puinter starts to move;
then close valve.

Refrigerant, Type i2
enters gas geuer_tor
LOX Ieed system.

h. Move FLOW-

METEH SEL vah,e
(2A1) to BYPASS.

Slowly open L. C.
AIR LOW PRESS

REG (2A1) until

LOW pressure gage
(2A8) indicates 00

:_5 psi. Move FI,OW-
METER SEL valve
to l,OW.

Gas generator LOX
feed system is pres-
surized, and I,OW
pressure gage (2A8)
indicates 80 15 psi.

Change No. 8 - 9 September 1970 3-51



m mm_CalnR_A_W •

Section lII

Paragraph 3.2°4°7
R-3896-11

lh'oceduI_t:

i. U_ing ttalogen
Leak Detector

579793,t-G1 (General

Electric), or equiwl-
lent, monitor leakage
at all joints and
fittings of LOX feed
system and oxidizer

side of gas gener-
ator ball wllvc.

Result

No le',_:age is allow-
able,

j. Using flow-
(r-es[e l'y trh3asure

combined leakage

past the gas gener-
ator ball valve oxi-

dizer shaft seal
(ball side) and tile
oxidizer to _¢CtlhqiflF

housing seal at
VENT port. Record
leakage.

Maximum allowable
leakage is 10 scim.

k. Verify thai flow on LOX B.S. LEAKAGE
LOW PRESS flowraeter (2A1) has stabilized for

a minimum of 2 mhmtes; then record total gas
generator oxidizer feed system leakage.

i. Subtract h?ak

age recorded in step
j from leakage re-
corded in step k.
fI,:,eord calculated

leakage,

Maximum allo_vable

calculated leakage
past oxidizer ])all

seal is I0 seim.

m. Move k'LOW-
METER SEL valve
(2AI} to BYPASS.

["low through LOX
B.S. LEAKAGE LOW',
PRESS flowmeter
(2All decreases to

zfJro.

n, Close L.C. AIR LOW PRESSREG (2All.

o. Slowly opetl
bleed valve (LOX It. S.

I?iLEf.:D panel). Close
vah,e after pressure
decay.

LOW i)ressure gages
(2A8) decrease to
Zero.

oA. Close II'tD ilI-FI,OW SIlUTOFF valve
(IA2}.

CAUTION

ItI-FLOW SHUTOFF valve ,)_tt'YD

must Ire completely closed before

closin{-: /he HYD lit-FLOW REG, to
prevent aamage to pressure reducing
valve 19-9023747.

Procedure Ftesult

p. Close tfYD Ill- HYD t[I-FLOW PRESS
FLOW REG (1A2). gage (1A2) decreases

to ZerO,

q. Disconnect gas generator oxidizer duet

(duct end) from No. 2 oxidizer duc G and remove
adaptor 9025266.

r. Remove llaekaglag and verify that orifice

plate is tilesame as orifice plate removed in

step b; then installorificeplate and 2 seals be-

lween duct flanges; torque fasteners to 120-130
in-lb.

s. Discommct oMdizer iK_So fi'onl between

adapter and LOX B,S. LINE port (2A1).

NOTE

Tile nlethod for applying lubricant in
tile following procedure is outlined
in R-3896-3.

t. I/enlove adapter 9025207 from porl GOla )

on gas generator oxidizer duct (valve end), and
install plug removed in step d. 1,ubricate
(Method J) packing and (Method A) threads of |
plug with lubricant grease RB0140-012

(Hoeketdyae). Torque plug to 40-80 in-lb.

_¢ E I

Safelywire plug with Ineonel ioekwire MS209,%N.

u. t¢.ewove lflug, luhrieate (Method A) banjo
fitting throad,__ and {Method G) tube with luhri-

cant grease 1tE0140-012 (t{oekefdyne), and con-
neet ball valve shaft oxidizer seal vent tube to

banjo fitting on gas generator ball valve oxidizer
vent pnrt. Torque tube coupling nut to 135-185
in-!b.

v. Secure system as outlined in paragraph
3.2.3.13.

3.2.4.7 Q:_.it.t.iz£r..y_lvedcS!dyt _.o.cJ.N2se Sc_
Jaolati51nL_e'2_.!"xTe, st_. This test is performed
(rely if required by tire LOX feed system leak
test (par:.graph 3.2.3, 13),

a, Perform t as applicable, eoniaminalion
and damage l)revention procedures outlined in

paragraph 3.tA wilen performing this tesS,

aA. Renlove No. I oxidizer high+pressure \
duet from engine as outlined in R-3896-3.
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R-3896-II

b. Install oxidizer valve inlet te._t plate
9020156 on oxidizer valve ixflet. Torque test
plate fasteners to 1,040-1,210 in-lb.

c. Remove oxidizer hose from adapter
9020163 on oxidizer pualp inlet. Connect hose

to adapter 9020156. Pressure cap open port
on adapter 9020163,

cA. Open tIYD It-I-FLOWStIUTOFFvalve (IA2).

]'_rocedlll'e
----____i

d. Open IIYD Ill-,
FLOW REG (1A2)
mRil }IYD ItI-FLOW

PRESS gage indicates
1,550 >50 psi.

Result

EngiJie hydraulic con-

trol system is pros-
surized.

e. Move I, C. AIR F/M SEL vah,e (1A3) to
BY_ ASo.

NOTE

In the following procedure, if leakal,e
is less than 30 seim on LOX CLEAN

AIR FLOW flowmeter (!A3), Pneu-
matic Flow Monitor G3131 may be
used.

f. SlowZy open

L,C, AIR PRESS
• REG (1A3) until

LOX PUMP INLET

PRESS gage (1A4)

tndlcs*es 80 _5 psi.
Move L,C. AIR
F/M SEL valve

(1A3) to ttIGlI.
Measure and record

stabilized fhn_ On
I_)X CLF, AN AIR

FLOW Ilowmeter

(IA3}.

g. Subtract le_-

age _n 12Dx feed sys-

tem leak test (para-
graph a. 2.3.13, step
k) for No. 1 valve

from leal:_Jge in slept.

h. Subtract leak-

age in step fplusleak-
age In LOXfeed system

_eak test (paragraph
3.2, 3.13, step k) ior
No, 2 valve from can
culated skirt m_d ,ose

seal leak_;e (par,_,)'aph3.2.3, 13, step z).

Leakage past No. 1
oxidizer valve skirt
and nose seal and

actuator rod oxidizer
seat is indicated.

I,et'.-kage past No, 1
oxtdizer valve skirt
and nose seal must not
exceed ,56 scim.

Leakage past No. 2
oxidizer valve skirt

and nose seal must not
exceed 56 seim.

j_roe edur£

Section III

Paragraph 3.2.4.8

i. Close L.C. AIR

PRESS REG (1A3)_ and
move L.C. AIR F/M
SEL valve to BYPASS.

j. Open LOX PUMP
BLEED valve (on MANI-

FOLD .BLEIED PANEL),
Close valve after pros-
sure decay.

.Le,__aul_

LOX CLEAN AIR
FLOW IEGH flowme/er
(1A3) decreases to
ZerO,

LOX PUMP INLET

PRESS gage (D_4} de-
creases to zero.

jA. Close HYI) Ill-FLOW SHUTOFF valve
(1_'_2),

CAUTION

The HYD ttI-FI,OW SHUTOFF valve

must by eoml)letely closed be;ore
closing qw ttYD HI-FI,OW REG, to
prevent damage to pressure reducing
valwr 19-9023747.

k. Close HYD ttI- IIYD II;-FIX.)W PRESS

F1,OW REO (IA2). gage (1A2) decreases
to zero,

I. Remove oxidizer hose and adapter.

m. Reinstall N:), 1 oxidizer Iflgh-pressm'e
duct as outlil,ed in R-3896-3,

n. Secure system as outlined in parav, raph
3.2.3.13.

3.2.4.8 Oxidizer Dome Put cgSL_C'.[afc__k.Valvg_
.Is o lK(i9 f)_I_,£.gk_T_.e__,

a, Perform, as applicahle, contamlnMion
ned damage prevention procedures outlined in
paragraph 3.1A when performing tiffs test,

•aA, Remove clam,; timt t;ec, :'es No. 2 oxi- |
dizer dome purge line to support bracket, lie-

lain attaching hardy,are for reinstallation, if
acceptable €or reuse h! accordance with require-.
ments outlined in :ruction It.

b. Renlf)ve atiacillng hardware thai secures
Nn, 2 oxidizer dome purge line to No. 2oxidl,er
dome purge check valve, and carefully remove

orifice plate. Relain attaching hardware for re-
installation, if acceptable for reuse in accord-

ance with requi_ emenls of section lI,

e. Using lhmm_mt/e Maximum allowable
Flow '/'ester O310't. le_kage is 10 sctm.
measure revm'se-llow

leakal,e of No. 2 oxi- |
dizer dome po, ge
check valve at check
valve to line interface.

d. If leakage in step c Is more tlmn 10 sclm,

replac_ No. 2 oxidizer dome purge ehcckvalve
as oul] ned in R-3896-3.
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SectionIII
Paragraphs3.3 to 3.3.1.2

R .3896- 11

e. Subtract te',tkage obtained in step c for
No. 2 oxidizer d)m,_ purge check valve gate
b'om leakage obtained la thru,,A ('halYLber l)nea-

matte leak test (paragraph 3.2.3.17, step p)
to obtain leakage for No. 1 oxidizer dume purge
cheek xalve gate. If leakage of No. 1 oxidizer
dome purge check valve gate is more than 10

scim, replace No. 1 oxidizer dome purge check
valve glare as outlined in R-3896-3+

f throu_,h h. (Deleted)

l, Rem(mc iLackaging and install No. 2 oxi-

dize" valve dome purge line as follows:

(1) Verify a]inement of lilt(.' as outlined in
It- 3896-3.

(2) Install same orifice |)late as removed

between line and oxidizer dome puei;e cheek
valve. Secure llne tu valve will] 4 bolts and

washers. Torque bolt5 to33-39 in-lb. Safety-
wire bolts with Inconel hmkwire MS20995N.

j, Continue tcst in paragraph 3.2.3.17.

3.3 INST/+I,.LI_D-ENGINE 'I'E,ST 1 I(- CI Ill I¢.LS.......................... '---L. U_:. _..."__'..

(' r_ )NDtl

Section II must be reh:rred to for

vequh'emelHs o[ purge syslems
_p:mifled in steps of leak and fun,:-
tioa lord lli'oeerJttl'{!L+ for irmtalled

(.'Ili_lae,q tmless oihorwt:_o .'-,pceitlc([.

3.3.1 EI,EC'fltlCAL TESTS I,'OR INSTALIA,H)
!,;g ()!N_,_?---(s,.,77u_i/:&S- :i- _ iEVii_gii3- Hi}.......

3.3.1. 1 l"light hmtrunu,ctatmn System Funetmn

TQSt___._2. I est lb[ I ]lt(qlt ItlOIl iI_ed Io l)erform

the flight instt umentatinn system function test
aet)vlty is pl'ovidt'd by the Stage Contrach,r. The
test ,tctivity wllell etm]phqnontt,d hy vriteria
reicc,,nvod in seetmn II requires no additional
llLbll'll('ti(JllS; therefore, Ill) L'e/'oll'llllelldaliollS are

ln'ovvh'd for the ntelho(l o/ accompli:;hnLIt tiffs
a.etivii:r.

3.3. I. 2. 'Furtmtmmp ]Icat,,r I"unetme Test.

a, [)rovido ilLSII'UnIClI[tIIIIH1 it) lil()lltlof

tUI'IJoIlUIeIL heater lherm[n_lat eyvhnli as isdl-

(.'_t[l-d by No. I beaL'llll_ _etLljtc+rahtro transdue(,r

at tssll.ttniolltatilin tall t+_l.

12 ro__2_'e .(.ItA r {' I t£ s t...2tt

b, Provide ]90-220

vat' lt} c_{{ql turlL{lt)llSllJ

hvater (qr,ment (J800,
piHs (2and D, for No. 1

healPv aild pills l", AII{[

I" for No. 2 hoa{cr).
MollltOl + ittld ]'OCOFd
Clil'rett_ fl:'all) of e;l.(h

]ff'ator ('l('JlteHl.

,('I.tFFOlli dl';tJD must

|iv within 7.5 ,2, 5
allll)Ol'es lol' each

}l(%l I ('1' t'lenlcld,

NOTE

|I ,lllthlClll h'tslJ{'t'aluL(, l:J a|)ovo 8[_ _ 1:,
the heatvr may not cycle. 'l'h{,vmov;lals
('all flu ('OOJ('fJ ',villi a SIJL'ay veli'ilwvant,
Type 12 {}"t,fhii%l] Npt,ellleatl<)l)

IH._- F- t421 ) ai)ptied in sh())'t i){trMs
dn'ec+ly on tim thermrtsfat,

c, Allow b(,arinlI
heat(,r;-, {o cyeh" :1
IJnlcb, l_c)t'_lL'd inilll-
DI_IJ+ll +._ilfl IllHXlllltlltl

hc'ar iJ)g l('u)lJeralul'c,.

ThoF InOL;I Dls Illtl'iI

t3Jvk Up ail(i Cl_'()[) lid

at a N(). I beariJW,
t(uult(,L'atur+) (.if
],(,lwet,rt (i,¢(' aed
180 ° Fas i)fflicate0

at i11_,[ r_.l DIOII| :L[ I till

tap LSI.

tl. l{t',lrtove ae pmv(,£' supply to each heater
elo+nlent.

e. Secure turbopump bearing heater current
drain and temperature instrumentatlra.

:)
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3.3, l, 3 H.__(_PI Installed S_viteh Fmlction
Test.___=.

a. Provide equipment to supply and rnf_ilitor
28 .t4 wic to h$1_ergol c:u'trldge switch (,119,
pins B and C, at engine interface).

aA. Perform) as applicable, cor_taininatlon
and dare]age pre_,ention procedtwes outlined in

l)araprai)l) 3.1A when performing this test.

b. Remove pin and closure from hypergol
manifold cartridge inlet port.

WARNING

'l'he l_)llowing procedure u.',es dry-
cleaniz_g solvent, which iv flam-
mable and roust not 'CO used ileal"

]l.,2at, sp,li'ks, or oi)t,n it,into,

hlhalati,m of its valior_ or ptolunp.ed
Colita(,[ _¢ith the liquid (':ilk C;tuse
serious i!l] tlry,

l_'O'l,E

'lqm meth_ld fur itpplying lubricant
in th(, follo,.vi_lg l)rocedure is t_ut.-
Iitl,,d ill 1_-3fl96-3.

e. Ch,an Ihreads of hy}_erp, ol m:mifokl (':(r-

trill[lit ('oid;tin('r inl('( l)orl with th'ycleanitll(
solvlmt (l,'e(lt, ral Specifi_:;ithm ILI)-6110).

| l,ubr'.cat(, (Mi,lhed A)ihre;t(h; with luhric,(nt
{;rem';c 1(I30140_012 (ttorlmiclyno),

CA TYI'I(')N

(
%

Whoa illstalli,lp, llm hyl..rl:,,_l sy,',-
ten_ lest tool into tilt. hypt, rl._ol
nianifokl t,a rtridl.,,e conlainl:r hlll't
port, c'×l_'eilm core iiitlst tie us('¢l
ie prevclg (lill'lI{lfft' iO the hyp[,rgol
cartridge follower

I 'rl,o thre,a(Is ,If tile LeSt trJol r;Jp
must be cle;tn lind h'ee (if llicks

to prevent |l:.lllillg tile thtieads o[

the eat) and _nlet port.

d. M:xke sure that threads of test-tool cap
are clean and free oi nicks; then hbricate

! (Method L) cap packing with F81281 greane

I_-3896-11 Section YlI

Paragraphs 3.3.1.3 to 3.3.1.4

(I)o_v Cor_lng Corp) and carefully insert hy-

pergol system test lool 9021279, or equivalellt,
into hypergol manifold cartridge container inlet
port, and screw cap (clockwise) onto ildet port
until cap bottom,_.

e. Supply 24-30 vdc to J19, pin 13. Monitor
Jl,q, pin C, for zero voltage.

f. Depress and hold lever of te._,t tool monitor
Jig, pin C, for presence of 24-30 vdc.

g. Release lever. Miolfitor ,119, pin C, for
zero voltage.

h. Remove dc voltage from Jr9, phi B.

l. t?emove hypergol system test tool.

WAIINING

't'he following pro¢'edure uses (Iry-
eleanintl solvenlj wl'tlcll is fiain-
mahie and liiost not be used ne/tr

heat, _'_parks, (ir open flanlfj. In-
hal,ilion €)f Its vaporl; or prolonged

contact with tile ltqtiid (:an ran,to
serJous tiajury.

J. Clean threads of hylicrgol m:_nifold car-
tridlm eolltahler ild,_t port witt_ drycleaning
solvenl (f,'vlteral Sp(,ctfi('ution P. D-680).

k. tienlf)ve liackai;inl; fl onl hypcrgol manifold
carh',idgc, eouta|ner hilot port closure, l,lihri- |
,'ale (M.elhnd L) (Jlosill'e pa('khlg v,,llh FSll81 Ig:ease (D(iw Corntlil ¢, (7ol'p). hl.<;tail ('lOl, tlrc

anti /irrupt wiih _ltl,'tchtllp phi.

3.3.1.,1 Checkout Valve Thllliig 'l_o__[:

a. Pruvid(, hlslruluenlatlon to inonitor posi-
tioll indicator_; of engine cheekoi,t valve (,I-18,

pin }', engine returil po_iiton output, and pin _,
[,q'otln(I returll l)osttiol_ output, at ella+hie

hiter I'ace).

aA. Perfornl, a_ lippllcable, contamination
and dfliiiItge prevei_tloil procedures outlined h_
parai,>ratih 3.1A wheil performing tills tt,_st.

b. f.:onnect a drain hose between quick-
disconnect oil diecl+.oltt valvt, return, kose alld a

facility drahl,
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Section III

Paragral)hS 3.3, I.5 to 3.3.1.6

CAUTION

TO pl'eVollt fluid flow late ihe engine
propellant fuel sy_';tenl, hydra,tile
fluid must not be supplied to the en-

gine hydraulic ground supply inter-
face during thlc test.

Procedure Result

C. Suplfly 24-.30 vdc lo Travel tinlo IS 0, 5

J18, pins p (+)andt (-} to 3.5 seconds,
at engine l.,torface,

and cyclq elleckout
valve ft'onl gronnd

positlnn to engine

position, and record
its travel Ihne.

d. Stlpply24- 30 vdc to Travel time i,,i0.5

J18, piasq (4)Andt (-) to 3.5 seconds.
at ellgille-{llteFtac_,

and cycle checkout

valve fl'Ol)l Cllghw
position to groand
positloa, and record
its travel time,

e. Repeat *_teps c aid d 2 additional linK's.

f, Remove de veltal;e from ,118, phisl.

jr.. Turn off lnAl'umentation.

h. R{,movo dl'abl hose (installed in ,_;tep b)
l'ro)ll qllh'l{-diSCOllae(_t. I{elilOVO 1)rt_s,_,llr(, _ C'II)

fr,,m packaghlg_ aid install p:ressur(, cap on
quh'k-dlsconacct. Torque l)Z,t,ssuro cap to
30-40 it--lb. ;;afctywlre pressure cap with
Ineonel ]ockv,'trn MS20995N.

,1.3.1.5 S.23f0ty Uij'c_t\!t:.¢ .b'uj.\[}ttJ_)..'Y_:.st. Verify
functionally or electrically that cut,fit by safety
circuits or r_M lines (l_slcd iu section II) i_;
atLqined whoa it mall'unctton _(.,.'w_;. Rt,fcv io

,,mellon 1I for dr,tall requlremcnl.%

a. 3.1.6 t_,}aa__,h_LoS,.,9,.>_eeV_,2r__if_Lca_i2,±'2'e_t=

a. liemove protective €:lo:;ut'en iL'olll flyer-

baaed drain line:; and thrust chaml,ar throat.

aA. l)el'tDrnl, ItS aPl)llenble, coat_lnlJq;ttiolt

and tktmage preve_flloa pz'ocedure.8 ot,iihmd in
paragraph 3. IA when lmrtornltng thls test.

b. Verify that shtge pre-valw,ll are tloscd;
then vent the fuel feed system hetw,mn pro-
valves and engine fuel valves during tltt't tent by
installing dralahoses on No. 1 aid No. 2 fuel
high-pressure duct drain qttlck-dlzcnnacct.%

bA. Remove pres'amrc cap from_ and atL'tch
a drain hose to, the following quick-dlscommcts:

(1) Clleckout valve engine retulm Imam
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CAUTION

ht the following procedure, (hiring re-
nmval of the _s generator ball valve

fuel islet quick-disconnect pressure
cap, the qmck-diseonnect body must
not be allowed to turn since a torque
decrease between quick-disconnect
body and adapter or aekapter and gas
generator hall valve fuel housiug
can result in seal leakage.

(2) (;it;, generator ball valve fuellnlet tb'ain

c. Renmve electl.ical collllector front engille

checkout v,llve actuator.

d. Simulate timt gas generator and nozzle
extension Igniters are installed.

e. Remove pin and closure from hypergol
mani2%ld cartridge container inlet port.

WARNING

The fallowing procedure uses dry-
cleaning solvent, which lsflammable
lHId nltlst Rot be used ileal" ileal,

sl).;rk_, or apes flame, h|halatlon
of its vapors or prolonged contact
with the liquid can cause serlo,s
Injury. )

NOTE

The method for applying lubricant tn
the following procedure Is outlined
In R-3896-3.

f. Clean threads of hypergol manifold car-

trldl;e coutainer Inlet port with drycleaning
:mlvcnt {Federal Speeiflcatlon P-D-6_0). Lubrl-

cite (Method A)tin'earls with lubricant grease |
RIi0140-01 ? (Rocketdyne).

CAUT1ON

When hmtalllng thr hypergol system
test tool into tile hypergol mamfold
cartridv, e container Islet port, ex-

tr(,me c,are must be used to pl'event
danlal._e to tile hypergol cartridge
t_tJlower.

• The threads of the test tool cap must

be cleau and free of nicks to prevent

galling the threads of the cap snd
Inlet payt.

g. Make sure that threads of lest-tool cap are

clean and free of nicks; thenlubrieate (M,'.thod L) |
cappackingwlth FS1281 grease (Dew Cornlng Corl_; ;
and carefully insert hypergol system test tool /

0Y_l.. 19, el equivalent, tnfo hypergol manifold
9arh'ld_e coatatncr inlet oort. andscrew cap
_clockw_fsc} elite Inlet portu{ttil cap bottoms.

D

.!
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R-3896-11 Section III

(

t

h. Simulate that hypergol cartridge is tu-
stalled by depressing handle of test tool

9021279, or equivalent,

i, Remove pressure cap from and connect a

gaseous nitrogen supply (MIL-P-27401) to lgni-

tmn rectifiervalve CON'rROL port quick-
disconnect.

j. Turn oil tqrbopunip LOX seal ptlrgc.

l)l'€}t,odtl i.e.

k. Pressurize

on!;nle hydrauhc
cuntrol _ysloll_ to

provide hydrau he
fluid at 1,550 J50
psig,

Result

Engine hydraulic
centre[ system is
i)resstlrized.

I. l)rovidc ln.4trlleli?lltatieo for lilonilorillg

tllid enghlc l)rOllCllant vliives, oi_ghn, coiitrol

valve, rodtlndallt _huldown valve, _'lwckout
valv(._> alld hypergol lnstallt!d swilch. (St(,
fjgiit'eS 3-3 And 3-4. )

i m. SIlnuhtle or turn on operational low-

level I,OX dolne Slid gas geaer.'llor I,OX Injf+'ctot*

purgo.

NO'J'E

Shnulat,, is drfinod a.<,phluonKqll el
tlllr[v.n control vaivt,s in a I)osiilfiii

liial will allow the; sequcncinff re-,
qnlrcd with l)urt(o control llr(_sstll.t)

at zero ll,',tg.

n Sininlale lhat enfilno chcckout wllvu
travel:, to engine position.

o. Monientarily supply 500-750 vac, te each

gay; generahir and each rlezzle (,xte,ibh;:'. iglltter
sir_lulator; ilion verify igniter firing volt;ti_,e
l)rcsencc lit each Igniter siranlator.

II p. Supply 24-.30 vdc to engine control valve

start :_olenotd (.1-18, pins n (il slid n).. (-')Ill

¢JIn.rlllt ' iiiterfllce), ]-{ecoi'd oxidlzf;r valve altd

gas {rellel'ator ball valve openlilg ill"lieS and

sequence times frolllenglne control valve start

signal.

q. Sinmlate hypergoi burst by releasing
plunger of hypergol test tool, or equlwilent.
Verify that hypergol insta'led switch is de-
energized.

r. Supply gaseous ittirogen (MIL-P-27401) at
50 :,10 pstg to ignition nlo:litor wilvn CONTRO.L

port. Record [uel valve opening times.

s. Supply gaseous nitrogen (MIL-P-27491) at
1,240 ._30 pstg to thrust OK preqsure switch

checkout conriection. Verify No. 1, No. 2, and
No. 3 switch plcknp.

t. Remove dc wiltage from J-18, pin n, snd

supply 24-30 vdc to cngdno control valve "Stop Ii
solenoid (J-18, pie g (i) and k (-) and redundant
shutdown valve soleii'oid (j-10-, pins D i-i) and
L (-) at engine interlace). Record fuel valves,

gas generator ball valve, and oxidizer valve
t:loslng times.

u. Record time delay ft'onl engine control
valve stop solenoid sigmal to valve moyement.

v. Remove dc voltage frora J-18 and J-19.

w. Vent _,lseoas Ilitrogen supply pl'osflure

from tiirusl OK pressure switch checkont supply

system. Verify No. l, No. 2, andNo. 3 pros-

sure ,'iwilchdropout (J-20, pins E nnd F; J-142,

pins A anti P,; and ,T-174, pins A and B).

x. Decrease gaseous nitrogen SUllplypres-

sure to Ignition monitor valve CONTROL port

to zero, and renn)ve nitregnn supply ]in(;. i!e- |
move pressure cap from packal,,'tilg slide lsstall I
pre._sucu cap on CONTROL port quick-
discomlect. Torqae pres,<awe cap to 30-40 ft-lb. I!
Sqfctywire i)rc};sure r;Ip wiih lncoaol loek',vlrc !
M;'J20995N.

y. l)(!proBsurlze engine hydratilit: ceiltrol
sy.llenl0

Z, Tern rift tklrlioi)tllnp I{)X seal purge.

lie, Ttlrll oil operational low -level LOX dnme II
and gas lienerator LOX Injector purge,

:lb. Ronlove hyfu,rgol system lest tool.

WARNING

Tile following precedllrP uses dry-
eh}anhlg solve, lit, whtch is flalll-
mpblo .'ind mast llol lie liscd nesr

beltt, spat kfJ, nr epell [ltime. In-
halltilon of Its vapors or prolonged
conkact with the liquid can cause

serinus injury.

an. Clean threads of hypcrgul manifold ear-.

tridgo container inlet port with dryeleanlng
solvent (Federal Specification P-D-080).
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SectionIn R- 3896- 11

Paragraph 3.3.1.7

NOTE

The method for applying lubricant In

the h)llowing procedure is outlined
in R-3896-3.

ad. Remove packaging from hypergol mani-

fold cartridge container inlet port clusure.
Lubricate (Method L) closure packing with
FS1281 grease (Dew Coming Corp). Install
closure aed secure with attaching pin,

ae. lleinstall overboprd drain covers and

thrust chamber throat security closure (par'a-
t graph 3.6,13).

af. Reinstall engine electrical connector to
eng'ine checkout valve acts'Rot. [hder to
R-3896-3 for installation method of electrical

connectors. Torque cnnnector to 60-68 in-lb.
Safet_vlre connector with Inconel loc_vlre
MS20995N.

ag. Itemove drain hoses installed in steps b
andbA. Remove pressure caps frompackaglng_
and install pressure caps_ except for _,q_s gen-
erator ball valve fuel inlet drain, on quick-
disconnects. Tnrquo pressure caps to 30-40 it- lb.

ah. Lnbr:cato (Method A) threads o( gas

generator ball valve fuel inlet dratn quick-
disconnect with lubricant grease R130140-012
(l:tocketdyno_ or FS1281 grease (Do'# Corning

Corp), and install pressure cap. Torque pres-
sure cap io 210-230 in-lb.

ai, Safetywire all quick-disconnect i)reflsare
caps with Inconcl lockwire MS2099bN.

It. 3.1.7 I_siier Test.

!

WAI_NrNG

A shorting or shielding cap must
be installed on igniters at all times

except during iesting or i[_llter
harness connection, to prevent
accidental firing resulting In
inlury to personnel slid damage
to equipment.

NOTE

A shielding cap must be used on
tg_flters at KSC dm'tng igniter
lnstallrtion and _mtil igniter
harness is connected.

a. Observe all safety precautions; wear
protective clotlflng specified in section 1I.

b. Cheek that 6 mnuths have not passed
since igniter was removed from container.

Igniter must be tagged with date of opening
ef hernletically sealed container.

c. Visually inspect igniter, and reject
igniter if any of the 1ollowing conditions exist:

(I) Iga_iter closure damaged

(2) Receptacle llweads damaged

(3) Receptacle pins bent or loose

(4) Gasket or gasket seating surfaces
nicked or scratched

!

(5) Overage (2 years maximum)

d. Dslng High-Voltage Igniter Tester G3153,
or cqnivalenl, perforp ,', "urrent and resistance

test ms mlillnod in ste, ,_ ,. O_rough j.

WARNING

The Igniter must be in a vented,
clnsed metal container or behind a

protective shield during tilecarrent

and resistance test to prevent injury
to personnel during accidental firing
of the igllJter.

NOTE

Prto n Hw test, veriIicalhm must
be made that the tester has bees

calibrated accnrdlng in the tnstrtlc-

lion plate on the te,'Jtor. The Igniter
and tester connector cndfi must be

dry when the Igniter Is tested.

Pr ocedur.£. Result

c. Set tester to Meter indicates le_'_s

NO F/RE TEST posl- titan one milliampere.
lion to check squib

circuit (plots B to D)
at 250 volts.

1. Select FIRE Meter indicates 3.5 to

TEST position to 8 milliamperes.
check t_qutb circuit
(ptns B to D) at 500
volts.

g, Select I INSULA- Meter indicates 100

TION TEST position megohms minimum.
to check pin Dto shell.

)
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R..3896.-11 SectionHI
Paragraph 3.3.1.8

(

(

Procedure Re._ult

h. Select 2 posi-
tion (linl,) to check
pin C to shell,

Meter Indicates 10O
megohms minimum.

i. Select 3 posi-
lion (lhtk to squib} to
check pin B to A.

Meter Indicates 1O0
megohms minimum.

j. Select LINK
position tn cheek
pin A to C,

Meter indicates in
gr_3ell area.

NOTE

To proveat overexposure of squib
and diode to checkout current in

the FIRE TEST positlon_ the tester
Incorporates a delay thner circuit.

Before rejecting all It,miter, repeat
steps d tlu'ough J.

3.3.1.8 _12)er tlg2Lit_e3.'.'rest_..

a. Vmu:dly Inspect inert igniter, aad reject
inert igniter If any of the following conditions
exisl:

(1) Igatter closure damaged

(2) Receptacle threads damaged

(3) I_oeeplacle pins Imnt or loose

(,1) Gasket or Ra_ket tJeating surf;wcs
nicked o_ scratched

aA. Remove shorting or shielding c:_p aud
coanect inert Igniter to High-Voltage 15mltcr
Tester (;3153, or equivalent.

NOTE

A shielding cap must be used on

tgnlter:J at KSC during Igniter
hxsta]latton and until igniter
h_|raess iS connected.

(
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R-3896- 11 _3eclion Ill

Paragraph 3.3.1.9

(

(

PF(K'edL] I'e ltesutt

b. Turn TEST

SELECT switch to

NO FIRF, TFST po-

sition, and press
POWF, R and TEST

switdl(q,.

POWER light comes

on asd I:IICE/NO

FIRE TEST meter

![ldietl[(:8 less th;lll

el milhallq)ere.

e. 'l'u,clt TEST

SEI,ECT mviteh to

I:IRE TEST posttmn,

rind press POWI,;I,t
and TEST _.;vitehe:-,.

POWEI( light eurne.'-;

os and I'IItE/NO

I.'lltE TEST meter

indicates less thrill

one milha mlwre.

d. Turu TEST

SEI,ECT sv,,iteh [o

1 INSU1,A'FION TF, ST

l)osiiton, ;llld l)l'('Ss

POWEI( and TEST

switches.

POWI';R light comes

on, and INSUI,ATION/

lANK TEST meter

indicates lO0 meg-

O]1111_ Of i{l'e_ltel'

{black area).

e. Turn 'I'FST

,"IEI,ECT swdeh to

2 l)ositi,m, and press

POWE]_ ;|lid TEST

su'itehes.

POWEI{ IJl',hl ('ram's

mL a.d INSUI,ATION/
LINK TI.:Kr meter

illdll';Ites 100 l'_l('g-

chills o1' gl'('Ll_el'

(Ski el.: area).

f. Turrt TEST

SI,',IA,X"T sv,,iteh to

3 Imsiti,m. and pres.,)

POWEI{ ,rod TEST

DW l { eh('.'4,

POWEI( light ('mnvs

mL and INSUI,ATION/

LINK TEST meter

isdicatl,:i 100 nlt'l'-

ohlJIS I)l' [_,l'f'Ht(q'

(hlacl', area ).

I;. Move TEST

SFI,ECT switch to

I,INK lmsil loll, iii1([

pres:i POWEI¢ :lll(l
TEST swJtche,-;,

POWI,:R hl'.:hl eom(+_

ell, ;llltl INSUI,A'I'ION/
I,INK TEST meter

illdie;ttof I)love_ to

I),l'eo I111 l'O_L,

h. Move TEST select switch (o OI,'F l)oM-

tiol/, ([JSeOUIleC[ |ebto)' fl'Olll LIII'FL Jglliler) Hlld

st'UUl'e lps( equil)ment.

i. Using megt)Immi(,ler, apply 500 vde Ira'

5-(_0 '_e('otlllH l)etw('ell DIll B Slid ('Hs(', Slid pills

A aud I). I{e:_isl,mce el each aPl)licatiol) mtmt

(',N(:('('(] 2(]0 Ilxelr, O]llllb,

3.3.1.9 Vibration _tl'ety Cutolf Verilication

Test._ To prel)ure the vibratioa safety ('_'i_
(VSC) lot operation, a preoperation cutoff test

and a preol)erath)n tap test of the vii)ration

salely cu(off set mum I)e llerft)rnled, 'l'h(,

cutoff Lest verHies the Sl)eeihc settings at

which Ihe vihr,zlion safety cutoff o]D.'l'ittes duriab )

_|11 ell[_llle static test. I)tuqllg the t'utoft test. il

tile set'elf-remoter altt'lltlator dial spiting II11(1 the

seu.qJtlvity dial seltinb t yuriatiOllS bcco.qle greater

than 5 percent el the established recorded

settings, the test mu.'st be terw, ls;_.ted and (he

VS(2 UIIII l'(,mov(.d Ztlld I'(}l]lllcecl with 1l CaIIiJI'U-

ted urdt. The (lefeettve umt must I)e assigned

lt)l' l'e}){l 11'.

CAUTI()N

lp, the f¢,lh)winb r proeedurl., torqu(.
must not ext'et,d 20 in-IS (J,," the

aeet']('l'Ollletor lll;ty IJe twisted oil.

The aet'ulerl)m(,tt,r c:tbh, ernst be

disc(mneeted lif utlaehed) prior to

illstall;llio:l of the ;t('ee](,rl)luetcl',

to l)revent possh)le twisting. The
.leeeh, rometer is a. sellF, i|iv(., ill-

str'ttment (h;):| ('an t Jr' d_tmai,,ed by

I'OU{',}_ tre;dment) such as (h'(Jl)pinI{,

SII_LI' l) I)lol',;-I, or overlortlttillg.

a. Verify that aeeeierometers are acceptable

for use: thell install accelerometers In tal),_

CZAI-Y, CZAI0-Y, and CZA4-Y. Torque

aceelororueters to 16-20 ln-lb.

aA. Verify that accclcrometcr electrical

thread p_'oteetor,_ ure installed until ready to
eOllliCet Us( elel'lltetel* citl}le,

[1, ('oJlllect {tll(I seetll't, _te{N-'ll'l'nlcl0f cllble.

I)o SOt S{ (}lh'e ;tc(.'elel'onletel' cash, t_J el'yOgelliq

line,,; m' )_;HI'][I_ces. Verify that cuble is IlOi

twi,'-;ted t)t' d:Hmtl,;,ed.

NOTE

An h_l)rf)l)erly ,,_ecured .#tecelero-

Ille_ei' sable illay e_ttlHe h;tl'tlnlertnt'.

all;rials to be trausferred to the

VSC system°

• Steps e through t) oulline the pro-

cedure for I)erformin|,_ a prc-

<)l)eration ('uteri Lest if one or two

VSf; systems are used. If two are

tls¢,d_ tim steps must be repeated

on e,tch VSC unit, lh'oceed to step
I) if tlwee VSC systems are used,

c. Actuate isolation amplifier and cutotf mall

power switches to ON, and allow 15 mlmttes for

temperature stabilization.

d, Actuate cutoff unit DISAF_LE-ARM switch

to ARM position. ARM light comes on.
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e. Disconnect aecelerometer cable from
isolator amplifier inl)uiconnector.

f. Connect sigilalgenerator and an '_cveil-

meter (with a nlinimum range of 0. I0 t't3.00

volts rms, a mininmm accuracy of 2 l)tPeer,t,

and a m|nlmunl input impedance of one megohm)
to isolation amplifier in}putconnector. Set

signal generator Ilutputfrequency at 2,000 ,20
cps and output voltage to less than 0.25 w)It
rillS.

g. Sio_vlyincrease signal generator outpul
voltage until CUTOFF lightco|sos oiland ARM

light goes off on VIBIL4TION SAFETY CUTOFF
pane!.

h. Voltage readiilg must be within 5 percent
of V1 value recorded on VSC-uilil cheek form.

It voltage reading in not as required, recalibratc
VSC _y_tem as Ilutlined in ,7-2 Rocket Engine
Ground Support Equipment Maintenance and

Repair Manual R-3825-5, The following equa-
lion may be used for com])tliillg inlmi voltage to
il|e isolation amplifier using aceeleromeier
eh;_.r[.¢.(' sensitivity data:

1,000
vi = _A"_-_ Gil

VI = Voltage sensitivity at amplifier

input in milltvolts/g

Q = Charge sensitivity in pico-

eiluhunb/g (average of 5 charge
sensitivities oblained from the

General F,leetrlc ChJil)ralioa-

Malntemtilee Report)

Ca = Aecelermneter eapitcltanee ill
plcofarads (obtained from the
General i'Hcctrlel _tlibraiion-

Mainh.rmnee Report)

C't Total external cal.,aeitanee in
pleofarads (illeasure(l lint!
capacitance plus an_l)lifier
/spat cal)acltance)

Gc = l)esired g-h,vel for cutoff

g = Gravltatlon:tl constant

NOTF

The V1 value was calculated and re-
corded during VSC-tmlt tilsl'-dlatlon
and checkout,

• The recommended cutoff level is
10Og rms with delay time of 45-75
milliseconds and a minimum stor-
age time of 216 milliseconds.

i. Verify cutoff (mlb'uts from VSC trait to test

stand electrical sys'em fox engine cutoff,

j. Verify that event recoi'der indicates
cutoff.

k. Decrease signal generator output voltage
to lens than 0.25 volt rm_.

1. Monmillarily actuate test stand VSC reset

circuit. CUTOFF light goes off, aild ARM light
COllies on.

m. Deenergize signal generate r, and dis-
eoililoet signal t_,eneralor and ae voltmeter 1'corn
isolation amplifier.

n. I{eeoilneei aceelerotneter cable h) Isolation

amplifier input connector. Momentarily depress
RESET switch until CUTOFF light ,'_oesoffand
ARM light comes on.

II. [Jroceed {o sic l) all, aud l)eriornl ])re..

operation tap test.

NO'PI_:

Steps p through am outline the pro-
cedure for performing It preol?oratlon

cutoff test of the ternary VSC syuuml.

p. Actuate power swilehes on isolati+m
amplifier aild cutoff ill'lit to ON, illtfl allow 15

mJsilte,; for ieillperatllr(} stt0)l]izattoll.

q. Aetualv cutoff unit DISAtH,E-tH?M

switch to ARM position. ARM light eomeson.

r, Dlsiloilaec| a('ecleronlctor cable from
isolation amplifier input coililecior.

s, Coilneet signal atenelator and ac volt.-

meter (with a ndnimum range of 0. 10 to 3.00
volts rlrlS, a tuin]n_uln fleetlracy of 2 la,rceilt,

alld a nltilinlHm input hnpedanee of one megohm)
to isolation amp]ilier IIlput connector. Set

signal generator ou/pnl frequency ilt 2,,000 J20
cl)s and outi)ut voltage to lnss than 0.2,5 volt
rillS.

t. Slowly increase signal generator output
voltage until CUTOFF light comes on and ARM
light goes elf on VIBRATION SAFETY CUTOFF
panel.

)

)
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(

(

I,

u. Voltage reading must be wlthi_l 5 per-

cent of V1 value rececdedon VSC-uuit check
form. If this voltage reading is not as re-
quired, rccalibrate VS( j system as outlined in
J-2 Rocket Engine Ground Support Equipment
Maintenance and Repair Manual R-3825-5.

v. Verify that no cutoff signal was supplied
h-ore VSC unit to test stand electrical system,
Event recorder indicates cutoff,

w, l)ecrease signal generator voltage to
less than 0.25 volt rms.

x. Actuute VSC-unit RESET switch. CUT-

OFF light goes off, and ARM hght conies on.
Event re,corder does not indicate cutoff.

y. Dcenerglze signal generator,.and dis-
connect signal generator and ac voltmeter
from isolation amplifier.

z. Repeat steps g through y on remaining
2 VSCaystcros, tlesulis must be tile rome,

an. Connect sigual generator to isolation
amplifier input connector of VSC units No, 1
and No. 2 using a T-connector.

ab. Verify that signal generatm, output
voltage 1,_;set to below 0.25 volt rms.

ac. Slowly increase mgnal generator cut-
put voltage until all engine Cutuff signal is re-
ceived by test Maud electrical system. ('UT-
OFF light c.omes o,1 and AItM light goes off on
both VIBRATION SAFh:TY CUTOFF panels.
Both event recorders indicate eutoff,

ad. Decrease gignal generator output voltai, e
to le',s than 0.25 volt rms,

ae. Momentarily actuate test stand VSC
reset circuit. Both CUTOFF lights go oil and
both ARM lights come on. Both event reeorders
do not Indicate cutoff,

af. Deenergizo swnal generator and dis-
connect from VS( J units No. 1 and No. 2.

;W,, Connect sigmd l;nncrator to isolation
anlplHler input connector of vSC units No. 1

and No. 3 using a T-connector.

ah. Repeat steps ab through ae. Results
must be the .same.

at. Deenergize signal generator and dis-
connect from VSC units No. 1 aitd No. 3,

aj. Counect sii;nai genccator to isolation
amlIiifler input connector of VSC units No. 2
and No. 3 using a T-connector.

ak. Repeat steps ab through aei Resdlts
must be the same.

al. l)eenergize signal generator and din-
connect fronl VSCunits No. 2 and No. 3.

am. Reconnect accelerometer cables, CIJT-

OFF light must be off, and ARM lighl musi be
CO.

NO'r I_

Steps an through aq outline the pro-
cedure for pcrfornling a preopcration

to,) test. If mm'c than one VSC sys-
toni is used, the tap test must bc liel '_
formed on eacil VSC uuit.

all, C(Inuoct :t set of headl_hones to VSC unit.

;to. Ushlg a I_rass ]lal'llUlel', tap gently (m
thrust nharnber domes, An atnlible signal must

be recet_ ,d in hcadl)hoaes.

NOTE

Tile headphone attenuator control
on the VSC unit may require ad-
justment to provide an attdlble
signal ill the headphones.

• The VSC set is ready for opera-
tl(lll at the conclusion of the tap
test. Tile tap test must be per-
formed before each static test

alorAg with tile visual verification
of the VSC control dial settings.

The verniers of tile timing and
cutoff adjustment controls must
be within 5 percent of their orit;-
hml settings.

up, Visu:dly verify VSC control dial settings.
Delay-time control dial must be set at 276.
Storage time control dial must be set at zero. !

aq, If VSC unit is |tot to be used ilnmedtately,
move power switches on isolation amplifier and
cutolf unit to OFF. ARM light goes off.
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Paragraphs 3.3.1.10 to 3.3.1.11

3.3.1.10 Thrust OK Pressure Switch Function

!'esL.

CAiJ TI()N

If autuniatic checkout equipment is
used to test the pressure switches
pickup and ch-opoul value, pressuri-
zation rates nnn_t be limited to 50

psig/'scc from 0_895 psig and 5
psig/scc frmn 895-1,200 l)Mg.
Dcprc, ssurization rate:, must be

limited tll 5 psig/scc from 1_200-
895 pslg.

a. Provide instrumentation to monitor each
thrust OK pressure switch.

b, I_erfornl_ as applicable, cmdanflnatton
Slid damage prevention procedures o,ltlhied in
parag*'aph 3.1A when performing Hfls test.

c. Slowly increase, gaseous nitrogen pros-
sure to thrunt OK pressure switch connection

to 1,240 J30pMg. Record pneumattc pressure
at which each switch actuates.

d. Slowly decrease pressure to thrust OK
pressure switch connection to zero, I'(ecord

Imcumatlc pressure al which each .,_witch
dcactuales.

e. Repeat steps c and d 2 additional times.
During last 2 actuations, verify that each switch

actuates at 1,0fi0 1fi5 pslg :rod deactuatcs at
75 125 psig below actual pickup pressure.

f. Vent gaseous nitrogen pressure from
en/;lne thrust OK pressure switch checkout
*mplllysystem.

[,€, Secure tnstfunl_mtation lls(_[I to mOlfltor

thrust OK pressure switches.

3.3.1. 11 Ibm*let Harness Continuity and Insu-
Is*ion Resistance Test.

NOTE

If igniter harness continuity is being
checked during vehicle checkout at

VAB or dnt'ing launch preparation:
omit steps a and b and check engine
installed igniter harness pin-to-pin
cent*rarity concurrently with vehicle-
installed igniter lmruess eonii,'luity
check.

a. Disconnect igniter harness plug P4'l from
receptacle J47, if connected.

b. Using multimeter, check that i[_lllter

harness l)in-to-pin resistance does not exceed
one ohm, l'in list ,s as ioliows:

Fr.__on_.! TJ..I

P47- B P'13- B
P47-1) P43-1)
1'47-(: P43-A
P47 - T i)'t 3 - C

1)47- U P44- C
P47-A P44-A

I)47- ,I 1'44 - I)
1)47 - 1" 1)44 - II

1'47_K 1)45 - B
P47"11 P45-D
P'17- M P45=C
t'47-It P45-A
P47 - N P46- C
P47-1; 1'46-A
P47-S P46-B
1'47-E 1)46-1,1

c. l'roe(,od to step e if lnsuhttion resi;;tanc(-,
test is not required.

CAUT1ON

An illstllatiou reslshlr, cc t(,sl n'tnst

not be performed if the eels)co*ors

arc wet, all(I volt'w,e nmst not ),r
Sl)pllcd to Interc(,nncctcd contacts
at tile same ti,nc sim,e a short

circlllt can ,,()suit ill dllnlage tO th(,

cquipn)erd.

d. Perform insulation re,'fiManre test of
h;)rness as folloWS:

(1) Verify that harness ctnmnctors are dry,

(2) Connect pin P4'I-V to connector shells
P43, P44, P45, P46, and P47,

|

/

)
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(3) Using megohmmeter, apply 500 vdc

for 5-60 seconds between each pin in connector
P47 (except for pie V) and shell of connector
P47. Resistance must exceed 200 megohms.

(4) Using megohmmet,._r, apply 500 vdc
for 5-60 seconds between each pin and all other

pins in connector P47 except pin V. Resistance
must exceed 200 megohms.

(5) Disconnect pin P47-V from connector

shells P43, P44, P45, P46, and P47.

e. Connect igniter harness plug P47 to
receptacle J47, if disconnected, as outlined in
R-389E-3.

3.3.2 LEAI.C.k_N__FUNCT!_ON TESTS FOR IN-

.__TIIV_[_L/D__ENG_IN_.:E_Sa(See fig,ures3-gthrougb
3-a.)

3.3.2. I Tulbopump Torque Test. This pro-
eedlnre m_s--'_'n_ot_'g_per_'ffe'ff'-w'h-'en propellants
are in the turbopump. Refer to paragraph
3.2.3. I for turbopump torque test procedure.

3.3.2, 2 LOX Pump Sent Pur__c Leak and
Function Test..

a. Perform, as apphcable, contamlm_tion

and damage prevention procndures outlined in
paragraph 3. IA when pertorming this test.

aA. Remove protective closures from nitrogen
purge and oxidizer overboard drains at thrust
chamber exit, When cover is first removed

front oxidizer overboarddratn line, verify that
no evidence of fluid exists. Notify Engine Con-
tractor if fh|ld exists.

NOTE

The following procedure introduces
pressure Inh)the turbopump LOX

9eai purge syBtem, When pressure
is first applied, the oxidizer over-
board drain line and nitrogen purge
line exits must be observed for

evidence of fluid. Notify Engine
Contractor if fluid is noted.

b. Turn on turbopamp I.,OX _eal purge.

CAUTION

Leak-tent compmmd used in the fol-
lowing prt*cedu_'e must not be used
on overboard drain line exits to

preclude lntrodu,:iog lea.k-test com-
pound into the lines.

Leak-test compound must not be
used on flex line bellows since it
cannot be removed from the
bellows.

Section III

Pa, agraphs 3.3.2 to 3.3.2,3

Procedure

e. Apply leak-test com-
pound (MIL-L-25567) to all
joints and fitlingsof turbo-

pump LOX seal purge system.

NOTE

In the following procedure, if leakage

is expected in excess of 4,000 scim,
to flowtesters must be ¢otmeeted in

parallel at each line.

• Step d is omitt.cd at MTF.

d. Using Pneumatic
Flow Tester Ggl0<, or

equivalent, simultaneously
measure purge s} stem
flowrate at oxidizer and

nitrogen overboard drain
lines. Record cesults.

e,

Result

No leakage is
allowable.

Ms.xilnuIn al-

lowable leakage

is 5,000 selm
from each drain
line. If zero

flow exists,
perform iso-
lationtest

(paragraph
3.3.3.1).

NOTE

Step e is omitted at MAF and KSC.

Verify purge flow If zero leakage

at oxidizer and nitrogen exists, perform
overboard drain lines, isolation test

(paragraph
3.3.3.1).

f. Turn off turbepnmp LOX seal purge.

WARNING

The following proceaure uses clean-

ing compound, which is volatile. Use
in a well-ventilated ores since the

vapors displace the ozygen In the air,
resulting In suffocation.

g. Remove all leak-test compound from
Join.is and fl_dngs with a clean, dry cloth, or
by fhishing inaccessible areas with cleaning
compound (MIL-C-glgO2).

h. Remove packaging and install protective
closures remoted in step aA.

3.3.2.3 Cocoon Purg._e Leak and Function Test.

a. Turll on cocoon purge. Purge pressure

at MAF must be 2(1 ±5 pstg. Purge pressure at
KSC must be within interface acceptability
limits specified it: section It.
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Paragraph 3.3, 2.4

b. Verify gaseous nitrogen flow tlwough
cocoon purge sysiern by audible Itow ti'om
manilold or by feeling supply line.

CA UTION

In tile fel)owing procedure, leak-test

eomi'Jnmld must not be used el purge

rnasihdd exits to preclude introduc-

ing leak-test compound rote the
mani fold.

Procedure Result

I e. Using leak-toM
COmlJound (M If,- L- 25567),
check all joints of
c'¢)e('f,n pHrl¢(} sysI(}tII for
leaFdlge.

Fuzz ler_ago (as
defined in section

II) is allowable at

coupling nut and
flanged j,nnts.

NOTE

Step d is omitted at lvlAl,'.

d. Verify bv mMrnmontation indication
that l)urge tcnqleraturo ;it engine intt, rface is
wiihhl limits of section II.

c. Turn off ('oeooll plll'ge.

'.I(N1NG

The followlnr,procedure uses clean-

lug compound, which is volMih,, Use
In a well-ventilated area since the

vapors displave [he oxygen IS lilt,
all', rosultinl; In suffoe'dion.

f, l(clriov'o all leak-test compound from
joints and filtings with a clean, dry cloth or by
flushing inaccessible at'eas with cleaning
compound (bill- C.-8 1302 ).

3, a. 2,4 I!£ak_x±lra,!i,.Sr j!{_l&_}L:sgstonl f,eak
Lr.s__ht

a, t_erforln, as applicable, eoutanlhlalbnl
alld daluago pl'oVelltbln lirec(_dures outlined Ill

paragraph 3, IA whlHl l)erfornihlg this refit.

;cA. Provide a imeumatlc source of gaseous

nitrogen (MIL-P-.27401), a mixture (if gasool.ts
nitrogen (MIL-l_-$17401) and refrigerant, Type

12 (Federal Specification BB-F-1421), or he-

llunl (Bureau of Mine6, Grade A), as specified

by requirements of section I, to heat exchanger
helium system.

1)r_ocedur____e Result

II. lh'essurize htat

exelulngcr ]mllmn sys-

tem to 200 _I0 psig.

lIeat exchanger helium
syslcm is pressurized,

c and d. (Deleted)

CAUTION

Leak-test COllll)Otlud i21ttst not be
used on flex line bellows Sllleo It
cannot be removed from tim bellows.

e. Apply leak-
tesi compound
(MIL-I,-2_5_JT) to
all flanges, littings,
Ir_s'_rumen_htm lines,
and bellows illheat

exchanger helium
system.

No ic.'tkageis allowable

except at joints listed Ii

in step cA, |

cA. Verify leak-
ago usinlf leak-test
eoinpoulld
(MIL-L-25567), or
equlvalollt, when
leideage Is suspected
at the following joints:

Fuzz leakage (as
defined ill section II)
is allowable,

(1) Helium supply duet (heat exchanger
end) to heat ,-xclnangor

(2) lleat exchanger to Imlium reiarli duct

(Ir,}kt exehal/ger (rod)

(3) Ilelhnn bypass hose to helium return
civet (heat exchanger end)

(4) Helium return duet (heat exchanger
eild) it.) helium wrap-around duct

(5) Heat excluuiger helium outlet lnstrn-
mentatioll hose 1o ]lellanl rettll'll (luei inslru.,

mentatlon tap ltlI3a (on engines not tncorDort_.tinl r
MD96 change)

(6) Heat exchanger helium outlet Instru-

mentation hose lo transducer (on engines not

incorporating MI)9_.66change)

(7) Heat exchanger helium outlei tempera-
lure transducer to helium outlet duct Instru-

mentation tap tlH3b (on engines not Incorporating
MD96 change)

!

3-64 Change No, 8 - 9 September 1970



R-3896-11 Section Ill

Paragraph 3.3.2.5

(

(
NOTE

Step [ is performed only at MAF.

Procedure Result

f. Using ttalogen
I, eak Detecter

5797934-G1 (General
Electric), or equiva-
lent, mordtor exhaust

system manifold for

l)reseece of refrlg-

ernst, Type 12

(heliunl ceil Icakage).

No leakage is alLow-
able.

NOTE

!_V|lellexternal lMleunlatic source is

helium, leak detector Usml Model
500 (Usoa Corp) must be used to
monitor exhaust system manifold
for presence of helium.

g. Depressurize heat excha," [or helium
sy_Renl.

h. Dlscommcf l)neumatle system from heat

exchanger helium sy'Jtem. Remove pressure

caps from packaging, and install pressure

calls on Ol)0:l porls.

WAIt.NING

]'lie following procedure uses cieau-
InV,compound, which is volatile.
U._;e in it well-ventilated area since

the vapor:J displace the oxygen hi the
air, resulting lu suffocation.

I. Remove all leak-te,_tcoalpotlltdfrom
joints and fittingswith a clean, dry cloth or

by flu_hhlg inaccessible areas with cleaning
compound (MIL-C-81302).

3.3.2. u Ileal I'b:_cJm_pger _,O_.X5.5_ystmn Leak
2 c..Ab

a. l'crform, as applicable, contamination
and damagt_, prevention procedures outlined in
paragraph 3.1A when performing this test.

u.A. Provide a pneumatic source of waseous

nitrogen (MIL,-P-27401), or a mixture of gaseous
nitrogen (MIL-P-27401) m_d refrigerant, Type

12 (Federal Specification BB-F-1421), as

specified by requirenlents of section I, to heat

exchanger oxidizer system.

NOTE

Steps b and c are l_erformed only at
MAF.

13. hmtall thrust chamber throat plug (para-
graph 3.6.15). Install a ground half quick-
disconnect on tin'oat plug quick-disconnect.

CAUTION

[11 the Iolh)whlg step, tilegaseous

nitrogen supply hose must be sup-

ported to prevent the weight on tile
seal valve stem from damaging tile
seal.

bA. Connect a source of gaseous nitrogen to

throat plug Real. Using a suitable materlal,

support tilegaseous nitrogen _'mpplyhose to re-

lieve all wolgh[ of hnse from Real valve stem.

..l_r 9_e_edu__r_ Result

c. Pressurize

throat plug :_eal to
50 0 5, -10) pslg.
Maintain ilressure
during remainder
uf test.

Thrust chamber it:rent

plug seal is i)zel_surized

d. At MAF m)d

KSC, slowly pro:_-
•mrize heal excha:lger
I,OX systc'nl to
300 .tlO pstg.

IIcat exehauger LOX

sy'_tom is pressurized.

dA, At MTF,

slowly pressurize
he;it exchanger LOX

sy,'Rem to 1,000 _50
pslg.

NOTE

Step e is performed o_fly at MAF.

e. Using Pseu.. Ma.xt:ilunl ali.owable
marie How Tesier leakage is 50 ;Jcim.
G3104, or equivalent,
at adapter on throat
plug qulek.-dlseommct,
rll_at_ure and recoltl

reverse-llow leakage
past heat exchanger
check valve gate.

Ileal exchanger LOX

system is pressurized.
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Section IIl R- 3896-11

f a,d g. (Deleted)

CAU TION

Leak-test compound used in the

following procedure must not be
used on overboard drain line exits

to preclude introducing leak-test
compound late the lines.

Leak-test compound must not be
used on flex line bellows since it

cannot be reranved free1 the bellows.

I)rocedure Remflt

h, Apply leak-
test compound
(MIL-L-25567) to

all fhmgcs, fitting;%
fnstrunlelflation llnes_
and bellows in heat

exchanger oxidizer
_::;stem,

At MAF and KSC, no
leakage is allowable
except at heat ex-
changer to GOX duct
(heat exchanger cad)

joint and oxidizer by-
pass hose to GOX duct
(heat exchanger end)
joint, whex'e fuzz leak-
age (as defined In
section It) is allowable.

At MTF, no leakage
i_,_allowable except at
heat exchanger to COX
duct (heat exchanger
end) joint, exi(itz('r
bypass I_o!Je to GOX
duet (heat exchange_.'
end) Joinl, and GOK
daet (heat exchanger
end) to heal exctrmger

GOX wrap-_wound duct
joint) where fuzz leak-
age (as defined in
section II) is allowable.

NOTE

Steps i and j are performed only at
MAF subsequent to engine static test.

1, Using llalogen No leakage is allowable.
Leak Detector

5797934-G1 (General
Electric), or equiva-
lent, monitor exhaust
system manifold for

presence of refrig-
erant, Type 12 (oxi-

dizer coil leakage).

J, Depressurize thrust clmmber throat plug
seal to zero

k. Depressurlzc heal exchanger LOX system
to zero.

1, Disconnect Fneumatie system from heat

exchanger LOX system. Remove pressure caps
from packaging, .xud ira, tall pressure caps on
open ports.
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R-3896-11 Section JII
Pa.ragx'aph 3.3, 2.6

m. Remove thrust chamber throat plug, If
U insmllcd (9[tragraph 3.6.16).

WARNING

The following procedure uses clean-
ing compound, which is volatile, Use
In a wcll-venttlrAed area since the

vapors displace !be oxygen in the
air, res_,lting ill mfffem_.tion.

n, Remove all leak-teat compound fro.a
joints and fittings with a clean, th, y cloth or
by flushing inaccessible areas with cleaning
ccr,_pound (MIL-C-81302).

,%,%2.6 l_,2)_t3o_t.r{p__nLtp_rValveJ)___n
_Ise__kk'_r__si.

a. Perform, as applicable, conianfinatlon
and damage prevention procedures m_tlised In
paragraph 3. IA whcp performing this test.

aA. Remece pressure cap or engine ebcck-

c..:* ad_tpler 9022907-11, as applicable, from
ignition _nc-ttor valvt.' CONTROL purl qutck-
di,_:cenr.ect, and (us(all engine checkout valve
high- pressure adapter 9022038- 21, Mr equiva-
lent, on CONTROL port quick-disconnect•

b. Provide a gaseous nitrogen (MIL-P-27401)

source to adapter.

c. Verify timA_ stage fuf, l pre-valves are
el)sod, then vent the feel feed syslem between
l)re-wtlve._._ :._J)tl eug;,le itlel valves during ti,is
test ;'7 removing pressure c_p from, and in-
sl,,lling drain homes on, No• 1 and No. 2 fuel
hlgh-press_we dvct drain qutck..dlseenneets.

do TMscommct 4ofliion monitor valve drain
tube iron t,,_li.ti.on monitor v_dve ATMOS HEF

Dor(.

NOTE

Steps dA through dC are option'.4.

dA. Remove at!achlng hardware that secures
it,,xdtien mentor valve sense tubs clamp te
bracket on thrust chamber fuel Inlet rnnnifeld.

Rdain attaching harS_,;are lor relns_llatlon if
acceptable for reuse In accordance -with require-
merits ef _ectton II.

dB. Remove at_cMng hardware that secures

ignition monitor valve sense tube te thrust
chamber fuel inlet manifold; carefully sepa,'ate

flanges, and remove seal plate. Retain attach-
ing hardware for rein,c_tailalion if acceptable
for l'cuse in accordance with requirements of
section II.

dC. Ins€all pressure test fixh_re T-5043436,

or equiw.lent, on tiwust chamber fuel inlet
manifold between i_nltien menlior valve sen,_e

tribel'langeand fuel inleL rnaniic,ldflange.

Torque nuts to 47-57 in-lb. Connect a red
streamer to test fixture.

e. Verify that enOnc eheckt_:t valve is in
ground poet(lion. Verify that hypergol test tool,
or equivalent, in not installed and that hypergo]
cartridge ins(ailed switch is not picked up.

f. l_¢emove thrust ch_tmber exit closure and

qccurity closure Mr thrust ct_tmber tLroai
closure, li installed.

g. Ssppt 7 gaseous nitrogen at 1,d00."=.20 psig
1", ¢to Ignition monlter valve _,ON rROL p )rl.

h. Using Pneumatic Flow asst.1 (,3:[04, or

cquivalenl, measure and record leakage at igni-
tion monitor valve ATMOS REF pert. No leak- I

age is allowable. |

t. Decrease gase.ms nitrogen supply pressore

to ignlllsnmonitor w:lvc CONTROL pert to ze.vo,

NOTE

Tim method for applying lubricant in
the following procedure is outlined in
R-389._-3.

J. Remove ph, gs, lubricate (Method ._) fitting
and (Method G) tube with lubricant grease
/:L80140-012 (Rockctdyne), and the(all idnttion
moults" _,a]ve drain tube. Torque conpltng nuts
to 270-3{5 in-lb.

k, Supply gaseous ntt_.ogen at 1,400 t2,0 psig

te ignHlen monitor valve CONTROL port.

1. Apply lee.k-test compound (MlL-L-25507)
to all pressurized Joints of Ignition mordtor
valve. No leakage is allowable,
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R-389_.- 11 Section Ill

Paragraph 3.3.2.7

m. Depressurlze ignition monitor valw_,
CONTROL port _utd disconnect gaseous nitrogen

Sel,p_y.

NOTE

S_eps mA througtl mD arc required
only ii the i6mliion monitor valve
sen::e tube was blanked off.

mA. Verify tlmt ignition monitor valve sense
tube e]amp is disconr, ected; titan remove fas-
tellers that secure ignition monitoc valve sense
tube to O_rnst chamber fuel inlet manifold, and

remove blank plate from between flanges,

roB. Verify alinement of it;_fition monitor
valve sense tube as ,mflined in H-3896-3.

inC. Remove _eal plate fl'om packaging, arid
install _eM plate between i_nitton monitor valve
sense tube and tlwus! chamber fuel inlet mani-
fold. Secure tube to mani[old with 4 bolts, 8

washers, a,_d4 nuts. Torque nots io47-57
in-lb.

roD. lns_ll clamp securing igmition monitor
valve sense tube to bracket on thrust chamber

fuel i_flet manifold. Torque c]amn fastener':, t,)
24-30 in-lb.

s. Remove engine checkout v'flve htgh+

pressure adapter. Remove pressure cap from
packaging, and install pressure cap on i_,ltlon
monRor valve CONTROL port quick-disconnect
fin_r_eriiffht.

WAILNING

The following procedure uses clean-
ing compound, whicl* is volatile. Use
in a well-ventilated ,_rea since the

vapors displace the oxygen in the atx',
resulting in s_dlocatton.

o. Remove all leak-test comptmnd from
joints and fittings with a clean, d_'y cloth, or
by tlushir.g lrmccesstble areas with clemflng

compound (rJIL..C-81._02).

3.3.2.'7 Hypergol Manifold Leak and Function

prvzedure_ Pneumatic Flow 'Fester G3] 04, nr
equivalent, must be used.

a, Perform, as applicable, contamination

and damage prevention l)rocedures outlined in

paragraph 3.1A when performing this test.

aA. Remove pin and closure frmn hypergol
manifold cartridge container inlet port. Store
closure il_ a clean plastic bag.

(
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Section III R-3896-1 t

WAFNING

The fol]owin,: procedure uses dry-
cleaning solvent, which i,_flammable

amt must not be used near heal,

spurt:s, or open flame. Inhalation

el it,',vapors or prolonged contact

with I.he liquid cmi cause _erious
iniury.

NOTE

The method for applying h,brieant
In the {oI]owiug pr:,eedure Jh out-
Im,M in R_flllII6-3.

b. Ch';m thr(,ads of hypergo] manifold car-

tri:lgve(mtamer talerpoet with dryeteanJng
_olvent ( }g,deral S])oeifi(,atlon t', I')-680).
L,ubrieate (Method _\)t, Ju'eads with lul)rJcatlt
t,,rea:_e 1"_ft0140-012 (RockefdTne).

CAUTION

When blst;llllng ])yl_ergol simulator
inlo tile hvprrgol rnanilold eartridge
enntainer islet port, extreme care
l|ll,lSt lie used _.o[)r(,vellt da.,nage to
the hvper_,oi e:Irtt'idge f()llower.

,_F]I_th;'rads of d'e hvpergol

sin,ulster cap must Ue _]eat}and

free el nicks, t_,prevent galling

the l])reads of tl)o cap and Inlet
port.

I
e. Make sure that thread._ of cap on hypergol

simnJator T-5029'116, or equivalent, are clear.

and free of nil,ks; then lubricate (Method L)
simulator shMt O.-ring with );S1281 grease (Dew
Corning Cgrp)) m_d carefully ))iseri.simulator
into h,.rpergo])nanil%ld caz'h Idge cont,lil_ev inlet

port, and screw simulator {clockwise) onto

inle(port untilsimulator bottoms.

d. Verify that l)reasuro cap is instMled on
ullloI_ Jr, _imlllator cap.

e. Co)m,.ct a gaseous nitrogen Supply
(MIL=P-.27401) to ]Q'pergoi manUold drain
quick-disconnect,

f. l{ernove igmter Curl valve vent drain tube,
slid ignition monitor vah, e drain tube.

g. Verify that stage fuel pro-valves are

vIr)sed; then Velg IUel feed system between pre -

valves and engine fuel valves by instalhug drain
hnes on No, l and No. 2 fuel high-pre,ssus.e
d,zet Cluick.-diseo,meets.

Pr()vedure ISesult

h, 8h,wly supply
}_,)S('r)US lUtl'o!{el| fit

200 ; Ill l)Sig to re-.
verse side of igniter
f,)¢d valve poppet
{hrou_{h hyl)e_ g,,,I
nl{lnllold draJu

quick--disconnect.

Hyi:erg(,l re'lot fold
is I)ressuriTed to
200 , 10 psig.

NO-g E

If igniter It)el valve relieves prior to
attahlint; 190 psig, st_pllly pressure
rfluf{t bC reduced Hnti] valve reseats.

since steps i thtougE k must be per=
formed at a pressure level below

va lye oDe))in_, _pressure,

i. Using flow-
tester, m(,a_llre and
record p;)ppet reverse-
llow leM_age pasl
hypet {,qd manilold
put'g(_ qlll eli-. (I)s etMnle(, ts.

Maximtlm allow-

able leaL'_ge tot"

each quick-
disconnect is

seim.

i, )'sing ftowt,:strr,
ioeabure leakat_e past
iv.'ni_,,r fuel v;)lve pi,_-
to)l sli_ift O-l'ill_ J, ut

igniter fuel valve vent
port.

1Maxil)_um a!low-

able ]ealmge is
0.25 scinL

k. bsiI:g flowtester,
measure leul_tge pasi
cant toUower O-rinLr, at
ATM(')S IiEF port.

Ma.:imt)m allowable

leakage is O. 23
SCIDI.

[. Y)t,/'rease gltsvous
nlItogen _ul)PI V pros-
sure In zero.

ttypergol manifold
is depressur ized.

)
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R-3896-11 Sectionlit
Paragraph 3.3.2.8

(

NOTE

The method for applying lubricant
in the following procedure is out-
lir, ed in R-3896..3.

m. Remove plugs, lubricate (Method A) fit-
tings and (Method G) tubes with lubricant grease

RB0140-012 (Rocketdyne), and install ignition
monitor valve drain and igniter fuel valve vent

drain tabes. Torque coupling nuts to 270-345
in-lb.

n, }'temove pressure cap from paclmging, and
install pressure cap on hypergol manifold purge
_uick-disconnect. Torque pressure cap to 30-40

-lb. Safetywtre pressure cup with Inconel
lockwire MS20P,95h.

Procedure Result

o. Slowly apply
gaseous nitrogen at

200 _10 psig to re-
verse side of igniter
fuel valve popl)et
through hyper_ol
maniiold drain quick-
disconnect.

Ilypergol manifnld
is pressurized to
200 _ I0 psig,

NOTE

If ignile_ fuel valve relieves prior
to attaining 190 psig, supply pres--
sure must be reduced until valve

reseats_ since step p must be per-

formed at a pressure l,_vel below
valve opening pressure.

p. Apply leak-lest
eomp_mnd {M IL- I,- 25567)
to all pressurized joints
and por_s ci hypergol
plan i fold,

No leakage is
allowable.

q. Slowly increase
gaeeout_ niLrogen pres-
sure until Igniter fuel
w, ive relieves or a

m:)ximum of 280 psig
is reached, ttecord

relieving pressure.

Maximum igniter
f_:el waive relieving
pressure is 270

psig.

r. Decrease gaseous
nit rogen supply pres-
[litre to zero.

Ilypergol manifold

is dcpressurized.

s. Rzpoat steps q and r 2 addiilo_tal times,

t. Disconnect gaseou_ nita'ogen supply from
hypergol manifold drain quick-disconnect. Re-

move pressure cap from packaging, and install
pressure cap on quick-disconnect. Torque

pressure cap to 30-40 fl-lb. Sa/etywire pres-
sure cap with Inconel lockwire MS20995N.

u, Remove hypergol simulator T-5029716,

or equivalent, from hypergol m_mifold cartridge
Container inlet port,

WAIeNING

Tl;e following procedure uses dry-
cleaniiJg snlvent, which is flam-
nmble and must not be _sed near

heat, sparks, or open flame, f.n-
halation of its vapors o_" prolonged
contact with the liquid can cause
serious injury.

v, Clean threads of hypergol mm:ifold car-
tridge container inlet per! with drycleaning
solve]it (Federal Specification P-D-680).

w, Reroove hypergol manifold cartridge
container inlet port closure f,,om packaging.
Lubricate (Method L) closure packing with

FSl281 grease (Dew Coming Corp) and install
c]osure. Secure e]omwe with attaching pin.

WARNING

Tile followi1_g 1)rocedore uses clean-
in$; compound, which Is vo]atih,. Use
in a well-ventilated area since [he

vapors disp:ace ti_e oxygen in the
air, resulting in suffocation.

x. l-tcmove all leaP-test compr_und from

joillts and fittings with a clean, dry cloth oz'
by flushing inaccessible areas with cleaning
compound (MIL-C-81302).

3.3.2.8 tl!y_x_aulJc.Control S._/stem Leak and
Function Test at MTF ('Pct9_r to Static Test a_49,_
a.t_.KS_C:_ This lest contains procedures for leak
testing the hydraulic control system, cycling
engine pz, opellant valves_ determining ignition
monRor valve shuttle pressure, and testing the
tgni_:lnn monitor valve lnterflow, I.f surface
wetting is noted at any thne during the test,
refer to section II to determine ff the condition

in acceptable.
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Section III R-3696-1l

a. Verify that stage fuel pre-valves are
closed; then vent the fuel feed system between
pre-valves and engine fuel valves by installing
drain huses on No. 1 and No. 2 fuel hlgh
pressure duct quick- disconnects.

aA. Vel'ify that chec1<oul valve is in ground
return position.

l aB. Perform, as applicable, eOJ1tamill~tion

and uama"o prevention procedures outlined in
pHagraph 3. 1A whon performing this tesl.

b. Attach drain hoses ot qu,ek-discollneet of
the folloViing:

CAUTION

bA. He move closure from fuel overboard
drl1;11 line.

bi-" On cenl<H engine, I'emove pressure cap
from actuator return line drain qulck
diRconnect.

c. Connect an exterllal supJ)ly of gaseous
n\trogen (MII,-P-27401), capable of being regu
lated and monitored froln 0··100 psig. to Ignition
monitor v8lve CONTROL port quick-dleconner-1.

ll, ;")rovide instrumentation to monitor pro..
p~llant vilivo position inrticator!J (position
Bwitches and potentiometers when applicable),

I

II

In the funowing )Jl'ooedu 1'0. during
removal of No. 1 and No. 2 thrust
ehamlJel' ('lei inlet manifold quick
diswnnect pressllr" cap, the qulck
dis,-'mnect body llIust not be allowed
to torn 01' d"mage to the quick
disc(>nnect body call result.

(1) No. 1 thrust chawlJer fuel Inlet mani
fold

(2) No. 2 thrust chamber fuel inlet mani
fold

(3) Engine conlt'ol valve supply tube

(4) Checkout valve engine return pose

CAlJTlON

1n the following procedure, during
removal of the goa generator ball
valve fuelln:et quick-disconnect
pressure cap. tho qUlck-cl'acOllflect
body muat not be allowed to turn
since a tOl'que doorcase betwelm
qUick-disconnect body and adaptnl'
or adapter and gas genl)ralor ball
valve fuel housing can result In
seal leakage.

(5) Gas generator ball valve fu,,1 lnl,>!
drain

3-70 c.:hange No.6 - J,~ February Ul70

e. Provide instrumentation to monitor hy
draulic pressure at engine lllterface.

NOTE

St.ep f Is omit.led at KSC.

f. Install a blank plato betwoen thrust cham
ber fuel inlet manifold and Ignition monitor
valve sense tube as followiJ:

(1) Remove attaching hardware that secures
ignition monitor valve sense tuhe clamp to
bracket on thrust chaml!"l' fuel inlet, Hctain
attaching l,al'dwaro Jor relnstallatiun, jf a<:cojJt.
able for reuse in ac<:or<lauce with reql\trements
of section II.

(2) fi"move attaching har<lw;'re that secures
ignition monitor valve sense tUIl,· to thrust
chamber fud inlet manifold. Carefully sepal'a'e
flanges an.d remove seal plate. Retain attaching
/tardwarlJ (or reln9tall"llon, if acc~ptahle for
reUBe in accordance with requh'ements :>f
3ection II.



R-3896-II $ectiun't III

( (3) Install pressure Lest fixture T-5043436,
ov equivalent, on thrust elmml)er feel islet mani-
lold between ignition monitor valve sen,_e tube

f[_mge and fuel inlet manifold flanv, e. 'l'orquo
nuts to 47-57 in-lb, Comwet a red streamer to
test fixture.

i{. I_.enlovepin and elo:_urt,from hvI)et'gol
manifold c_'tr_(Ige enntaine_' inlet p,)ri.

WA I'tN I N ¢J-

The .followirlg procedure uses dry-
cleaning solvent, which is flam-

mable and must not IJeused near

heat, sparks, or open flame. In-.

halation of its wq)ors or In'oleniied

contact with the liquid call caase

sel'ious in)ury.

NOTE

The method lot al_plyinp, lubricant
in the followinl, procedure is out-
lined in 1(-3896-3.

h, Clesn threads of hypergol manifold car-

tridge container inlet port with dryeleaninp,
solvent (Federal Specification P-D-680). Lubr_-

I cate (Method A)tlweads with lubricant I:;reasc
ltB0140-012 (Rcekotdyrle).

CAUTION

When installinl, the hyporgol sys-

tem test tool into the hyl_ergol
nmnifold cartridge conl._iner inlet
p(,rt, extreme care m,,st be used to

p,'event damage to the hvl)er_',ol
cnrtri(Igc foHuwer.

• 't'h_ threads of the test tool cap
must be t'le_n and free of nicks

to prevent galling the threads of
the cap nnd inlet port.

i, Make sure that threads of test Iool capace
viean and free of r, icks: tllenlubricate (Meihud

L) cap packing with F_11281 grease (Dew Corning
Core)and carehflty in_ert hypergoI system test
tool 9021279or equivalent, into hypergo] mani-
fold cartridge container inlet per(, and screw
cap (clockwise)or,to inlet per( until eapbutloms,

(
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R-3896-11 SectionIlI

(

(

( Proeedure

J. Slowly pres-
surize engine hy-
drau}ic control system
to 1,800 _50 paig.

k. hmpcct all No external leuJ-;age
hydraulic fittings, is allowable.
joint_, lines, and
COalIJoncII_S _ includ,-

ing instrumentation

system, for leakage.

NOTE

In the following step, previously
recorded component leakage should
be used as a _lide fox' determining
compoqent isolation sequence. When
leakage is accounted for, no further

Isolation l_ required. If necessary,
crier to p_Jragraph 3.3.3.2 for isola-

tion proceuur,+,s.

1. Monitor fuel overboard dcain line, at
thrust chamber exit, for fuel le_+kag¢. Any
leakage requires is_.lation from [uel overboard

drain line and recording of leakage rate of the
following components:

(i) ReduntL_ nt
shutdnwn valve

(2) Ignition
monitor valve

(3) Engine con-
h el valve

(4) All otimr
compoi_enis COi'i,1BI oa

itJ this drain system

m. Monitor engine
hydraulic supply check
valve leakage at engine
control wive supply tube

drain qu|c!---di_ronneet
drain hose.

n. Monitor check-
out valve ball seal

le,'tkage at eheckoul
valve engine return

hgse draio quick-
di.qconnect drain hose.

Result

Hydraulic control
system is pressurized

to ljS00 _50 psig.

2 cc/m fuel leakage
ma.ximum from drain

port

5 cc/m fuel leakage
maximum from drain

poll

5 cc/'m fuel leaJmge
maximum from over-

ride drain pert

No leakage is allow-
able.

2 cc/n _. nl_Lx_mllnl

2 ce/m lllaxll/llnn

| o througli q. (Deleted)

Procedure

r. Decrease hy-
draulic pressure to

1,550 _50 psig.

r.A. Monitor and

record actuator rc-

turn line drain quick-

disconnect poppel

leakage (cenler en-

ffineonly).

Result

Hydraulic eonirol sys-

tern is pressurized to
1,550 _50 psig.

5 drops per minute
Ill_.Xil'nUll I.

CAUTION

Fng'ine control valve start or st<)p
solenoid must not be actuatcd with

a hydraulic pressure of If, s.5 titan
900 psig, since damage to the en-
gine control valve can occur.

s. Momentarily Gas generator ball
supply 24.-30 vde to valve and No. 1 and
engine control valve No, 2 oxidizer valves

start solenoid (J- 18, opcu,

pills n (_) and__m (-)
at el_gil_e interfseo).

t. ]Pressurize No. I and No. 2 fuel

ignition monitor fuel valves open.
w, lve CONTROL port
with gaseous nitrogen

to 50 _I0 pslg.

u. (Deleted)

v. Slowly increase

hydraulic Supply pres-

sure to 1,800 t50psig.

w. Repeat sfcp_; k lhrough n.

x. Decrease hy- Hydraulic control sys-
dranlie supply pres., tern is prc_;surized to

sure to 1,o,.0 ±50psig. 1,550 xfOps!g.

CAU TION

Eng'ine control valve start or stop
solenoid must not be actuated with

a hydraulic pressure of loss titan

900 psig, since _mage to the en-
t_lle control valve can occur.

tiydraulic control sys-
tem is pressurized to
1,800 _50 psig.

(;as generator bad
valve, No. I and No. 2

oxidizer valves_ and
No. I and No, 2 fuel
valves elo_e.

y. Momentarily
e;upply 2,1-30 vdc to
engine control valve
stop solenoid (J-18,

pins_ (+) and k (-)
at engine luted:face).
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Section Ill R..3896- 11

z. Vent pressure from ignition monitor
valve CONTROl, port,

NOTE

Steps aa through ag are omitted

at MTF prior to sngine static test.

Procedure J.-les____lIt

aa. Mtmlentarily pro-
| vide 24-30 vdc to engine
eolltrol valve start

solenoid (J-18, pins n

(+) and m (-) at engi|]'e
interface-).

Gas generator ball
valve and No, l and

No. 2 oxidizer valve

open.

ab. Slowly supply gas-
eous nitrogen io ignitio,l

monitor w_.IveCONTROl.,

port until No. I or No, 2

fuel valve leaves closed

position.

a.c, Momentarily pro_
_vidc 24-30vdc to en-

gine co)tlrol r,_.lve stop

• solenmd (J-18, pins _.
(_) add _F_.(-) at engine
interface),

Record pneulnatic
supply pressure at
time either fucl
valve leaves closed

position. Fuel valve
nlov_ n'l,)St must

occur at 20 _4 psig
at ignition monitor
valve CONTROL

port when ignition
monitor valve sense

tube is blanked oil
When sense tubs is
net blanked off fuel
valve /llOVelllen_

nlu_t oecar at

21 _4 pslg,

Gas generater ball
valve, No. 1 and

Nn. 2 oxldiv,,,r

valves, and No. 1
and No. 2 fuel
va Iv_,s close.

ad. Vent gaqeoo8 nltrogco supply presnure
from ignition monitor valve CeNT[teL port.

as. Repeat steps
aa through ad one
additional time; then

repeat steps aa and ab,
and l)rOCced to step at.

Each ignition moni-
tor valve shuttle

_Jressore must occur

within _2psig ef the
other shuttle
pressures.

WARNING

The h)llowing procedure energizes
the redundant shutdown valve sole-

noid, which causes t'levalve hous-

ingto heat up. After electrical

power has been applied continuously,
the valve solenoid ease temperature

can cause injury te l)crsoenel tou,'.h-
ing the ease.

• It the redundant shutSown valve is
kept energized for nl.)re than 15

minutes, the solenoid temperature
buildup will cause the valve to
actuate slower.

Procedure Result

af, Momentarily pro-
vide 24-30 vdc to red,m-
dant shutdown valve sole-

noid (J-19, pins D (+)
and L (-)at _a3ine
interfaeek

Gas generator ball
v,tlve,NO. i and
No. 2 oxidizer
valves lind No, 1
and No. 2 fuel
valves close.

ag. Vent gaseous nitrol;en pressure from
ignition monitor _,tlve CONTROL port.

ah. l)_)press and

hold lever on hy-
pergol lest tool.

ltypcrgol carl ridge
installation is

simulal2d.

at. Momentarily
supply 24-30 vdc to
C'llglDe control valve

Mart st)ltnoid {J.. 18,

piSS n (-)) and n} (-)
at engine Inter'face),

Gas generator ball
valve and N0. 1
and No, 2 oxidizer

valet's (,l)t,n.

|

CAUTION

The following proce(lure prcs-
s)rizos the ignition mealier w]w
CONTROl, port. If prcssore in

exces,q of 100 psig is applied to ig-
nition monitor valve CONTROL port,
damage to the valve cartridge feb-
lower Call resnlt.

aj. Slowly supply gaseous nitrogen at 28,2
psit: to ignition monitor valve CONTROL purl.
Wait 5 minutes', then verify by instrumentation
indication that No. I and No. 2 fuel valves re-

main closed. Ret'ord w,rifleatlon.

\

)

)

)
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ak. Vent t_seous nitrogen supply pressure

from iguition monitor valve CONTROI, port.

al. Release lever of hypergo) lest tool.

Procedure Result

am. M(,mentarily

supply 24-30 vdc to

engine conirul valve

._4op solenoid (J- 18,

pins _g_(+) and k (-)
at _ngine interlaken).

Gas generator ball
valve and No. 1 and
No. 2 oxidizer valves
close.

an. Depressurize hydraulic control system.

au. Disconnect drain hoses from the follow--

ing qulck-.discoenect3. Remove pressure calm

from packaging, and insb-dlpressure caps o,1

quick-dlsconnects. Torqueprcssure caps to

30-40ft-lb. Saict3avirepressure caps with
lncone_ lockwire MS20995N.

CAUTION

In the _ollowtng procedure, during
installation of the No. I and .No. 2
thrust chamber fuel hflet manifold

quick-disconnect pressure cap, the
qulck,,disconnect body must :totbe

allowed to turn. slnc_,damage to the

quick-disconnect body- cau re:_ult.

(1) No. 1 thrust chamber fuel inlet mani-
fold drai_

(2) No. 2 thrust chamber fu#,lInlet vutnl-
fold dry,in

(3) No. ] fuel h',gh-pre_sure duct drain

(4) No. 2 fuel lflghpressure duct drain

(5) Engine control valve rupply tube drain

(6) Checkout valve engine relorn hose
drain

NOTE

The method for applying lubricant In
the follewing prncedur,_, is o'atlincd
in R-3896-3.

aoA. Remove drain hose front gas generator
bail valve fuel inlet drain, lubricate (Methud A)

threads of qt, ick-disconnect with lubricaut
grease RB0140-012 (Rocketdyne) or FS1281

grease (Dew Corning Corp). Remove pressure

caps from packaging and installpressure cap.

Torque pressure nap to 210-230 in-lb. Safety-

wire prcssurn cap wi_h Inconel lockwire
MS20995N.

aol_, On center engine, reluove pressure cap

Irula packaging and installpressure cap on

acttmtor retut'nline drain quick-disconnect.

Torque pressure cap to 3_.J-40ft-.b. Saletywire

pressure cap with Inconel lockwire MS20995N.

ap. Remove hypergol syst,,m test tool.

WARNING

The following procedure uses dry-
cleaning solvent, which is flammable
and must not be used near heat,
sparks, or open flame. Inhalation
of its vapors o1" prolonged contact
with the ilq,Ad can cause serious
injury.

aq. Clear, thrcads of hypergol manifold car-

tridge container inlet port with dryeleaning
solvent (Federal Specification P-D-680).

at. Remove hypergol manifold cartridge
container inlet pt,rt closure fronl packaging.
I,ubl icate (Method L) closure packing with
FS1281 grease (Dew Corning Corp) _md install

closure. Secure closnre with attaching pin.

its. Verify thai ignition monitor valve sense

i.he clamp i_ disconnected; then remove fas.
tenets that secure ignition n,onitor "valve sense

tube to thrust chamber fuel inlet manifold, :utrl
remove blank plate f,'o,n between flanges,

at. Verify alinement of ignition monitor

valve sense tube as outlined in R-3896-3.

au. Remove seal plate from packaging; the.}
install seal plate between ignition monitor valve
sense labe af_d thrust chamber fuel inlet mani-

fold. Seenre tube to manifold with 4 be ts, 8
washers, and 4 nuts. Torque nuts to 47-57in-lb.
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av. Install clampsecuringignition monitor
vu:_esensetube to bracRet on thrust chamber

fuel inlet manifold, Torque clamp fasteners to
24=30 in-lb.

3.3, 2.8A Hydraulic Control System Leak and

This test contains .Jrocedures for leak-testing

the closed side of Lhe hydraulic control system,
K surface wetting is noted at anytime during the
test, refer to sc:.tion If to determine if tim con-
dition i_; acccpt;_bie.

a. Verify that checkout vah,e is in ground
return position.

aA. Perform, as applicable, contamination
and damage prevention procedures outlined in

paragraph 3.1A when performing this test.

aB. Remove pressure caps and attach drain
hoses to engine conlrol valve supp]y tube drain
quick-.discommct and to checkout valve engine
re0arn hose drain quick-disconnect.

aC. On center engine, remove pressm'e cap
from actuator return line drab: quick-discommct.

aD, I_omove closure from fuel overboard
drain line.

Procedure

b. Slowly pres-
surize engine hydrau-
lic coniro_ system to
1,800 +50 psig.

c. Inspect all hy-

draulic fittings, joints,
lines, and component%
inciuding instrumenta-
tion system, for leakage.

d*

Result

Hydxaulie control sys=
tom is pressurized to
1,800 ,_50 pslg.

No external leakage is
allowable.

NOTE

In the following step, previously

recorded component leakage should
be used as a t_lde for determining
component isnlation sequence. When
leakage is acccnmted for, no further
isolation is required. If neeessar,,G

refer to paragrapi_ 3.3.3.2 for isola-.
lion procedures.

Muffler .(uel overboard drain line, at
thrust chamber exit, for fuel leaP, age. Any leak-

age requires isolation from fuel overboard drain
line and recording el leakage rate of the follow-.
tng components:

(1) Redundant 2 cc/'m fuel leakn_e
shutdown valve maximum from draio

port

R-3896-11

_rocedu_

(2) Ignition
monitor valve

(3) Engine con-
trol valve

(4) All other

components common
to this drain system

e. Monito,' eu-

gdne hydraulh' supply
check valve leakage

at engine control
valve supply lobe
drain quick-discon-
nect drain bose.

f. Monitor cheek-
out valve ball seal

leak.'tge at checkout
valve engine return
hose drain quick-
discosneel drain hose.

g. Monitor actua-
tor return line drain

qul ok- disconnect

poppet leakage
(center engine only).

Result.
5 cc/m fuel leakage
maximum from drain

port

5 cc/m fuel leakage
maximum from over-

ride drain port

No leakage is allowable

2 ec/m maximum

2 cc/m maximum

5 drops per minute
maximum

h. Depressurize hydraulic control system.

i. Disconnect drain hoses from ent_ne con-
trol valve supply tube tb, ain quick-discommct
and checkout valve engine return hose drain
quick-disconneel. [_OlnOVe pressure caps from

packaging, and install pressure caps on quick-
disconnects. Torque pressure caps to 30-40
It-lb. S.Mctywire pressure caps with Inconel
lockwire MS20995N.

j. On center engine., remove pressure caps
from packsging, and insL_ll pressure cap on
actuator return line dra',n quick-disconnect.
Torque pressure cap to 30-40 ft-lb. Safetywire
presmwe cap with Inconel loc'_3vire MS20995N.

3.3o2.8B H_.,yd_ra241is__C_9_j:L_l__.etem_ Le',JL_9_d -
Function Test at..M.AF__ This test contains pro*
cedures for leak-testing the closed and open
sides of the hydraulic control system. Ifsurface

wetting Is noted at anytime during the test, rotor
to section 1I to determine if the condition is

_cceptable,

a, Verify that stage fuel pre-valves are
closed; then vent the fuel feed system between

pre-valves and engdne fuel valves by installing
drain hoses on No. 1 and No. 2 luel high-
pressure duct drain quick-di,3co_mects.

)

)

)
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b, Verify that checkout valve is in ground
return position,

I bA. Perform, as applicable: contamination

and dan, lage prevention procedures outlhmd in
paragraph 3.1A when performing this tesL

c. Remove plugs from the following instru-

mentation taps_ and allow fluid to drain.

(1) On engine installed iu position 101, re-
) -, e,move plugs from taps IF2 ao.d I /_oa-2. Use a

suction pump to remove fluid from PF3a-2.

(2) On engine installed in position 102, re-
move plug from tap KF6d-2.

(3) On engine installed in position 103, re-
mow, plug from tap KF7a-1.

(4) Or* engine installed in position 104, re-

move plug from tap IF2.

(5) On engit:e installed in position 105,
remove plug from tap PF3a-2. Use a suction
pump to remove fluid from PF3a- 2.

d. Attach drain hoses zt quick-disconnects of

the following:

CAUTION

!

In the following procedure, darleg re-
moval of the No. 1 and No. 2 thrust

chamber fuel inlet manifold quick-
disconnect pressure cap, the quick.-

disconnect body must not be allowed
to turn, since damage to the quick-
disconnect body c_n result.

(1) No. 1 thrust chamber fuel inlet mani-
fold

(2) No. 2 thru,,,t chamber fucl inlet n',ani-
fold

(3) Engine co_.rol valve supply tube

(4) Checkout valve engine return nose

I dA. O_I center engine, remove pressure cap
from aott, ator return line drain quick-
disconnect,

e. Connect an external supply of gaseous
nitrogen (MIL-P-27401), capable of being rogu-
la_.ed and monitored from 0-100 psig, to ignition

monitor valve CONTROL port quick-disconnect.
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f. Provide instrumentation to monRor pro-
pellant valve position indicators (position

switches and potentiometers, when applicable).

g. Provide in,_trumeutation to monitor hy-
draulic pressure at engine interface.

h. Installa blank plate between thrust cham-

ber fuel inlet manifold asd ignition monitor
valve sense tube as follows:

(1) Remove atlachlng hardwar,? that secures
ignition momtor valve sense tube clamp to
bracket on thrust chamber fuel inlet. Retain

attaching hardware for relnstallation ff accept-

able for reuse in accordance with requiren:ents
of section II.

(2) Remove attachhlg hardwarelhat secures
ignition monitor valve sense tube to thrust

chamber fuel inlet manffnld. Carefully separate
flnnges, and remove _;ea! pD.te, Retaia attach-

lng hardware (or reisstallatton if acceptable tor
reuse in accordance wtth requirements of
section II.

(3) Install pressure le_t /LxtureT-5043436,
or equivalent, on thrust chamber fuel hdet

manifold between lgaitton monitor valve sent, e

tube flange and fuel inlet manifold flange.
Torque nuts to 47-57 ia--lb, Coasee.t a reel
alreamer to test fixture.

P roe edure_ l__csAflt

i. Slowly pres-
surize engine hydras-

l lic eontrnl system to1,8"10 ia0 psig,

H:,,draulic control sys-
tem is pressurized to
1.800 iS0 psig.

j. Inspect all hy-
draulic fitOngs, joints,

lines, sad ec_)ponents_

including instrumenta-
tion system, for leakage.

No external leakage is
allowable.

| k through m, (Deleted)

n. Decrease hy-
draulic pressure to
] _5,50 _50 pslg.

iIyOraulie control sys-

teal is pressurized to
l, ,550 :_50 psig,

_[!r!!gedu r _,. Re suit )

hA, Monitor and 5 drops per minute
record actuator retl)ra i'ut)ximnm

line drain qulek-
disconnect poppet
leakage (center en-
gin,,only)

CAUTION

The engine control valve tztart nr
stop solenoid roast not be aOuated
with a t_ydraulic prossure of less

than 900 psig, bince damage to the
ertgine conlrol Valve Call Occur.

o. Momentarily
supply 24-30 vdc to
engine control valve

start solenoid (J.-18,
ptn_; I_ (,) and m (-)
st engine interface),

Gas geuecator ball
valve and No. 1 and
No. 2 oxidizer valves

open,

p. Pres,stlrize

ignition monitor
valve CONTROL

port wtth gaseous
nitrogen io 50 dO
psig.

eI . Slowly in-
crca:_e hydraulic
supply pressure
to t,800 ,.50 p,qg,

No. 1 and No. 2 fuel

valves open.

ttydraulic eoatrol sys-
tem is pressurized to
1,800 _50 psig.

r, Inspect all

hydraulic fittings,
JO}lt(_._ ]lfles_ and

coa]poiR!nt[_ _ includ-

ing instrumentation

system, for leakage.

No external lemkage is
allowable.

s. (Deleted)

t. Decrease hy-
draulic Sul)ply pres-
sure to 1,550 #50 p_ig.

llydraulie control sys-
tem is pressurized to
1,550 +50 pMg.
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WARNIN'G

The following procedure energize5
the redundant shutdown valve sole-

noid, which causes the valve housing
to heat up. After electrical power

has been applied continuously, the
valve solenoid case temperature can
cause injury to personnel toucblng
the ease.

s If the redundant shutdown valve is

kspt esergized for more than 15
illinutes, the solenoid temperatu re
buildup wJ)l cause the valve to
actuate slower.

CAUTION

The env.Inecontrol valve start or

stop solenoid mu_t act be actuated

with a hydraulic pressure of less
than 900 p,3tg, since damage to the

en_lle (outrol v:.dvecan occur,

kh o,:edurc Result

o. Momentarily

supply 24-30vdc to

en[;inc control valve
slop solenoid (J-18,

pins _ (+)and !i(')
and redundant valve

solenoid (.l- 19, pins
O €-_) and t, (-) at

engine interface).

Gas get,orator bQ11
valve, No. 1 and No. 2
o×idi7er valves, and

No. I and No. 2 fuel

valves close,

v. Vent prvssure from Ignition mo_dtor

valve CONTIIOL porL

w. Depressurlze hydraulic control system.

x. Disconnect drain hose_ from the following

quick-disconn,,cts. Remove pressure caps
from packaging, and install pressure caps on
quick-disconnects. Torque pressure caps to
30-40 R-lb. Safetywire pressure caps with
Inconel ieckwtre MS20995N.

CAUTION

In the following procedure, during
installation of the No. 1 and No, 2
thrust chamber fuel inlet manifold

quick-disconnect pressure cap, the
quick-disconnect body must not be
allowed to turn, ;'_ince damage to
the quick-disconnect body can
result.

(1) No. 1 thrust chamber fuei inlet manifold
drain

(2) No. 2 thrust chamber fuel inlet manifold
drain

(3) No. 1 fuel high-pressure duct dzain

(4) No. 2 fuel high_pressure duct drain

(5) Engine control valve supply tube drain

(6) Checkout valve engine return hose drain

xA, On center engine, remove pressure cap

from packaging and in,;iall pressure cap on
actuator return line drtlia quick-dLt4coauect.
Torque pressure cap to 30-40 ft-lb. Safetywire
pressure cap with Ineonel loekwire MS20995N.

y. l'temove fasteners that secure ignition
monitor valve sens'_: tube to throst chamber fuel

inlet rnmllfold, and remove blank plate from be..

tween f h'mgcs.

z, Verify alinement of ignition moniU_r raise
sense lobe a,'¢ outlined in R-3896_ 3.

aa. Install seal plate between ignition monitor
wdve sense tubs and tinust chamber hml inlet

manifold. Secure tube to manifold with 4 bolts,

8 washers, and 4 nuts. Torque nuts to 47.57
in-lb.

ab. Install clamp that secures ignition moni-

tor valve sense tube to bracket, on thrust cham-
ber fuel inlet manifold. Torque clamp fasteners
to 24-30 in-lb.

NOTE

The method for applying lubricant in
the loltowing procedure is outlined
in R.-3896.-3.

ac, Remove plugs and packings from pack-
aging, and install plugs AN814-4CL and packings
RD202-3001-0004 as follows:

(1} On vet;theinstalled in W)sition I01, Iit-
bricste (Method J ) packings and (Method A)

threads of plugs with lubricant grease
RB0140-012 (Roeketdyne) and install plugs and
packings in taps IF2 and PF3a-2. Torque plug
in tap IF2 to 40--65 in-lb and plug In tap PF3a-2
to 100 .5 in-lb. ,€3afetywlre l_lags with Inconel
Iockwire MS20995N.

(2) On engine installed in position 102, lu-
bricate (Method J ) packing and (Method A)

threads of plug with lubricant grease RB0140-012
(Rocketdyne) and install plug and packing in tap
KF0d-2. Torque plug to 40-65 in-lb. Safety-
wire plug with Inconel lnckwirc iv1820995N.

(3) On engine installed in position 103, lu-
bricate (Method J ) packing and (Method A)

threads of plug with lubricant grease ItB0140-012
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(Rocketdyne) and installplug and packing in tap

| KFTa-I. Torque p]ug to 40-65 in-lb. Safety-

wire plug with Ineonel Iock_virc MS20995N.

(4) On engine installed in position 104, lu-
bricate (Method ,}") packing and (Mcfilod A)
threads _)f plug with lubricant greaseRB0140_012
(Rocketdyne) and instaU plug mid packing ta tap

| IF2. Torque plug to 40-65 in-lb. Safc_ywirc_
plug with Inconel lockwire MS20995N.

(5) ()Itengine installed in position 105, lu-

b,'ic;,(c(Method J )packing alxd(Method A)

ihzeads of plug with lubricant grease IU3014L)-012
(R_ckctdyse) and install plug aud packing in t_p

PF3a-2. Torque plug to i00 :_5 in-lb. Safety-
wire plug with Ineone] lockwire MS20995N.

5.3.2.9 Valve ;r'_min_ 1'est.

a, Perform, as applicable, contamination
and damage prevention procedures outlined in
paragrapb 3.1A when performing this test.

aA. Verify thpt stage fuel pre--valves are
closed: then vent the fuel feed system between

pre-valves and engine valve _ by installing drain
hoses on No. 1 and No. 2 fuel Ifigh-pressure
duct quick-disconnects.

b. Verify that pneumatic system is connec-
ted to ignition moni_.or valve CONTROL port
(paragraph 3. g, 2, 8).

c. Sluwly pres-
surize engine hydrau-
lic controJ system to
1,550 450 psig, and
circulate hydraulic
fluid for a minimum

of 15 minutes before

proceeding to nexi
step.

Resu_f

Engine hydraulic con-
trol system is pres-
surized.

d. Provide instrumentation for recording
engine propell,'o_tvalve times and sequence of
evenl_.

e. Momentarily
supply 24-30 vdc
to engine control
valve start solenoid

(J-lS. pins n (4.) and

m (-) at eng]-ne Inter-
t_ce).

Gas generater imll
valve and No. 1 and
No. 2 oxidizer valves

open.

JL'oeedure Resu]t

g. Momentarily
supply 24-30 vdc to
both engine control

valve stop solenoid

(J-18, pins_ (+)
and k (-) at engiue
interface) and redue_

d-'.mtshutdown valve

solenoid (J-19, pins
L) (_) and L (-) :_t

engine interface).

Verify thai valve =i,-aes
meet limits and that

sequence of events
occurs as listed in

section I.

h. Vent gaseous n(irogen pressure [rom ig-

nition monitor valve CONTROL port.

i. Repeat steps e throutrh i_ two addiiional
times.

j. (Dele|ed)

K. Rep_mt step,_; e and f.

1, Momentarily
supply 24-30 vdc fo
redundant shutdown

valve solenoid (J-19,
pins l) (_) and L (-)
at engine interface).

Gas generator ball
valve, No, 1 and No. 2

oxidizer valves_ and
No. l and No. 2 fuel
valves close.

nl. Vent _a_eous nitrogen pressure from

ignitionmonitor valve CONTROL port.

n. Secure in,_itruznenb._tiion.

o. Dcpressurize iaydranliecontrol system.

17. Disconnect drain hose from No. i and

l_Io.2 fuel high-pressure duct qu'ek-discosnects.

Remove pressure caps from packaging, antiin-

stallpres;nJre caps ellquic_',-disconnecls.

Torque pressure caps to 30-40 ft-lb, Safetywlre
pressure caps with ]ncoTml luckwtre MS20995N.

f. Supp}y gaseous No. 1 and No. 2 fuel
nitrf_ges a¢ 50 :_10 valves open,
p,_ig to Ignl¢ion mon|_
for valve CONTROL

port.
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Paragraph 3.3.2.10

3.3.2.10 Fuel Feed SLstem Leak Test. When

fiowtssters are specified, Pneumatic Flow
Tester G3104, or equivalent, must be used.

a. Perform, as applicable, contamination
and damage prevention procedures outlined is
paragraph 3.1A when performing this test.

,tA. If en[,dnes arc horizontal, remove pro-
tective closure from fuel overboard drain line
at thrust chamber exit.

+tA-1. If engines are tiorizontal, remove
polyethylene bag from Y-fitting on fuel over-

board drain line and insh_ll pressure cap on
Y-titling.

NOTE

Sten,; aB through o are omitted at
MTF.

aB. Ifengines are vorilcal, remove poly-

ethylene hag from fuel overboard drain line at
thrust chanfln:r exit.

b. If engines ,%revertical, dl_connect cross
In lateral drain lobe between cr,_ss and fuel

nverboard drain line Y-fltting. Instal]pressure
cap AN929-16C on fuel overi_ard draln line,

c. llemove plug from hypergol manifold
instrmnentation tap IF3.

d. Remove fuel drain manifold co_,er plate
and seal plate from fuel drain manifold, and
install fuel seal drain manifold adapter 9020907.
Torque fasteners to 43..47 in-lb.

e. Remove plugs from INLET and PRIMARY
ports on adapter,

cA. Install thrust chamber throat plug (para-
graph 3.6.15), h_stall an open adapter with a
drain hose on throat plug quick-disconnect. Vent
hose outside of thrust chamber with hose outlet

pointed away from personnel.

eB. Remove pin and closure from hypergolnumift,ld cartridge container Joist port.

WARNING

The following procedure uses
drycleanlng _olvent, which is flam-
mable and must m,t be used near heat,
sparks, or open flame° Inhalation of
its vapors or prolonged contact with
the liquid can cause _erious bLjery.

NOTE

The mettmd for applying lubricant in
the following procedure in outlined
in R- 3_96-.3.

eC. Clean threads of hypergol manifold

cartridge container inlet port with drycleaatng
solveat (Federal Specification P.D-680).

Lubricate (Method A) threads with lubricant
grease liB0140-012 (Rocket6yne).

CA UTION

When Ira+tailing hypergol simulator
into the hypergql manifold cartridge
container inlet port, extreme care
must be used to prevent damage to
the hypergol cartridge follower.

• The th,'ead._ of the hypergol
slnmlator c'_p musi b:.• cle,m and
free of nicks, to prevent [_,alltng
the threads of the cap and inlet port.

eD. Make sure that threads of cap on hyper-
gel simulator "1'-5029716, or equivalent, are
clean and free of nicks; then lubricate (Method
I,) simulator shaft O-ring with FS1281 grease
(Dew Corntng Corp), ;rod carefully insert sin'm-
later into hypergol m':.n+fold cartridge container
inlet port. Screw simulator clockwise until it
bottoms.

rE. Verify that pressure cap is installed on
union in simulator cap.
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NOTE

Theluel systemleak testmaybe
conducted without hydraulic pre:_-
snxe applcd to the hydlaulic
control system. Iiuwever, in the

eve_t that prt_pell.'lnt vah'_, leakage
is excessive, apply hydran_ic:_ ,'_d
reperfr_rm ]oak test.

P r 9c e d_u_,r_e" Result.

f. Supply hydraulic

fluid at 1,550 250 psit_'
to engine ground hy-
draulic iuterfaee.

No exlernal leakage is

allowable hi hydraulic
control system.

NOT E

If hy,;raulie pressure is not supplied
to engine hydraulic control system,
it must be verified that each oxidizer

valve, each fuel valve_ and the gas
generator b_l valve are in tbc closed

posiiton prior to perlorming _teps
fA and g.

e Step fA is omitted at MTF.

fA. t_upply gaseous nitrogen (MIL-P-21401)
as speclfh,d in requirements of section Ij at
10 tl psig in LOX teed system.

g. Supply gase:)us nitrogen (MII,-P-27401)
or a mixture of t_aseous nitrogen (MIt.-P -27401)
sad refrigerant_ "l_rpe 12 (Federal Specification
BB-F-1421)_ as sp(,cified by requirements of
sectic, n I, at 10 _1 [_'_g to fuel feed system.

NOTE

Stelm h through 1 are omitted at
MTF.

h. Remove pressure caps from tLe following
qu[ck-.discommeis:

(1) No. 1 aud No. 2 fuel high-pressure
duct drains

(2) No. 1 and No. 2 fuel pump inlet drains

(3) Engine control valve supply tube drain

(4) Checkout valve to engine return hose
drain

CAUTION

In the following procedure, during
removal of the gas generator ball
va/,ze fuel inlet _'ain quick-disconnect

pressure cap, the quick-disconnect
body must not be allowed to turn,
since torque decrease between
quick-disconnect and adapter and
adapter and gas generator ball valve

fuel housing can result in s_al
leakage.

(5) _ls generator b_dl valve fuel inlet drain

Procedure Result

t. Using flowtester, Leaka_i'e at each quick-
measure and record disconnect must not
poppet reverse-flow exceed 3 scim.

leakage at each quick-
disconnect listed in

step h.

NOTE

The method for applying lubricant in
the following procedure is outlined
in f€-8896-3,

J. Remove pressure caps from packaging
and install pressure caps on quick--dlseommcts
listed in step h. Torque 3/8-inch pressure

/caps to 'J0-40 ft-lb and J_ 4-I wh pressure raps

to 70-"/5 ft-lb. On engines incorporating MD16__._8.
change, lubricate (Method A) threads oif, as
generator b',d] wdvc fuel inlet drain quick-
disconnect with lubricant ;_reasc RB0140-012
(Rocketdyne) or FS1281 grease (Dew Coming
Corp), and install pressure cap. Torque pres-
sure cap to 210-230 in-lb. Safetywtre all
quick-disconnect pressure caps with Inconel
leckwire MS20995N.

k and 1. (Deleted)

)
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H-389G-11 Section III

CAUTION Result,

II Lt'a,k-test compound nl~l.st not lv>
uBcd 01, flox Hue helloWR sillc.
C1WIIO' be renll,wE'd Irom ~!\() hellows.

Leak-test compound uEed tn the
lollowlng jll'ocedl\l'e musl not he
used 011 overlJoard drain Hue ('xits,
to preclude !ntruduclug le11I<··t05\
compoulld '1110 thc Illlf·~.

Leakage pasl primary
Cuel Heal must not
el;c('ed 50 Hclm.

Leak:.gJ past turbojJ1Jmp
ruel I,.dct seal must not
exceed 50 sclm.

Le',tkage pa"t Igniter
fuel valve Heat l11u"t
not exceed 0.5 Hclm.

(3) INL8'r jlort
00\ adapt.! l' , (Rotat~

tlll'hojlllmp bhafl 10
rletcrmlne rnn....·d.m\llU
leakngt; wl'ethel' 1'0

tatillf( or stationary.)

(4) PHlMARY
\lorl on ad:\pt"r.
tHol"le t 1I1'bo!,ump
chart to dntermlno
1n000XliliUm loaJr.age
wltetllet futatil1g
or statlcHl(tr i .. }

(,,) ll\nile,' lu,,1
valve s"at Ic,tkav,e
from infitl'Un1Cnta
\lnn tap IF:l,

No loaJ'ag(~ is allow
uhl(' ...

m. Apply leak
lo st ccmpound
(MIL-L-2ti5M) lo
all llanges, fltllugs,
or inotl'utncntatlolj
lines connected [()
the followlnl::

Steps Jl through nE are omitted at
MTF.

Con,birw<! leakagl' of
No. I and N'J. 2 11lo1
valves must not exceed
1':; salm.

o. Depressurh;e LOX feed syAtem.

nC. lJ"lng (Jowtesler. muasun f1,)W at drain
hose on arla,ptt'l" im;tiJU0d on thruhl chamhcl
thrOat p!Utr and record as cL'ml,lned lpakag" of
No. 1 and No. 2 o;;ldl1.er valves.

1\1\, Ilslnv, Clowtestel', meaSure CloW:lt drain
hOM' on adapter i"stalled Oil thrust chamber
1111'0'111 'ug ami reco!'d as ",nnbhwd leakal\e of
No. 1 ,uld No. )) Iud valves aurl No, 1 and No, 2
oxic;:!l:7.pl' valves.

nE. H hyrirauUc control system is not pros
surl1.ed and lealtage III step nD Is excessive,
perform sleps r, fA, and nA through nC. When
hydratJ.lIc control system Is pressul'lzed, com
hlned le'lkagc In eXLeS8 01 15 scim requires
l~,olatlon of No. 1 f'Iel v",lve Cram No, 2 fuel
v"lve. Maximum leakage from either valve Is
15 8clm.

nD, C.tlclltate
delta [low as <lUCer
cnee \)elwe()l\ !low
r"corded In slep nA
anrl flow J;'ecorded
In step nCo ROCU1'd
flow as comhlned
leakage 01 No. 1 and
No, '2 f\.tel valves,

No }(Hl.kal~C p;\sl gat?
generato', hall valve
fuel shaft sCi"l is
allowahle.

Leakap.e past Ileartnll
coolant control valve
poWels must 1I0t
exceed 2 ficitn.

\\. Using flowicsicr, meaSure a\\l\ r,~cord

leakage at tht) followI1I1::

(1) Fuel drain
lube disconnected
in step b

(1) No.1 :llld No. :l 111cllnlct (,lhOWH

(2) No. J and No. 2 IUI'( h1flh-prcSlmrc
duels

(3) 110. 1 ~u"l No. ~ fu"l valvcs

(4) GJ.'~ I;;enerator fupl duel

(5) Gas ~enel'ator hall valva fuel ~ldo

(6) Fuel volutl.: lubc fned tuhc

(7) Igniter Illul .~ur,ply tuhp

(0) 1urbopulllp luo l Impeller balance cavity
supply and ceturr. tube,;

(9) ~~nllinc \'(",ntrol vltlve "u\)l'ly lu\)e

(10) Checkout valve !o ungine retul'n hnse

NOT~

(2) Fuel ovel
board drain line at
thrust chamber exit
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Section HI

Paragraph 3.3.2.11
R-3896-11

p. Depressurize hydraulic control system,
if applicable,

WARNING

The following procedure use_

clemdng compound, which is volatile.
Use in ,_ well-ventilated area since

the vapors displace the oxygen in
the air: resulting in _uffocatton.

q. Itemove all leak-test compound from all
joints _w,d fittings with a clean, dry cloth, or
by flushing inaccessible areas with cleaning
compound (MIL-C-81302).

NOTE

Steps r through t are omitted at
MTF.

r. Remove fuel seal drain manifold adapter
from fuel drain manifold. R_move cover plate
and ._eal plate {rein packaging and lnst_l fuel
drain manifold cover plate and seal plate.
Torque bolts to 44-47 in-lb. S,'detywlre bolts
with h,conel lockwlre IVIS20995N.

s. If engines are horizontal, install protec-
tive cover on fuel overboard drain line. Torque
closure fasteners flngeriight plt, s 1/4 turn.

sA. If e,tgines ace I_orizon/al, install a poly-
ethylene bag (on_ gallon minimum volume) on

fuel overl_oard drain line Y-fitting (paragraph
3.6.23.1),

sB. If engines are vertical, install a poly-
ethylene bag (one gallon minimum volume) on
fuel overboard drain line at thrust chamber

exit (paragr,'_ph 3.6.23.3).

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

t. Remove plug and packing from packaging.
Lubricate (Method J) packing and (Method A)
plug with lubricant grease RBOl40-012
(Rockeldyne) and install plug and packing in
lnstrumenk_ttton tap IF3. Torque plug to 40-65
in-lb. Safety'wire plug with Inconel lockwtre
MS20995N.

u. Remove hypergol simulator T-5029716,
or equivalent, from h_)ergol mani[old cartridge
container inlet port.

WARNING

The follov, lng procedure uses

drycleaning solvent_ xhlch Is flam-

mable and must not be used near heat,
sparks, or open flame. Inhalation of

its vapors or prolonged c¢,ntact with
the liquid can cause serious injury.

v. Cle;ul threads of hyperg.1 manifold car-

trldgc container tnlet port with dryclcanisg
solvent (Federal Specification P-D-680).

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

w, Remove hypergol manifold cartridge
container lulet port closure from packaging.
Lubrlca_.e (Method L) closure packing with
1;'81281 grease (Dew Cornlng Corp). Install
clot_ure aald secure wtlh attaching pin.

3.3.2.11 LOX Feed Sy__stem Leal¢ Test. When
fh')w t e s te r _;_[_--_ p_'c'q _l e t{',' p_'uTuTd't'T'C"plo w
Tester G3104, or equivalent, must be used.

a. Perform, as appllcable_ coutamlnation
and damage prevention procedures outlined in
paragraph 3.1A when performing this test.
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R-3896-11 Sec_onlTI

( NOTE

Steps aA and b are omitted _'t MTF.

a,A. Discotmect actuator rod seal vent tubes

from OXlD VENT port on No. 1 and No. 2 oxi-
dizer valves.

b. Install thrust chamber throat plug (para+
| graph 3.6.15). Install an adapter with a drain

hose on throat plug quick-disconnect. Vent hose
o,tlside of t+.rust chamber to atmosphere. Se-
c_tre hose with hose outlet pointed away from
personnel.

NOTE

The LOX feed system leak test may
be conducted without hydraulic pres+
sure applied to the hydraulic control
system. However, in the event that
propellant valve leakage is excessive,
app]y hydraulics and reperform test.

lh'ocedur__e Result

c. Supply hydraulic
fluid at 1,550 _50 ps!g

to engine hydraulic
control system.

Hydraulic control sys+
tom is pressurized.
No leakage is allow-
able.

NOTE

If hydraulic prcsmtre is not supplied
to the eugine hydraulic centrol sy,_-
tern at 1,550 +50 pslg, it must bc
verified that each oxidizer valve sad
the gas generator ball valve are in

the closed position prior to per-
forming step d.

d. Supply gaseous nitrogen (MIL-P-2'1401) or
a mixture of gaseous nitrogen (MIL-P-27401)
and refrigerant, Type 12 (Federal Specification
BB-F-1421), as specified in requirements of

section I, at l0 +1 pstg to IX}X feed system.

(
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SectionIll R-3896- II

NOTE

Steps e through m are omitted a t
MTF.

Procedure Reset

e. Using flowtester,
measure and record

leMeage at actuator
rod seal OXID VENT
port No. 1 and NO. 2
oxidizer valves.

I,eakage past each
valve bottom rod lip
seal must not exceed
30 scim,

NOTE

The nlethod for applyiug lubricant in
Ihe following procedure is outlined

Oin R-,,896.3.

[. Reconnect tubes removed from OXID VENT

ports to No. 1 and No. 2 oxidizer valves. Lu-
| br_.cate (Method A)fltting and (Method G) tube

w_th Iubt, ieant grease I_B0140-012 (Rocketd],oe).
'torque coupling nuts to 135--185 in-lb.

g. Disconnect gas generator b_dl valve shaft
oxidizer seal vent tube at actuator housing banjo
fiUing.

h. Using ftowtestnr,
measure and record

leakage from banjo
fitting.

I,e;ff, age pa_Jt gas gen-
erator bsll valve shaft
oxidizer se_d must
not cxceed 10 sclm.

i. Using flow-
lester at drain hose

on adapter installed
on throat plug quick,-
disconnect, measure
combined leakage
past No. landNo. 2
oxidizer valve poppets.

Combined leakage
past No, 1 andNo. 2
oxidizer valve poppets
must not exceed 56

sctm. Leakage in ex-
cess of 56 seim re-

quires isolation of
No, 1 oxidizer valve
from No. 2 oxidizer
valve. Maximum

leakage from either
valve is 56 scim.

J, Disconnect nitrogen overboard drain line

at thrust chamber exit, and pressure-cap engine
side with plug AN806-_C.

Prone... dur.e I_esal_..._t

k. Using/low-
tester, measure and
record maximum

leakage from oxi-
dizer overboard

drain line. (Slowly
rotate turbopump
shaft to determine

:uax,mum leakage.
whether rotating
or stationary, )

Leakage past turbo-

pump primary LOX
seas must not exceed

500 seim,

I. Remove plug from nitrogen overboard
drain line. Reconnec, t nitrogen overboard drain

line at thrust chamber e.xlt. Lubricate (Method A)
fitting and (Method G) tube with lubricant grease |
RB0140-01Z (I_oeketdyne). Torque coupling nut
to 450-525 in-lb.

m and n. (Deleted} II

/
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R-3396- ll Section tlI

Paragraph 3.3.2.12

(

(

CAUTION

Leak-te_t compound used in the

fol}owing procedure must not be
use 'o11overboard drain line exits

to preclude introducing leak-test

compound into tilelines.

a Leak-test compound must not be
used on flex line bellows since it

cannot be removed from the bellows.

Pr(_cedure Result

o. Using lmtk-

test compenml

(MiI_-I,-25567),
nlomtor leakage at
flanges, gimbal yoke
bellows, fittings,
and instrumentation

lines on of connected

to the following:

No le,'dmge is allowable,

except on engines not
incorporating MD128
change where fuzz'-_ak-
age (as defined ill
section I1) iS allowable
between gas generato_
ball valve oxidizer

housing and achmtor
cavity housing joint.

(1) Oxidizer pump

(2) No. 1 and No. 2 oxidizer high-pressure
duct.'.

(3) No. l and No. 2 oxidizer v',flves

(4) Gas generator oxidizer feed line

(5) Gus generator ball valve oxidizer side

(6) Oxidizer pump ilflet to oxidizer pump
volute

(7) Gas generator bail valve oxidizer side
to actuator housing

p. Depresmwize LOX feed system.

q. Depressurize hydraulic control system.

NOTE

Steps r and s are omitted at MTF.

a The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

r. Remove plugs, lubricate (Method A) fit-
ting and (Method G) tube with htbrieant grease
RB0140-012 (Rocketdyne), and Install gas gen-
erator ball valve shaft oxidizer seal vent tube

at actuator housing banjo fitting. Torque
coupling nut to 135-185 in-lb.

s. Remove thrust chamber throat plug (para-
graph 3.6.16).

WARNING

Tim following procedure uses clean-

ing compound, which is volatile.
Use in a well-ventilated area since

the vapors displace the oxygen in tile
air, resulting in suffe'ation.

t, Remove all lead-test compound from
joints and fittings with a clean, dry cloth or by
flushing inaccessible areas with cleaning com-
pound (MIL-C-81302).

0.3.2.12 Ex/must_ysten\ Leak T_est_ _ hen
flowtesters are specified In this procedure',
Pneumatic Flow 'fester G310,t, or equivalent,
must be used,

a. Install turbine exlmust exit pressure test
fixture (paragraph 3.6.17). |

aA. Perform, as applicable, contamination

and tlamage prevention procedures nutllned In
paragraph 3, 1_, wken performing this test,

b. Disconnect oxidizer dome purge wrap-
around hose at stage purge interface, and plug
hose with a suitable plug imp'able of mating with
ilose coupling nut MFSISCI2Y (MSFC specifi-
cation).

NOTE

File method for applying lubricant in
the following procedure is oudined
in R..3890-3.

r. hmtall engine exhaust system supply
adapter 9022043, o_ equivalent, in gas gener-
ator instrumontalion tap GO2a. Lubricate
(Method J ) adapter packing and (Method A)
adapter union with lubricant grease RB0140-012
(Rocketdyne). Torque union to 55- 80 In-lb.
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SectionIll R-3896-11

d, Connect an external supply source of
gaseous nitrogen (MIL-P-27401), capable of

being regulated and monitored from 0-60 psig,
to adapter installed in step e.

NOTE

The method for al..iAy':,Z lubricant in
the following procedure is outlined
in 14-3896-3.

e. Installengine exlmust system monitor

adapter 9025299, or equivalent, in a g_s gen-

erator IGNITER boss. Lubricate (Method J )

adapter packing and (Method A) adapter union

with lubricant grease RB0140-012 (Rocketdyne).
Torque union nut to 225-275 In-lb.

f, Connect a tee to adapter installed in step
e, attach a hand bleed valve to one end of tee,

and ele'ze valve. Connect a 0-60 pslg monitor
system to other end of tee.

g. l{cmove marines clamp holding turbopump
turbine anti }seat exchanger antifirex shield; then
cemove shield.

Procedure Result

h. Verify that
e:_ hmtsi system
m,'mifold seal at
tt,_,ust chamber
exit is inflated to

specified pressure.

Seal must renmin

inflated during re-
mainder o[ test.

i. ,";lowly supply
_Y,aseous ntlrogen at

i0 :tlpslg to engine
exhaust system

ti_rough line In-
stalled in step d.

Engine exhaust system
is pressurized as veri-

fied by monitor gage.

NOTE

Step J is omitted at KSC.

j. fG'}Aalove closure
from oxidizer over-

beard drain line, and

using flowtester,
measure and record

reverse-flow leakage
past gas generator
oxidizer purge check
valve gate.

Maximum allowable
leakage Is 25 scim.

Procedure

k. Remove plugs,
and using flowtcster,
measure as_d record

leakage rates at the

following static seal
monitoring ports:

P_

Leakage must not
exceed:

(1) Turbine to
heat exchanger (¢)n
heat exchmlger
flange)

10 scim

(2) tleat ox-

changer to exlmust
manifold (on ex-
haust manifold)

10 scim

1. Using ilowtester at vent hose outlets,
measure and record leakage from the following

static seal monitoring ports:

(t) Gas gener-
ator coml)u_tor to

turbine manifold in-

let (on gas generator
flange)

10 sclm

(2) Gas gener- 10 seim
ator injector to
c,nnfi)u_tor

CAUTION

1,eak-test compound used in tise follow-
lug procedure n,ust not be used on

overboard drain lines to prechtde in-

troducing leak-test compound hRo the
lines.

• Leak-test compound must not be used
on flex line bellows since itc.annot

lieremoved from the bellows.

m. Apply leak-
test compound
(MIL.-L-25507) to

all Ilanges_ fittings,
and instrumentation

lines except as listed
in steps n and hA.

No external le',hkage
is allowable.

)

)
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R-3896-11 Section Ill

.

(

I n. Using leak-test cmnpouud (MIL-t,-25567),

leak-test the following flanges with leakage-
monitnring port plugs removed.

Procedure

(I) Gas gen-
erator i._.jector to
conqmstor

_2) Combuslor
to turbine mm_ifold
inlet

(3) "IMrblne
manifold "2-utlet to

heat exchanger inlet

(4) lleat ex-
changer outlet to
hot-gas manifold

Result

No leakage is allow-
able.

No leakage is allow-
able.

Fuzz leakage (as de-
fined in section If) is
allowable.

Fuzz leakage (as de-
fined in section II) is
allowable.

nA. Using leak-test compound (MIL-L-25567),
leak-test the follo,vi.ng flanges:

(I) Turbine

manifold temperature
tmmsduc_r to h_l'bme
nlnnifoid int, trumenta-

finn tat) TG4a (on on-

pines not incorporating
MDI76 chang(,)

(2) Cover plate
in turbine manifold

instrumentation Lap
'l'G_la (on engines
incurpnradng

MD.176 change)

(3) Turbine out-

let pressure trans-
ducer hose to heat

exchanger instru-
mentation tail TG5c

11.

Fuzz leakage (as de-
fined in section It) is
allowable.

No leakage is allow-
able.

Fuzz leldmge (as de-
fined in section If) is
allowable.

CAUTiON

'rileexluulst system faust be d_prss-

surized as outlined in s**epso and p,

to prevent contam_,natlon of the engine.

Turn off pneumatic source.

Depressurize. Exhaust system is
exhaust system by depressurlzed.
opening hand bleed
valve on IGNITER

boss adapter until
monitor gage indi-
cates zero.

NOTE

The method for applying lubricant in

the following procedure is outlined
in R-3896-3.

q. Remove from packaging, lubricate
(Method A), and install monitoring port plugs
removed in step k. (See figure 3-8.)

r. Installlurbopump turbine and heat ex-

changer antifirex shie'.d. Position marmon

clamp coupling joints within 3 degrees of a line
extending, f 'ore th_ center of the fuel inlet elbows

through the turbopump aft support. Torque
marmon clamp coupling joint nuts to 65-96 in-lb.

s. Remove monitor system from adapter in
gas generator IGNITER boss. I¢.emove hand

bleed valve from adapter, and remove adapter.

sA. Remoee plag and washer, or gaskel, as

applicable, from packaging. Clean and inspect
tin'ends of plug ST3950122RKL001 for adequate
silver plating. Replace plug if silver plating is
not adequate. It)stall washer 651912-3 n. plug.
Do not lubricate plug. Install phtg in gas genera-
tor igniter bosn and torque to 600-650 in-lb.

Safetywire 2 igniter plugs together with Inconel
locknvire MS20995N. As at) alternate, plug
MS9015-08 with wasimr (_:1912-3 or [msket
AN901-SC maybeused. If washer 651912-3 is
used, install plug MS9015-08 in itmiter boss and
torque to 150-200 in-lb, if gasket AN901-8C )s
used, screw plug MS9015-08 fingertlght into

igniter boss. Check that gat, ket seats it) re-
cessed groove on i_,miler boss. Torqne plug to

150-200 in-lb. Safetywire plug with Incoeel
lockwire MS20995N.

t. Disconnect imeumatie source from adapter
hi gas generator instrumentation port GO2a,
and remow; adapter.

NOTE

The method for applying lubricant in

the following procedure is outlined
i. R" 3896-3.

v.. Remove plug and K-seal from packaging.
Lubricate (Method A) plug threads with lubricant

grease Pd:_0140-012 (Rocketdyne), attd install
plug and K-seal 121000R4 In instrumentation

lap GO2a. Torque plug to 80-90 lit-lb. Safety-

wire plug wlth Inconel lockwlre MS20995N.
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R-3896- 11 Section III

Paragraph 3.3.2, 13

(
WARNING

The following procedure use,_ cleaning
compound, which is volatile. Useina

well-ventilated area since the vapors
displace the oxygen ia the air, resulting
in suIfocatlon.

v. Remove all leak-test compound from joints
and fittings with a clean, dry cloth, or by flush-
ing inaccessible areas with cleaning compound
(MIL- C- 81302).

w. Remove turbine exhaust exit pressure
| test fixture (paragraph 3.6.18).

3.3.2.13 Turbopump Bearing Coolmlt System
Leak and l_unction Tent.

a. Perform, as applicable, contamination

and damage preventinn procedures outlined tn
paragraph 3 1A when performing this test.

aA. Renmve protective covers from oxidizer

overboard drain and nitrogen overl (mrd drain

lines. Verify that no ltnuid is present in covers
when covers are removed. Notify Engine Con-
tractor if liquid is pro:cent.

b. Remove polyethylene bag, as applicable,
from fuel o_erboard drain Im_ at liu'ust cham-

ber exit; then install pressure test fixture
T.5039241, or equivalent, on line.

bA. Connect an external supply source of
gaseous nitrogen (MIL-P-27401) capable of

being regulated and monitored from 0-15 psig,
to lest [ixture installed in step b.

_
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SectionllI
Paragraph3.3.2.14

c. Verify that cross-to-lateral dram tube is

removed and thai a pressure cap is installed on
fuel overboard drain line Y-fitting (paragraph
3.3.2.10).

d. '[urn on txu'bopump LOX seal purge sys-
tem.

e. Verify gaseous nitrogen flow througil
purge system at exit ends of lines listed iu
step a.

Procedure Result

f. Slowly increase

supply pressure to
fuel overboard drain

line to 10 _1 psig. Do
not exceed 15 pstg.

Fuel overboard drain
line and fuel drain
manifold and lines are

pressurized up to
bearing coolant control

valve cutlet port.

CAUTION

Leak-test compound must not be used
cn flex line bellows since it cannot
be removed from the bellows.

g. Apply leak-test No leakage is allow,.
compound able.
(MII.,-L-2556q) 1o

all E_t]ngs and Joints
on bearing cooial_i
cont_:ol valve outlet,
turbine bearing lube
feed line hose, and
drain lines.

h. Decrease pres_ System is depressur-
sure to fuel over- ized.
board drain line to
zero,

i. Decrease turbopump LOX seal purge sys-

tem pressure to zero.

J. Install protective covers removed in
step a.

k Disco_meetgascousnitrogensystem; then

removepressure test fixture installed in step b.

kA. If engines are horizontal, install protec-
tive (:over on fuel overboard drain line at thrust

chamber exit. Torque cover fasteners finger-
tight plus 1/4 turn.

kB. If engines are horizontal, remove pres-
sure cap from fuel overboard drain line Y-fitting
az=d install a polyethylene oag (one gallon mini-

mmu volume) o,_ Y-fitting (paragraph 3.6.23. I).

NOTE

The method for applying lubricant in
the tollowing procedure is outlined
in R-3896-3.

R-3896-11

1. II engines are vertical, remove pressure
cap from fuel overboard drain line Y-fitting.
Lubricate (Method A) fitting and (Method G) tube

with lubricaut grease RB0140-012 (Rocketdyne)
and reinstall cross-to-lateral drain tube.

Torque tube coupling nuts Io 1,200- 1,400 in-lb.

1A. If engines are vertical, install a poly-
ethylene bag (one gallon minimum volume) on
fuel overbears drain line at thrust chamber exit
(paragraph 3.6.23.3).

WARNING

The following procedure uses cleaning
compound, wifich is volatile. Use in

a well-ventilated area since the vapors
displace the oxygen in the air, result-
ing in suffocation.

m. Remove all leak-test compound from
Joints and fittings with a clean, dry cloti*, or by
flushing inaccessible areas with cleaning com-
pound (MIL-C-SI302L

3.3.2.14 Thrust Clmmber Pncumatlc__Lg_
When fiowtesters are specified in this procedore,
Pneumatic Flow Tester G3104, or equivalent,
must be used.

a. Remove thrust chamber throat security

closure (paragraph 3.6.14), ff installed. |

aA, Perlorm, as applicable, contamination
and damage prevention procedures outlined in
paragraph 3.1A when performing this test.

b. Install tlu.ust clmmbcr throat plug (para-
graph 3.6.15). |

e. Remove pin and closure from hypergol
manifold cartridge container inlet port.

WA RNIN G

The following procedure uses dry-
cleaning solvent, which is flammable
and must not be used near heat,
sparks, or open flame. Inhalation
of its vapors or prohmged contact
with the liquid can cause serious
injury.

NOTE

Tile method for applying lubricant in
the following l)rocedure Is outlined
in R-3896-3.

d. Clean tltreads of hypergol manifold car-
tridge container inlet port with drycleaning
solvent (Federal Specification P-D-e80). Lubri-
cate (Method A) thz.eads with lubricant grease
RB0140-012 (Rocketdyne).
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(

(

CAUTION

wl- m hlstalhng the hypergol system

te'_ttool '.ntothe hypergol manifold
cartridge container hlletport, ex-

trc,'ae care must be u,wd to prevent
damage to tile h/pergol cartridge
follower.

• The threads of the toot tool cap mast
be clean and tree of ]licks to pcevent
galling the thre;ids of the cap and ill-

let port.

e. Make sure that thread:; of test tool cull
are clean and free of nick_,;; then lubrmale

(Method L)cal I parking with FSI291 grease
(]h)w Cornmg Corp) and carefully insert hyper-

gel system test tool 902|279, or equlvalent,

into hypergol manifokl cartrldge container inlet
port. and st row cat) (clockwise) ordo In.let port
until cap bottoms.

t. b, staJl all oxithzer-cleart adapter incorpo-
rating a check v'flve mid a umon ANSlS-SC m

thrust chanlbor dome PURGE IB port.

g. Collnect _m tLxternal source of g,_seou:;
nitrogen (MIL-P-27401), eapabtr of being regu-
lated and monitox ed from O-100 psig anti filtered
throltgh a 40-micron (or sm,'_Jler) filter, to
adapter ol thrust chamber dame PURGE 1B port.

Attach lilter as elo_l(, as possll)le Io ,?llgiRe

attach point.

h, Connect a monitor gage anti bleed valve
to qulck-di_lcomlcet of thrust chanfller throat
plug',

i. Conner) a mOllitor gage antibleed valve to

a suitable instrumentation tallon heat exchanger
check valve,

CLU FION

A blaRk plate must be lnstMled m the
stage GOX line between the engine
Interlace and the stage oxidizer tank,
to prevent overpreasurization of the

oxulizer tank, during test.

J, Remove pressure caps from the following

quick-dlsconneeto:

CAUTION

In the following procedure, during
removal of the No. 1 and No. 2

thrust chamber tuel inlet mmlifo/d

quick-dascormeet pressure cap, tim
quick-disconnect body nlust not be
:allowed to turn or cktmage to the
qutck-thsconnect body can result.

(1) No, 1 and No, 2 thrust chamber fuel in-
let manifold drams

(2) Iiypergol m,'mifold drain

(3) llypergol manifold purge

(4) Igniii:m mlmitor wdve drain

(,5) No. 1 and No. 2 fuel valve purge

NOTE

Step k is omitted at MTF and KSC.

k, Verity that oxidizer dome purge wrap-
around hose is disconnected from stage Inter-
fare anti phlgged (paragraph 3.3.2.12).

1. Disconnect prefiH wral)-arouad hose from
stage Interface.

CAU TION

In the following step, the gasecms
nitrogen supply hose must be .',tip.

ported to prevent the weight on the
seal valve stem [rot;| damaging the
s_al.

I_.. Connect a source of gaseous nitrvgen to

throat plug weal. Using a suitable material,

support the gaseous nitrogen supply hose to re-
lieve all weight of I:ose from seal valve stem.

Procedure 'Result

Ill. Pressurize

throat plu S seal to
50 (45, -10) psig.
Maintain pressure

during remainder
o! test,

Thrust chamber throat

plug seal is pressurized.
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WARNING

The following procedure pressurizes
the thrust chamber and can he ex-

tremely hazardous. All personnel
must be kept clear of tile thrust
chamber exit during this test.

Procedure Result.

n. Slowly supply Thrust "hamber is
gaseous nitrogen at pressurized. Monitor

30 (*0, -3) psig to gages indicate 30
thrust chamber through (t0, -3) psi_;.
chamber dome '2URGE

1B port.

o. U._ing flow-
let4er, measure and
record reverse-flow

leakage past inert
preHll check valve
gate at prefill
wrap-around hose
lalerface.

Maximum allowable

leakage is 50 scim.

p. Using flow-
tester, measure
and record poppet

everse-flow leakage
at each of the quick-
dlscommets l_sted

in step J,

Leakage at each
quick-disconnect
must not exceed 3
scim.

NOTE

Step q is omitted at KSC.

q. Ftemove clusure
from oxidizer over-

board drain line aml,
using flowtester,
measure and record

reverse-flow leakage
of No. 1 and No. 2

oxidizer dome purge
check valve gates.

Maximum allowable

leakage is 10 8cim.
If leakage exceeds 10
sclm, perform oxidl--
zer dome purge check
valve isolation leak
test as outlined in

paragraph 3.3.3.4.

r. (Deleted)

CAU ').'ION

Leak-test con)pound used in the
following procedure must hot be
used nn overboard drain llne exits

to ln'eclude introducing 1 ak-test
compound into the lines.

• Leak-test compound must not be
used op flex lim bellows since it
cannot be removed item the bellows.

i.. 'r._ocedure Result

s. Apply leaJ¢-
test compound
(MIL- L-25567) to
all flanges, fittings,
and emmeetions on
or connected to the

following'. (Record
results. )

No leqkage is allowable.

(1) Oxidizer valves and fuel valves (d,.)wn=

stream of poppets)

(2) Ignitton monitor valve sense tube

(3) lIypergol manilold outlet hose

(4) Joints between thrust chamber dome

and injector m:d between injector and thrust
chamber body

(5) No, I m_d No. 2 oxidizer dome purge
cimck valves

(6) Thrust chamber (Iomo and gas generator
oxidizer purge tubes

(7) Externally exposed thrust chamber tube
surfaces

(8) Thrust chamber (lores purge ports
PURGE 1A, PURGE 2A, PURGE 2B, NO. 3
PURGE, and NO. 4 PURGE
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( CAUTION

The thrust chamber must be depres-
surized as outlined in s*eps t through
u to prevent contamination of the
engine o_idizer system.

NOTE

Steps t through ttA are perfermed
only at KSC.

t. C_gen hand bleed valve on quick-disconnect
of thrust chamber throat plug until pressure
starts venting.

l"__roc edur e Result

u. _luwly depre.q-
surize thrust chamber

to 10 €1 psig; then
close hand bleed valve

on quick-disconnect
of thrust charnber

throat plug as supply
)ressure is adjusted
h) maintain pressure
as indicated on monitor

gage.

T]wust chamber pres-
sure decreases to

10 _1 pslg as lndica*ed
on monitorgage.

uA. Apply leak-

test compound
(MIL-L-25567) to
interne) thrust
chamber tube
surfaces between

throat plug and
exit manifold.

No leakage is allow..
able.

CAU % *ON

The thrllst chamber must be de-

prcssurlzed as outlined in steps uB
through v to prevent cont_'_mination
of the engine oxidizer system.

uI_. Completely
open hand bleed valve

on quick-disconnect
of tlwust chamber

throat plug.

Thrust chamber pres-
sure vents.

Procedure

uC. Turn off
thrust chamber

pressure p,eumatic
source.

Result

Supply pressure Io
thrust chamber de-

creases to zero, _lud
monitor gage on thrust
chamber throat plug
quick-disconnect
indicates zero.

(
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Paragraph 3, 3,2.15

Procedure

v. Slowly open
hand bleed valve on

in st_'umentation Lap
of heat exchanger

oxidizer supply hose,

Result,

Heat exclmnger oxi-
dizer system is de-

pressurized.

w. Remove tnoeitor gage and hand bleed
valve ,from heat exchmlger check valve.

NOTE

The method for applying lubricant in
tile following procedure is outlined in
R-,3596-3.

wA. Remove from packaging, lubricate
(Metht_d A) plug threads with lubric.ant grease
RB0140-012 (Rocketdyne), and install plug and
K-seal 12100CR4 in instrumentation 'tap on heat

exchanger check valve. Torque plug to 18[) +10
in.h). Safety'wire pktg with Inconel lockwire
MS2099aN.

x. Remove monitor gage and hand bleed
valve fi-om quick-dizeonneet of thrust chamber
throat ,)lug.

y. Remove source of gas_mAs nitrogen and
adapter from thrust chamber €_ome PURGE 1B

port. Lebricate (Method A) p.mg with lubricant
grease RB0140-012 (Rocketayne) aed (;_eihod It)
seal wHh lubricant grease Frt"9140-012
(Rocketdyne) or fluorinated od Krytox 143AZ
(Do Pont) and install plug and sea]. Torque to
350 d5 ie-P b and recm'd pblg installation

torque value. SafetImire plag with Inconel
lockwire MS20995N.

z. Depr(,ssurizv +hrusf ,+humber throat plug
seal.

an. Remove thrust throbber throat plug
| (paragraph 3, 6, 16).

CAUTION

In the following procedure during in-
stallation of the No. 1 and No. 2
tiwust chamber fuel inlet manifold

quiek-d}seormcct pressure cap, tile
quick-disconnect body must not be

allowed to turn or damage to the
quick-disconnect booy can resull,

ab. Remove pressure caps from packaging,
and install pressure caps on quick-disconnects
listed in step ). Torque pressure caps to 30.-40
R-ib. Safetyw]:'c pressure caps with Inconel
lockwJre MS20995N.

ac. Install thrust chamber throat security
closers _aragraph 3.6.13).

ad. Remove plug from oxidizer dome purge
wrap-around hose, and connect hose to stage
purge interface. Use customer criteria for in-
stallation data and for leak test of connection.

as. Connect prefill wrap-around ho,_e to stage
prefill interface. Use customer criteria for in-
stallation dam and for leak-test of the connec-
tion.

ale Remove pin tha_ secures hypergol test

tool cap, and carefully unscrew cap and remove
tool from manifoPl.

WARNING

The following procedure uses dry-

cleaning solvent, which is flammable

and must not be used near heat,
:.'parks,or open flame. Inhalation

of its vapors cr prolonged contact

with the liquid can cause sermus

injury.

ag. Clean threads of hypergol manifold car-

tridge contaSner inlot port with dry-cleaning
solvent (Federal Specification P-D--fB0),

ah. Remove hypergol mat_ifo_d t artridge
container inlet port closure frmn paclmgiag.

Lubricate (Method L) closure packing with
FS1281 grease (l)ow Corrdng Corp) ml,2 install

closure. Secure with attaching pin.

WA:[_NING

The following procedure uses clean-
mg compound, which t,svolatile. Use
in a well-veniilated area since the

vapox s displace the oxygen in the
air, resulting in suffocation.

ai. Remove all leak-test compound from

]oints and fittings with a clean, dry cloth, or by
flushing inaccessible _reas with cle_ming com-
pound (MIL-C- 81302).

3.3.2.15 Thrust Chamber Prefill Line Leak
Tcs.t,

a. Remove thrust chamber throat security
,q -closure (paragraph _. v. 14), |

b. Suppiy g:_seous nitrogen (MIL-P-27,t01)
at 40 }5 pelg io prefiil fluid stage interface.
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Section III
Paragraphs '.3.2.16 to 3.3.2.17

R-3096-1l

e. Decrease nitrogen supply pressur', to
1.ero.

c. Verily gaseous nitrogen flow through pre
fill check val ve by feeling preflll lines, or
audibly from thrust chamber exit. Ii there is
no flow through check valve, pel'form prefill
check valve isolation test (paragraph 3.3.3.3).

No external leakage
is allowabl".

f. Apply leak-test
compound
(MIL-L-25~67)toall

joints and fittings o{
LOX dome and gas
~enerator LOX inj ector
purge system.

CAUTION

~"eak-test compound used in the follow
ing procedure must not be used on
overboard drain line cxits to pre-
clude entry of leak-test compound Into
the line.!~ OSll.lt

No external leakage
is allowable.

rrocedu~

d. Using leak
test comlJoWld
(MIL-L-255G7),
check all joints of
the prefill supply
system fo1' leakage.

WARNING

The following procedure uses cl~an..
ing compoluld, which is volatile. Use
lfi a well-ventilated area stllce the
vapors displace the oxygen tn lhe air.
resulting tn suffocation.

f. Remove all leak-test compoWlri from
joirtts and fittings with a clean, (try cloth, or by
flushing Inaccessible areas with cleaning com
pound (MIL-C-1l1302).

g. Heinstn.ll thrust chamb.'r throat sec'Jrily
I closure (paragraph 3.6. 13).

3. 3. 2. l6 LOX Dome and Gas Generator LOX
Ini~ct9r Purge Leak and Funetion""I'eSC--

3.. Perform, ,is applicable, contamination
and damage prevention procedures outlined In
parallraph 3. 1A when performing this tesl.

aA. Remove plug from either gas '6enerator
igniter boss.

b. Make sure that thrust chambe!' exit is
clear.

c. Turn on operational low-level LOX dome
and gas gen~~ator LOX injector purge.

d. Verify gaseous nitrogen flow through sys
tem at gas generator igniter port and thrust
chamber Injector.

e. Verify that purge bypass flxer! orifice is
not plugged by checkin~ lor free flow of gaeeo~e

nitrogen through oxidizer ov"rbJarrJ drain line.

g. Turn off operational low-level LOX dome
and gas generator LOX inj ector purge.

WARNING

Th" following procedurp uses clean
ing compouod, which is volatile. Use
in a well.. vcntilated area since the
vapors displace the oxygen in the air,
resulting in suffocation.

h. Remove all leak-test compound from
joints and filtings with a Clean, dry cloth, or
by flushing inaccessible areas with cleaning:
compound (MIL-C.81302).

i. Hemove p lug and washer, or gasket, as
applicable, from pacJr..lging. Clean and Inspect
threads of plug ST3950122RKLOOl for adequate
silver plating. Heplacc plug if 1I0t present. In··
stall ',wsher 651912- 3 on plug. Do \I')t lubricate
plug. Install plug in gas generator igniter boss
find torque to GOO- 650 in .. lb. Safetywlre 2 Ig
1I1ter plur:s together wlth Incone\ lockwire
MS20995N. As an alternate, plug MS90\5 .. 0B
wIth washer 651912-3 or gasket AN901-BC may
"e used. II washer 651912-3 Is used, install
plug MS9015-08 in ignIter boss rn,l tnrqup to
150-200 In-lb. If gasket AN901-bG is used,
screw plug MS9015-08 flngertight into igniter
boss. Check that gasket seats ;n recessed
groove on Igniter boss. Torque plug to 1%-200
in-lb. Safetywire plur~ with lnconel lucl,wlre
MS20995N.

3.3.2.17 !hrust Chamber Liquid Leak Test.
a. If engine environmental cover Is installed,

lIntle rope that secureS exit end of eover, and
turn lip ~nd secure end of cover.
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(

aA. Perform, as ap,',:!eable, comtaminalion
and damage prevention p_'<, _edures outlined in

paragraph 3.1A when perfo,'ming this test.

b, Remove thrust ehamb,:r !hroat security
i clo,+ure (paragraph 3, 6.14).

NOTE

Step c may be omilted if _he stage
pre-valves are to be open and the
fuel tank is to be pressurized a min-

imum of 2 llsig during this procedure.

c. Remove pressure cap from, and attach a
drain line to, drain quick-discommcts on No. 1
and No. 2 fuel high-pressure ducts.

CAUTION

In the f61towing procedures, drain

line nmst be monitored. If drainage
is observed from either line. the
source of fluid must be determined

before proceeding.

d, Connect ihrus+ chamber fuel jacket Durge
system to each fuel valve.

e. Make sure that thrust chamber exit mani-

fold drain plug5 are in closed position.

WARKING

The following procedure may use tri-
chloroethylene, which is a toxic sot-

vent, Inhalation of its vapors or
prolonged contact with ':he liqmd can
cause serious injury or death.

CAUTION

In the following pl'ocedtJrP, du:'£,Ig
rmnoval of the No. I and No+ 2

thrusl chamber fuel in,el manifold

quick-disconnect pres_lure cap,.i,the

quick-diseonneel body must act be

allowed to turn since carnage to the

quick-disconnect body can result.

NOTE

Step f is omithxI if eth:lleno glycol
RB0210-017 (Rocketdyne) is used as
the leak-test solution.

f. Remove pressure cap from, and connect

a source of triehloroethylene_ meeting require-

ments of section It, or deionized water, to each

thrust chamber fuel inlet manifold quick-
thsconf_cct.

NOTE

Step g may be omitted if the stage
pre-valves are open and the LOX

and fuel tanks pressurized a mini-
mum of 2 psig.

g. Pressurize hydraulic control system to
1,550 +50 psig.

h. Pressurize operational low-level LOX

dome and gas generator LOX injector purge
system.

WARNING

If trmhloroethylene is used in Ihe fol+.
lowing procedure, inh-,flation of its
vapor_ or prolonged contact with the
liquid must be avoided, since it is a
60xic soivelltttndcan cause serious

injury or death,

i. Fill titrust chamber to hqector overflow
with irichloroethylene or ethylene glycol, rnect_
tag i'equiremcnts of section II, or deionized
water, as applicable, to injector overflow; then

turn off l)rehll system.

j, Turn off operational h)w-level LOX dome
and gas generator LOX injector fmrge system.

k. Visu_ly inspect thrust chamber tubes for
evidence el Iluid Ic_)kage, Mark and record lo-

cation of any leakage,

J, Remove lockwire from thrust chamber exit

manifold drain plugs, a[_d inst-+++IIdrain tools
from Fuel [)ralnage Ki_ G2037 ._tdrain plug using
gasket R1)262-3(}01-0010 between tool and drain
l)lug adapter, Checl t that draih tool extensmn
hex wrench is extended outward when ins/ailing

tool. and drain ports of tool are uositimwd a.tt.
Torque drain tool to 36-60 In-lb.

m. hmtall drain hoses on tools.
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Paragraph 3.3.2.18

n. Open drain plugs by hmerting drain tool
extension hex wrench into head ot drain plug
and rotating wrench countercloek-wise.

o. Turn on operational high*legel LOX dome

and gas g_nerator LOX injector purge system,
and audibly verity purge operaticn at thrust
chamber exit.

p. Pressurize thrust chamber fuel jacket

purge system and. verify operation of purge by
monitoring emission of vapor from thrust cham-
ber.

q. Allow thrust clmmber fuel jacket purge to
flow for a minimum of 3 minutes and to cor.tinne

until ,-'dl vapors cease to be emitted from thrust
chamber.

r. Depressurize thrust chamber fnel jacket
purge system.

s. Turn elf operational high-level LOX dome
and gas generator LOX injector purge system.

t. Devres_,r_ze hydratflie control system, if
applicable.

CAUTION

In the followieg procedure, during in-

| stallettion el pressure caps on quick-
discormects, the quick-disconnect
body must not be :llowed to turn, ox:
damage to the bo'k_' (4m result.

b_OTE

Step u iu [)mitred if ethylene glycol
was used as the leak-test fluid.

u. l)iscormect prefi]l system from No. 1 and

No. 2 thru.'_t chamber fuel iclet manifold quick-
I dis(.onnects. Hemovcprcssure raps from

packaging a_d instal! pressure c_p en each
quiek-disconn!-ct. "lorque pressure caps to
30-40 it-lb. Safetywire pressure caps with
Inconel lockwire MS20895N.

v. Remove drain tools.

w. Remove d_ain plugo, and reinstall them

using new K-seals 12100AA3. Torque drain
plugs to O-12 ft-.Ib. ,_-_[etywlrc plugs with
lnconel lockwfrc MS20995N.

I x. Disconnect pneumatic source from fuel
jacket purge qulck-disconnect on each fuel
valve. Remove pressure caps from packaging,

and instal[ pressure cap on each 'tuick-
disconnect, torque pressure caps 'o 30-40

it-lb. _afe_wirepressure caps with Inconel
inckwlre MS20995N.
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NOTE

Step y may be omitted if stage pre-
valves were open and fuel tank was
pressurized.

y. Disconnect drain hose from, and install
pressure cap on, each fuel high-pressure duct
quick-disconnect. Torque pressure caps to

30-40 ft-lb. Safetywlre p_cssure caps with
Inconel lockwire MS20995N. I

z. Drain ignition monitor valve sense line
(paragraph 3.5.9).

3.3.2.18 Ignition Mon_,tor Valve Po.p_etPo_.sRion.
Verification Test.

a. Verify that hyl'crgol system test tool
9021279, or equivalent, is not installed in hyper-

go_ manifold cartridge container port.

b. Verify that gaseous nitrogen system is
not comlected te ibnition monitor valve CON-
TROL port.

c. Provide instrumentatien to monitor pro-
pellant valve position indicators (position
switches and potentinmeters when applicable).

NOTE

Step d may be omitted if test is being
pot formed before completion of LOX
dome and gas generator LOX injector
fit sh.

d. Turn on operafional low-level LOg dome

and gas generator LOX injector purge.

P_"eccdure

e. Slowly pressurize

engine bydraulic control
system ,'.o I,500,50 psig,

CAUTION

Result

ttydraultc control

system is pres-
surized to 1,500
,50 psig.

The engine control valve start or

stop solenoid must not be actuated
with s hydraulic pressure of less
thaJrt 900 psig, since damage to the
cnglne control Valve can occur.

f. Momentarily sup-
ply 24-30 vdc to engine
control valve start sole-

,mid (J-J8, pins n (+)
and m (-) at engine
lnteFface),

Gas generatorbali
valve _nd No. 1

and No. 2 oxidizer

walvesopen.

)
.f
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Paragraphs 3.3.3 to 3.3.3.1

Procedure Result

g. Verify by fuel
valve position switch
indication for a mini-
mum of 3 minutes that

fuel valves remain

closed.

Fuel valve closed

position ,;witcilea
must remah_, on.

Fuel valve open
position switches

must hot come on.

CAUTION

The engine control valve start or

stop solenoid must not be actuated

with a hydraulic pressure of less
than 900 ps!g, since damage to the
engine control valve can o_cur.

h. Momentarily

supply 24-30 vdc to

engine control valve

stop solenoid (J-18,

pins g (+) and k (.-)
at en'gine inte{face).

Gas generator ball
valve and No. land

No. 2 oxidizer
valves r;lose.

NOTE

Step i may be omitted if test is being
performed before completion of LOX

dome and gas generator LOX injector
flush.

i. Turn off operational low-level LOX doloe
and gas generato_" LOX injector pucge.

j. Depressurlze hydraulic control system.

3.3, 3 ISOLATION TESTS FOR INSTALLS0_
ENGINES.

3.3.3.1 LOX Pump. Seal Isolation Test. This
test is required only in the event flow past the
turbopump intermediate seal is zero. This test

deter|ni_ms if the purge supply or the system
overboard drain lines are obstructed. Zero flow

of the seal is acceptable.

a, With turbopump LOX pump seal purge sys-
tem pressurized, rotate turl)opump shaft t_pprox-
tmately 2 revolution:3 aml repeat leakage meas-

urement at overboard drain lines. If leakage is
within limits, corttinee test (paragraph 3.3, 2.2).

aA. Perform, as applicable, contamination |

and damage prevention procedures outlined in Iparagraph 3. 1A when performing this test.

b. If leakage is nol experienced from both

sides of turbopump intermediate seal, decrease

turhopump LOX seal purge pressure to zero,
and backllow the turbopump intermediate seal
from LOX side as follows:

(1) Discommct oxidizer seal vent tube from

oxidtzer drzin tube. Loosen tube clamps, as
required to gain -'tcee_ to oxidizer drain tube.

CAUTION

In the following procedure, the pres-

surization supply line must not be
attached to the oxidizer overboard
drain tube at the thrust chamber exit.

(2} Connect a gaseous nitrogeu supply
(MIL-P-27401) to oxidizer drain tube. (Do not
attach supply lino to drain tube at thrust cham-
ber exit. )

(
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Paragraph 3.3.3.2

( (3) Disconnect turbopump LOX se,_ purge
at interface.

(4) Supply gaseous nitrogen at 10 _1 ping
to LOX propellant feed system.

(5) Supply gaseous nitrogen at 6 4l psig to
oxidizer drain tube, and backflow turbopump in-

termediate seal from LOX side, allowing flow
to go overboard through nitrogen purge over-
board drain tube and turbopump LOX seal purge
in terface.

(6) Verify flow from turbopump LOX seal
purge interface and nitrogen overboard drain
tube.

(7) Vent gaseous nitrogen pressure from

oxidizer drain tube and from LOX propellant

feed system.

(8) Discern, eel gaseous ni(ro_en supply from
oxidizer drain tube.

NOTE

The meihod for applying lubricant in
the following procedure is outhned in
R-3896-3.

(9) Remove packaging from oxidizer seal

vont tube. Lubricate (MetlmdA)thrcads of oxl-diz,_r drain tube and _Method G) oxidizer seal

vent tube with lubricant grease FIB0140-012
(Rocketdynch and install oxidizer seal vent

tube. Torque tube coupling nut to 1,500-1,800
in-lb. Secure clamp, as required.

it0) Reconne('t turbo!,um p I,OX seal purge
at stage interface. Use Stage Contractor criteria
for installation data m_d for le_%k test of the con-

noellon.

(11) Verify leakage from both sides el turbo-

pump n_termediaie seal (paragraph 3.3.2.2).

7 . • '3.3.3.2 Fuel Overboard Drain lAne,solution

'l'e_fit_. This test is requiretd (nfly in event of ex-
cessive leakage from fuel overboard drain line.

P r oc erJu,'._No R es_ult

a. Depressurize
hych indic control

system to zero.

Hydraulic control sys-
tem is depressurizcd.

Procedure Result

b. Depr essurize
ignitinn monitor
valve CONTROL port.

Ignition monitor
valve CONTROL pelt
is depressurized.

bA. Perform, as applicable, contamination
and dmnage prevention procedures ouqined in
paragrapll 3.1A when performing this test.

c. Remove redundant shutdown valve overr*de
line from between redundant shutdown valve and

engine control valve as follows:

(1) Remove attaching hardware that secures
line to redtmdaat shutdown valve, and remove
seal plate. (Refer to 11-3896-3 for handling in-
formahoo.) Retain attaching hardware for rein-

stallation, if acceptable for reuse in accordance
with section lI.

NOTE

'the rue/hod for applying lubricant m
the follow|ng procedure is ou0ined
m R- 3396- 3.

(2) Install pressure test fixture T-5041521

on redundant shutdowr| valve OUT port. Lubri-
cate (Method J ) fir.ture O-ring with lubricant
grease RBOI40-012 (Rocketdyne). Terque fas-
teners to 85-95 in-lb.

(3) Disconnect line from engine control

valve OVFRRIDE port.

NOTE

Line may be leftclamped to engine.

d. I_en'Love control vuh, e override drain tube
from between lee aud redundant shnldowa valve

DRALN porl,

e, Disconnect ignition monitor valve drain
tube from ii, nition monitor v;dve ATMOS ItEF
port.

f. Slowly pressur-
ize ignition monitor

valve CONTROL port
(o 50 :_5 psig.

Ignition monitor

valve CONTROI, port
is pressurized.
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Procedure
g. Slowly in-

crease hydraulic

control system pre:J-
sLu'e to 1,550 _50 psig.

Maintain this pres-
sure for 5 minutes
minimum while

performing step h.

h. Monitor and record hydraulic fluid leak
age at the following ports:

(1) IgnRion 5 cc/m maximum
monitor valve
ATMOS I{_':F

(2) Engine con- 5 cc/m maximum
trol valve OVER-
13IDE

(3) Redundant 2 cc/m m,')ximum
shutdown valve
DRAIN

i, Verify that hydraulic fluid has eireu/aled
to,. a mininann of 15 minutes to remove en-

trapped air from hydraulic control system be-
h)re proceeding with test.

j. Momentarily
supply 24-30 vdc to
engine control valve

,.'tart solenoid (J-18,
_/,so(_ ) m,,l ram(-)

at engine interface).

k. Rcpcat steph.

I. Slowly increase
hydraulic control sys-
tem pressure to
1,800 _50 psig.

m. Repeat step h.

n, Slowly decrease

hydraulic control sys..

tom pressure Io
1,550 _50 psig.

Res_tlt

Hydraulic control

system is pressur-
ized,

Gas generator b',dl

valve, NO. 1 _uld

No. 2 oxidizer valves,
and No. 1 and No. 2

fuel valves open.

As specified in step h,

ttydratflic control
_ystem pressure is
increased.

As spceiltodh'l step h.

Hydraulic control
system pressure
decreases and
stabilizes.

WARNING

The following procedure energizes
the redund_mt shutdown valve sole-

noid, which causes the valve housing
to heat up. After electrical power

ha._ been applied continuously, the
valve solenoid case temperature can

cause injury to personnel toschlng
the ease.

CAUTION

If the redundant shutdown valve is

kept energized for more than 15 min-
utes, the solenoid temperature
buildup will cause the valve to actu-
ate slower.

Procedure

o. Supply 24-30 vdc
to redundant shutdown

wdve solenoid (J-19,
pins D(+) anti L(-) at

engine hRerfaec).

p. After hydraulic
system has been pres-
surized for 2 minutes

minimum, monitor
and record fluid leak-

age at redundant shut-

down DRAIN port.

q. Oeenergize
redmldant shutdown

valve solenoid.

r. Supply 24-30 vdc
to cngdne control valve

_top solenoid (J-18,

pins_ (_) and k (.-) at
engine interface) _.nd
monitor OVERRIDE

port for leakage; then

deencrgize stop
sol enoid.

s. Depressurizc
hydraulic control sys-
tem to zero.

t, Depressurize
ignition monitor
valve CONTROL

port to zero.

Result

Redundant shutdown _valve is energized.

Leakage past drain
port seal must net
exceed 2 cc/rn.

Redundant shutdown

valve is deenergized. |

Leakage past OVER-
RIDE port must not
exceed 5 cc/m.

llydr aul|c control
system Is depres-
surlzed.

Ignition monitor
valve CONTROL port
is deprezsurized.

NOTE

The method for applying lubricant in
the following pr(x_edure is outlined
in R-3896-3.

u, ltemove plugs, lubricate (Method A) fit-
tings and (Method G) hrbe with labricant grease
ltB0149-012 (Ytockeldyne), and install co_ttrol
valve override drain tube between tee and re-

dundant shutdown valve DRAIN port. Torque
tube coupling nuls to 135-185 In-lb.

I
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Paragraph 3.3.3.3

v. r_emove pressure test fixture T-5041521;
then install redundant shutdown valve override
line as follows:

(1) Remove seal plate from packaging, and
install seal plate between line flange and redun--
dent shuldpwn valve OUT port, Secure llne to
valve with 4 bolts and washers. Torque bolts
to 85-95 in-lb, &,Cetywire belts with Inconel
loekwire MS20995N.

(2) Cormect l_ae to engine control valve
OVERRIDF, port. Torque coupling nut. During
last I/2 turn prior to seating flare, record max-

imum torque. Torque must be 50-200 in-lb.

Continue to torque coupling nut to 2_0-340 in-lb

above recorded torque.

Procedure

w. Increase hy-

draulic control system

pressure to 1,550 _0
psig.

Result

Hydraulic control
system pressure is

increased.

WARNING

The following procedure energize_ the

redundant shutdown vM.ve solenoid,
which causes the valve housing to heat
up. After electrical po_er has been
applied continuousJy, the valve sole-

noid ca_e temperature can eattse
injury to personnel touching the case.

CAU'"ION

If the redundant shutdown valve is kept
energized for more than 15 nd.nutes,
the solenoid temperature buildup will
cause the valve to actuate slower.

x. Supply 24-30 vdc
to redundant shutdown

_al, e solenoid (,I-19,

pi _s D(-€ ) _'tud L(, ) RC en-
gine interfaco).

y. gorlilor redu)l-
dent shutdown valve,
overci.'ieline comlec-

ties ior ]eak_,ge.

z, Ine','easo hy-

dro.uriccontrol system
pressure to 1_800 ,50
psig.

aa. llepoat step y.

ab. Decrease hy-

draulic costro} system
pressure to 1,500 .:50
pslg.

.i_rlgh;w(:onlI'olvalve

override port is
pr e:.murLzed.

No leakage is allow-
ab]e.

Hydraulic control
system 9ve_',sure is
increased.

As specified h, stop 7.

IIydraulic control
system pressure de.-
creases and stabilizes.

CAUTION

The following procedure deenergizes
he redundant shutdown valve which

will cause approximately 25 cc of hy-

draulic fluid to be expelled from the
fuel overboard drain line, Personnel

must be kept clear of the fuel over-
board drain line.

ac. Deenergize redundant shutdown valve
solenoid.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

ad. _emoee plugs, lubricate (Method A) fit-

ting and (Method G) tube with lubricant grease

RB0140-012 (Reckeidyne), and installi_;aition

monitor valve drain tube. Torque coupling nut
to 270-345 in-lb.

3, 3.3.3 Prefill Check Valve IsoP,hon TesL.
This test IS required only in t_6"_.'_t a"h-_-flow
through the prefillcheek v_lve is zero during
leak toldhmctinn testing .-.'henthe supply pres-
sure from the stage isinterconnected toallengines.

a. Decrease pressure to prefilI fluid engine
interlace to zero.

aA. Perform, as applicable, contamination
and damage prevention procedures outlined in
paragraph 3. IA when performing this test.

b. Disconnect thrust chamber jacket prvfill
lioe from stage interface; then remove preiill
line from engine as outlined in R-3896-3.

e. Install inlet port half of pressure test Iix-
lure T-5037801.

d. Connect "J source of gaseous mtrogen
(MlL-P-27401) to pressure test hxture
T-5037801.

o. Slowly supply gaseous nitrogen pressureto
preRll check valve inle[ at 15 (._5, -0) pstg.

f. Verily flow through check valve at thrust
chamber _It by audible indication or by feeling
supply line.

g. Decrease supply pressure t,)cheek valve

inlet to zero, discormcet m_pI)ly, and remove
pressure test fixture from preftll t;hr_ck valw:
in]e t.

h. Absence of flow through pr(4fll check valve
requires replacement of prefill check wive, If

flow throu[;h preflll ch;,ck valve is verlhcd, re-

install Ihrest chamber jacket prciill lhm on en-
gine as outlined in tt-3896- 3. Connect thrust
clmmber Jacket pzefill line to stage hderiaee,
using Stage Cor,!raetor criteria fur installation

data and leak t_._t c:fthe colm_.cti,m, then repeat
leak test of line )oLnta (paragraph 3.3.2.15).
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Paragraph 3.3.3.4

(

3.3.3.4 Oxidizer Dome Pur_ 9 Check Valve
Isolation Leak Test.

a. Perform, as applicable, contamination

a_d dan}age prevenhon procedures outlined in
par_grapti 3.1A when performing this test.

b. Remove clamp that secures No. 2 oxidizer

dome purge lineto _uppnrt bracket. Retain

attaching bardwace [or reinstallation, ifaccept-

able for reuse in accordtuLee with requirement_
outliued in section ll.

c. Remove atta(hing hardware that secures
I'lo.2 oxidizer dome purge line to No. 2 oxidi-

zer dome purge cheek valve, and cm'efully

remove orifice plate. Re. sin attaching hard-
w,'u 's for reinstallation, if acceptable for reuse

in accordance with requirements of .ueetion If.

12rocedure Ft_e...sul_.t

d. Using Pneumatic

Flow Tester 03104,
measure reverse-flow

leakage of No. 2 oxi-

dizer dome purge
check valve at check
valve to line 'nterfaee,

M_'ocimum allowable

leakage is 10 scim.

e. If leakage in step d is more than 10 scim,

replace No. 2 oxidizer dome purge check valve
_s outlined in R-3_96-3.

{. Subtcact leakage obtained in step d for
No. 2 oxidizer dome purge check valve gate
from leakage obtained in thrust chamber pneu-
matic leak test (p_.ragraph 3.3.2.14, step q)
to obt_inleak_ge for No. 1 oxidizer dome purge
check valve gate. If leakage of No. 1 oxidi_er
dome purge check valve gate is more than 10

scim, replace No. 1 oxidizer dome purge check
valve gate as outlined in R-3896.-3.

g. Remove packaging and inst:dl No. 2 oxi-
dizer va.lve dome purge line as follows:

(1) Verify alinement of line as outlined
in I¢-3896-3.

(2) Install same orifice plate as removed

between line and oxidizer dome purge cheek
valve. Secure line to valve with 4 bolts and

washers. Torque bolts to 33-39 in-lb. Safety-
wire bolts with Inconel lockwire MS20995N.

h. Continue test in paragraph 3.3.2.14.

(
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Paragraphs 3.4 to 3, 5.1

!

3.4 STORAGE PREPARATION.

3.4.1 Sior_ge preparation activities specified
in section 1, when complemented by criteria

referenced in section II, require no additional
instructions: therefore, no recommendations
are provided for the method of accomplishing

storage preparation activities.

3.5 SERVICING.

3.5.1 LOX DOME AND GAS GENERATOR LOX
I_J.ECTOR FLUSH. Tins procedure contains
instructions for flushing the thrust chamber
oxidizer dome and gas generator oxidizer in--
jector.

NOTE

When performing this procedure with
the engiue environmental cover in-
stalled, the rope that secures the exit
end of the cover nlust be untied anti

the end of the cover turned up and se-

cured to prevent trichloroethylene
from accumulating in the cover. At

the completion of the procedure,
the cover must be lowered and se-

::ured in accordance with paragraph
3.6.5.

• In steps requiring hose coupling
torques in excess of torque required
for httisgs, fittings must be he_d to
avoid overtorquing.

a. Perform, as applicable, contamia._tion
and damage prevent;on procedures outlined in
paragraph 3.1A when performing this test.

aA, Remove pin and closure from hypcrgol
manifnld cartridge container inlet port.

WARNING

TIle following procedure uses dry-
cleaning solvent, which is flammable
and must not ha t, sed near heat,
sparks, or open flame. Inhalation
of its vapors o1" prolonged contacf
with the liquid can cause serious
injury.

3-92

NOTE

The method for applying lubricant in
tt_e following procedure Is outlined
in It-3896- 3.

Ci_ange No, 9 - 2 December 1970

b. Clean threads of hypergol manifold car-
tridge container inlet port with dryeleaning
solvent (Federal Specification P-D-680). Lu-
bricate (Method A) threads with lubricant grease
RB0140-012 (Rocketdyne).

CAUTION

When installing the hypergoi system

test tool into the hypergol manifold
cartridge container inlet port, ex-
treme care must be used to prevent
damage to the hypergol cartridge
follower.

• The threads of the test tool cap musl
be clean and fro,. of nicks to prevent
galling the threads of the cap and in-
let port.

e. Make sure that threads of test tool c_ are

clean and free of uicks, lubricate (Method L) cap
packing with FS1281 grease (Dew Corniug Coil));
then carefully insert hypergol system test tool
9021279 into hypergol cartridge container inlet

port, and screw cap (clockwise) oath inlet port
until it bottoms.

NOTE

During oxidizer dome flushing, the
engine must be maintained in null
position aith stage anti engine in
vertical position.

• If heat exchanger check valve is
pressurized at 4-psig minimum,
proceed to step e.

d. Remove heat e×chzatger cheek valve, and

installa suitable test plate on thrust chamber

oxidizer dome outlet port.

e. Verify that any test instrumen'ation lines
that could trap trlchloroethylane during flush
are dtseommeted and ports capped off

f, Install Oxidizer l)ome Flushing Kit G2030
(paragraph 3.5.1.1).

g. Remove pressure cap from, and connect
thrust chamber fuel jacket purge system to,
fuel jacket purge quick-disco,meet on each fuel
valve. If thermal insulation is installed, gain
access to fuel jac_-ot purge quick-disconnect on
I_o. 1 fuel vslve by loosening insulator 145510
ae outlined in paragraph 3.5.16.

, )
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( h. Remove pressure cap from, and connect
hypergol servicing purge system to, hypergol

purge quink- disconnect.

i. Remove pressure cap from_ and connect

an oxidizer-clean source of gaseous nitrogen

(MIL-P-27401) capable of supplying 175 ±25

psig under flow conditions to, flushing kit

manifold GN 2 inletport.

j. Remove pressure cap from, mud connect

LOX dome and gas generator LOX injector

flushing system to, flushing kit manifold tri-

ehloroethylene inletnipple.

k. Remove thrust eham_'er throat seeuri_

| closure (parag_-aph 3.6. 14).

1, Remove plug from gas generator combus-

tor drain port and connect a suitable drain hose

to port.

m. Pressurize flushing kit pneumatic system

to 175 ±25 psi as indJ.cated oil flushing kit GN 2
gage.

n, Pressurize hypergol servicing purge sys-

tem to 150 _50 psig.

o. Pressurize thrust chamber fuel jacket

l)urge system to 300 ±100 psig.

WARNING

The following procedure uses tri-

chloroethylene, which is a toxic

solvent. Inhalation of its vapors
or prolonged contact with the liquid

can cause injury or death.

. .. LUBRICATE BORE

LUBRICATED _%_' _J/F I I1- IOA

Figure 3-9. LubricatingHypergol Manifold Bore

p. Pressurize LOX dome and gas generator

LOX injector triehloroethylene flushing system

to 90 :_]0psi as indicated on flusllingkit triehlo-
roethylene gage, flush thrust chamber oxidizer

dome _md gas generator oxidizer injector cavity

for a minimum of 30 seconds, and verify flow

through drain hose installed in step I. Depres-

surize flushing kit trichloroethylene system,

and wait 2 minutes before proceeding to next

step.

q. Depressurize thrust chamber fuel jacket

purge system,

r. Deprcssurize hypergol servicing purg,,
system.

s. Depressurize flushing kit imeumatic
system.

t, Disconnect LOX dome and gas gellerator
LOX injector flushing system from flushing kit

manifold trlchloroethylene inlet quick-disconnect,
aud reinstall pressure cap.

u. Pressurize fl,ushtng kit pneumatic system
to 175 _25 psig.

v. Pressurize hypergol servicing purge sys-
tem to 150 ±50 psig,

w. Pressurize thrust chamber fuel jacket
purge system to 300 ±100 psig.

x. Allow purges to flow for 5 minutes mini,-

mum, continue until all vapors are expelled
from thrust chamber beIore proceeding to next
step.

y, Depre_surize thrust chamber fuel jacket

purge system.

z. Depressurize hypergol servicing purge
system.

aa. Depressurize flushing kit pneumatic

system.

ab. Disconnect 4 hos,_s from thrust chamber

oxidizer dome; then remove reducers and

adapter nw, ntfolds, if applicable, from bosses
on thrust chamber ox:.dlzer dome, and reinstall

reducers on hose_, Install pressure caps on
reducers to prevent entry of contaminants.
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ac, Seefigure 3-i0, ,'tadtemporarily dis-

connect dome flushing kit bracket 9012790 from

thermal insulation braeketry to gain access to

oxidizer side of gas generator. Support bracket
white disconnected.

ad. Remove 3 bolts that secure flushing kit

adapter to gas generator ball valve. Remove
adapter from ball yah, e, Install cover on
adapter to prevent entry of contaminants.

ae, Install gas generator purge check valve
as follow._:

(I) Remove te.;tplate toldprotective closure >

and installgas generator purge check valve, o:<l-

dlzcr porge tube, and seal RD26]-3010..0009 on
gns _enerator ball valve wHh $ bolts and

washers. Torque bolts to 40-50 In-lb. Safety-
wire be]is with Inconel lockwlre MS20995N.

(2) Insert seal 19-406322-5 between gas
generator oxidizer purge tube and purge mani-
f,Jld, ar, d verify that se:d 19,.,t06332-5 is be-
tween manifold mid purge tube; then connec_
purge tube to manifold with 4 bolts and washere.
Torque bol+s to 70-80 in.-lb. Sa[etywire bolts
with hmonel lockwire MS20995N.

at. See figure 3-10, and reconnect dome

flushing kit brncket 9012790 to thermal insula-
tion bracketry,

'- F'IT FL%t, ',bl

". %A F } I""1%iI{} D

"',._ IO F ;L-%_IJ_ ()XID)Z} R I.'OMb.

I .-'_ _, $t_._2_ _''-r M'_NIFOI I)

r I , • , , MAIN _FeL

_\ __ h I'lll 1

I, l rgN :-

-\

Figure 3-10. Oxidizer Dome FluMflng
Kit Manifold Bracket Installation
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ag. Remove any plugs installed in step e.

ah. Turn on operational high-level I.OX dome

and gas generator LOX injector purge system.

at. Pressurize flushing kit pneumatic system
to 175,25 psig,

aj. Pressurize hypergol servicing ))urge
system to 150 i50 psig.

ak. Pressurize thrust chamber fuel jacket
purge system to 300 +I00 pm[;.

CAUTION

Leak=test compound must not be used
on flex line bellows since itcannot

be removed from the bellows.

al, Using leak-test eompound(MIL-L-25567),
leak-test gas generator oxidizer purge manifold
joints and gas generator purge check valve to
gas generator _a_l valve joint, No leakage is
allowable.

am. Allow purges to flow for 5 minutes min-
imum; continue until all vapors are expelled
from thrust chamber exit _nd gas generator

drain port before proceeding to next step.

an. Depressu "ize hypergol servicing purge
system,

an. Depressurize thrust cimmber fuel jacket

purge system.

ap. Depressori*e flushing kit tmeumahc
system.

aq. Turn off operational Mgh-level LOX dome
and gas generator LOX injector purge system.

ar. If heat exchanger check valve was re-
moved in step d, remove thrust chamber oxi-
dizer dome outlet port cover and reinstall heat

e×changer check valve as outlined in R-3896-3.

as. Disconnect pneumatic system from l;y-

pergo] purge quick-disconnect. Remove pack-
aging an() install pressure cap. Torque pressure

cap to20=d9 ft-lb, gafetywirepressure cap witt_
Ineoael lor, kwire MS20995N.

at. Disconnect pneumatic system from eaei_
fuel jacket purge quick-disconnect. Remove
packaging and in_tallpressure caps. Torque

preeeure (:apt)to 30-40 ft-lb. Safetywire pren-
sn_/ecap wi_h Inconel locl_' ire MS20995N.

aLA. If thermal insulation is installed, secure
tneulator 145510 as outlined in paragraph 3.5.16.



(
NOTE

The method for applying lubricant in

the following proeedttre is outlined

in R- 389_'-3.

au. [_Jmove eombustor drain bose. Remow TM,

plugs and seals from packagrtng. Lubricale

(Method A) threads of plug with lubricant grease

RB0;L40-.012 (Rocketdyne), and installplug

RD273-6003-0004 and K-seal 12100AA4 in com-

frosterdrain boss. Torque plug to 200-240 In-lb.

Safety_'ireplug with Ineoncl lockwire MS20995}{.

av. R,_move plugs and seals from p.'_ckagittg.

Lubricate (Method A) plugs with lubricant g.coasc

RB0140-012 (Roeketdyne) and (Method R) new

K-seals with lubricant grease RB0140-012

(Rocketdyne) or fluorinated oil Krytox 143AZ

[Du Pont), and instal]6 plugs attdK-seals in

thrust chamber oxidizer dome purge polls.

Installplugs ANSl4-SJI, and K-.seals 12100CR8
in bosses PURGE IA, PURGE IB, PURGE 2A,

and PURGE 2B. Torque plugs to 350 al5 in-lb.

Installplugs ANSI4-12CL andK-seals 12100CR12
in bosses NO. 3 PURGE and NO. 4 PURGE.

Torque plugs tc_80 _I0 It--ib,SafetT.vireplugs
'..ith lnconel loe}_'wireMS20995N.

aw. Remove oxidizer dome flushing kit

G2030 (pa._agraph 3.,5.I.2).

ax. Remove hypergol system test tool.

WARNFNG

The fnllowing procedure uses dry-

clennh,g solvent, which is ;]ammable

and must not be used near heat, sparks,

or open flame, Inhalation of itsvapors

or prolonged coniact with tileliquid

can t'auseserious injury.

ay. Clean threads of lly})ergolcartridge

container inletport with drycleanlng solvent

(Fedora] Specification P-D-680).

az. Remove tL'cpergo]eartrldgc container in-

letport elosm'e from packaging. Lubricate

(Method L) closure packing with FS|281 grease

(Dew Corning Corp) and installclosure. Secure

closure with attaching pin.

ba, llemove plugs and installany Instrtunen-

tationlines removed in step e.

WARNING

The following procedure uses clean-

trig compound, which Is volatile. Use
In a well-ventilated area since the

vapors displace the oxygen lit the all',
resulting In s:,ffoeation.

R-3896- 11 Section Ill

Paragraph 3.5.1.1

bb. Remove all leak-test compound from all
Joints and fittings with a clean, dry cloth or by

iloshlng inaccessible areas with cleaning com-

pound (MIL-C-SI302).

3.5. I.I Oxidizer Dome Flushing Kit Installa-
tier for LOX Dome and Gas Generator LCX

Injector Flush. The following procedure may be
_-s'e'_ _s with or without thermal insula_
tion panels installed but with thermal msu,aixon

bracketry installed. See figure 2-5, a_idinstall

oxidizer dome flushing kit as f,)llt,ws:

a. If tlwrmal insulation panels are installed
on engine, see figure 2- 15 and remove the fob-

lowing thorm'd insulation panels:

(1) Thrust OK pressure switches and oxl-

dizer dome purge and flush ports

(2) No. 1 oxl¢fizer dome flush and purge

ports

(3) No. 2 oxidizer dome flush and purge
ports

14) Gas generator oxidizer purge check
valve

(5) Gas generator igniters

a-A, Perform, as applicable, contamination

and damage prevention procedures outlined in
paragraph 3. IA when p,.rformmg this test.

b. Verify that nut on fitting installed in oxi-
dizer dome flushing kit No. 5 0800 port is
safetywired to frame and that aluminum seal is
installed. If tockw_re of aluminum seal is

missing, verify that oxidizer dome flushing kit

is correctly assembled mid lea.k tested as out-
lined in R,.3896-5. pr_r)r to proceeding with test,

c. On uninslallnd engb_es, lnslal] flushing kit |

manifold adapter 9022108 as follows:

(1) Ren..ve 4 boLts, 4 washers, and seal

plate that secures gas generator oxidizer purge
tube to purge manifold.

(2) Remove 3 bolls, 3 washers, and seal

that secures gas generator purge check valve to
gas generator bali valve; then remove check

valve togetber with gas generator oxidizer pnrge
tube.

(3) Install protective closures on purge tube
and check valve.

(4) Install flushing kit manifold adapter
9022108 in gas generator oxidizer purge port,
Torque the 3 mounting bolts to 40-50 in-lb.
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(5) Connect hose R3806-12-0800 to adapter

9022108. See fibnwe 2-5 for !lose routing when

thermal insulation is installed. Tolque hose
coupling nuts to 900-I, 100 in-lb. PLotect
loose end of hose from contamination.

NOTE

Step cA is required only for first

flushing operation on installed engines.

cA. On installed engines_ to prevent frosting
of gas generator purge check valve (luring

flushing, perform the follownlg.

(1) On all engines, remove gas generator
purge check valve and gas generator oxidizer
purge tube as follows:

(a) llemove 4 bolts, 4 washers, and

seal plate that secures gas generator ox" :izer

purge tube in purge manifold.

(b) Remove 3 boils, 3 washers, and
se, al that sceures gas generator purge check
valve to gas geaerator ball vMve; then remo_c
rheck valve together with gas generator oxidlzer
purge tube.

(2) Or all engines, install test plate

T-5047892 on purge manifold using bolts,
washers, and :,ealplale removed in substep I,

a. Inslall bolts fingertlght; ilion on engines not
being Hushed, torque bolts to 70-90 In-lb.

(3) On engines not b,,ingflushed, install

closures on gas generator oxidizer purge port.

(4) On engines being flushed, install

flushblg kitma_lifold adapter 9022108 as follo,._:

(a) InstMl flushing kit manifold acktpter
9022108 in gas generator oxidizer purge port.
Torque the 3 mounting bolts to 40.-50 tn-lb.

(b) Connect hose R3806-12-0800 to

adapter 9022108. See ftgure 2-5 f()rhose
routing when thermal insulation is mst_flled.
Torque imse coupling nuts to 900-_,000 In-lb.
Protect loose end of hose from contamination.

NOTE

Step cB is required only y.Rer first
flushing operation on installed engines.

cB. On engine to be qushed, remove closure

from gas generator oxidizer purge port and

installflushing kit manifold adapter 9022108
as follows:

(I) Installflushing kit manifold adapter

9022108 in gas generator oxidizer purge port,

Torque the 3 me*rating bolts *o 40-50 in-lb.

(2) Connect bose R3806-12-0800 to adapter
9022108. See figure 2-5 for hose routing when
thermal insulation is installe¢ Torque hose
coupling nutslo900-1,000in-lb. Protect loose
end of hose from coa|aminatioa.

d. See figure 3-10, and position dome flushing
kit bracket 9012799 in thermal insulation braek-

etry holes. When thermal Insulation is installed,
f)osition main strut o' brackei as far front gas
generator as thermal insulalion access door will

permit° Secur,. bracket in place by securing
inner strut to outer strut with attached pin.

e. Position oxidizer dome flushing kit mani-
fold on dome flu:_hiag kd bi,tcket and secure wah
allached pin.

f. See figure 2-5, and connect hoses between

oxidizer do,'r.,e flushing kit manifold and e.gine
as follows:

(1) Remove plugs frmn tin'us* chamber oxi-
dize*' dome bosses PURGE 1A and ;'URGE 1B,

NOTE

h| ti_e following procedure, in steps
requiring hose coupling torqu,, in
excess of to_'que required for unions

mr rednc, I'1_, niliOllS or reducers

nmst be hold to avoid overtnrquing,

• The nletimd for al)plying lubricant in
the following l)ror',,,ure is outlined
tn R-3996-3.

(2) Lubricate (Me,_hod A) reducer w_th
lubrica_' greave RB0140-012 (P,)cketdyne) and
(Method R) K-seal with lubricant grease
RB0140-012 (Rocketdy,,e) or fluorinated oil
Kr-fox 14'tAZ (Du Pont), and install reducer
AI_919_15C, N- "eal 12100CR_, and adapter

9024153 from :td, q)ter kit 9024165 in thrust
chamber oxidizer dome bosses PURGE 1A and
PURt;E lB. Torque reducer to purge boss

col|nections to 300-720 h|-lb. Torque hose
coupling nuts to reducer to 650-750 in-lb.
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(3) InslaIl hose It3806-12-0500 between

adapter ma,flfold in bosses PURGE iA and

PURGE 1B and flushing kit n'Janifold port No. 1
0500. Torque hose eouplin/; nuts 900-1,100
in-lb.

(4) Remove pings from thrust chamber oxi-
dizer dome bosses PURGE 2A and PURGE 2B.

(5) Lut)ricate (McHmd A) reducer with
lut)ricanl grease RB0140-012 (Rockeldyee) and
(Method R) K-seal with htbricant grease
RBOI40-OI2 (Ftoeketdynr') or fluorinated oil
KrvLox 143AZ (Du Poid), and !_stall reducer

AN919-J5C. K-seal 12100CRS, and adapter
9024153 in thru_t (',haml)er oxidizer thnno bobses

PURGE 2A and PURGE 2B. Torque reducer t_;
purge boss connection It) 300-720 in-lb. Torque
coupling nuts at reducer in 650-750 in-lb,

(6) Install hose R3806-12-1000 t)vtween
adapter maniiold in l)o.';st,sPIJIgiE 2A anti
PURGE 2B and ilusl_ing Mt manifold port No.
2 1000. 'rorqm_ ho,se coupling nuts to 900-
I_ iO0 in-lb.

(7) Remove plug Item lhrust chamber oxi-
dizer dome boss NO. 3 PURIJE,

(9) Lubricate (Method A) reducer wtfh
lul)ricant grease I',.B0140,.012 (Rocketdyne) and

(Method IQ K--ueal with lubricant grease
RB0140-012 (Rocketdyne) or fluorinated oil
Krytox 143AZ (Du Pont), and install union
AN815_12C and K-seal 12100CR12 in thrust

chamber dome boss NO. 3 PURGE. Torque
u.iu,,, tu 420.-000 in-lb.

(9) install hose R3806- i2-0600 between
union, in t[,,rust chamber oxidizer dome bo,_,g

Nt). 3 * .,_',(.iE and fhlshing kit manifold port
No. 3 0600. Torque hose coupling nuts to 900-.
!, 100 tn-ll).

(10) Remove pl.Jff from thrust chambar oxi-
dizer dome boss NO, 4 PUI(GE.

{11) l,ublicate (MethodA) rr, dueer with
lubricant grease liB0140-012 (Rockeldyne) and
(Method R) K-seal with lubricant grvase
[tB014{)-01:_ (Rocketdyne) or fluorinated oil
Kryto× 143AZ (!)u Pont), and install unhm
AN832-12.1 and K-seal 12100CR12 in thrust
ehaml)er oxidizer dome boss NO. 4 I'III{GEo

Torque unhm Io 420..600 tn-lb.

(12) InstP]lhose R3806-12-1080between
union in thrus/ chamber oxidizer dome bose;

NO. 4 PURGE and flushing kit manifold port
No. 4 1080. Torque ]-lose coupling nuls to 900-

1,100 in-lb.

(13) Install hose R3806- 12-0800 between

adapter 9022108 and flushing kit manifold purl

No. 5 0800. Torque hose coupling nuts to 900-
1_ 100 in-ll),
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R- 3896- II Scctlon III

Par,%,,raphs 3.5. I. 2 to 3.5.2

/

(14) Remove plugs from taps GF2a and
GF2b.

NOTE

The method for applying lubricant In
the following procedure is outlined
in t(-3896-3.

(15) Inslall flushing kit manifold diffusers
0023934 with K-seals 12109AA4 tn taps GF2a
,'rod GF2b. Luhri(:ate (Method A) diffuser with
lubricant grease EB01';O-012 (Rockeidyne).

Torque difhmers to 300-240 In-lb.

(16) Connect hoses 19-9014933-11 at flusi_-
ingkit manifold 9025254 to diffusers. Torque
houe coupling nut to 270-345 in-lb,

3.5. i. 20.,-A._qFu_er _D.o?!le _'lus.hiJ!KKit Removal
for LOX Dome and Gas Generator LOX I._ector

|

Flush.

u. Disoonnect hoses fr,nu flushing kit mani-
fold 9025254. Installprossure cap_ on manihfld

fitting8 and plugs in end of hoses.

b, Remove flushing kit manifold 9025254

from drone flashing kit brackeI 9012790: then
disconnect dome flushing kit bracket from

thermal insulation brackeiry.

NCYI'E

Tile method for applying lubricant m
the following procedure is outlined
in R-3996- 3.

c. Remove diffusers from taps GF2a and
GF2h. Remove plugs and K-seals from packag-
ing, Lubricate (MethodA)plug threads with
lubricant grease RB0140-012 (Recketdyne), and

install plugs RD273-6003-0004 and K-seals
12100AA4 in instrumentation taps GF2n _Jd
GF2b. Torque plugs to 200-240 ln-lb, Safety-
wire plugs with InconeI lockwire MS20995N.

3.5.2 LOX DOME FLUSH. This procedure
contains instructions for flushing the thrust
chamber oxidizer dome.

NOrE

When performing this procedure with
the engine environmental cover in-

stalled, tilerope that secures tim
exit end of the cover must be untied

and the end of the cover turned up
and secured to prevent trlchloro.-
ethylene from aceumulaiing in tile
cover. At the enml)letion of the
procedure, the cover must be low-
ered _md secured in accordance

with p_ragra4)h 3.6. 5.

• hi steps requh'nlg hose coupling

tt)rque in excess of torque required
for fittings, fittings must be held
to avoid overiorqmng,

a. Perform, as apl)licabie, contaminalion

and damage prevention procedures outlined in
paragraph 3. IA when performing this te,lt.

aA. Remove pin and closure from hypergol
manifold cartridge container inlet port.

WARNING

The following procedure uses dry-
cleaning solvent, whict_is flanlmable
and must not be used near heal,

sparks, or open llame. Inhalation

Of its vapors or prolonged contact
wRh the liquid car,cauae serious

injary.

NOTE

The method fm '},t)l}n,g lubrlcm_t m
the following 1)rocedure is oullined
ia R-3896.3.

b. Clean threads of hypergol manifold car-
tridge container inlet port with drycleaning
solvent (Federal Specification 10-D.-680), Lu_
britain (Method A)ihreads with lubricant grease
RB0140-012 (Rocketdyne). See figure 3-0, and
lubricate bore of container with FS128l grease
(Dew Corning Cerp),

CAUTION

When installing the hypergol system
test tool into the hypergol mtmifoki

ear"r_dge container Inlet port, ex-
treme care must be used Io prevent

damage to the hypergol cartridge
follower.

• 'the threads of the test tool e_q) must
be clean and free of nicks to lU'event
galling the threads of thn cap and
inlet port.

c. Make sure thai threads of test tool ca!l

are clean and free of nicks, lubricate (Method L)

cap par'king with .F51_81 gre, ase (Dew Co:sing
Corp); then carehltly insert hypergol system

test tool 9021279 rote hyltergnl cartridge con..

tahmr inlet port, sod a:'rew rap (clockwise) onto
inlet port until It boltoa_s,

Clmnge No. 9 - 2 Dr,cembcr 1970 3-9'1



SeetlonlH R-3896,.11

NOTE

Duriag oxidizer dome flushing the
engine must be maintained in a null
position vnth st,'G,e and engine i_ a

vertical position.

• If heat exchanger check valve i:_ pres-
surized at 4-psig gasemL_ nitrogen
pressure, proceed to step e.

d. Remove heat exchmlger check vatw,,, and
install a suitable tes! plate oll thrust chamber
oxidizer dome outlet port,

e. Verify that any te_t Jnstrumentatmn lines
that could h'ap trichloroethyhme (luru_i; flash
are disconnected _md ports capped ¢flI,

f. Install Oxidizer Dome. Flushing Kit G:a030
(paragraph 3.5.2.1).

_, I(entove pressure en D from, 3nd ceenect
thrust chamber fuel jacket purge system tu, fun]
jacket purge qu_t,'k-dlsconiJ_ct o, ek(;h t_ei wive.
]f Inermal insulation is installed, gain access
In fuel ]acket purge qumk_discoauc(:t on No. 1
fuel valve by loosening insulator I,t0510 as out-
lined in paragraph 3.5-. 16,

h, Remove pressure cap from, and connect
hypergol servicing purge wstem to, hypergol
purge quick-disconnect.

t. R_r],ove presStll'L' cap [COI'l], add COIH]cJC'

All oxidizer-ell:an sottrce of gas€ellS ]llirOge/_

(MIL-P-2740fj capable of ,_Ul)lfly'ng 175 t25
pslg trader fluw condiuol,_ to, flosh]ngkit

manifold GN 2 inlet purl,

j. l_emove pressure nap from, au'*d connect
LOX donle and gas generator LDX mice!or
flusldng system to, fb_uhingkit manifold tri-

chloroethylene mtet nipph,.

k. Remove thrust ch;tmber _hruat securiiy
| elostwe (paragraph 3.6. 14).

I. Pressurize flushing, kit pneumatic *wstem

to 175 _-25 p'Ji as indicated on flushhlg kit GN 2
gage.

m, Presnurlze hypergol servicing purge
system to 150 :H_0 pslg.

n. Pressurize thrust t'hamber fuel jacket
purge systera to 300 .100 pstg.

WARNING

The following procedure uses trichto-
roetbylene, whic._ is a toxic solvent.
Inhalation ef its vapors or prolonged

contact with the liquid can cause
in.jury or death.

o. Pressurize I.,OX dome and gas generator

LOX taiectur trichloroethylene flushing system
to 90 -10 psi as indicated on flushing kit trtchlo-
roethyh'ne gage, ;tad flush thrust chamber oxi-
dizer drone for a minimum o[ 30 seconds, De-

pressurize flushing kit trwhloroethy_ene system,
ar_tt wait 2 minutes before proceeding to next
step,

p. Depressurize thrust chamber fuel jacket

purge sy_Rem.

q. Depressnrize hypergol servicing purge
system.

r. Deprcssurtze flushing kit pneumatic
system,

s, Disconuect LOX dome and gas generator
LOX injector flushing system from flushing kit
manifold trlehh)roethylene inlet quick- dlsconnecl,
and teinstall W'easure cap.

t, Pressurize flushing kit pneumatic system
to 1'15 :_25 psig,

u. Pressurize hypergol servicing purge sys-
lem (o 150 _50 pslg,

v. I_ressurize thru._t chamber fuel jacket
purge system _o 30b :tl00 psig.

w, Allow purges to flow for 5 minutes mini..
mum; continue until all vapors are expelled
from thrus_ chamber before proceeding to next
'_tep.

x. Depressurize thrust chamber fuel jacket
purge system.

y. Depressurize hypergol servicing purge
system.

z. Depressurlze flushing kit pneumatic
system.
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Parageaph 3.5.2. I

aa, l)isconneet 4 h{J[4es fPOlll l]]l'tl,_;l r'halllbeP

{_xidlZOl' thnno; then Peniove t'(,{|tlt'el'.s an{t

adapter manifold:% if aPl}licable_ h'om hosseb

on thrust Phamber oxidizer r.]f}tllf') ai]d l'PlltS|_l|l

reducers mn hose.% hlsla[l |)l'CSStlPe cal}h ua

_'etlucees to ]ll'eVCill vatl'y {I[ c,nllrlminant_,

ab. Item,)vc any |)itq;S insullied in step e.

aC. TiJrn on oileratiouat high-hwei l.O× don|,.
and t_-as generalur I,OX in lector puPge system.

ad. l'Ptssurize IDq}ergol sePvicing i)tll't{o
syMem ht 150 !50 l)sig.

ae, Pressurize lh;'tlt.i chala})(,l' It!el jaekel

|}uPp{, system to 300 d00 psig.

af. Alh,'.v Iltil'gos ({i lhJ,,_ f_lr 5 eli|lilies Inhil-

,iltlnl; contlnul, ttnti] all vui},li's ape c,xi}elleel
l'PtnFi 0iru.%l chanil}eP extl.

a_. I)l,l}l'essuPiz(, hYl)Pl'11[_l s(,rvicinl_ purl2.e
7ys[{qtt,

aS, lJeiu'essln'izo thrust chamber fuel jacket
l)UPge sysl{'. I.

ai. tlJelcted}

aj. Tul'n off oticrationai ]JigS-level LOX ch)ni_
,qnd {,his pl, neratoP ]A')X injector pul'ge systolll,

;#k, II heat exehuni, er check valvewa,% Pc-

nltJved ilt st{, l} {l_ Peei¢lve ihru;,l eliainllor oxi-
tltz0f dome {}ullel l)orl eu;'er Rnd PPipstall heal
exehungeP eheck vah'e a,% outlined in Ii_3890-3.

al, lJisconllet| plletliliaiic sys0qll £roll'i hy-

tiergol iJurge quick-disconnect, t{emovo liVe,s-
sure cap fPom ]}aekli[(iIlt.," _ and hisial] pressure

,'all, Torque ln'essure cap to 30-,t0 it-lb.
,<q_fetywir0 pressarc cap wilh Inconel lock',virq
MS20995N,

ran. Disconneel pneuniatic system froin each
fu,q jIickrt puPge quick-disconnect. Ilenlove

l)rgssure ciq}'_ fPom l}ackaging, find install pres-
sure caps. Torque l}ressut e caps i{_ 30-40 fi-lb.
Safelywive pressure caps with Inconel hmkwire
MS2099bN.

areA, If therwal insulation is installed,

secure insulator 145510 ;is oulline{l iu l'}.%ra-
graph 3.5.16.

NOTE

Tile i]le|lltl(I fill- _lii}|)'illt / lubl ican{ hi

the folhrxieli pPooet|tIPe IS oulllncd
in I{-3800-3.

an. tlemove i}higs and K-seals froill pa{'k_lll-

I ing, I,ubrieale (NIrlllod/%)phigs with ]ubrh;anlgrease RB01,lO-012 (l(ockeidyne) a,ld (Method R)
nOW K-seals with luln-icanl gi'o'.ise RB01,10-01I

(l(,Ic]_r>l(iynt,) cu' fJttlJPlnal(,d oil Kryt4}x 1.13AZ |
(Du Pc, ill). and in,',lall (i plu['s and K-s,t,als in I
[hl'tlSl ehanil)rq' {}xic|tzeP (hmle l)/ll'g( , l)(q'is, ill-

slall pluiis AN81,i-8Ci, and l(-:-,eah.-; 12100CRtJ

in bohM, s PURGE 1A, I'UII(,E IlL ['U;I{IE 2A,
and PISR{IE 2l';, Torque plugs i{J 350:15 in-lb, i

Install pluh'S AN814-12CI, and K-seals
12100CRI2 ulll(]sses NO, 3 PUI'IGE and NO, 't

IiUI'IGf_;. ToPelue ilitlgS to 80 _f0 fl-lh, Safety- II
wh'e plugs wllh In('onel loekwire MS20995N.

•qtl, I{oinot'e oxidizer donle thlshlng kil (.]2030
(parap, ral)h 3,5, 7.2).

nil. It{,luov(, hYl)ergo] sysh'lll test hml.

WAIININI;

The fol|{}_ ing l}rol'l,dure u.-;es dry-
('|e_utin!,. soiv(,nt, which is |lamntall]o
arid InUSl it(}l lit' uht,d eeitP ileal,

.{,parks, lip {il}e;iflainP, hih_tl,lthm of
its lai)ors lit' ln-oionir, ed {'(}I]|:l{'t with
(he ]ieitll(] eHn Cdll.%n SOl'iQus }lli,JI" 7.

,tq. Clvalt l,lrea{18 of hyl}orgol cai'll'idl,q,
{',}llt:iln{,i' inlet itl)i'[ ;_illl dryc]oallh_Ir f;fi]VDll(

{l"edora] Specification I}-l).-f]{J0h

ar, l({.tlt{jvc hyper._lol carlri{li_e e{iitiaill{,l" in.
let l}or{ ('108,31'e. Lut)rh'ate (Method L) ciosur{. |

i}ackhlg wi{l', FS178] gre_i.,>e (])nw C{}raing Curl}) I
and inslali c]ostll'{% 8eeul'e eiosul.'e wilh

aililolqng i)in.

as, l{elneve plugs and allslallany ihsh'u-

Ineiltatloi) lille lelllrtve{t In step e.

3. 5, 2, i Oxiclizce ]}otne Fius_]_ Kit Instalta-
t._io_n Gri77-v Ti{k--TiF;i--
eeduro may be used on engines will; or without
therma! insulation pailoi installed but with
in'ackehy instalh_do See figuce 2-5, and i_lstall
oxidizer donle l'lu_,hing kit as follows:

% If thermal insulation panels are |.stalled
up, engine, see figure 2-15 arid remove the feb

1,,:wing thermal insulation panels.

(i) Thrust OK pressure switchc.'_ and e×i-.
dizer d, mie purge an(, flush ports

(2) N{}. 1 ¢,_idizer donee flush and purge
i}¢,rts

(3} No, 2 oxidizer dome flush and t}urgr

pores

(4) Ga_ generator oxidizer purge check
valw'

aA. Perform, as applicabIG conlamination
arid dalnage preventhm procedures outlined in

Imragt'agh 3. IA when poi'fr, rlnmg this test,
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b, Verify that nut on fitOng installed in oxi.-
dizer dome flushing kit No. 5 0800 port is
srJetw,;,ired to frame and that aluminum seal is
installed. If lockwire of ahdnimun seal is

missing, verify that oxidizer ciome flushing kit
is correctly assembled and loa.k lested as out-
lined in R-3896-5, lu'ior to proceeding with
test.

c. See figure 3-10, and position dome flush-
in K kit bracket 9012790 in timrmal insulation

braeketry holes. Secure bracket in place by
securing immr strut to outer strut with attached
pin.

d. Position oxidizer dome flushing kit mani-
fold on dome flushing kit bracket and secure
with attached pin.

e. See figure 2-5, and connect hose between

oxidizer dome flushing kit nmnffold and engine
ns follows:

(1) Remove plugs Irom thrust chamber
oxldlzer dome bosses PURGE IA and PURGI_ IB.

NOTE

In the following procedure, in slops

requirinb_hose coupling torque in ex-

cess of torque required for tlnJons or
redocers, ullions or reducers must

be held tn _void overtorquing,

• Tile method for applying lubricant in
the following procedure is outlined
in R-3896-3.

I (2,) I,ubricate (Method A) redm'¢,r with
lubricant grease HB0140-012 (Rceketdytw) mul

(Melhod R) K-seal with lul)rican+-,,,,-{,rea,_e

RB0140- 012 (Roeketdyn,._) or" fhmrtnated oil
grytox 143AZ (Du Peel), al;3 install reducer
.'N919-15C, K-seal 1210OCRfl, and adapter
9o24]53 from adapter kit 9024165 ie thrust
chamber oxidizer dome b-sses PURGt,] |A and

PURGF. IB. Torque reducer topurge boss

connections to 300-720 in-lb. Torque hose
coupling nuts b, reducer to 650-750 in-lb.

(3) Install hose 1t3606-12-0500 between

adapter mm|ifoid in boqses ")URGE 1A and
PUft(;E 1D and fht,'_hing kit manifold per! No.
I 0500. Toeqoe hove eoulfling nuts to 900-
1,100 is-tb,

(4) l_emove plugs from thrust chamber
dome bosses PURGE 2A and PURGE 2B.

(5) Luln'icate (Method A) reducer with

lubricant grease ITB0140-012 (llockotdyne) and

{Method It)K-seal wilh lubricant grea:_e

IIB0140.-012 (Itoeketdyne) or fluorinat_.doil

Krytox 143AZ (Dn Pont), and installreducer

AN919- 15C, K-seal 12100CR8, and adapter
9024153 in thrust chamber ozidizer dome bosses

PURGE 2Aand PURGE 2B. Torque reducer to

purge boss connectionio 300-720in-lb. Torque
coupling nuts ai reducer to 650-750 in-]h.

(0) Installhose R3806-12_I000 behveen

adapter manifold in bosses PURGE 2A and

PURGE 2B and flusifing kit manifold port No.
2 1000. Torque hose couplingnuis tog00-
1,100 in-lb.

17) Ran|eve p]u[; from thrust chamber dome
boss NO. 3 PURGE.

(8) Imbricate (Method A) reduee_ wilh I

hlbricant greaao _{B0140-012 ([_t_cketdyne)and J(Method R} K-seal with lubricant ,_rease
RB0140..012 (Rockeblyne) or lluorinated oil
Krytox 143AZ (l)u Pont), and install union
AN815-12C and K-seal 12100CR12 in thrust

chamber dome boss NO. 3 PURGE . Torque
union lo 420-600 in-lb.

(9) Install I:oae R3806-12-0600 between
union in oxidizer dome boss NO. 3 1)-(JRGE and

flushing kit manifold port No. 3 0600. Torque
hose coupling nuts to 900-1,100 in-lb.

(I0) Remove plug from thrust chamber
dome boss NO. ,t PU RC;lq.

(11) 1.,ubrieato (MethedA) reducer with m

lubricant grease I(/30140-012 (Rotketdyne) altd I(Method R) K-seal with lubricant grease
liB0140-012 (ltocketdyne) or fluorinated o11

Krytox 143AZ (Du Pnnt), and install union
AN332-12J and K-seal 121O0CR12 in thrust

chamber dome boss NO, 4 PUIeGE. Torque
union to 420-000 in-lb.

(12) install bose lt3806-12-1080between
union in thrust ehalnbsr dornc bass NO. 4

PURGF _nd flushing kil olanifold polt No.
4 1080, 'I'ozque hose COullling nuts to 900-
1,100 iu-Jb,

3_100 Change No. 8 - 9 Septeml,er 1970
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.Paragraphs 3.5, 2.2 to 3, 5,3

f. See figure 2-15, and connect hoses be-
tween oxidizer dome flushing kit manifold and

suitable facility drain as follows:

NOTg

In ttw. following procedure, in steps
requwing hose coupling torque in ex-
cess of torque required for unions or
reducers, unions or reducers must

}W hold tn ?,mDI ¢_vr.rhrr I tat(

(1) Install hose R3806-12..0800 between

adapter 9(}22108 and flushing kit manifold port
No. 5 0fl00. Torque hose c.oupling nuts to 900..
1,100 in-lb.

(2) Connect I_t)_eu 19-9014938-11 at flush-

ing Mt manifold 9025254 to dd[osers. Torque
hose coupling rat(to 270-345 in-lb.

(3) Position ,)utlets of adapter 9022108
,tud difiu_ers 9023934 rote a suitable faciiRy

drain and secure hoses to prevent whipping
when flowing gaseous ulicogen or trlchh)ro-
ethylene.

(4) Notify personnel, as applicable, to
keel) clear of hose exits during flushing opera-
lion.

3. 5.2.2 Oxidizer Dome Flushing Kit RemowtI
for LOX r._g"fft_iTsK-. .............

a. Disconnect hoses from flushing kit mani-
fold 9025254 and install cape on manifold
fittings. Install pressure caps on manifold
fittings mid plug_ Ill end of hoses.

b. Remove flushmg kit manifold 9025254

from dome flushing kit bracket 90]2790; then
disconnect dome flushing kit bracke_, from
thermal insulation bracketry.

c. Disconnect diffusers from ad'lpt_r
9024] 53 and install caps on open lines, +_s

applicable.

3.5.3 (iMJ GENERATOR LOX fNJF.,CTOR
F_LUS_H.. 'rhi:¢ procedure cmdains tnstrucllon,_
for flushing the gas genera_or oxidizer injector.

NOTE

When performing this procedure with
llle engiue envirolinlelltai cover hi-

stalled, the rope that secures the exit
end of the cover must be untied m_d

tile end of the cover turaed up trod

secured In prevent triehloroethylone
from accumulating in tile cover. At
the completion of the procedure, Ihe
covc_' naut;t bc lowered and secured

in aeeordar, ee with paragraph 3.6.5.

• In ,',teps requiring hose coupling
torque in excess of torque required
foc fittings, fittings must be held
to avoid overiorquing.

a, Peril,tin, t_s applicable, contamination
and damage prevention procedures outlined in

Imragraph 3.1A when performing this pro-
endure,

aA. Install Oxidizer 1)nine Flu,_hmg Kit
G2030 (paragraph 3.5.3. ]).

b, ['€.emo'_e pressure cap from, _-flld connect
all oxidizer-clean source o[ gaseous nitrogen
(MlL+P-27401) capable of mJpplymg 175 _25
psig under flow conditions to, flushing kit mani-

fold GN 2 inlet port,

c. Remove prcs_tlr{ _ rap frmu, and col]Dee[

LOX tknnc and gas generator LOX injector
flushing system to, flushing kit rn:u'fifold tri-
ehloroeihylene mint nippk,.

d. Remove plug from {',as generator eombus-
tot drain port and connect a suitable drain hose
to port.

e. Remove thrust chamber throat security
closures (paragraph 3.6.14) i

f. Pressurize fluslfing kit pheumatic _ystem

to 175 -_25 psi as indicated on flushing kit GN 2
gage.

Change No. 9 - 2 T)eeemi)er 1970 3-I01
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WAIINING

The following procedure uses trl-
chloroothylene, wl'.icil i_ a toxh.'
solvent, h!halation of its vapors
or prolonged contact with the liquid

can cause injury or death.

g. Pressurize LOX dome and gas generator
LOX injector trichloroetlwlene flushing system
to 90 _10 psi as indicated on flushing kit tri-

e}aiuroetiwlune gag%fiushl'a_ geumatur o.GdiLe*
injector cavity for 30 seconds minimum, and
verify flow through drain hose installed in _tep
d: then depressurize flushi*lg kit iriehloro-

ethylmw system.

h. Depressurize flushing kit pneumatic

_4ytltem,

i, Disconnect LOX (lome and gas gcmerator

LOX injector flushing system from flushing kit
manifold triehlr_ro_qlwleno inlet quick-disconnect,

and reinstall pressure cap.

i. PressuriTe fhlshiag kit pneumatic system
to 175 ._2,5 psig.

k. Allow purges to flow for 5 minutes mini-
mum; continue until all vapors are expelled
from turbble e×lmust laanlfold before proceed-
ing to next step,

l. Depressurize flashing kit pneumatic
system.

m. See figure 3-10, arM temporarily dis-
connect dome fluMfing kit bracket 9912790 from
tlmrmal inmJlation bracketry to gain access to

oxttbzer stdeofgas generator. Suppotthracket
while disconnecte,d.

n. Remove 3 bol_ that seeur,, flushing kit
adapter to gas generator ball valve, Remove
adapter from bali valve. Install cove,' on
adapter to prevent entry of c(mtaroin_mts,

o. Install gas generator purge cheek valve
as follows.

(1) Remove test plate ;rod protective
closure, and lnst_tll gas generator purge
r.beck valve, oxidizer purge tub% and seal
RD261-3010-0009 an gas generator ball valve
with 3 bolts anti washers, Torque bolts to
40-50 ln-lb. Safetywlre bolls WIHI Incohel
lockwh'e M,_20995N.

3-102 Change No. 12 - 23 Augu,',t 1971

(2) Insert seal 19-406332-5 bctweea gas
generator exidtzev purge tube and purge mani-
fold, and verify lhat seal 19-406332-5 is ueiweee

manifokt and purge tube; then connect purge tube

to manifold with 4 bolts and wavhers. Torque
bolts to 70--80 in-lb. Sufetywire bolts with
Incenel loekwire MS20995N.

p. See figure 3-10, and reeannect dome

flushing kit bracket 0012700 to thermal insula-
ties bracket ry,

q. Turn on operational high-level LOX dome

and gas generator LOX injector l)urge system.

r. Pressurize flushing Mt imeumatic system
to 175 +25 l)slg.

CAUTION

Leak-test compound must not be used

on flex line })ellows $1uce it cannot be

removed frt)al |he bellows.

s. Using leak-test compound (MIL-L-25567),
leaR-test gas generator oxidizer purge mamlold

joints and gas generator purge check valve to

gas generator ball vaB, e Joint. No _eakage is
allowable.

t. Allow purges 1o flow for 5 nnnutt, rain.-

mum; continue until all vapors are expelled
from turbine exhaust manifold afRd gas generator
drain port before proceeding to hext step.

u. Depressurlze flushing kit tmeumatic
system.

v. 'rurn off operational high-level LOX dome
and gas geaerato*" LOX injector purge system.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

W, Remove cornl)ustor drain hose, Icemove

plug and K-seal from packaging, lubricate
(Method A)plug threads with l,d)rlcast grease
FB0140-012 (Rocketdyne), and install plug
1qD273-600_-0004 and K-seal 12100AA4 in com-.

bu_.tor drain boss, Torque plug to 200..240
in-lb. Safetywtre plug with lnconel Ioekwire
MS20995N,

x. Remove oxidi,',,r dome fi 'dllrlg kit G2030
(paragraph 3, 5. 3, 2),

)



II--389fi-. 11 Section llI

Paragr:tph 3.5.3.1

( WARNING

The following l_rocecinL'e u.ses clean-
inh_ eonli)ound, whicl_ is yohttile. Use
in a well-ventilated area sitice th(,

v,_pors displace the om]gen in the air,
resulting in _uffocation.

y. Remove all leak-test compmmd from all

joints and fitHngs with a clean, ,_y cloth, or

by flushing inaccessible _ireas with cleaning

compound (MIL-C-SI302).

3.5.3.10xdzcr Dome FlusLuagKLt lnstalla-

ti__2o,L_.r__s_.._r l_qX!aA_..,{t,,2L_,_!_: 'rhc
following procedLne may be used on enl'jae_

w!th or without thermal irl.'_ulation panel,s in-
stalled but with bv;:€'ketey installed. See figure

2- 5, and m:Aall oxidizer dome fiusifing kit as
follows',

a. If thermal insulation p3nels are insla'led
on engine, _,'ee figure 2-1% and remove the

Iollowmg thermal iasulaticm panels:

(I) Gas generator o_ldizorpurge check valve

(2) Gas generator igniter,:

a.A. Perform, an appheable, contamination
and damage prevention procedures outlined m
paragraph 3.1A when performlag thisprocedure.

b. Verify timt nut on fittinginstalled in oxi-

dizer dome flushing kit No, 5 0):,00port is

safetywlrcd to fram,, and that aluminum ,';eat is
installed, If leekwire of alun'dnnm ::eal is

missinG, verify that oxidizer dome flushing kit
is correctly assembled and les.k tested as out-
lined in R-3896-5, prier te proceeding with
test.

c. On umnstalled engtnes, install flnshmg

kit manifold adapter 9022108 as follows:

(1) Remove 4 bolts, 4 wa'.qm,'s, and seal

plate that secures gas generator oxidizer purge
tube to purg¢_ manifold.

(2) Remove 3 bolts, 3 washers, asd seal

th,_lsecures gas generater purge check vslve

te gas generator ball valve; then remove cht'ek
valve together with gzs generator oxidizer
purge tube,

(3) install protective closures on purge
tube mid rhe,_k wive.

(4) Install flushing kit mnnifold adapter

9022108 it, gas gemwator oxidizer purge port.
Torque the 3 ntountmg bolt*;to 40-50 in-lb.

(5) Co:mot:t hose R3_06-12-0800 Io adapter

9022108. See figure 2--5 |or hose routing when
thermal insulation is installed. Torque hose

coupling nuts to 900-I, I00 in-lb. Protect loose
end of hose from contamination.

NOTE

Step cA is required only for first

flushing operation oq installed engines,

cA. Oil installed et_giner% to p*eve:,__rosting

of g},,sger,,rator purge cheek valve during flash-

leg: pt,rfornl the following.

(1) On all engines, remove [;as geaerator
purge check valve a.nd gas generator oxidizer

purge tube as follows:

(a) liemove .' bolts_ 4 washers, and seal
l)laie that secures gas generator oxidizer parge
tuhn t,_ purge manifold.

(b) llemove 3 bolts, 3 washers, and seal

that secures gas generator purge cheek valve to

ga:__;enerator ball valve; then remove cheek

,ml"e together with gas generator oxidizer purge
tube.

(2) On all en_nes, Install test plate
T-5047892 on purge manllold usin{; bolts,
washers, and seal plate removed in substep 1,
a. Install bolts fingerttght; then on engines not
being flu_hed_ h_rque bolts to '70-80 in-lb.

(3) Ou engines act bcAng flushed, tnsta]l
closures on gas generator oxidizer purg., port.

(4) On enoJne being flashed, install[lushing

kit maniL'old adapter 9022108 a,_ follows:

(a) b, stall Hushing lilt manifold adapter

902').108in gas gen_ralor oxldtzc.¢ pqrge pot _o
Torque _he 3 mounUng bolts to 40-50 in-lb.

(h) Connect hose R38U6-}2-0800 to

adapte: s022108. Sc,e It_r_, 2-5 for hose

,'outtn,; whe:l thermal iu,qulation Is installed,

Torqu,; hose coupling nuts to 900.-i ,000 In-lb.
Protect loose ei_d el" hose from ctql_atnlnatlon.

Change No. 12 - 213Aut_ust 19'fl 3-103



SCctlonIII R-3896-II
Paragraph3.5.3.2

NOTE

Step cB is required only after flrsl
flashing operation on installed engines,

cB. On elH_inc to ho flushed, remove closure
from gaa generator oxidizer purge port and
inst;ql ilosifieg kit manifold adapter 9022100
as follows;

(1) h)siall fluslfing kit manifold adapter
9022108 in gas generator oxidiz¢,r purge port.
Torque the 3 nmuating bolts to 40-50 in..lb.

(2) Connect hose R3806-12-0800 t_ adapter
9072108o See figure 2-5 for hose rcmtini;when
th¢.rmal insulation is installed. Torque hose
coupling nvts to 900-1,000 in-lb. Protect
lee)SO slid of hose front eolltanli)hq.tioa.

d, See Hgure 3-10, and position dome flush-
ing kit bracket 9021790 in thcrntal insulathm

brackeiry holes. WImnthermalbm,datiouis
installed, position main strut of bracket as far

from gas generator as t}lorYnal insulation access

door will permit. Secure bracket i, place by
securing inner strut to outer strut with attached
pin.

e. PoMtion oxidizer dome flushing kit mani-
Iold on dome flushing kit bracket and secure
wit), attaciwd pin.

f, See fi,omre 2-5j and coaneEt hoses ' _t',voen

oxidizer dome, flushing kit and gas generator as
follows:

NOTE

The following proeedore, ia steps

requiring hose coupling torque In
excess of ire'one requJ red for mlions
nr reducers, unions or redaceY8

ln)tst be i_cld h) avoid ovcrtorqulng°

(l) laslall hess R3806 -12.-0800 between

adapter 9022108 and flu:_hing kit manifold port
No. 5 01'00. Torque hose coupling m_ts to 000-
1,100 iu-lb.

(2) ltemo'v(, plugs from I,)l,:; (;F2a a,.d
GF2I_.

NOTE

The method for applying lubricant in
the following procedure Is outlir.ed
in It- 3896-3.

13) Install flushing kit manimld diffusers
9023934 with K-se_l 1210OAdk4 in taps GF2a
and GF2b. Lubricate (Method A) diffuser with
lubricant grease I€B0140-012 (RockEtdyne),
Torque diffusers to 200-240 in-.lb.

(,i) Commct in)sos 19-9014030-11 at flushirlg
kit manifold 9025254 to diffusers. Torque hose
coupling nut to 270-345 in--lb.

NOTE

The method for applyi.g lubricant in
the following procedure is outlined
in R-3896-3.

g. Connect hoses including all their aitaeh-
nlents (sec fil;u*'e 2-5) tmlween fiu:,Iltag kit
manifold and a suitable facility drain. Lubri-
cate (Method A} fi_tlags, _s applicable, with
lubricant grease RB9140-012 (Rocketdyne),
Torque hose coupling nuts in 900-1,100 in-lb.

tl, Notify per*;onnel, as applicable, to keep
clear of h',)sc exits during flushing operation.

3, 5.3, 20xtd!zcr_DcLn2€: ._,'!u)qki_g.K!tAg_mpvaL
fo; Gas Generator LOX Injector Flush.

a_ Perform, as applicable, contamhmhon
and damage prevention procedures outlined in

paragraph 3. IA when performioff this procedure.

;_'_. Disconnect hnses from quqhtnt, kit mani-

fold 9025254 and install t:ap._ on manifold fitting,,;.,

Install pressure c'q)s ,)r, r, mJlifold fittings and
plugs in owJ of ho_c:e_,

b. Rcraovc fJo[_hisT. Lit m,q.nttold 9025254

from Oomo flushing kit bracket 9012790; tl,cn
discomwct dome flusi;ing kit bracket from

therrnal iI)sula_ionl)raeketty.

3-t0,1 Change No. 12 - 23 At)gust 1971
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Paragt'aph 3.5.4

NOTE

The method for applying lubricant in
the following procedure is outlined
ir, R-3896-3.

c. Remove di{fusers from taps GF2a and
GF2b. llemove plugs and K-seals from packag-

ing, Lubricate (Method A) plug threads with
lubricant grease RB0140-012 (Roeketdyne),

and install plugs RD273-6003-0004 and K-seals
12100AA4 in Instrumentation taps GF2a mltl

GF2b. Torque plugs 1o 200-240 in-lb. Safety-
wire plugs with lnconel lockwire MS20995N.

a, .%_, T.!n_L's% CHA_4B_L:'£_.Fd.JKL_.,_JACk_T.
.12"_ieUS.lj., This prueedure ..,ontainu instrucAton.'3
for removing residual fu(.q from the thrust
chaml_er fuel inlet nlani[old, thrvsi chamber

fuel jacket, fuel vah, es_ and fuel injection
cavities, and pruvRles a liquid leak teal of the
thrust chamber [uel jacket. The r.ngine must
be maintained in Ihe vertical ponilton with
hydraulic pressur- applied i¢) the klmbal
act.ators or the gin,bal actuator locks in-.

stalled during this procedure.

NOTE

When performing thlu procedure
with the engine envi,'nnmentpl cover
installed, the rope that secures the
exit end of tile cover must be sidled

and tile end of the eow,_r turned up _md
secured to prevent trlehlo,'o3thyleae
from .teetlmlli_{lag in the cover. At

the completion of the procedure, tim
covet' must be lowered and secured

in accordance with paragraph 3.6.5,

a. Perform, as al)plieable, cunt:_mlnatlon
and damage prevention procedures outlined in
paragraph 3.1A when performing ;his proeeduru.

NOT_

If stage pro-valves are to be open
and the fuel lank pressurized during
this procedure, step aA must be
omitted,

aA, Remove pressure cap from, aud attach
a drain hose to, drain qulek-dlseonnee_ on No. 1
and lq_. 2 fuel high-pressure ducts.

b. Connect thrust Ommber fuel jacket purge
system to fuel j'tcket purge quick-dlscnnnecl ou
each fuel valve. If thermal insulation is

installed, gain access to fuel jacket purge
quit:k-disconnect on No. 1 fuel valve by loosen-
ing lwmlator 145510 as outlined tu paragraph
3.5.16.

c. Check that thrust chamber exit manifold

drain plugs me In closed position.

WARNING

The following procedure uses

trichloroethylene, which is a toxic
solvent. Inhalation of its vapors
or prohmgcd contact with the liquid
elm eau,¢e sorious injury or death.

CA UTION

In the following procedure, during
removal of the No. 1 and No. 2
thrust chamber fuel iniei manifold

drain quick-disconnect cap, the
quiek-diseontlec( body must not be
allowed 03 h,rn since dan;age to the

qulck-dl:_eouueet body can result.

d. Remove prcsst,re cap from, and couneet

thrust chamber fuel jarke[ flushing system to.
each thrust chamber fuel inlet manifold drain

quick- disconnect.

CAUTION

In tile following proeedm'e, drain
hoses must be monitored durlug
flushing of the thrust chamber.
if drainage ts observed from either

fuel high pressure duel drain hoses,
the source of the f;.uid must be deter-

mined before proceeding.

e. Pressurize hydraulic control system in

1_ 550 -_50 pslg.

I. Turn on operational low-level IA)X dome
aud gas generator LOX injeetor pucge system.

Change No. 12- 23 August 1971 3-104A/3-I04B
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WARNING

The following procedure uses trt-
chloroethylene, which is a -exic
solvent, inhale'don of its vapors

or I:r.lorlgcd contact with the liquid
can cause serious injury or death,

NOTE

To accomplish proper fluslflngofthe
thrust chamber, trlchloroethylene
must remain in the thrust chamber

for at lea_._t one hour during steps g
through p .if this procedure is per-
formed at post-test.

g. Turn ou thrust chamber fuel Jacket fiu,%-

ing system, and fill thrust ch_m_ber fuel jacket
to injector overflow. Allowoverflowto continue
for 30 seconds.

h. Tm'n off thrust chambt;r fuel jacket flush-
ing system.

| i. (Deh'tcd)

j, Pressurize thrust chamber fuel jacket
purge system.

k, Allow purges to flow until all heaw v_q_or
ceases to be emitted froth thrust chamber exit.

1, Depressurizc thrust chamber fuel jacket

| purge system,

m. Repeat steps g through t 2 additional
time.%

WARN1N(i

The following procedure uses tri-
chloroethylene, which is a texic

solvent. Inhalation of t_.s vapors
or prolonged contact with the liquid
ca_; cause serious in)ury or death.

n. Turn on thrust chamber fuel jacket flu,_h-,

ing sy,_lem, and fill thrust chamber fuel jacket
to injector overflow. Allowoverflowto coutbu;a
for 5 seconds minimmn.

o. Disconnect thrust chamber fuel jacket
flushing system from each thrust chamber fuel
iulet manifold drain qulck-discommct.

p. Attach a drain hose to eachthrust chamber

fuel inlet manifold drain quick-.disconnect.

q. Turn off operational low-level LOX dome

and gas generator LOX injector purge system.

r. Remove lockwtro from thrustchamber

exit manifold draiu plugs, and install drain tools

from Fuel Drain,_e Kit G2037 at drain plug
using gasket RD262-3001-0010 between tool and

dzain plug adapter. Check that drain tool ex-
tension hcx wrench is extended outward when

installing tool, and drain ports of tool are poSi-
tioned aft. Torque drain tool to 36-60 in-lb.

s. lnMall draiu iJoses on tools.

t. Open drain pings by inserting drain tool

extension hex wrench into head of drain plug and
rotating wrench counterclockwise.

u. Turn on operational tow- level LOX dome

and gas generator LOX inlector purge system.

v. Pressurize thrust chamber fuel jacket
purge system, and verify operation of purge by
monitoring emission of vapor from thrust cham-
ber.

w. Allow thrust chamber fuel jacket purge to
flow for 3 minutes minimum and to continue
until all v_pors cear, e to be emitted fro,_ thrust
chamber.

x. Depressurize thrust chamber fuel jacket
purge sy_Jtvm.

y. Depre_surize operational low-level LOX
dome and gas generator IhX injector purge
system.

z. Depressurlzc hydraulic control system.

Change No. 6 - 10 February 1970 3- 105
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Pllragraph 3. 5. ~A

H-3896-11

CAUTION

In the following procedure, during
installation of the No. I or No. 2
thrust ""amber fuellnll!t manlfold
drain qulck-dlscoru,cctl'l'cssurc
cap, the qulck- disconnect body must
110t be allowed to turn since damage
to the qUick-disconnect lJody can
result.

aa. Hemove fuel drain hose from each
thrust chamber Cuel Inlet manlfold drain quick
disconnect. He move pressure caps from
packaging, and install pressure cap on each
quick-dts'~onnecl. Torque In-essure caps 10
30-40 It-lb. Safelywlre pressure caps with
Incone1 lockwlre MS2099!;N.

ab. Hcmove drain louIs.

ac. Hemove clraln plugs, and l'elnslall plugs
using new K-seals 12100AA3. Torque drain
plugs 10 H-12 ft-lb, Safetywlro plll"s with
lIll'onel lockwlre MS20995N.

acA. Helorque ihruHl c!lamber relurn
manifold drain adapters to 47-5;1 It-Ib without
replacing seal. Safetywlr., adapter with Ineonel
lockwlre MS20995N.

ad. Dil'connect thl'lIst ch,tmbcr fuel j,,<;kd
Jlurge syslem from furl jacket {lurge quick
disconnect on eaeli fuel valve. HemO\'d pressure
caps frolll packaging, ;<I,d inc,~l1 pressure cap
OJ' "aeh qulck-discollflori. Torque pr0ssure
caps to 30-40 It-lb. SaJetywirc pressure caps
with Inconel lockwlre MS20995N.

adA. If thermal insulation fs fn$c.Jled,
Heeure il,sulator 1.'J5510 .tS u:lll1ned in Jl<LrJ.

graph 3.5.16.

ae. Dl!lConl1ect dralll hose fl'om e,1ch fuel
high- prCflsure duct qUick-cl\sconncd, R'JH10Vl'

.prcssurt! capa from pac:kar,ing, and Install
pressure cap on ca"h quick-clls1'Onll(lct. Tor(!ue
pressure caps to 30-40 It-lb. Sa[ciywlre rres
sure eat's with Inconel loclm!l'e Ml'201195N.

af. Drain I~nltlon monltor valve sellse line
(paragraph :1. 0, 91,

1

3'5'4A THHIJST CllAMBEH POST- FlOSH
!~tillUl\JA'!:.IC ...l,_t:M(fK$.'X::-ST-R,~c. --Ylit;;-
lll'Clceaure '·onlr.ln3 Im;I.,.\Jdlons fol' I"a;, lesting
joints invalldaled dur\i1f~ the LOX don'" and ga"
!,enoratol' LOX Injector flUBh ~nd the thr'lBt

chamber fuel jackol flush except for the thrust
cham her fuel Inlet nUUlllold drain qulck
dl"connects and the Ulrust el,~,mbel' dome
PUHGE lD port used dutlng this test.

a. Perform, as applieable, eontn IIllllalion
and damage prCvt"tlon pro,'cdllres outlined ill
paragraph 3.1A whell performil'!' this test.

b. Install thrust chamber thl'o...t plug
(paragraph 3.6.15),

e. Hemove pin alld closure from hipergol
maliliold cartridge conlalner Inlet (lort

WAHNING

Thf' following procedure specifIes
dryclcaning Hol"ent, which is n~Ull

mabie and mllst nol be used twar heal,
sparks, (11' ('}H,Hi flume. Inhalation or
Its vapors or prolonged cunhct with
the liqUid can cau"e serlClus Inj,;ry.

NOn;

fhe method for applying lubricant
is outlined in j{-3896-3.

d. Clean threads o( IJyporgo! manifold
cartridge container inlet pltrl wtlh drycleaning
sol'!ent (Federal Specification P- 0-6001. Lubrl ..
call) (Method Al threads WIth Ilibricant v,l'lHlSe
HB0140-012 (Hockctdyne).

CAUTION

WI,clI lnst"llllw the hypergol system
te"ltool into th,! hypergol m~nllold

cartridge contcJlner llilet port,
extreme. car~ II1U8t he ufOed 1.0 pre'!t'nt
da mar(e i" the hypergol c~ r tridl:e
fo!lower.

f> The threads of the teBt tool cap must
iw clean and free of nicks to prevent
E:aIling Ihe threads of the tap and
Inlet port.

e. Make sure that threads of test tool cap
il-"e C'1lJan Hnd free ttf nltlks; then lubricate
(Mclhe.d L) cup pacldng with FS12~1 grease
(Dow Corning Corp) and ""l'efuIiy In"crt hyper
Vool syst~m teBt tool 9021279, or equivalent,
Into hYlJersol nHUlHoid ""rtrloge ~onlalntr \r'Ir.t
port, "n(\ Set'CW c:al} (clockwise) onto inlelpol.'t
tn:tIl e"p bO!t',I"S.
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R-3896-11 Section IIl

f. Instal]an oxldlzer-clean adaptea" incorpo-

rating a check valve and a unloll AN815--8C In
thrust clutmber dome PURGE IB port.

g. Cozulect an exiern_tl source of ['_aseou8

nitrogen (MIL-I'-2'I401)_ capable of being
reguhtted and monitured from 0,-100 pstg and
Hltered through a 40-micron (or smaller) filter,
to adapter el thrust chamber dome PURGE 113

[ port. Attach filter as clc, se as possible to
engine attach point,

h. Conmeei a monitor gage and bleed valve
to quick-disconnect of thrust chamber throat

plug.

CAUTION

The gaseous nitrogen St,l)i)lyiaoBe

to lhe throat plug seal outfitbe 5up-

ported to prevent tilexveigi_ton tile
seal valve stem from damaging the

seal,

i. (;er,m'cf a SO_W('O of [_a_en,l_ ni_rogqrl tr)

throat plug seal. Using a suitable m_.teri_l,

support the gaseous nitrol:en supply hone to
relieve all ,vegght of hose h'om seal valve stem.

Procedure Result

j, 1)r es.c_ur [zP

throat pl,,gseal to

50 (+b, -I0) pnlg.

MaivAah', pressure

during romalerler
of tent.

Thrust chamber throat

plug seal ts pres-
_urlzed.

k. Slowly nupply
gaseous nitrogen at

9 _1 p:_ig to thrust
cbtdnber througb

chamber dome

PURGE 1B port.

Thrust chamber i_

pressurized. Monitor
gage indtcMen
9 _1 pSig.

1. Apply le,zk..
test compound
(MU,-- L- 25507)
to thrust rhambcr

dome purge ports
PURGF, IA, PURGE

2.4., PUHGE 2B;
NO. 3 PUV.GE, m,d
.NO, 4 I'URGE and

to any olber Joint

No leakage Is allowed.

Procedure Result

invalidated during
the LOX dome and

gas gem,rater LOX

injector flush and
the tin'ust chamber

fuel jacket flush°
Record results.

CAUTION

The thrust chamber must be depres-
surized as outlined tu _t.;i:sm and n

to prevent contamimxtlon of the
engine oxidizer syste.n.

m. CompJetely
open haml bleed valve

on quick-disconnect
of thrust chamber

throat plug.

Thrust chamber pros-
sure veers,

n. Turn off

thrust cilhruht'r

pressttre pneunlaHc
So,free,

Supply pressure to
thrust char_ber de-

creanes to zero_ and

nlonitor _,RgP oil terust

chamber throat plug

qoick-diseovmset
Indicates zero.

NOTE

"['he method for apl_lylng lubricant
In _utlh_ed in R-3896-3.

O. Remove source el gaseous ttitl'ogenand

adapter from thrust chamber dome PURGE IB

port. Lubricate (Method A) plug with lubricant

grease RB0140-012 (Roekeidyne) and (Method

R) seal with lubrlcant greas_ ttB0140-F}12

(llockeidyn¢) or fluorinated oil Krylux 143AZ

(Du Pont) and installplug ,'rodseal, Torque

to 350 _15 in-lb, toldrecord plug Installation

torque value. Safelywlre plug with lnconel
lockwJre MS'_(}995H,

p, Remnve mealier gage anti hand b)eerl

valve from qui,,:.k-dlscomlectof thrust ch(l/]ibor

tlu'oal plug.

q. Dep,'cs.',wtze thrust chamber throat plug
seal.
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Section m R-3gO6-11

Paragraphs 3.5.5 'to 3.5.6

r. Remove thJust chamber throat plug

(paragraph 3.3. "16).

s. llemove pin that secures hypcrgol test

tool cap, a_d raxefuIty _n_crew cap and remove
tool from marifold.

WARNING

The followhlg procedure specifies

dryeleaning soivcnt_ which is flam-
mable and must not be used near I/eat,

spa':ks, or open flame. Inhahttion of

its vapors or prolonged contact with
the liquid can cause serious htJary.

t. Clean threads of hypergol manifold

cartridge container inlet port with sit, cleaning
solvent (Federal Specification I_-D-680),

u. Remove hypcrgol manilold cartridge

container inletport closure from packaging.
I ubricate (Method L} closure packing witt_

FSI281 grease (Dew Coming Corp) and il_stall
clostJve. Secure with attaetdm, r pin.

WAR}II_qG

The following procedure speeifbm
cleaning compound (MIL-C.-81302),
which is _olatile. Use In a well-

ventilated area since the vapors
displecr the oxygen in tim air,
resulting In suffocation.

v. Remove all leuk-test compound Item

joints and qttlngs wlth a c}e_n, dry cloth, or

by flusblnp, inaccessible areas wttll cleaning
compound (M1L-C-81302).

5 E)_ I JE nns_mu_4t, F_LtKD  3 L gyAL.

NOTF,

tm_tt steps a thrrmgh c at KSC untess
engine Is to be removed from stage or
gtage is to be recycled through VAB.

a, Remow neet_m of thern_al b:'_,Jl;ltbm theft

covers turbine hearhlg thermocouple cover.

b. liemnve turbhle bearing thexmocouple
a¢:ces8 reveL" Item manifold a)Iield.

c. Using a suction pump, remove residual
fluids from t,arbine manifold shield (}nterrml

a_td external). If tnternal fhtid Is evident,
flesh with water; then remove water with

suction pinup.

d. UslngsucttnnpumlG remove residual
fluids _rom top of thrust chamber oxidizer dome,
from _rea between thrust chamber oxidizer

dome and thrust chamber fuel manifold, and

from cavity at both fuel pump inlet elbows at
Inlet to fuel pump.

NOTE

When thermal insulation IS t,:st_llcd,

there ls no access to cavity between
No. 1 fuel pump inlet elbow at Inlet

to fuel pump.

• Omit steps e And f at KSC esless en-

gine ts if, be removed f,'om stage or
stage is to be recycled through VAB.

e, [_,lnet_llhtrh_no hearing the.rmoco,qflp

Access cover on turbine manifold shield.

Torque eov_'r bolts to b9-89 h>lb.

f. Reinstall thermal insulation to thermo-

couple access cover. 8a.fetywlre with Inconel
]ockwlre MS20995N32.

g. Remove residual fluids from exterior of

engine.

3, 5, 6 AOMiTTING PRI'_FILL TO ENGINE,

a. Perforn b as applicable, contamination
and damage prevention procedures ouilhted In
paragraph 3.1A when perle rming this procedure.

/_OTE

Omit step b if engine fuel feed system
Is pressurized to 2 pstg mtltlmum
(hLrtng t}As pvoeedore.

b, Remove preFsure calm from_ and illstall

tlraln boses on, th_ following qutci:-disc0mmcts.
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R-3896-11 Section Ill

Paragraph 3.5.7

{
x

(1) No. 1 fuel high-pressure duct drain

(2) No. 2 fuel high-pressure duct drain

c. If engine environmental cover is installed,
untie exit end of cover, roll cover clear of exit
end of nozzle extensioa_ and secure cover.

d. Turn on operational low-level LOX dome
and gas generator LOX injector put go system.

c. Admit prefill duid, meeting requirements
of sccti¢,n lI, to thrust chamber fuel jacket until
injector overflows,

f. Menitor prefi!l system emmections for

leakage while admitting prefill fluid, No leak-
age is allowable.

g. Turn off operational low-level LOX dome
and gas generator LOX injector purge system.

NOTE

If the engine i,.' to be gimbaled after
prefllling the thrust chamber fuel
jacket, Ihe operalienal low-level
LOX dome and gas generator LOX
injector purge system must be
turned on before and during the
gtmbaling operation, and the thrust
clmmber must be topped off with
prefill to the injector overflow
subsequent to completion of the last
gimbal operation.

h. Mealier preflll fluid leakage from fuel
overbo'-trd drain line. No leakage is allowable.

NOTE

Omit step i if engine fuel feed sys-
tem was pressurized to 2 psig during
the procedure.

i. Disconnect drain hose from each fuel high-

pressure duct quick-disconnect, Remove pres-
sure caps from packaging, and install pressure
cap on each quick-disconnect. Torque pressure
caps to 30-40 It-lb. SafetTwlre pressure caps
with Inconel lockwlre MS20995N.

3.5. 'l ADMITTING FUEl, TO ENGINE.

a. Perform, as applicable, contamination

and damage prevention procedures outlined in
paragraph 3. IA whenperfo,ming thin procedure.

CAUTION

In the following procedure, during
removaloflhe No. lot No. 2thrust
clulmber fuel i'_lci mmlifold drain

quiek-discolmect pressure cap, tim

quick-disconnect body must not be
allowed to turn since damage to the
quick-disemmect body can result.

b. Remove pressure caps and tlmlall drain
hoses at the following quick- disconnects and
allow fluid to drain:

(1) No. 1 thrust chamber fuel inlet mani-
fold drain

(2) Ne, 2 thrust chamber fuel inlet mani-
fold dratn

c. Provide a suitable container for catching
fluid; then remove gas generator eombustor
drain plug. If thermal insulation is installed,
gatn access to gas generator area by removing
necessary lockwiring and screws at gas genera-
tor insulator access door. (See figure 2-15. )

d. Continuously monitor gas generaIor ball
valve and fuel valves for cl'_sed indication before,
during, and after fuel is in fuel feed system.

e. Admit fuel, meeting requirements of
sect',on II_ tn fuel feed system.

NOTE

Omit step f at KSC.

f. Visually monitor fuel feed systero for
external leakage. No leakage is allowable.

g, During and after admitting fuel to fuel
feed system, monitor drain hoses installed in

step b for fuel leakage. Record fluid leakage
from each drain hose. Maximum allowable

leakage from each drain hose ts 500 cc/m.
Repeat inspection every 24 hours as long as
drain lmses are installed. Leave drain hoses
installed until laot time access to engine area
is avmlable.

I
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R-3996-11 Section IH

(
\

(

( h. Ifno fuel leakage occurred in step g_ omit

_teps i through m and proceed to step o.

I. Iffuel leakage occurred in step g, turn on

operational low-level LOX dame and gas gen-

erator LOX injector purge, pressurize engine

hydraulic control system to 415-I, 850 psig,
and allow all fluid to drain from fuel inletmani-

fold. Monitor drain hoses for fuel leakage for

one hour minimum. Nn leakage is allowable.

j. 'If no fuel leakage occurred in step i, omit

steps k through m; depressurize engine hy-
draulic control system, turn off operational
low-love[ LOX drone and gas generator LOX
injector purge, and proceed to sh_p o.

k. Ifleakage was observed in stop g, per-

form thr_mt chamber fuel Jacket drain (para-

graph 3.5.13), thrust cl_mber fuel Jacketflush

(paragraph 3.5.4), and admit preflllto engine

(paragraph 3.5.6); then proceed to step I.

I. Perform step b after a minimum of I.5

hours with fuel in engine, and obtain samples

of drained prefillsolution.

m. Visually verify that no fuel leakage exists
in drained preflllsolution.

n. When itis verified that no *uel leakage

exists in drained proflllsolution, depressurize

engine hydraulic control system and turn off

operational low-level LOX dome and gas genera-
tor LOX injector purge.

o. Inspect for fuel leakage from gas genera-
tor combustor drain port within one hour after
fuel is admitted to engine. No leakage is allow-

able. Repent inspect!on every 24 hours for as

long as cornbustor drain plug is removed. Leave

drain plug uninstallod until last time access to

engine area is available.

p. Monitor nitrogen purge overboard drain

line at thrust chamber exIL for fuel leakage.

No leakage is allowable.

q. Monitor fuel overboard drain llne at thrust

chamber exit, for fuel leakage. Leakage in

excess of that recorded during hydraulic control

system leak and function test requires isolation

of overboard drain system components. Maxi-

mum aiiowable component leakage into fuel
overboard drainage system is as follows:

(1) Maximum allowable leakage from
redundant shutdown valve drain port is 2 cc/m.

(2) Maximum :allowable leak,'ge from

ignition monitor valve drain port is 5 cc/m.

(3) Maximum allowable leakage from en-
gine control valve override drain port is 5ec/m.

CAUTION

In the following procedure, during
removal attd installation of No. 1

or No. 2 thrust chamber fuel inlet
manifold drain quick-dlsconnect

pressure cap, the quick-disconnect

body must not be allowed to t_trn

since damage to the qulck-dlsc_,nnect
body can result.

r. Remove drain hoses from No. 1 and No, 2

thrust chmnber fuel inlet manifold drain quick-
¢,lsf_ommcts. Remove pressure caps from pack-
aging, and install pressure caps on quick-
dtsconneotG. Torque pressure caps to 30-40
ft-lb. Safetywire pressure caps with Ineonel
lockwire MS2099 5N.

NOTE

The method for applying lubricant
in tile following procedure is out-
lined in R-3896-3.

s. Remove plug and K-seal from packaging.
Lubricate (Mcthod A)plug threads with thread |

co:npound C-SA (Felt Products), and install
plug RD273- 6003-0004 and new K- seal 12100AA4
in combastor drain boss. Torque plug to
200-240 in-lb. Record actual to'_que value of
plug. Safetywire plug with Inconel lockwlre
MS20995N.

t. Reinstall thermal insulation, ifre, aired.

(See figure 2-15. ) Torque screws to 22-28

in-lb. Safetywlre screws with Inconel lockwire
MS20995N40.

__ -'.4__X2..-2__---_ ..... -. -
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Sechon II[

Paragraphs 3,5,8 to 3.5.10

R-3896-il

u. Admit prefill fluid, meetingrequiloments
of section lI, to thrust chamber fuel jacket until
injector overflows,

3.5.3 AD_jITTING LO.XTO ENG_

a. 1)rovide turboi)urn p heater power to engine,

b. Verify that turboptlmp LOX seal lmrge is
turned on. (Purge must be mniniainedwhenever
I,OX i_._in engine LOX feed nysicm. )

c Verify that hydraulic control system is
pressurized tn 1. 450-1,850 psig. (During and
after admitting LOX to engine, maintain hydrau-

lic pressnro at 1, 453-1, 850 psig. After admit-
ling LOX it) engine, maintain hydraulic tempera.-
lure withill limits of section lI. )

d, Continuously monitor gas generator ball
valve and oxidizer valve closed positions prior

to, durieg, and after LOX is in engine I,OX feed
system.

c. Admit LOX, meeting requirements of
section I1, to LOX feed system.

f. Monitor engine ambient temperature as

outlined ill section II, ;tnd on engines with ther-
mal insulation installed, maintain eocoon

ambient temperature as outlined In section II,
after admitting LOX to LOX feed system.

g. Monitor No. _. bearing temperature as
outlined ill section II, after adinllting LOX to
LOX feed system.

h. Mnnitor oxidizer overboard drain line for

LOX _.eakage. No liquid lealmge is allowable.

i. Monitor thrust chamber exit for LOX

leakage. No leakage is allowable.

3.5.9 TGNITION MONITOR VALVE SENSE

I,INE DRAIN.

a. Perform, as applicable, contamination
and damage prevention proc(,dures outlined in
paragraph 3.1A when performing this procedure.

aA. Remove pressure cap from, and attach
fuel drain hose to, quick-disconnect located on

ignition momtor valve CONTROl, port.

b. Allow all drainage to ceaee.

c. Disconnect fuel drain line frnm ignition
monitor valve CONTROL port quick-disconnect.
Remove pressure cap from packaging, and in-

stall pressure cap on quick-disconnect. Torque
pressure cap to 30-40 R-lb, Safetywire pres-
sure cap with Inconel lockwire MS20995N.

3.5.10 RESIDUAL FUEL DRAIN.

a. Perform, as apFlleable, con/emigration
and damage prevention procedures outlined in
paragraph 3.1A when performing this procedure.

3-108 ' Change No. 9 - 2 December 1970

,L_.. ITse caution while draining fuel propellant
feed system to prevent fuel spillage on other

engine systems.

b. Inspect eugine ,and surrounding area to
make sure that no hazardous conditma exists.

c. Pressurize turbopump LOX seal purge
system during performance of this procedure.

d. See figure 3-11, and ihstall fuel drain
vent adapter on ball valve fuel inlet drain quick-
disconnect as follows.

(1) Verify that adapter ts assembled as
outliued in R-3896- 5.

(2) Connect Stage-Contractor supplied

drain tubing to adapter.

CAUTION

Daring removal of ball v:llve fuel in-
lot drain quick-disconnect pressure
cap, the quick-disconnect body must
not be allowed to turn, since the in-
stallationbetween tile quick-disconnect
and ball valve may k)oscn mid cause
leakage.

(3) Provide conntertorque on quick-

disconnect body, and remove pressure cap from
bail valve fuel inlet drain quick-disconnect.

(4) (De/eted)

(5) Position fuel drain vent adapter, orient-

ing check valve above horizontal on ball valve
fuel drain quick-disconnect as shown in figure.
3-11.

DRAIN

SU PPLIED [)RAIN

TUBING

Figure 3-11, Fuel Drain Vent
Adaptor Installation

L]



R- 3896_-Ii Section II:I

Paragraph 3. 5. II

(

(

(

e, Remove pressure cap from, ,_Id attach a
fuel draiu hose to, each of the following quick-
disconnects:

(1) "£urbopump No. 1 Iuol inlet elbow drain
(applicable ouly on engines that do not have
thermal insulation installed)

(2) Turbopump No. 2 fuel inlet eli)ow drabl

(3) No. 1 fuel high-p.'ossure duct drain

(4) No. 2 fuel high-pressure duct drain

f, Allow residual fuel to dr'ua.

NOTE

Tile method for applying lubricant in
tile following procedure is outlined
in R-3896-3,

g. Remove fuel drain vent adapter. Remove

l)res,sure cap from paclzaging_ and install pres-
sure cap on quick-disconnect. "torque pressure
cap to 30-40 ft-lb. SaIetywire pressdrc cap
with Inconcl lockwlre MS20995N. On engines

n tacorporatlng MDI68 clmnge, lubricate (Method
A) tlweads of _all"_'lve fuel inlet (h'ain quick-
disconnect with lubricant grease RB0140-012

(Rocketdyne), and install pressure cap, Torque
pressure cap to 210-230 in-lb. Safetywire
pressure cap with Inconel lockwire MS20995N.

h. Remove all drain .hoses. Remove pres-
sure cap from packaging, and install pressure
cap on each quick-disconnect listed in step c.
Torque 3/8-tnch pressure caps to 30-49 ft-lb
and 3/4-iuch pressure capv to 70-75 ft-lb.
Safctywirc all pressure caps with Incoue.! lock-
wire MS20995N.

i. Deprossurize turbopump LOX seal purge
system.

3.5.11 FUEL FEED SYSTEM DI_AIN.

a, Perform, as applicable, coatapIlil_atlon
and damage preventlon procedurc_ outlined in

paragraph 3.1A when performing lids procedure,

aA. Use caution when draining thrust chambel
or fuel feed :;ystem to prevent spillage on engine.

b. Verify that no h;_ardous conditions exist

around engine or surrounding area.

NOTE

Steps c through e are omitted at MTF
and KSC when performing drain im-
mediately after stage rotati(m to
vertical position,

c. Pressurize hydraulic t',olttrol system to
415- 1,850 psig.

(1, 'rore on turbopunq) LOX seal l)urge sys-
tem.

o. See figure 3-11, aad last'all fuel draiu veet
adapter on ball valve fuel inlet drain quick-
disconnect as f(dlnws:

(1) Verify that adaptor is assembled as
outlined in R-3890- 5.

(2) Comw3t Stage-Cunlraetor-supplied
drain tubing t,) adapter.

CAUTION

During removal of hall valve fuel in-
let drain quick-disconnect pressure
cap, the quick-discom_eet body must
not be allowed to turn, since the

installation between the quick-
disconnect and ball valve may loosen
and cause leakage.

(3) Provide countertorque on quick-

discf, encct body, arld rcumvc pressure cap from
each valve fuel inlet drain quick-disconnect.

(4) (Deleted)
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Seclion Ill R- 3896- 11

(5) Position fuel drain vent adapter, orient-
ing check valve above horizontal on ball valve

fuel inlet drain quick-dlscounect as stlown in
figure 3-11.

f. Drain fuel upstream of fuel valves by re-
moving pressure cap from, and attaching a fuel
drain hose to, each of the followiug quick-
discuulleelr_:

(f) Turbopunlp No. 1 fuel inlet eibnwdraiu
(only _qJplicable on engines that do not have
thermal insulati(m installccl)

(2) Turbolmnl p No. 2 fuel inlet elbow dram

(3) No. 1 fuel high. pro>inure duct drain

(4) No. 2 fuelhigl|-l_ressure duct drain

(5) Hypergol manifold drain

g througt_ n. (Deleted)

o. Turn off turbopump LOX seal purge
system.

NOTE

The method for applying lubricmit in
the follo%.l_g procedure is outlined
in R-3896-3.

p. Remove fuel drain vent adapter. Remove

pressure cap Item packaging, ;rod install pros-
sure c.n.pon quick-disconnect. Torque pressure
cap to 30-40 ft-lb. Safetywirepressure cap
with Inconel lockwire MS20995N. On engines

i tncorporatiug MDl68 change, lub,'icate (Method
A) threads of ball--_,_'lve fuel inlet drain quick-

d_sco,mect with lubricant grease RB0!40-012
(Roeketdyne), and install pressure cap. Torque
pressure cap to 210-230 in-lb. Saletywtre
pressure cap with Inconel lockwire MS20995N.

q, [_emove alldrain hoses. Remove pressure

caps from packaging, aud install pressure cap

on eachquick-dlscunneet Iietedin step f. Torque
3/8-inch pressm'e caps to 30-40 it-lb and 3/4-
iachpressure caps to 70-75 ft-lb. Saletywire
/ill quick-disconnect pressure caps with Ineonel
lockwire MS20995N.

CAUTION

In the [oltowiugprocedure, during
r(,moval :lnd iusta]lutton of No. l or
N_). 2 thrust chamber fuel inlet

manifold drain quick-(liscomlect
l,ressure cap, tim quick--disconnect
bc,dy must not be allowed to tu"n
since damage to the quick-
disconnect body can result,

NOTE

Steps r through t must be omitted

when performing drain immediately
alter stage rotation to vectlcal
position.

r. Diseomlect pneumatic system from each
fuel inlet manifold drain quick-disconnect. Re-
move pressure caps from packaging, and install
pressure cap on each quick-disconnect. Torque
pressure caps to 30-40 ft-lb. Safetywire pres-
sure caps with Incouel lockwire MS20995N.

s, Close drain plugs by rotating drain tool
extension hex wrench clockwise. Torque drain
plugs to 8-12 ft-lb.

t. Renmve drain tools. Safetywire drain
plugs with Irtcouel lockwire MS20995N.

a.

)
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R· 3896-11 Section III
l'arallraphs 3.5. 12 to 3. 5. 13

3.5. I? GAS G§.~gRATOI' COMBU~..'!~Q!~ DRAI~

a. 1£ thermal insulatioll is installert, attain
acec£:,s to gas gen(lratol' area hy rcmovin~ noc
essary lockwirin~ anti screws at gas ~ellerutor

insulator access door. (See (j~ure 2-15.)

aA. Perform, as applicable, contamination
anel uamage prpvcntiun proeedur('s (Jullincd in
paragraph ~. lA when performing this proce
dUI'e.

b. H(l(110Vl' i)lu!;, and insllElct and remove any
obstfl'ction in ~~lHJ generator cOlllhus.tol' drain
port. Allow uny residual fluid to drain from
eOllbustol' into a suitaule centamer. Aftel'
n~ sidual fluid drainago, nlllllitor port fox' leak
a~.{' for 5 zninutes. No leakage is allowable.

NO'l'~~

The method for applying luhricant In
the lollowlng procedu"e is ontlined
in R-3890-3.

c.. nemove plug and K-seal from packaging.
I Lubl'icate (Method A)plug threads with thread'

(:ompound C- SA (Felt Products), and install
plug RD273-6003-0004 and K-seal 12100AA4 in
combustor drain boss. Torquc plug to 200-240
In-lb. Record actual torque value of plug.
Safetywire plug with 'luconel lockwire MS20995N.

d. Hmnptall thermal insulation, if ,oqulred.
TMCjue screws to 22-28 in-lb. Safetywire
screws with Inconcl lockwire MS20995N40.

3.5.13 THRUST CHAMBEH FUEL .JACKI;T
D1~!!:!:.------. ..----.--.-

<l. COllnect tllrust challlber fuel jaclwl purge
system, meeting requirements of 'wctioll 11, jo
fuel jack"t purge Cjulck-disconnecl of cach fuel
valv~. If tlwrlllal im:ulatioll ig installed, ~al"

:lClCDSij to fuel jacket purge quiek-disconncet On
No. 1 fuel valve Ill' loosenll'g insulator 1'l55lO
as outlllH'd in piltal£J'l\ph 3. 5. 16.

b. Verify that hydl","!iC cOllll·"l SyS('lll is
pr~ssuri?ed to 415-1,850 psig.

c. HefllOYO prossure capfJ and conueet drain
110 8CB on lhn following quid,~ disconnects:

(1) Ignition monitor valve CONTHOL port

(2) Hypcrgo( manifold dl'ain

CAUTION

In the folloWing plOcedure, during
rOlfloval of tho No. ! or No.2 thrust
chambcr fuel Inlet manifold quick·
disconnect pressure cap, Ih" quick
disconnect body must not be allowed
to turn, since damage to thc qulck
disconnect body can result.

(3) No. I and No. 2 thruflt chamber fuol
inlet manifold drain
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SerUonIlI

Paragraph 3.5. 14

|t-3896- ll

d. h,s;lall F,'uel Dcainago, Kit G2037 as follows:

(1) Reluuve .'-;:.tfetywlre frole thrust ehauflmer

dJ am plugs (-1 plact s).

(2) ln.'-,tal] drain toms at each thrust eham-

her drain port using gaske_ ED262-3001-0010
between tool and drain ping adapter. Extend
tll'_l]tl tool extensioh hex wreuch oulwal'd and

position dralll port of tool aft. Torque tools to
36- 60 m-tb,

(3) Insirll rh'ain hoses on (h'am tool porbi.

('t) Ollen drain plugs by inserting drain
loot extens]oa hex wi eneh into head of drain

l)hlg and rotating wrench eountercloeRwise.

e. "l,'urn on uperaliolml low-levo,l t,OX dome

arid gas generator LOX injector purge system.

f. Pressurlzethrust chamber fuel iacke(
purge system and How.out'go until all fhdds and

vapors are- expelled from thrust chamber exit,
overboard draill lines, and draia Iv,sos that
were connected iu steps c and d.

1. Fteluow, Fuel Drainage Kit G2037 as fen
lows:

(1) I¢,emovo drain hose,,; from dra|n tools.

(2) Remove drainpluv, s, and reinstallphtgs

uslt_.g new K-seals 12100AA3. Torque phlgs to
8- 12 ft-lb. Safetywirepings withlneonel lock-
wive blS20995N.

3.5.14 _tIttUS'F CIIAMBER FUt.,L INLET MAN-
IFOLD DRAIN.

NOTE

Omit step a unle.'s fuel valve leaR-

age has occurred without the hydrau-
lic control system pressurized,

a. Verify that operational low-[evcl LOX
(lomo and gas generator I,OX injector purge is

on and thai engine hydraulic control system is
pressurized io415-1,850psig.

uA, Perform, as apl)hcablo,, o-ontannnation

and damage preventiou proeed_lros ()utlhlcd iu

paragrap]l 3, IA who,n performing this procedure..

g. Do,pressurize thrust chamber fuel jacket

purge systen'J.

I h, Turn off operatiowtl low.-levO LOX dome
and gas generator LOX injector purge system.

i, Disconno,ct thrust chamber fuel jacket
purge systo,lll from quick-disconno,cts on each

I fuel valve, l_.emovo, pressure, caps from park-aging, and install pressure caps. Tnrque pres-
sure caps to 30-40 ft-lb. Safetywire pressure,
caps with Inconel lockwiro, MS20995N.

iA. If thermal insukttioTLis installer, secureinsulator I,t5510 as outlined lnparagraph 3.5.16.

CAUTION

In the following procedure, during
installaUon of the No. 1 or No. 2
thrust eharnber fuel inlet manifold

| drain quick~dtsconno,ct pressure cat),
tile quick-diso,ommct body must not
be allowed to turn, since damage to
the quick- disconnect body can result.

j, Disconnect drain hoses installed in step c.

I llemovo, pressure caps from packaging, install
pressure caps on quiok-disconno.ets. Tol'quo,

pressure caps to 30-40 ft-lb. 8afetywire'" pres-
sure caps with Incono,l loekwiro- MS20995N.

k. Deprcssurize Iwdraulio,control systo,m if
required.

CAUTION

In the followmgprocedure, during
removal and inst,"Alatton of No. 1 or
No. 2 thrust chamber fuel inlet mare-
fold drain quick-disconnect pressure

cap, tllequick-disconnect body must

not be allowed to turn, since damage

to the quiek-diseonno,ct body can
result.

b. Connect a drain hose to each quick-

disconnect on thrust chamlm, r fuel inlet manifold,
and draiu all flui<l from fuel inlet ulanifohl into

c]eaa sampling containers.

o,. I}.o,move drain hoses from thrust chamber 1
fuel inlet nmnifold quiek-diso,omleets. Remove ipressure caps fret'spackaging, and installpres-
sure caps. Torque pressure caps to 30-40 R-lb.

Safetywire pressure zaps with Ino,onel Iockwire
MS20995N.

d. Verify thai no visible amount of iuel exists
after pro, fill fluid settles In s/zmpling conlainer.

!
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H-3896-11 Section III
Paragraphs 3.5. 15 to 3. 5. 15. I

3.5.15 TUREQPUMP PRESERVATION.

3.5.15. I Turb"12ump PreseI'vlltion (Engines
~~~orpOt:arrii.i~ ME:.J:45 Cliarig~

lI. Verify that closures arc removed fl'om
all overboard drai.~ lines.

I
~A. P~rform, aH applic:able, contamination

and damage preventlon procedure~ olltllned in
p~rallraph 3. IA when p€ rforminllthlH prllr.edure.

b, Provide a container (6 gallons minimum
volull1o) 10 cat"h fluid draining Irom overboard
drain hurl].

c. Pruvide in~Jtrunwntationfor monitol'inft
oxiclizer pUlllp blJ:!ring jet pre ·.sure ~t tap LillI>
aR follows:

(I) Disconnect static- fir!lI(l instrumenta
tion tube from, or rBnlllVl' plug fro'" lap LDlb,
as applicabll'.

(2) Connect a pressure [wge (0-'100 psig)
1<) tap LBlb.

d. I(,,,novo pressul'~ cap f"OIll, and connect
turbopump preservation servicing purge SYHt~lll,

meeling requiremonts of s"etion II,to be~ll'ing

coolant control valve l'HESEIWATIVE IN port
quick- disconncct.

e. Turn 'm turbopump LOX seal purge ~ys

tem. VerifY purae operation and that pressure
Is 80 120 pslg.

f. Pressurize turbopump preservation serv
icing purge system to 2~-45 psig, and purge
turbopuIllp for 5 minutes, MonHllr pressure at
LOX pump bearlnl> pressure tap LBlb.

g. Discollnect tllrbopulllp presorvation serv
Iring purge SYStfJlh fr011l bearill~, coolant control
v,ul'e l'HESERVATIVE IN port quick-disconnect.

h. Mako sure preservation fluid has been
thoI'oughly mixed and Is at proper temperature;
then connect the preservation system, meeting
rAquiremellts of section n, to bcaring coolant
control valve PRESERVATIVE IN port qUlck
disconnect.

l. Prepare to rotate turbopu",p shaft aa
follows:

(1) Remove cap from torque-gear housing.

(2) Using a 1-lIG-lnch-deep socket lUld a
2-foot extension, attach a 0-30 ft-Ib torque
wrench to torque-pinion-gear shaft.

CAUTION

In the follOWing procedure, exces
sive torquc apjJli'~d to the pinion-gear
shaft can damage the turbopump.

(3) To rotate IUl'bopump shaft, depress
IOl'que-gear-hollsing loclqlin; then fully depress
torque-pinion-gear shaft by applying pl'l,ssure
to torque wrench adapter, lind slowly rotatc
tUl'uOpUlllP shaft III one direction. Dn nnt tnrqllc
pinion-I;ear shalt III ey-coss of 20 ft-Ib.

NOTE

O,le revolution (II the turbopllmp shaft
reqUires 5 revolullllns 01 the "Inion
gear Rhart.

j. Tul'll on presel'vatlon £luld syslom, and
pl'mHH'Vf~ turhopump With 5 (~allons minimum of
jJresl'rvation fluid at 200 ±25 jWig. Monitor
jlressure at LOX "ump bearing pressu re tap
LBlb, and visually check bearing coolant de
livery lines for leakage. No I~akage is allow
able.

A pressure difleron,llli of more than
300 IlSig betwcen the pressure enter
ing the bearing coolant control valve
and the pressure on the gage tnstalled
at tap LBlb is an indication of a
clogged bearing coolant control valve
preservative filter. A clogged flltcr
must be replaced as outlined in
R- 3890- 3.

k. ltotal<- turbopulllp shalt continuously dur
ing preserv«tion for a mini mum of ono complot~

revolution.

1. Discontinue tu~b"pump shaft rolation, and
allow pres')rvation fluid to flow for 10 secoudo;
thon tUI'U off preservation system.

m. Disconnect preservation syatum from
bcaring cnolant control va,ve, and reconnect I
preservation servicing purge system to qulck
disconnect.

n. Remove tOl'qne wrench, extension, and
adapter from torque- gear housing.

o. Verify that lockpin on torque-gear housing
if) fUlly extended and that torque-plnlon-gear
shaft Is In lockout position.
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Section III
Paragraph 3.5.15.2

R-3896-11

NOTE

The lIlethod for apply intI lubl'icilnt in
Ihc following pl'occdure 1& outlined
in fl- 3896- 3,

p. Lubricate (Met!lOd J ) packlnll with lubrI
cant grease RB0140-012 (Hocketdyne); then
in81all packing on torque- gear- housing cap.

q. Lubricate (MclhodA) threads of torque
gE:ar-holtsinl~ cap with lubricant grei\se
RB0140-012 (Hocketdyne); then install cap
fingerlight on I(a'que-gear housing. Safctywirc
cap with Jncon"l !o(,klVire MS2099[,N,

r. Allow turbopump to drain for 15 minutes
lliinimlim.

s. (Deleted)

t. Prcssu"ize turbopump preservation sel'v
icing purge system to 25-45 psig, and purge
turbopump for 5 minutcs. He-preserve turbo
pump if, at anytime, purge pres&urc eJ:ceeds
50 psil(.

u. Dlsconncd pUl'go system from bearing
coolant control valve PRESERVATIVb IN pOl't
quick-disconnect. Hemove pressure cap from
packaging, and Install preSsure eap. Torque
pressure cap 10 30-4U ft-Ib. Safetywlrc pres
sure cap with inconel 10ckY/lre MS20995N.

v. 'furn off tUI'bopump LOX seal purge
system.

w. Install closures on overboard drain lIn'ls.

wA. Disconnect pressure gage from tap LD1b.
Hemove plugs from tube or plug and seal from
packaging, as applicable. Un engines not Incor
porating MDI03 and MD166 changes, lubricate
(Metbod A)fitTIiig and (M'01hod G) static-firing
Instrumentation (ube with lubricant grease
HB0140-012 (Hockeidyne), and install tube.
Torque tube coupling nut to 160 x10 in-lb.
Safetywire coupling nut with Inconel lockwire
MS20995N. On engines incorporatlng MDI03
and MD166 changes, lubricate (Method A) ph.g,
and insraITplug and seal in tap LBlb, Torque
plug to 40-65 In-lb. SafetywJre plug with Inconel
lockwire MS20995N.

J:. After each preservation, clean preserva
tion system between 40·, micron filter and bearing
coolant control valve ccnnection as outlined in

DH-3896,-3, or flnsh with propellant kerosene

(MIL··P-25576) or RJ-I (MIL-F-2%58) luel
tht'ough a 40-micron filter, and purge with
gaseous nitrogen (MIL- p- 27'101) ihrough a
40-micl'0"\ fIlier.

3.5.15.2 Tur!2Qpump)'reservation (Engines
Incorporatlng MDl.'lQ Change~

a. 'fer,fy that closures are removed from all
overboard drain lines.

b. Perform, as applicable, contamlnatioo
and damage prevention proccdures outlined in
paral~raph 3. lA whenperfor'l1ing this procedure.

c. Provld~ a eontalner (6 r,l,llons mlnlIHum
volume) to c~lkh flui" draioage dllrinr~ preserva
tion.

d. Provide instrumcntati0n for monitoring
oxidizer pump bearing Jet pressure at iap Lilib
as follows:

(I) Disconnect static-firing Instrumentallon
tubo, or remove plug from tap LB Ib, uS
applicable.

(2) Connect a pressure gage (0-200 psig)
to tap LHlb.

e. Hemove 1'1 ussure cap from, and connect
turbopump proscrvlltlon sel'vicing purge system
(meeting reqUirements of section II) to, hearing
coolant control valve PHESEHVATIVE IN port
quick-disconnect.

f. Prepare Scav n~e Pump G2039 for
operation, and eOllncct pump to engine (see
figure 3-HA) as follows:

(I) Posllion pump by No. 2 side of engine,

(2) COllnt,ct pump electrical plug to faGility
115-vac, 60-cps outlet; then press pump I1B;SET
SWitch.

(3) I'osition tubing from pump outlet port
and pump valve DRAIN port into container pro
vided in step c . Make SU,e iubing is routed so
as to preclude restriction in tubing, and make
sure exit ends of tubing are positioned in con
tahler so they wlll not be imm'll'sed in fluid.
SeCllre tubing to prevent whipping of tubing.

NOTE
If tubing is kinked so that flow is re..
stricted, resulting pressure buildup
during preservation may UIIseat the
turbine bearing seal and alloW pre..
servatlve fluid to enter the exhaust
system.

I
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R- 3896- 11 Section III

(

(.

(

Figure 3-11A. Connecting Scavenge

Pump G2039 to Engine

(4) Remove fasteners that cecure turbine

bearin[; lube drain hose to fuel drain manifold,
and relnOVC Set)[ plate.

(5) Cover opening on fuel drain manifold

with polyethylene, or equivalent, to prevent
entry of contaminant into fuel drain manifold.

(6) Remove plate RX20660-05 from pump
adapter, and connect turbine bearing lube drain
hose to pump adapter using seal plate and fas-

tener;_ removed in substep 4. Torque fasteners
to 45 j2 in-lb.

g. Turu on turbopump LOX seal parge sys-
tem, Verify purge operation and that pressure
is 80 *20 psig,

h. Turn pump valve to VACUUM position; then
press pump START switch, and vacuum fluid
from turbine bearing until all liquid flow through
turbine bearing lube drain hose ceases.

i. Press pump STOP switch, and turn pump
valve to DRAIN position.

NOTE

In the following procedure, pressure

in excess (ff 10 psig inay unseat the
turbine bearing seal and allow pre-
servative fluid to enter the exhaust

system.

j. Slowly pressurize tnrbopump preservation
servicing purge system to 5-10psig. Maintain
purge for 2 minutes; then turn purge off.

k. Disconnect iurbopump preservation servic-
ing purge system from bearing coolant control
valve PRESi']RVATIVE IN port quick-disconnect.

1. Make sure preservation fluid has been
thoroughly mixed and is at proper temperature;
then connect preservation system, meeting re-
quirements of section If, to bearing coolant
control valve PRESERVATIVE IN port quick-
disconnect.

m, Prepare to rotate turbopump shaft as
follows:

(1) Rcnmve cap from torque--gear housing.

(2) Using a I-i/if-inch-deep socket and a

2..foot extnnsion, attach a 0-30 ft-lb torque
wrench to torque-pinion.gear shaft.

CAUTION

In the following procedure, excessive
torque appLied to the pinion-gear
slmft can damage the turbopump.

(3) To rotate turbopump shaft, depress
torque-gear housing lockpin; then fully depress
torque-pinion-gear shaft by applying pressure
to torque wrench adapter, and slowly rotate

terbopump shaft in one direction, Do not torque
pinion-gear shrift in excess of 20 ft-lb,

NOTE

One revolution of the turbopump shaft
requires 5 revolutions of the pinion-
gear shaft.
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SectionHI R-3696-l 1

n, Turn pumpvalve to VACUUM position;
then press pure l) STAI:CT switch to vacuum fluid
from turbine bearing area.

o. Turn on preservation fluid system, and
prescrve turbopump at 80 L10 psig while contin-
uously rotating turbopump shaft a minimum of

one complete revolution; then turn off preserva-
tion system. Momtor l)rcssure at LOX pump
bearing pressure tap LBlb, and visually cheek
bearing coolant control lines for leakage. No
leakage is allowable.

NOTE

A pressure differential of mere than

100 psig between the pressnre enter-
ing the bearing coolant control valve
and the pressure on the gage installed

at tall LBlb is an indication of a
clogged bearing coolant control valve
preservative filter. A clogged filler
must be replaced as outlined in
R-3896-3.

p. When all fluid flow through turbine bearing
lube drain hose ceases, press pump STOP

switch and disconnect pump adapter from turbine
bearing lube drain hose. InstallplateRX20660-65
on pump adapter. Torque fasteners ftngertight
plus I/4 turn.

q. Remove polyethylene, and install turbine
bearing lube drain hose on fuel drain manifold.
Torque fasteners to 45 _-2 in-lb.

r. Disconnect preservation system from
bearing coolant control valve PRESERVATiVF

IN port quick-disconnect, and connect turbo-

pnmp presurv_tion servicing purge system.

NOTE

In the following procedure, pressure
in excess of 10 psig may unseat the
turbine bearing seal and allow pre-
servative fluid to enter the exhaust
system.

s. Slowly pressurize turbopump preservation
servicing purge system colmccted to bearing

coolant: control valve PRESERVATIVE IN port
quick-disconnect to 5-10 psig. Maintain purge
for 5 minutes; then depressurize purge. Re-

preserve turbopump if, at anytime, purge pres-
sure exceeds 50 psig.

t. 1)iscoanect purge system fronl bearing
coolant control valve PRESERVATIVE 1N port
quick-disconnect. Remove from packaging and
install pressure "cap. Torque pressure cap to
30-40 lt-lb. Safetywirepressure cap with
]ncon(,l Iockwire MS20995N,

u. Turn off turbopump LOX seal purge
system.

NOTE

The method for applying lubricant

in the following procedure is out-
lined in R-3896-3.

v. l)isconnect pressure gage from tap LBlb.
Remove plugs from tube, or plug and seal from

packaging, as applicable. On engines not incor-
porating MD103 and MD166 changes, lubricate

(Method A) fi-ttl-iig and (l_et]iod G) static-firing |
instrumentation tube with lubricant grease
RB0140-012 (Rocketdyne), .'tnd install tube.
'ro,xlue tube coupling nut to 160 al0 in-lb.
Safetywire coupling nut with Inconel lockwh'e

MS20995N. On engines incorporating MD103
and MD166.... changes, lubricate (Method A)']_lug, I
and install plug and seal in tap LBlb. Torque
plug to 40-65 in-lb. Safetywire plug with IneonoI
lockwire MS20995N.

w. Install covers oll overboard drain lines.

x, Remove torque wrench, oxtenslon_ and
adapter from torque-gear housing,

y. Verify that loclqlin on torque-gear housing
is fully extended anti that torque-pinion-gear
sh:fft is in lockout position.

z. Lubricate (Method J ) packing with lubri-
ca,It grease RB0140-012 (Rocketdyne); then

install packing on torque-gear-housing cap.

aa. Lubricate (MelhodA) threads of torque-
gear-housing call with lubricant grease
RB0140- 012 (Rosketdyne); then install cap finger-
tight on torque-gear housing. Safetywire cap
with Inconel lockwire MS20995N.

3-114B Ch,_ge No. 8 -- 9 September 1970 /



R- 3896- 33 Section III
Paragraphs 3.5. 36 to "_. 6, 1

(

,

I 3, 5. 16 I_SENUNG AND SEC_NG INSUL_._

T..RQ_R__.I55__I9. This procedure contains instruc-
tions for loosening insulator 145510 to provide

access to fu_l jacket purge quick-disconnect on
No. 1 fuel valve and for secu.'ing the insulttor

i at the completion of procedure_' wherein access
is required.

a. See figure 3-31B and loosen insulator by
removing the following fasteners:

(1) Four bolts and dips (1).

(2) Ten bolts and clips (2).

(3) One bolt mlcl washer (3).

(4) If required to gala additional clearance,
one bolt, 2 washers, and a nut (4).

b. At completion of procedure_, requiring
access to fuel jacket purge quick-disconnect on
No. 1 fuel valve, see figure 3-11B and secure
insulator by installing the following fasteners:

NOTE

All fasteners should be installed prior
to tightening and torquing fasteners.

(1) Four bolts and clips (3). Torque boils
to 27 f3 in-lb.

(2) Ten bolts and clips (2). Torque bolts
to 27 :_3 in-lb.

(3) One holt and washer (3). Torque bolt

to 8 :_3 in-lb above running torque.

(4) If removed, one bolt, 2 wa.cJhcrs, and
a nut (4). Torque nut to 27 _3 m-lb.

3.6 HANDLING__

3.6. 1 ENGINE INSTALLATION: This proce-
dure ma_' be used for imrizontal engine instal-
latlon m_d for vertical engire installation.

a. Verify that gas generator fuel and LOX
ducts do not have surface rust or corrosion.

FWD

/'

t //

Fl-11_30

Index Part Part

Number Name Number Quantity

3 Bolt MS21279-08 4

Clip RDll4- 5002-0002 4
L Bolt MS23279-08 I0

Clip RDII4- 5003-0002 10
3 L_olt NASI004- 6A 3

Washer RD153- 5005-0006 i

4 Bolt NAS3004-2A 1
Washer LD153-0013-0002 i

Washer RDI53-1002-0004 J
Nut NAS679C4W 1

Figure 3-11B. Loosening and Securing
Insulator 145510

(
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Section III R-3896-II

b. Remove LOX and fuel inlet covers, and
inspect inlets for foreign maUer. Remove

desiccant from covers, _md store desiec_mt as
specific ' in ,_cction If.

e. After hlspeetion of LOX and fuel inlets,
caret inlets with Aclar No. 33C film tO. 002-
inch minimmu thickness) (Allied ChemicaICorp).

Eecure film with pressure-sensitive tape
I:[B0195-002 (Rocketdyne), or equivalent.

d. Remove engine gimba! boot cover.

e. If installing an outboard eni',]ne., verify
that electrical cable slrpport post is installed
•._soutline_1in R-3896-3.

f. If installing engine into s'age verticaDy,
remove 4 Gimbal Bearing Locks G4,59, (See
figure 3-12. )

g. Ifinstallingengine into stage horizontally,

verify that engine gimbal wrap-around lines are

installed and adequately supported as outlined
in R-3896-3.

h. Using Stage-Contractor-supplied horizon-
_al installer or Enghm Vertical InstallerG4049,
_s applicable, position engine in stage and
attach gimbal bearing to stage attach point.

NOTE

During horizrmtal installation,glmbal

be'_ring locks may require readjust-

ment or complete removal to facili-

tate engine stage mating.

i. I[ installing eng:ne into stage horizontally,
remove 4 Glmbal Bearing Locks G4059. (See

figure 3- 12. )

i. Install glmbal bearing bolts.

k. On vertical engine inslalla'don, remove

liedown cables that secure eng',n_, to tnslaller.

L. Install No. _. or NcJ. 2 gimbal acilwtors,

with Stage-t, ontr_ctor_supplied gimbm a,. tuator
locks, on outboard engines cr stiff arms cm i_-
board engine, as applicable, mlcl hnmobllize
engine,

Ft, ',re 3-12. Gimbal Bearing Lock
Installation

CAUTION

$

In the following procedure, care
must be exercised to prevent con-
taminants from entering inlets
during the connection procedure.

In the following procedure, foreign
matter must not be allowed to enter

the oxidizer and fuel inlet% since
foreign matter w:ll contamiuat,.' th_
turbopump *',;suiting in extensive
turbopemp repair.

m. Remove Aclar film from I,OX and fuel

pump inlets, and connect st_{e ducting to inlets.

n. Confleel lnierfilce electrical connectors.

o. Connect _t_.gcpressure switch _,ol;ply line

to litl'ngon interface panel.

p, For vertical engine installation, install
•uTaO. arooJ_d ducts as outlined in R-3896-3,

q. Coast,el v Yap-around duct,_toldh(Jses to

stage usin_ Stage-Coi_iraetor-suppllcd l,ardware
_nd installation criteria.

)
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R-3896-II Section IH

Paragraph 3.3,2

I

3.6.2 'rH_RUST CHAMBER NOZZLE

_ION INST._LLATIQ_, (See figure 3-13. )

a. InstalI nozzle extension (serial number

must be same as listed In Engine Log Book) on

Engine Vertical Installer (',4049,or equivalent,

as outlined in R-BBgD-3; then position installer

and nozzle extension beneath engine.

b. On engines incorporating MDI3_.__5_change,
inspect tadpole asbestos seal lap-joint overlap.

Seals with square-cut lap-joint ends having

,approximately one inch overlap irust be com-

pressed as follows:

(i_ Remove seal from package.

(2) Place seal lap joint in a clean, smooth-
)awed (4-1/2-inch-minimum jaw width)vise,

Locate lap joint at approximate center of vise
jaws, but do not put large-dimneter bead of
seal between vise jaws.

(3) Coml)ress seal lap joint to a free-state
thickness of 0. 060 to f). 090 inch.

NOTE

The compression ;_II result Jn a

greater seal width at the jointthan

adjacent to it.

(4) Check that seal is free from dirt,

grease, and metal chips; then replace seal in
package until ready to install.

WARNING

The following procedure uses dry-
cleaning solvent, which is flammable
and must not be used near heat,

sparks, or open flame. Inhalation
of its vapors or prolonged contact

with the liquid can cause serious

injury.

c. Visually verify that thrust chamber exit
flange and fl_nge boltholcs and nozzle extension
flange m_d fla_._e boltholes are clem_. Cleat,. if

necessary, with a cloth saturated with dr']clean-
ing solvent (Federal Specification P. ':-6B0),
or equivalent.

d. Install seal on nozzle extension flange.

e. Elevate installer to within approximately
1/4 inch from bottom of thrust chamber.

NOTE

The nozzle extension must not be

permitted to contaetthe thrust cham-

ber during elevation.

f. Aline index mark on nozzle extension

flange (located above igniter boss) with index
mark on thrust chamber exhaust manifold flange
(located under hot-gas manifold inlet).

g. Install 6-8 bolts on flange at index mark
(point A, figure 5- 13), and tighten nuts until

snug. Do not torque nuts at this time.

h. Insert girtlt strap through loop end of
support strap; then install girth strap around
thrust chamber above manifold tension tie rods.

i. Verify that both lateral adjustment screws
on alinement tool are fully backed off. Using
horizontal and vertical adjustment screws, en-
gage jaw pins to boltholes in thrust chamber
an(t nozzle extension flanges, 180.-degrees from
index mark (point B, figure 3-13). Tighten
support strap until alinement tool is in horizon-

tal position. Maintain tool in horizontal position

during all prot,edures.

i. Aline holes in thrust chamber and nozzle
extension by adjusting horizontal, vertical, and
lateral adjustment screws, as necessary.

k. Install 3-4 bolts on each side of alinement

tool, and tighten nuts until snug. Do not torque
nuts at this time.

1. Move alim 'rant tool 90-degrees on flange
(point C, llgure 3- 13) and perhn'm steps h
through k; then 180-deglees on flange (point D,

figure 3-13) and perform steps h through k,

NOTE

One bolt in e'_ch exhaust manifold

stiffener channel may be installed

in the opposite direction if inter-
terence prevents normal installa-
tion.

m. Continue engaging alinement tool dia-
metrically until all bolts are installed.
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R-3f_96- ]1 Section Ill

Paragraphs 3.6.2. I to 3.6.4

(

l"

n. Visually check that seal isproperly

seated in nozzle extension before torquing nuts.

Cross-torque nuts until each nut is torqued to
115-135in-lb; then remove installer. Onen.-

gines incorporating MD1355 change, rctorque
nuts after one hour; then wait another hour and
retorque all nuts again.

o, Install overboard drain lines (paragraphs
3.6.2. I and 3.6.2,2),

3.6.2.1 Oxidizer Overboard Draiu Li,_e_md

Nitrogen Overboard Drain Line Installation,

a. Remove seal plates from packaging, in-

stal[ seal plate, and connect oxidizer overboard

drain line, Torque nuts to 34-38 in-lb,

NOTE

The meLhod for applying lubricant in
the following procedure is outlined
in R-3896-3.

b. Remove union fronl paek_t_ug. Lubricate
| (Method A) threads of union with lubricant grease

RB0140-012 (Rncketdyne) and installin existing

engine drain line, Torque coupling nut to 450-
525 in-lb.

c. Connect nitrogen overboard drain line to
union. Torque coupling nut to 450-525 in-lb.

d. Installcushion clamps around lines

(figure 3-14, view A-A). Secure lines to nozzle

extension brackets. Torque bolts to 18-22 in-lb

above bolt running torque.

e. Secure clamps and lines to nozzle exten-

sion brackets. Torque bolls to 18-22 in-lb

above bolt running torque.

3.6.2.2 Fuel Overboard Drain Line Installa-
i£ua.

a. Remove seal plate from packaging, and
installseal p]a/e and fuel overboard drain line.

Torque ants to 32-38 in-lb above bolt running
torque.

b. InsL_llcushion clamps around lines
(figure 3-14, vic'_,,C-C).

c. Secure clamps and lines to nozzle exten-

nionbrackets. Torque bolts to 18-22 in-lb

above boll running torquc.

3.6.3 IGNI. TER HARNESS INSTALLATION:
(See figure 3'15. )

a. Prior to connecting electrical harness

plug to igniters, verify that each igniter has
been tested after installation°

b. Connect electrical plug P47 to engine
electrical receptacle J47 at turbopump No. 1
fuel pump inlet elbow to turbopump flange.
Refer to R-3896-3 for electrical connectors
installation and removal.

e. Connect gas generator igniter harness

plugs 1)43 and :P44 to igniters. Refer to
R-3896-3 for electrical connectors installation
and removal.

d. Connect nozzle extension igniter harness

plugs P45 and P46 to igniters. Refer to

R-3896-3 for electrical connectors installation
and removal.

e. Electrically verify and monitor igniter
installation.

3, 6.4 IGNITER HARNESS REMOVAL. (See
hgure 3-15. )

a. Disconnect electrical plug P47 from elec-

trical receptacle J47 at turbopump No. 1 fuel
pump inlet elbow to turbopump flange, P.efer
to R-3896-3 for electrical connectors installa-
tion and removal,

b. Remove igniter harness.

NOTE

Igniter harnesses are considered
reusable lot engine static test if

they ave wsually inspected, tested,

and determined aceel,L_blo as

specified in R- 3896-3.
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Sectinn HI R-3896- I1

Paragraphs 3.6.5 to 3.6.8

3.6.5 ENGINE ENVIRONMENTAl, COVE_R"
INSTALLATION; (See figure 3-16. )

a. Unfold cover in ,'m area immediately
adjacent to each engine thrust chamber thro_t.

NOTE

The' silver-colored side of tilec.ovex

is the inner cover surface.

b. Wrap cover around thrust chamber' and

nozzle extension, placing cove," c.oth_Ltover-

hoard drain lines are exposed throutrh holes
provided in cover.

c. Tighten cover around tilrustchamber and

nozzle extension _._ntiledges of cover overlap

and can be laced toi_ether.

d, Temporarily support cover around thrust
chamber throat by attaching lenh"ths of rope to

cover grommets anti to any statable vehicle
structure that wit[ adequately support weight of
cover (-approximately 60 pounds).

C AUTION

Support ropes must not he tied to any

Imrt of the engine.

e. Gather up excess cover material arouncl

throat of thrust chamber. Thread a length of

rope through cover grommets, and make a fold

in material approximately 5 feet in length. Tie
fold together with rope.

f, Continue to fold cover around throat as

outlined in step e. taking care not to fold cover

in area of ilap until cover is as tight as l,ossiblc.

Tighten edges of eovek', and lace ilv_idcrows of

cover gronimeis witi_ rope; then fold flail over,
"and lace :miside rows of cover grommets.

NOTE:

Once the pleating has been completed
around the thrust clmmller throat for

the hr,_t eovf_r, tilecovey may be

temporarily removed and used as a
pattern for other covers, If desired.

g. Relea_qc ropes that were used to support
cover, and allow cover to ha.ng free on chamber.

h. Thread rope through cover grommets at
exit end of nozzle extension,

i. Pull threaded rope tight, drawing cover

arotnld and under exit end of nozzle extension,
_ld tie.

3.6. 6 ENGINE ENVIRONMENTAL COVER
REMOVAL. (See figure 3-16. )

a. Untie rope _t exit end of nozzle extension.

i_. b alace rope at cover flap.

e. Untie ro-_c._ that secure cover at thrust

chamber ttlroat, and ,"lowly k,wcr cover using
appropriate ,supports to prevent cover from

being damaged during lowering.

d. Fold and store cover for future use.

3.6.7 T/-IEItMAL INSULATION INSTALLATION
AND REMOVAL,. Thermal instalLation and re-

moval is performed using criteria specified in
R-3896-6, Observe satety precautions outlined

in section 11 when hmldling thermal insulation.

3.6.8 IGNITER INSTALLA'rION. The proce-
dure for installing live igniters or inert igniters
is as follows;

a. Using cie'mmg brush 9512-984347, or

equivalent, cle_m igniter ports.

b. Remove ally remaining loose particles or

moisture from igniter port at gas generator by
turning oil operational low-level LOX dome and

gas l;oner_tor LOX injector purge system. Turn
purge off before proceeding to slop c.

c. Verify that igniters have been inspected
and tesled using applicable procedures outlined

in l)aragraph 3.3. I. 7 for live igniters or para-
graph 3.3, 1, 8 fox' inert it;utters.

d. Verify tL,,_ gasket is installed on Igniter,
and install ignitor fingertight.

' )

/I
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Section lII

Paragraphs 3.6.9 to 3.6.10

R-389_-11

CAUTION

In the following procedure, ifa 12-

point, l-inch deeo-well socket is

used to lorque the igniters, the
sock_:t must fit loosely over the ig-
niter', shorting or shielding cap, to
preeent damage to the shorting or
shielding cap,

NOTE

A shielding cap must be used on

:gniters at KSC during igniter

installationand until igniter is
connected.

e. Check that gasket seats in recessed groove
of igniter boss; then torque each igniter to
625 _25-in-lb,

f. Safetywlre igniters with Inconel lockwire
MS20995N.

I g, (Deleted)h. Remove shorting or shielding caps and

connect nozzle extension igniter harness plugs
P45 and P46 and gas generator igniter harness
plugs P43 and P44 to igniters. Refer to
R-3896-3 for electrical conn':.etors inslallation
and removal.

CAUTION

Inert igniters must be removed and
replaced with live igniters prior to
launch,

3.6.9 LIVE IGNITER REMOVAL.

a. Observe igniter handling safety require-
ments of section If.

b, Disconnect electrical connectors P43 and

P44 from gas generator igniters, l{efer to
R-3896-3 for electrical connectors installation
and removal.

c. Disconnect electrical connectors P45 and
P46 from nozzle extension igniters. Refer to
R-3896-3 for electrical connectors installation
and removal,

d. Installshorling or shielding caps on
igniters.

NOTE

A shielding cap must be used on

igniters at KSC after : ;niter
harness is disconnected and until

igniter is removed.

e. Remove gas generator and nozzle e×ten-

_'ionIgniters.

f. Package and store igniters as outlined in
section lI,

g. Remove plug and washer or gasket, as
;_pplicable, from paek}',ging. Clean and inspect
threads of plug ST3950122RKL001 _or adequate

silver plating, Replace plug if silver plating is
not adequate, Install washer 651912-3 on plug.
Do not lubricate plug, Install plug in gas gen-
erator igniter boss and torque to 600-650 in-lb.

Safeiywire 2 igniLer plugs together with Inoonel
lockwlre MS20995N. As an alterr.ate, plug
MS9015-08 with washer 651912-3 or gasket
AN901.-6C may be used. If washer 651912-3 is

used, install plug MS9015-08 in igniter boss and
torque to 150-200 in-lb. If gasket AN901-SC is

used, screw plug MS9015-08 finge_tight into
igniter boss. Check that gasket seats in re-
cessed groove onigmter bo,_s. Torque plug to

150-200 in-lb. Safetywlre plug with Inconel
lockwire MS20995N.

h. Install protective clo,,,ures in nozzle
extension igniter bosses,

3, 6.10 ]_;XPENDED IGNITER I_EMQ..._ALL

a, Disconnect electrical connectors P43 and

P44 from gas generator igniters. Refer to
R..3896-3 for electrical connectors installation
and removal.

b. Disconnect electrical connectors P45 and

P46 from nozzle extension ignitors. Refer to
R-3896-3 for electrie'tl eomlectors installation
and removal.

c, Remove [,msgenerator and nozzle exten-

sion igniters.

d. Remove plug and wasimr or gasket, as

applicable, from packaging. Clean and inspect
threads of plug ST3950122RKL001 Ior adequate
silver plating, Replace plug if silver plating is

not adequate, h)stall washer 651912-3 on plug.
Do not lubricate plug. Installplug in gas gen-
erator igniter boss and torque to 600-650 in-lb,

Safetywire 2 igniter plugs together with Inconel

lockwire MS20995N. As an _lternate, plug
MS9015-08 with washer 651912-3 or _,,tskct
AN901-SC may be used, if washer 651912-3 is

used, install plug MS9015-08 in igniter boss and
torque to 150-200 in-lb, If gasket AN901-6C is

used, screw plug MS9015-06 fingerlight into
igniter bo,'_s. Check tluatgasket seats in re-

cessed groove on ignite*" l_,oss. Torque plug to
150-200 in-lb. Safetywire plug with Inconel
lockwlre MS20995N.

dA, lestallprotective closures in nozzle
extent_lon igniter bosses.
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R-3896-11 Section Ill
Paragraphs 3.6.10A to 3.6.10A, I

(

.

e. Visually inspect each expended iguiter to
verily that igniter tube is not separated from

igniter body. If tube is separated from body,
notify Rocketdyne representative.

f. Store and dispose of expended igniter as
oullined in section If.

3.6.10A tIYPEI_GOL CARTRIDGE SERVICING.

3.6.10A. I Hy.p,..e_ol Cartridge Removal From
Container_._See fi_,-are 3--_-1_

a. Observe all safety precautions at using
organization, and wear protective clothing

specified in section II.

b. itemove locking .'ing, covet', and gasket
from each end of hypergol cartridge shipph_g
container.

e. Remove -3 cushions from each end of

shipping c,outainor.

d. Using 2 people, remove hypergol car-

tridge from stripping container as follows:

(1) First person hold shlpphtg container

securely.

(2) Second person reach into shipping
coniaine,- from end opposite hypergol cartridge

cap and push -2 cushion ar.d hypergol cartridge,
as a unit, from shipping container sufficiently
to permit grasping of -2 cushion awl hypergol
cartridge ot cap end.

(3) Pull hypergol cartridge and -2 cush-
ion, as a unit, from shipping container.

e. Unroll -2 cushion from around hypcrgol

cartridge and remove hypergol carh'idge in
its polyethylene bag or bags if double-packaged.

W ARNING

The following procedures use clean-
tog compolmd, which is volatile. Use
in a well-ventilated area since the
vapors displace the oxygen !n the air,
resultieg in suffocation.

f. If double-packaged, use a lint-free cloth
moistened with cleaning ._ompound
tMiL-C-81302) and wipe outer polyethylene bag
tee of all visible contarnln,'mts; inspect tmg for

tears then carefldly open outer polyethylene
bag at hypergol eartridgl_ cap end and remove
hypergol cartridge still_maled in inner
polyethylene hag.
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(SFALEI) IN 2
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I
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Section Ill

Paragraphs 3.6, 10A. 2 to 3.6.10A. 3

R-3096-11

g. Inspect polyethylene bag containing hyper-

gel cartridge for rips. If inner bag is torn
and outer bag was torn, remove bag and

restore hypergol cartridge to a serviceable
condition as o_;tlined in paragraph 3.6.10b.. 3.

h. Before unsealing polyethylene bag, use a
lint-free cloth moistened with cleaning com-
pound (MIL-C-81302) and wipe polyethylene

bag free of visible contaminants.

i. Cut off sealed end of polyethylene bag,
and carefully remove hypergol cartridge from
bag.

3.6.10A. 2 Hypergol Cartridge Inspection:

a. Observe all safety precautions applicable

at using organization, and wear protective
clothing specified in section If.

b. Verify (by hand torquing in tightening
direction) that hypergol cartridge is tight to its

plug.

c. Inspect hypergol em'tridge packings for
chipping, cracking, or improper fit. If pack-

ings are damaged, restore hypergol cartridge
to a se,'vlceable condition as outlined in para-

graph 3.6.10A. 3.

d. Verify that downstream packing ring
(located between packh_g and cap in packing
groove) is nt_t tucked under packing.

3.6.10A. 3 IIy, pergol Cartridge I_estoration.
(See f_,'ure 3"-lG-'_,.-)-

a. Observe all safety precautions applicable
at using organization, anti weqr protective

clothing specified in section II, when applicable.

b. Remove and discard packings _nd ring
from hypergol c:*rtridge.

WAI_NING

The following procedures use clean-
ing compound, which is volatile. Use
in a well-ventilated area since the

vapors displace the oxygen in the air,
resulting In suffocation.

c. Using a lint-free cloth moistened with
classing compound (MIL-C-81302), wipe hyper-
gel cartridge exterior, packing grooves, and
outside of plug free of all visible contaminants.

3-124B Change No. 7 - 28 P*prll 1970
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d. UMng a lint-free swab moistened with
cleaning compound (MIL-C-.81302), remove all
visible contamination from interior of plug.

e. Inspect threaded area of cap for contam-
inants or lubric_mt,

CAUTION

In the followipg procedure, cleaning
compound must not be permitted to
contact the lubricated bearing surface
between the cap and plug since the
cleaning compound will remove the
lubricant.

f. If contamination or lubricant is detected

during hlspection of cap threads, use a brush

or a lint-free cloth moistened with cleaning
compotmd _MIL-C-81302) and remove all visible
eontaminrtion or lubricant from thre?ds.
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R-3898-11 Section Ill
Paragraphs 3.6, 10A. 4 to 3.6.1OA.5

i.

(

(

g. Install a new ring MS28783-6 in packing
groove closest to cap.

NOTE

The method for applying lubricant in
the following procedure is outlined
in R-3896-3.

| h. Lubricate (Method L) packing
MS29513-228 al_d packing groove closest to cap
with FS1281 b-cease (Dew Corning Corp) and

install packing with ring positioned in groove
between packing and cap.

! i. Lubricate (Method L) packing

MS29513-227 and packing groove farthest from
cap with FS1281 grease (Dew Cornieg Corp)
and install packing.

NOTE

There is no ring to be inste.lled in
the groove with packlng MS29513-227.

3.6.10A. 4 Hypergol Cartridge Weight Check.

a. Observe all safety precautions applicable
at using organization, and wear protective
clothing specified in sectior_ 11.

b, Remove protective pa,_kagtng from

hypergol as outlined in paragraph 3.6.1OA. 1.

c. Weigh hypergol cartridge, and record
weight.

d. Compare weight recorded in step c with

weight rscorded on I_ypergol cartridge. Re-
corded weight must be withiJl 15 grams of
hypergol cartridge gr.'_ss weight.

e, Repackage hypcrgol c_rtridge a_ out_,ined
in paragraph 3.6.1OA. 5.

r p3.6.10A, o tiypergol Cartri:lge Hepaekaging.
(See f_gaJre _2167r:-1 _

a. Observe all safety precautions applicable
at using organization, and wear protective
clothing specified in secttm_ II,

b. Verify that h.vpeJgol cartridge is free
from contaminants ned damage.

c. Package hypergol cartridge in a clean bag
made from plastic sheet and strip (Federal
Specification L-P-3"/8, Type II). Fold top of

bag closed and seal bag with pressure-sensitive
tape RB0195-002 (Rocketdyne) or (Federal
Specification PPP-T-60),

NOTE

A clean polyethylene bag (Federal
Stock No, 8105-LCO-6811) or poly-
ethylene tubing (Federal Stock No.
8135-782-7460) heat sealed at one
end, may be used instead of plastic
sheet and strip, All polyethylene
material used must be 0. 004-inch
minimum thickness,

d. Package the single-packaged hypergol
cartridge in a second clean bag made from
plastic sheet and strip (Federal Specification

L-P-378, Type li). Fold top of bag closed and
seal bag with press-re-sensitive tape
RB0195-007 (.:ocketdyne) or (Federal Specifi-
cation PPP-T-60),

NOTE

A clean polyethylene bag (Federal
Stock No. 8105-LCO-6811) or poly-
ethylene tubing (Federal Stock No.
8135_782-7460) heat sealed at one

end, r3ay be used instead of plastic
sheet and strip. All polyethylene
material used must be 0. 004-.inch
mLnimum thickness.

e. Verify that hypergol shipping container
,9nd c11shions are free from rrtoisiure.

f. Verify that stripping containe,- is the orig-
inal container for that particular hypergol
cartridge,

g. Wrap double-packaged i_ypergol cartridge
in -2 cushion and insert as a unit into shipping
container with c_p end of cartridge up when
caution decal on container is right side up.

h. Install -3 cushions in shipping container
at each end of hypergol c_rtridge.

i. Install gasket, cover, and locking ring on
each end of shipping container. Torque locking
ring clamp screw sufficiently to seat cover on
gasket.
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Section Ill
Paragraph 3.6.11

R-3896-11

3.6.11 tIYPE_CK)L CARTRIDGE INSTALLA._.__.___Z,
TION.

a. Perfor_as applicable, contamination
and damage prevention procedures outlined in

paragraph 3. IA when performing this procedure.

NOTE

The hyper gol-.car tr ldge-installed
indication must be monitored through--
out this procedure.

aA. Remove pin that secures closure in
hypergol manifold cartridge container inlet
port; then remove closure.

b. C_serve all safety precautions applicable

at using organization, and wear protective
clothing specified in section II.

bA. Remove hypergol cartridge from ship-
ping container as outlined in paragraph
3, 6.10A. 1.

c. Verify that hypergol cartridge weight
check has been performed as outiincd in
paragraph 3.6.10A. 4.

d. Perform hypergol cartridge inspcelton
as outlined in paragraph 3.6.10A. 2.

e. (Deleted)

f. Verify that hypergol-eartridgo-installed
switch is deactuated.

N(YrE

Tim method for applying lubricant
i_ the following procedure is out-
lined in It. 3896-3.

g. Lubricate bore of hypergal manifold
cartridge container with FS1281 grease (Dew
Corrdsg Corp). (_eo figure 3-9.)

h. Lubricate (Method A) threads of hypergol
manifo]d cartridge container inlet port with

| FS1281 grease (Dew Coming Corp),

i. Carefully insert cartridge into hypergol
manifold cartridge container inlet wit'mut bind-

ing, scuffing, or any irregular resistance that
indicates an incorre"t size packing or a damaged
hypergol container.

J. Screw hypergol cartridge cap clockwise
onto container until hole in cap alines with hole

in container. Verify that hypergol cartridge
switch actuates.

WABNING

In the following procedure fluid leak-
age from a damaged hypergol can
result in serious injury to personnel
"rod damage to equipment.

k. If electrical verification that hypergol
cartridge is installed cannot be obtained, clear
immediate area. Disarm an installed hypergol
cartridge as outlined in paragraph 3.6.12.1.
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R-3896-11 SectionIiI
Paragraphs3.6.12 to 3.6.12, 1

(

(

(

CAUTION

In the following procedure, using
force to install the hypergol car-
tridge cap on the container can
result in damage to the container
and cartridge.

1. Do not use a tool to install hypergol car-
tridge cap on container. If hole in cartridge
gap cannot be alined with hole in container,
remove cartridge and take corrective action.

m. Insert pin through alined holes, securing
cap on container, until phl Io_ks in place.

3.6.12 HYPERGOL CARTRIDGE REMOVAL,

WARNING

No attempt mast be made to remove
a live hypergol cartridge if damage

to the cartridge diaphr,tgm is sus-
pected since a fire can occur,
resulting in serious injury to per-
sonnel and damage to equipment.

3, 6.12.1 IAve tly p_ergol Cartridge Removal
When Damage is Suspecte-(V,

n a. Perform, as applicable, contamination

and damage prevention procedures outlined
in paragraph 3.1A when performing this
procedure.

aA. Observe all safety precautions applicable

at using organization, and wear protective
clothing specified in section II.

b. Remove pressure cap from, and connect

hypergol malfunction purge sys*em, meeting
requirements of section I[, to, hypergol purge
quick-disconnect,

c. llemuve pressure cap from, and connect
thrust chamber fuel Jacket purge system,
meeting requirements of section II, to, fuel

Jacket purge quick-disconnect on each fuel
valve.

d. Disconnect Igniter fuel valve drain tube

from_ and connect a source of gaseous
nitrogen, meeting igniter fuel valve iockop
requirements of section II, to, Ignitq.r fuel
valve vent port.

e. Turn on operational high-level LOX dome
and gas generator I,OX injector purge system,
and audibly verify operation of purge.

f, Pressurize thrust chamber fuel jacket

purge system to 350 _50 psig.

WARNING

In the following procedures, the test
area must be cleared until the hy-

pergol cartridge diaphragms have
burst and hypergol fluid has been
purged from the container since an
explosion and fire can occur, re-
sulting in serious injury to perzonnel
and damage to equipment.

g, Pressurize ig_liter fuel valve lookup
purge to 750 _25 psig.

h. Slowly pressurize hypergol malfunction

purge system until hypergol cartridge di.,-
phragms burst.

i, Allow purges to continue until all vapor
ceases to be emitted from thrust chamber.

J. Depressurize hypergol malfunction purge
syetem.

k. Depressucize igniter fuel valve lockup

purge system, and bleed pressure from igniter
fuel valve cap.

1. Depressurize thrust chamber fuel jacket
purge system,

m. Turn off operational high-level LOX
dome and gas generator LOX injector purge.

n. Disconnect Igniter fuel vMve lockup
purge system from igniter fuel valve vent port,
and reinstall igniter fuel valve drain tube as
follows:

(1) Remove plug from igniter fuel valve
drain tube.
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Section lIT
Parar.raphs 3.6.12.2 (0 3. O. 12. 3

H-3896-11

NOT"~

TlIC mothod 1M applyin!! lull/'iean( III
tho following procedure is ou(Jin~d

ill R·3896·3.

I (2) LC'l)ricate (Method A) filling and
(M~thod G) if.~lllter fuel valve d"aln tuhc with
lubricant gl'e~s~ RnQ140-012 (flocketdync).

(:0 InBtall ir:niter fuel valv(' drain tuhe
ami torque lllhe couJllillg nut lO 2'IO-a45 in-lb.

(lo Dls( onnect t.ll'ust clmmbn" fuel jackel
purge systcm from fuel jacket purge <[ui('k
disconl",!,cl on each fuel val VH. Hemove pres
.-,lIt e cap frem packn~int{ and install proS9tU'(!

cap 0n quick-disconnoct. '['Ol'qUO pros sure
cap to :lO-40 ft-)b. Safolywire cap with
Incond loc:~wlt'e MS2(1!105N,

p. Dlsconnoct hypo'gol walfunction purge
system from hypergol purge _luick-disconnect.
I?(~OJoYe prt'f:lsUJ"o rap from pa('kav.inl~and
\IIBlal1 Pl'C~s\..ll·e cap on quiek-\ilsr.onncct.
';'orc,ulJ [,,'eSSUI'e ,a:J to :lO ·40 [t-Ib. Safelv
wi ..'e ::al, with !nconel )ockwi!'e MS20995N.

q. Hemnve expended cartridge as outlined
In paragraph :I. 0.12.3.

:1.6.12.2 Li'CS',-!..!Yl!Q.r..rr!!.LCartridgc H~moval

WJ.~~~!'..~..Ji0~~.!.!!i!ge iE, §'.'spectrd.

a. pp!'Cm'!ll, aH appl:enhle, t.. tmtamlnalion
and damage prcvolltloll procedures O\lt11I1NI in
Jlar;l!~raph :1. IA I"h('n pcrlorlrlint: tins
prot: edul"C'.

aA. Obscrve. a!! salety precau'.ions appli
cahle ut up-ing orgr'lization, and wonr
protective clolhlnr; specified In sec lion II.

afl. If white smoke Is evident at hypergol
'1lllnifoltl, aSSlll.1C that hyperl'(ol cartrldl'(c is
clall1ar~cd and pedorm parar,raph 3.6.12.1.

b. Homove pjll that secures hypeJ'gol car-
trid{(e in cartridl'.C conhtincl' inlet port.

WAHNING

In the following procntlure, if there
15 any cvidell~,t! of whitr "mol<e
<luring removal of cartridge, the
area must be evacuated Immediately
slllce a ftre could result, causing
serious Injury to personnel and
damage to equipment.

c. Uroscrew hypcrgol en rtrldge cap from COll
talner; thell carofully remove ca,·trldge from
{'ontaiHur.

d. V..'ipc l;XCCRS luhricant from hyprrgol car
tridge parkin!>s and from ex(e!'!(,r 01 cartridge.

('. Heparkage hypergol cartridge as outlined
in paragraph 3.0, IO!•. 5.

WARNING

The following proc:eJures use dry..
cleaning solvent, which is flammable
alld mus~ not be uscrl near heat, sparks,
or open name. Inhalation of its vapors
or prolonl\('t1 eonlac! with the liquid
can eaUHC H(,l'iou.j injury.

f. Clean hare of hypel'gol mamfold cartridge
cl'Jnt,linor with dl'y('l(!rI.l\illg' solvent (Fcderf\l
Specllieation P-D-BI',D). Wipe bore dry with a
clean, dt·y, lint-free cloth.

g. Clean t.lreads of hyper[(ol manifold car
trid[(e eontaiJH'r inlet port with drycie:lIling
Holvent (Federal Specification P-D-6BO\.

NOTE

'I'he Ille[hnrl for applyln(( lullrieant ill
the follOWing proeeduro Is outlill('(j
in H· 3896-:1.

gAo Lubricate (Mell",d L) cloHure packin!( J
with FS1281 ((rcas~ (Dow Corning Corp).

h. [nstalJ hypergol cartridge inlet port clo
sure 1lIl"i securo with atlaching pin.

3.6.12.:l Expended liypoq{oj Cal'tridg~
,moval.

a. Porform, as applicable, contamination
and darna~e pl'oventlon procedures outlined In
paragraph 3.IA when per10rming this procedure.

WARNING

No attempt must be made to ,'"move
a live hyperr,ol cartridge If damage]
to cartridge diaphragms Is suspectod
slnco n fire can occur, resultlny, in
Borious Injury 10 personnel and
damage (e equipment.

nA. Obsor ve all safety precautions appli
cable at u,9lng or[:anizallon, and Wear prolectlv('
clothing specified In section II.

NOTE

The procedure for disarming an In
stalled live hypergol cartridge Is
outlined In paragraph 3.6.12.1.

b. Hemove pressure cap from, and connect
a drain hose to. hypergol mllnHold drain qulck
disconnect.
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R-3896-ll SectionIll
Paragraphs3.6.13 to 3.6.14

#

(

c. Whln all fuel ceases to drain from hyper-
gel .'a} tr dge, discom_ect dram hose, remove

pressure cap hem packaging, and install pres-
sure cap on hypergol cartridge drain quick-
disconnect. Torque pressure cap to 30-40 ft-lb.
Safetywire cap with Inconel lockwire MS20995N.

d. Remove pressure cap fron|p toldconnect

hy_ _ol servicing purge system, meeting rc-
qm, ,eats of section II, to, hypergol purge
quK..- disconnect.

e. Turn on operational high-level LOX dome
and gas generator LOX injector purge system,

and audibly verify operation of purge.

f. Pressurize hypergoi purge system to

150150 psig, and audibly verify operationoI

purge. After purging 3 minutes ntinimum,

depressurize purge sy._tem.

V. Turn off eperaUonai high-level LOX dome

and gas generator LOX injector purge system.

h. Remove pin th;tt secures cartridge in hy-

pergol manifold cartridge container inlet port.

i. Unscrew hypergol cartridge cap front
container; then retrieve and place cartridge in
its shipping container.

WAIt_NIN(J

The folly)wing procedure use.,_ dry-
ch:aning solvent, whicln is flammable
and mutit notbe used ileal' heal_ sparks,

or open flame, hmnlaiion of itsvapors

or prolonged contact with the liquid

cantcause serious injury.

j. Clean threads ¢,fhypergol manifold car-

tridge container inlet port with drycleaning
solvellt (Federal Sperfflcalion P-D-680).

NOTE

The method for applying lubricant in

the following i)_ ocedure is outlined
in R-3896-3.

jA. Lubricate (Method L) closure packing
with F31261 tirease (Dew Cornlng Corp).

k. Install hypergol cartridge Inlet port clo-
sure and secure with attaching pin.

I. Disconnect hyporgol servicing purge sys-
tem, remove pressure cap from packaging, and
install pressure cap on hypergol cartridge con-

tainer p:u'ge quick-disconnect. Torque pres-
sure cap to 30-40 R-lb. Safetywire cap with
Inconel lockwire MS20995N.

3.6.13 THRUST CHAMBEI( THROAT SECU-.
RITY CLOSURE INSFALLATION.

a. If installed, remove thrust chamber c,,it
closure and thru,R chamber throat closure.

b. Obtain shaft from Thrust Cbamher Throat

Security C_.osure G4089; titan retraet pin and
secure in detenl position.

c. Install shaft in center hole of thrust cham-

ber injector until shaft bottoms, aline pin be-
tween extensions on injector face, and then
release pin from detent positi_u.

NOTE

In the following procedure, desiccant

must not be removed from its airtight
container until ju.st prior to installa-
tion.

d. Install 41l units of desiccant as outlined in

section II in cover o _ closure, and nl,qJee sure
humidity indicator _s in safe r:mge.

e. Install closure on shaft. Aline huh? in

closure extension with hole In shaft, and install
combination padlock 9026900 through closure
and shaft.

f. Inflate closure tube to 5-7 psig pressure
with gaseous nitrogen (MIL-P-27401).

g. Beinstall thrust ebamber exit closure,
_f applicable.

3.€).14 TIIRUST CIIAMBER THROAT SECU-;

RITY CLOSULLE REM_OVA.L,j

a. Itcmove thrust chamber exit closure, if
applicable.

b. Remove padlock) deflate closure, and

remove thrust chamber throat security closure.

e. PDco pin in detent position, and remove
shaft.
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Section IIi 11-3896-11
Paxagraplm 3.6.15 to 3.6.16

d. llemove desiccant h'om closure, and
stare desiccant as outlined in section It.

c. Package thrust chamber security closure
far storage by enclosing it in a clean plastic
bag, then cushioning it with polyurethane mate-
rlal in a suitable box.

3.6.15 TIIRUST CHAMBER THROAT PLUG
INSTAl LATION.

a. Clean threaded hole in center of thrust

chamber injector priol to installing throat plug.

NOTE

'l'he method for applying lubricant in
tile following procedure is outlined
m R-3896-3.

b. l,ubricaie (Method A) threads of Ihroat
pluv, shaft with lubricant grease liB0140-012
(itocketdyae).

CAUTION

In the following procedure, the spacer
must not be allowed to bottom against
the shaft collar, since dalTla_c tO the
injccit)r may reault.

c. Install spacer on shaft, Holding spacer
against dlrust clmmber injector, screw .-theft
into thrust chamber injector while monitoring

that clearance is maintained between spacer
and shaft collar.

d, Measure tectal spacing between spacer
and shait collar. Allowable spacing is O, 020
tO 0,115 inch.

NOTF,

If spacing ls less thml 0. 020 inch,
perlorm steps e and f, If spacing
is t_roater than 0. 020 inch, proceed
to step g.

e. Whoa spacing ts less than 0.020 inch, un-
screw shaft from injector and insert washer

T- 5046431 over shaft threads; then holding
sp-'tcer against thrust chamber Injector, screw
sh,'fft into thrust chamber injector. Monitor
that clearance is maintained between spacer
and shaft collar.

f. Measure axial spacing between spacer ,and
shaft collar, Allowable spacing with washer
T-5046431 installed is 0. 020 t 0,274 inch.

g. Torque shaft to 500 ±50 in-lb.

h. Apply petrolatum (Federal Specification
VV-P-236) to tubes in thrust chamber throat.

i. install support on shaft, alining support
keyhole slot with shaft pin; rotate support
clockwise to lock.

CAUTION

In the following stop, care must be

taken when installing the seal, to pre-
vent damaging the seal stem°

j. IvI'ake sore that seal is clean, ,rod install
seal on support with valve stem facivg outboard

and ridges of seal periphery Mined _ithtube
contours.

k. Install retainer on shaft, alining retainer

keyhole slots with studs tin support, and rotate
retainer clockwise to secure.

1. hminll washer and nut on shaft and tighten
firmly. Make sure wasl|er contacts reLainer.

m, install quick-disconnect and burst dia-
phragm in support.

CAUTION

In the following step, the gaseous
nitrogen supply hose must be sup-
ported to prevent the weigh,' oll the
seat valve stem from damaging the
seal.

mA, Connect a sollrce of gaseous sitrogen

to throat plug seal. Using a suitable material,
suIlport tile i_xseous nitrogen supply hose to
relieve all weight of hose from seal valve stem.

I_rJlc e_dtlr._(.:

a, Pressurize throat

p[ugsealto 50 05, -10)
psi{,L Maintain pres-
sure during remainder
ot test.

Result

Thrust chamber throat

plug seal is pros-
surlzed,

3, 6.16 :[HIIIJ.S_T_._CAIAMBEI_ THROAT PLUG

n. Verify that prcsnure Is vented from thrust
chamber.

b. Verify that thrust chamber throat plug
seal is deprcssurizcd,

e. Remove quick-dtuconnect and burst dia-

phragm from retainer.

d. Remove nut and washer from shaft.

e. Rotate retainer counterclockwise on shaft

to aline retainer keyhole slots with studs an
support, and remove retainer.
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R-3896-11 Section III

Paragraphs 3.6, 17 to 3.6.18

(

( f, Rotate support counterclockwise, alining
support keyhole slot with shaft pin, and remove
support.

CAUTION

In the, following' step, care nmst be
taken when removing the seal, to

prevent damaging tile _eal stem.

fA, Carefully remove seal from support.

g. Unscrew sltaft frmn injector; and remove
space*' from shaft.

WARNING

The following prneoduro uses lri-
chlnroetiwlene, wifieh is n toxic

solvent, InNtlatioa of its vapors

or prolonged contact with the liquid

can c'4use ininry or death.

h. Wipe thrust clmmber thrfmt :tndthroat
plug seal tree of pctro|atum witha clean, lint-

free cloth moistened in trlehlorocthylene
(MIL-T-27602),

I. installthrust (:_mmber throat security

closure (paragraph 3.6. If_).

3.6.17 .TURBINE EXIIAUST EXIT I)RESSU[:IE
TEST I_'IXTURE INSTALLATION.

a. Apply a thin coat of petrolatum (Federal
Specification VV-P-236) to ends of all scg]nent
seals where they overlap.

b. Remove kmlrlcd thumbnuis from intcrnPl

wrenchhlg screws on each clamp.

c. Attach one clamp, with quick-release
pin, to ,any lug on Inner wall of thrust cllamber
exit. Omit 3 lugs and attach a second clamp,
with quick..release pin, to fourth lug in either
direction from first clamp.

d. Place segment on thrust chamber, and
aline holes in segment with 2 clamps.

e. Insert internal wrenching screws through

holes in thrust chamber cxit ring, segment,
and clamp, Attach knurle(I thambnuts to inter-
nal wrenchiag screws. Do not tighten.

f. Aline outer curvature of segment with

curvature of thrust chamber exit ring. Hand-
tighten the 4 thumbnuts.

g. To install segments No. 2 through 7,

repeat steps b through f, proceeding clockwise.

h. To install segment No. 8, loosen thumb-
auts on first segment installed and repeat steps

b through f,

NOTE

The tapered seat on the end of seg-
ment No, 8 mast be placed under
segment No, 1,

i, Adjust alinement of all segments, as

necessary.

j. Install previouMyomitted elamI)s. Hand-
tiKhten all knurled tlmmb]mts.

k. Inflate each seal rising gascous nitrogen
(MIL-P-27401) to 35,2 psig, proceeding
clockwise.

NO rE

To determine if individual seals have

inflated, a visual check must be made
lhat rubber of seal has ex-panded to
meet overlapping backup plate oflhe

junction of each segment.

3, 8.18 TURBINE EXIIAUST I;_R._F_..LLII_.

TEST FIXTURE REMOVAl..

a. l)epressurize each :,egment seal st thrust
chamber exhausl exit.

b. Remove knurled thumbnuts that secure

clanlp..q, mid remove seal seglnt_nts f,'om thru,qt
chamber exit.

WARNING

The followiog procedure uses dry-
cleaning solvent whichis flammable
and must not be used near heat,
sparks, (,r open flame, hlhalatioe
of its v.'g_ors or prolonged contact
with the liquid c,'m cause serious
injury.

c, Cle_m thrust chambcr exit flange and
flange boltholes of residnal lubricant with dry-
cleaning solvent (Federal Specification
P- D- ggO).
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Section III R-3896- 11

Paragraphs 3.6.19 to 3.6.21.1

3.6. 19 I_N.TE._.RF..AoC_F_PANEL_..AC_ CESSD_ __._R
R_E.M__Q)/_A.L. Remove 60 screws that secure
cach hiterface plmel access door, m_d remove
access :leers.

3.6.20 ---INTERFACE_-- PANEL ACCESS I)OOR
INSTALLATION,. Install access doors on in-
_c.,'face pm_el using 60 screws for each door,
'torque screws to 30-,10 in-lb.

3,6.20A FIJEI, INLET ELBOW INSULATION

BOOT INSTALI,ATION. (See hgure 3-16A.)

NO't'E

The instattalicm og insulation boots

is identical for tim No. 1 and No. 2

sides of tbc engine.

a, Position each halt of insulation boot

around fuel inlet duct between interface panel
sod fuel inlet elbow.

b. Ahnc boot halves, and secure halve, s
together with snap fasteners provided.

c. Secure D_sulntion boot to interface panel
fhmge and to fuel inlet ellmw flange with boot

clamps provided. Torque clmnp screws to
20 _2 hi-',h.

3.6.21 'I'HfH, ST CFiAMBER NOZZLE EXTEN-
,dON I/I,MOVA 1,,

u. V_;rJfy that ovt, rL'L,atd drain lines are
removed (paragraph_: 3.6.21. I and 3.6.21.2).

b. Verily that igniter harness is removed
(paragz'aph 3.6, 4).

c, Po:3ttton Engine Vertical Installer G4049
under nozzle extension, and raise installer

until extension is _3eated In Installer 16:1 ring.

d. Disconnect extension from thrust e|l;lln-
ber.

e. Lower extension, and position installer
clear of engine.

1%l}'[('h [,

INSTA [,l Alien

DETAIL0

L'ANEL

"*t'E L
INI I.l'

i',LH

I 1o11-5]

Flg'ure 3-16A. Fuel Inlet Elbow Insulation
Boot Installation

3.6.21. I Fuel Overboard Drain Line Removal,

a. Remove attaching hardware that secures

cushion clamps to nozzle extension (figure 3-14,
view C-C). Retain attaching hardware for rein-

stallatlcn, if acceptable for reuse in accordance
with requirements of 8as, lion It.

b. Remove attaching hardware that secures
fuel overboard drain line, and remove seal
plate. Retain attar.hing hardware for reinstal-
lation, If acceptable for reuse in accordance
with requirements of section IL

c. Install cover on overboard drain,

/

)

)
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Paragraphs 3.6.21.2 to 3.6.22.1

(

3.6.21.2 Oxidizer Overboard Drain Line and

N_i!ro[._ea Overboard Drain Line Removal

a. Remove attaching hardware that secures

cushion clamps to nozzle extension (figure 3-14,
view A-A). Retain attaching hardware for rein-
stallation, if acceptable for reuse in accordance
with requirements of section II.

b. Disconnect and remove nitrogen purge
overboard drain line from union.

c. Remove attaching hardware tl_at secures
oxidizer overboard drain line, and remove senl
plate. Retain attaching hardware for reinstal-
lation, if acceptable for reuse in accordance
with requirements of section II.

d. Install cover on oxidizer overboard drain
line and at thrust chamber exit.

3.6.22 ENGINE REMOVAL.

3.6.22.1 tIorizontal E'nglne Removal.

a. Provide support for wrap-around ducts
and hoses.

aA. Perform, as applicable, contamination
and damage prevention procedures outlined
paragraph 3. IA when perforn_lng this test.

h, Disconnect wrap-around ducts and hoses
from stage.

CAUTION

Care must be taken to prevent fluid
spillage on engine when hydraulic
supply and return lines arc discon-
nected.

c. Disconnect pr¢_ssure switch checkout line
from interface panel fitting.

d, Disconnect electrical interface connections.

e. Disconnect dusting from oxidizer and fnel
inlets a'_ follows:

WARNING

Compressed gas must not be used for
drying or cleaning mxless effective
chip guarding Is used and personal

protection equipment is worn.

(1) Using low-pressure (less than 30 pstg)
gaseous nitrogen (MIL-P-27401) or clean, dry
air conforming to cleanness and humidity
requirements of M1L-P-27401, blow oxidizer
and fuel Inlet flanges free of accumulated loose

contaminants (water, sand, ete).

WARNING

The following procedure uses trl-

chlorosthyl_ne, which ts a toxic

solvent, Inhalation of its vapors
or prolonged contact with the

liquid can cause serious injury
or death.

(2) Using a clean, lint-free cloth moistened

in trlchloroethyleno (MIL-T-27602), wipe flanges
free of all visible contaminants (carbon, etc).

(3) Disconnect dusting from oxidizer and
fuel inlets, and remove moisture from inlet
flange fastener holes.

f, Using Stage-Contractor-supplied horizon-.
tal engine Installer, support weight of engine.
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R-3896-11 Sectionlll

Paragraph 3.6.22.2

g. Disconnect gimbal actuators (outboard
engines) or stiff-arms (inboard engine), as
applicable.

h. Remove gimbal bearing cover.

t. Remove fasteners from gimbal bearing to
stage interface.

j. Install Gimbal Bearing Locks G4049
(figure 3-12) and gimbal bearing cover.

k. Carefully remove engine from stage area
and install on Engine ltandler G4069. Refer to
R-3896-3 for installation information.

1. Install closures on turbopu|np oxidizer
,,nd fuel Inlets as follows:

(1) On engines not incoi.porating MD161
change, install oxidizer Inlet closure. Or_ e-"h-

glues incorporating MD16__.jlchange, install oxi-
dizer pump inlet test plate 9020163 incorporating
capttve fasteners and dust cover. Torque plate
fasteners to 330-430 in-lb.

(2) Ou engines not incorporating MD161
change, install fuel inlet closures on No.-'l-"

and No. 2 fuel Inlets. On engines incorporating
MDI6_I change, tnstall outboard fuel inlet test
plates 9020162 incorporating captive fasteners
and dust covers. Torque plate fasteners to
120-155 tn-lb.

m. Remove wcap-around ducts and hoses.
Verify that hydraulic supply and return ducts
are hall oi liquid when cover plates are In-
stalled on ducts. Fill ducts with fluht that

me_ts requirements of sectton II, lf necessary.

n. When Stage-Contractor-supplied horizon-
tal Installer Is removed from engine, install
thrust chambcw throat security closure {para-
graph 3.6.13).

3.6.22.2 Vertical Englne Removal__,

a. Remove thrust chamber nozzle extension
(paragraph 3.6.21).

aA. Install protective covers and closures on
all engine _,ystems as disconnectz and ten|ovals
are made.

b. Remove wrap-around ducts and hoses.

Verify that engine hydraulic supply and return
ducts are fullof fluid when cover plates are

installed on ducts. Fill ducts, if necessary.

e. Disconnect pressure switch checkout line
from interface panel fitting.

d. Disconnect electrlcal interface con,'tectiotts,

e. Disconnect dueling from turbopur..p oxidi-
zer and fuel inlets as follows:

WARNING

Compressed gas must not be used for
drying or cleaning unless effective

chip guarding ts used and personal
protection equipment is worn.

(1) Uslng low-pressure (less than 30 pslg)

gaseous nitrogen (MIL-P-27401) or clean, dry
air conforming to cleanness and humidity re-
quirements of MIL-P-27401, blow ducttng to
turbopump oxtdlzcr and fuel inlet flanges free
of accumulated loose contaminants (water,
sand, ere).

WARNING

The following procedure uses
trichloroeihylenc, which Is a toxic

solvent. Inhalation of its vapors
or prolonged contact with the liquid
can cause serious Injury or death.

{2) Using a clean, lint-free cloth moistesed

in trtchloroethylene, wipe flanges free of all
visible contaminants (carbon, etc).

(3) Disconnect dueling from turbopump
oxidizer and fuel Islets, and remove moisture
from tnlet flange fastener holes.

t4) Separate dueling from oxidizer and fuel
Inlets, and cover Inlets with Aelar No. 33C film
(0.002-inch mtntmum thlckne,_s) (Alltcd Chemical

Corp). Secure film with pressure-sensitive tape
RB0195-002 (Rocketdyne).

f. Position Engine Vertical h|staller G4049
t,

beneat, engine, and ral,,:e table until 10:1 ring of

tnstnller Just seats agatnst thrust chamber ring.

g. Install tledown cables to turl)epump mounts.

h. Disconnect glmbal actuators (outboard

engines) or stiff-arms (inboard engine), and
connect ttedown cables to gtmbal actuator struts.
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Section HI R-3896-11

Paragraphs 3.6.23 to 3.6.23.1

i, Remove fasteners from glmbal bearing to
stage interface.

j. Carefully lower installer table.

JA. Remove film from, and install closures
on, turbopump oxidizer and fuel inlets as fol-
lows:

(1) On engines net incorporating MD161
change, Install oxidizer inlet closure. On en=

glttes incorporating MD16_ll change, install
oxidizer pump islet test plate 9020163 incorpo-

rating captive fasteners and duct covet'. Torque
plate fasteners to .530-430 in-lb.

{2) On engines not i.corporating MD161
--4

change, install fuel inlet closures on No. 1 and
No. 2 fuel inlets. On engines incorporating

MD161 change, install outboard fuel inlet test
plate--s-_ 9020162 incorporating captive fasteners

and duct covers. Torque plate fasteuers to
120-155 in-lb.

k. install gimbal bearing cover.

l. Connect a turbopump LOX seal purge sys-
tem to engtu,: and pressurize is 80 _-20 pslg.

m. Remove engine from stage.

n. Install 4 Gtmbal Bearing Locks G4059.
(See figure 3-12. )

o, Do not rotate level of fuel pump above
level of oxidizer pump until steps p and q have
been performed.

CAUTION

Rotating level of fuel pump above
level of oxidizer pump at this time
can cause contamination.

p. During engine rotation from vertical to
horizontal position_ supply ga,_eous nitrogen

(MIL-P-27401) at 80 ÷20 pelg to engine turbo-

pump LOX seal purge interface.

q. Allow purge to flow for 30 mt rotes mini-
mum after engine rotation from ve.'tical to
horizontal position.

r. Depressurize turbopump rX}X seal purge

system.

s. Install engine on air transport engine han-
dler as outlined in R-3896-3.

3-132 Change No. 7 - 28 April 1970

_.6.23 FUEL OVERBOARD DRAIN SYSTEM.
ISOLATION.

3.6.23.1 Preparing Drain System for IseAation__.

a. Provide containers (one gallon minimum

volume) for catching residual fluid when per-
forming the following procedures.

b, Disconnect cross-to-lateral dram tube

from Y-fitting on fuel overboard drain line.
Drain residual fluid into a ¢,ontainer. Measure
and record volume of fluid collected.

c. Loosen ".ross-to-lateral drain tube con-

nection at ere,re. Rotate tube to clear Y-fitting
on fuel overboard drain line, and retnrque tube-
to-cross to 300-500 m-lb. II

d. Install clean bags made from plastic sheet
and strip (Federal Specification L-P-378, Type
lit (one gallon minimum volume) ell open crofts-
to-lateral drain tube and on open Y-tilting on
fool overboard drain line as follows', (See fig-
ure 3-1g13, )

NOTE

Clean polyethylene bags (Federal

Stock No. 8105-LCO-gt_tl) 12 by 18
inches, or clean polyethylene tubing
(Federal Stock No. 8135-782-7460)

7-1/2 inches wide_ cut to one-gallon
n_luimun_ volume and heat sealed at

one end, may be used instead of
platttlc sheet ;ttt(l strip. All poty-.
eth: 'one material used must be
fi 004 inch tltick.

I

(1) insert open end of bag over tube or
fitting. Pleat bag around tube or fitting, and
secure bag to tube or fitting with Alrte× 217
tying tape, Type II (Eon Corp)j or equivalent.
Leave enough collar on bag to permit folding

collar over ty21g tape.

(2) Place a minimum of 2 wraps of

pressure-sensll_ve tape RB0195-002
(Roeketdyne) st _Federai Specification

PI'P-T-60) either over tying tape or down-
stream adjacent to tying tape..

(3) Fold bag cellar over tylngtape and
pressure-sensitive tape, !hen, using pressure-
sensitive tape RB0195-002 (Rocketdyne) or
(Federal Specification PPP-'I..60), tape bag
collar securely, overlapping pressure-sensitive
tape onto tube or fitt_g.

)

)

)



R-3896- II Section Ill

( (4) Vent each bag by puncturing a 1/8-inch
hole in top of bag in a location that will prevent

entry of contaminants into bag.

(5) A second bag may be installed over
first bag, as outlined in subsleps 1 tiwough 4,
if the vent hole ill outer bag is diametrically

opposite of vent hole in inner bag.

o. On engines to be installed or on engines
installed in S-IC stage in positions 103 and 104,

perform the following',

(1) Remove attaching Imrdwaro that
secures No. 1 fuel valve position transducer
vent drain tube to fuel valve. Retain attaching

hardware for retnstallation if acceptable for
reuse in accordance with requirements of
section II.

(2) Hemove No. 1 fuel valve position
transducer vent drain tube from between fuel

valve and tee, and drain residual fluid into a
container. Measure and record volume ef

fluid collected.

(3) Plug each end of No. 1 fuel valve
position transducer vent drain tube; package
tube as required to prevent contamination, tag
tube package with part name, part number and
serial number of engine from which tube was
removed; and retain tube in storage for
reinstallation.

(4) Install clean bags made from plastic
sheet and strip (Federal Specification t,-P-378,

Type ll) (one gallon minimum volume) on open

fitting o,1 fuel valve ,and on tee as follows:(See figure 3-18D. )

NOTE

Clean polyethylene bags (Federal
Stock No. 8105-LCO-6811) 12 by 18

ilmlms, or clean polyethylene tubing
(Federal Stock No. 8135-782-7450)

7-1/2 inches wide, cut to one-gallon
minimum volume and heat sealed at

one end, may be used instead ofplastic sheet and strip. All poly-

ethylene material used must be
0. 004 inch thick.

(a) Insert open end of hag over fitting
or tee. Pleat bag around fitting or tee, and
secure bag to fitting or tee with Airtex 217
tying tape, Type If (Eon Corp) or equivalent.
Leave enough collar on bag to permit folding
collar over tying tape.

(b) Place a minimum of 2 wraps of

pressure-sensitive tape R}]0195-002
(Rocketdyne) or (Federal Specification
I,PP-'r-60) either over tying tape or d')wnstream

adjacent to tying tape.

(c) Fold bag collar over tying tape and
pressure-sensitive tape; then,using pressure-
sensitive tape RB0195-002 (Rocketdyne) or
(Federal Specification PPP-T-60), tape bag

collar securely overlapping pressure-sensitive
tape onto fitting or tee.

(d) Vent each bag by puncturing a 1/8-
inch hole in top of hag in a location that will
prevent entr] of contaminants into bag.

(c) A second bag may be installed over
first bag, as outlined in substeps a tlwougb d,
if the vent hole in outer bag i8 diametrically

opposite of vent hole in immr bag.

f. On engines to be Installed or on engines
lnstMledinS-IC stage in positions 101, 102,

and 105, perform tile following:

(1) Remove attaching hardware that secures
No. 2 fuel valve position transducer vent drain
tube to fuel valve and to No. 2 fuel valve open
tube. Retain attaching hardware for reinstalla-
tion ff acceptable for reuse in accordance with

requirements of section II.

(2) Remove No. 2 fuel valve position
transducer vent drain tube from between fuel

valve and tee, and drain residual fluid into a
contahmr. Measure and record volume of fluid
collected.

(3) Plug each end of No. 2 fuel valve post-
tion transducer vent drain tube; package tube as

required to prevent contamination; tag tube
package with part name, part number, and
serial munher of engine from whlell tube was
removed; attd retain tube ill storage for rein-
staliation.

(4) Install clean bags made from plastic
street and strip (Federal Specification L-P-3'18,

Type II) (one gallon minimum volume) on open
fitting on fuel valve and on tee as follows:
(See figure 3-16B. )
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b. Install a clean bag made from plastic
sheet and strip (Fedel'ai Specifkattt'n 1.-1'-378,
Type II) (one galloll minimum vol'Jme) wherever
a bag was removed as follows: (See f1b"llre I
3-16H. )

I

Spclion 1II
Paragraph 3.6.23.2

NOTE

Clean polyethylene hags (Feeler'll
Stocll No. 8105-LCO-6811) 12 by 18
inches, or clean polyeUylene tulJlng
(Federal Stock No. 8135-782-7460)
7-1/2 Inches wiele, cut 10 one-gallon
minimum volume and heat sealed at
one end, may be used instead of
plastic sheet and ~trip. All poly
ethylene material used must be
0.004 inch thick.

(a) Insert open end of liag over fittin!;
or tee. Pieat bag around litting or tee, and
secure ball to fitting or lee wi:h Airlex 217
lying tape, Type II (ICon Corp or eqUivalent.
Leave enough collar On bag to permit folding
collar over tying tape.

(ill PIaee a minimum (If 2 wraps of
pressure-sonsllive tape IHJ0195-002
(llo('ketdyne) Or (Federal f>peclficatlon
PPP-T-60) eitlH'r over tyinll tape or down
stream adjacent to tying tape,

H-3896-11

NOTle

Clean polyelhylene bags (Federal
Stock No. 8105-LCO-6Sll) 12 hy 18
inchns, or clean polyethylene tubing
(Federal Stock No. 8135-702"7460)
7-1/2 Inchos Wide. cui to one-gallon
minimum volume and heat sealed at
one end, may br: used instead of
plastic sheet and strIp. All poly
ethylene material llsed IlIUst be
0.004 inch thick.

(l) Insert Open end of bag Over tube or
flltin". 1'1oat bag around tuhe or filling, and
secur" bag to tube or fittin!: with Alrtex 217
Iyill{; tapo, Type If (Eon Corp), or equi~alent.

Lea'/o enough collar on bag to permil folding
collar over tyin" tape.

I

(c) Fold hag collar over lying tape and
prcssul'e-sonsitlve tape; ther" using preSsuro
sensitivo tape Hl10195-002 (Jlocketdyne) or
(Federal Sper-Iflcatlon PPl'-I'-60), tape bag
collar securely overlapping pressure-sensitive
tape onto fillin!; or tee.

(d) Vent each bnr, by punelurin~\ a
l/8-inch holo ;n top of bag In a location that
'I'll! prevent entry of contaminants Into hag.

(e) A second lIag n,ay he insfallod ovor
first hag, as ou!\lned in Eubsteps a throngh d,
if fhe vent hole In outer l ag I.~ diametrically
opposite oi vent halo in l,uler bag.

g. Install covor on f' wi overboard drain
\lne at thrust chamber exit. Tighlen fasteners
fingortlght pIns 1/4 tu :n,

3.6.23.? !?etormlnl~I!1spectlon lnterv~
E.raln Syslem ~,on1lag~

a. Twenty'·fo'J": bourB after preparing system
for Isoiation (po :agraph 3.6.23. 1), Inspect bags
fOl' fluid collecUon. If fluid Is evident, remove
bags and meo"j\ll"e tolal volume of fluid collected.
Record fluic( volume as Day 1 volume foJ:' a
futuro cakulatlon. If fluid is not evident, omit
ateps b through d.

(2) Place a minimum of 2 wraps of
pressure-sensittve tape 1l1l0195-002
(Hockeldyne) 01' (Fodel'al Specification
PPP-T-60) either over tying lape or downstream
adjaeent to tyln!( tape.

(3) Fold bal'( collar OVer lying tape and
Ill'eSSUI e· sensillv,> '.• ' tilen, using preSBUl'e-
senHitivo lape HBOI05··002 (Hockelrlyno) or
(Fedm-\ll Spoclficatinn 1'1'1'-'1'-60) tape bar;
collar Becurnly, ovcrlappin{; jlressure-sensltive
lape onto lube or fitllng.

(4) Vent ba[( by puneturing a 1/8-lnch hole
In top of bag tn a localion that wlll prevent
entry of contamlnanls into bag.

(5) A second ba!( llIay be hwtalled ovcr
first bag, as outlined in BUbsleps 1 through 4.
If the vent hole In outer bag is dlametrlcall:1
opposilo of vent hole In lnner bal:.

c. Twenly··four hOU1'S aftel- reinstalling bags,
again inspect bags for fluid collection. If fluid
Is evident, remove bags and measure total
volume of fluid collected. Record fluid volume
as Day 2 volume.
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R-3896-11 Section Ill

Paragraph 3.6.23.3

d, Determine subsequent inspection intervals

maximum intervals, 30 days) using the follc_v-
mg formula:

Day i vol (co) 4 Day 2 vol (cc)( x days)=3, "/64 cc
2

e. If fluid Is not evident in bags or if inspec-
tion intervals (when using formula) exceed 30
days, subsequent inspection must be performed
at 30-day intervals and bags emphed as re-
quired.

3.6.23.3 SecuringDralrLSystem From
Isolation.

a. Remove cover from fuel overboard drain

llne at thrust chamber exit.

b. Install a clean bag made from plastic

sheet and strip (Federal Specification L-P-5'/8,
Type ll) (one gallon minimum volume) on fuel
overboard drain line at thrust chamber exit

| as follows: (See figure 3-16B.)

NOTE

Clean polyethylene bags iFederal

Stock No. 8105-LCO-6811) 12 by 18
inches, or clean polyethylene tubing

) (Federal Stock No. 8135-782-7460)
'7-1/2 inches wide, cut to one-gallon
minimum volume and heat sealed at

one end. may be used instead of
plastic sheet and strip. All poly-
ethylene material used must be
0. 004 inch thick.

(1) Insert open end of bag over tube.

Pleat bag around tube, and secure bag to tube
with Alrtex 21'/tying tape, Type lI teen Corp),
or equivalent. Leave enough collar on bag to
permit folding collar over tying tape.

(2) Place a minimum of 2 wraps of
pressure-sensitlve tape RB0195-002

(Rocketdyne) or (Federal Specification
PPP-T-60) either over tying tape or down-
stream adjacent to tying tape.

(3) Fold bag collar over tying tape and

pressurs-senslttve tape; then,using pressure-
sensitive tape 1fB0196-002 (Rocketdyne) or
(Federal Specification PPP-T-60), tape bag
collar securely, overlapping pressure-
sensitive tape onto tube.

(4) Vent bag by puncturing a 1/8-Inch hole
in top of bag in a location that will prevent
entry of contaminants into bag.

2

F1, 11-31

Figure 3-16B. Drain System Issiation Bag
installation (Typical)

(5) A second bag may be installed over

first bag, as outlined In substeps 1 through 4,
if the vent hole In outer bag is dinmetrically
opposite of vent hole in inner bag.

c. Remove bags from cross-to..]ateral
drain tube and from Y-fitting on fuel overboard
drain line.

d. Loosen cross-to-lateral drain tube at

cross. Rotate tube to aline with Y-fitting on
fuel overboard drain line,
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Sel'tion III
Paragraphs 3. G. 24 to 3. G. 24. 2

H-3H9G-ll

NOTE:

TIll' llletllUd for applying luuncant in
the followinl( prucedurr' is outlined
in R-3696-3.

, e. Lubricate (Methotl A) fillings and (Method
0) tube with lubrieant gJ'ease HD0140-012
(flocket<1yne) and install cross-to-lateral drain
tube. Torque tube cou)lling nuts to 1,200-1,400
in-lb.

r. On t!ngirws installed in S·IC blage in posi
tions 103 and 104, relllove bal(s from fittinl: in
fuel valve and from toe; then install No.1 fuel
valve ponilion transdllccr ,"('nt drain tube rlH
follows;

I (1) Lubricate' (~I('thod A) fittings and
(Method 0) tubl' with lubri("ant gl'l'ase
HIlO 110- 0 12 (Hockctdyllc).

(2) Install tu'lt·. Torque tube couplinl: nuts
to 130-180 in-lb.

(3) Install cia IIp b"·tw,,,'u tube aud fut'!
valv('. Torque attaching hardware for d~lJnll

to 8-10 in-lb.

g. On cJ1{J1n(\H rURtalled in S-IC };ta~C' ill pWJi
liunl. 101, 102, and 105, remove bags from
Cltting in fuel val'/e and fr{Jln tce; then tn~ta 11
No.2 fuel valve p'",ition transducer v(Ont drnln
tubo as follows:

I (I) Lubl'ic~tl' (Method A) filtin((s and
(Method <l) tube with lubricant ((l'l'as"
HBOHO-012 (Hoekc'trly'lC).

(2) InMall tul)(>. TeJl'que luhe ("oupllnl! uuts
to 130··180 In··lh.

(:i) Install clan,p bl-tween lulll' ami fucl
valve and clamps h"I1'/('en fuhe alld No. 2 fuel
valve open luhe. Torqu" allachlnf: hardware
for dumps to 8-10 in-lb.

3 G.24 PfiBPI\HJNG AND SI':CUHING OXI
W~.~;IJ AN!i.NI:":i:ii~).0I:i-{_·o.Vj';Jl[JS~t;.liD.J~.UKui
LI~J"lU~PR..tl..Q:r.f.Tf!'{«. !>TA(;.K.'t:Q .1lQtUYLQ.li:;
.:rM.L..l2.Q_~'.!.'!QN-:·

3. G. 24. 1 J.~~ml.r:.!'JJ.',.Qx!.cli ur a".~I.!'IjJ~og!~

pV.Qr!><lilr.d Drain Li!~Q.fiJ!)~'_ Jt.c)ta~~.!!g.BtagQj9R

lIori_?oQu~al__r().~ iJ i!1D.o

a. HenlOve plate HX20G3G, if i1wull!ecl, from
exit end of oxidizer overboard drain line.

b. Hemol'e plug HD2GO-2001-0008, if installed:'
frOm ,-,xit end of nitrog"n overhoard clrain line.

c. fllstal! clean hags macw from plastlG sheet
and strtp (Federal Specificatiun L.. P-378, Type
II) (one-gallon minimum volume) on exit ·;nds of
oxidizer and nitrogen over!Joard drain Jines us
folloWS:

NOTE

Clean poly(·thylene hags (Federal
Stocl- No. 6105-LCO-Gail) 12 hy 18
in, lWs, 0" clean polyethylene tUhing
(jo'ecl(;ral Slocl< No. 8135-782-7460)
7.. 1/2 inche& wide, cuI 10 one ganon
minimum volume and heat scaled at
olle ('ud, may b{~ uSNI in:-;tcad of
plastic ,,;heet and strip. All pol.y
ethylene material used must be
O. 004-lnch minimum thickness.

(1) Insert open end of bag over line. j'leal
hag around line, and secul'(' hat~ to Hnl' with
Ail't<;x 217 tying tape, Type lJ (Eon CMp), or
(lquivalflnt. I"(\ilVe elwtlf!,h c;()~lar Oil hag to IH'l'
mit folding collar over tyillf.{ tare.

(2) Plal'!) a minimum of 2 "Haps of p"" JSUre
sensitIve tape HB0195-002 (Ilocketdyne) or
(Federal Speclftcalion PPP-1'-GO) over tjing
tape or downstream adj;; ~enl to tying' tnpe.

(3) Fold bal! collar over tying t'll)(> nnd
{lI'CfiSUl'('-fiOIlSitivo laIH~; t1'rn, lIsinr, prp!)!-:l\U'fo
sensitive tape HDOlnO-002 (Hocketdylw) 01'

(Federal Speclfteation 1'1'1'-T-GO), lapt) bag
collal' bl'l'lll'ely, ove ..Jappinl~ jl"essllrc-senslti,e
tape onto Iinc.

(4) Vent oaeh bag by puncturing a 1/~-inch

hole In lop of bag In a lo<:at!on 011 thc low side of
the HIH' whcn the sla{;e is rotated to the hori
zontal positIon.

d. Turn Oil lurbopump LOX senl purge and
verHy bag irlfJtallalion before inslalllng stage
engino covers.

3.6.24.2 S".£\!x.!nl~ OXI(!i?,~:'_'.l!!~.i.!x.Q.g£.'!.

QY1~!!?.Q.<!IcIJ?.I:'~!.!L1.!.n£~.
a. Hcmovn IH\F,S from oxidi7.er overhuard

drain line and install p1nte HX20G36 Oil line.
'I'i{;bten fas!elwrs fingertight pill/; 1/4 turll.

b. {{emove bailS from nitrogen overboard
drain line and Install plug HD2AO-2001-0008 on
line. Tighten plug flngerltght.
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Paragraphs 3.7 to 3.7.4.5

3.7 MAINTAINING ENGINE LOG BOOK.

3.7.1 PURt_OSE_ The following paragraphs
contain the general requirements and instruc-
tions necessary to produce eetrie_ ¢ff standard
accuracy and completeness with log book de-
livered with the engine. The Engine Log Book
is the official document for recording the
operational status and configuration of the
engine from production to launch.

3.7.2 SOURCE DOCUMENTATION, In order
to assist in the maintenance of the Engine Log
Books, the entries required for a task are

specified in engine Modification Instructions,
Engine Field Inspection Requests (EFIRs),
aml Field Task and Verification Plans (FTVPs)
that support technical manual instructions.
Modification Instructions and EFIRs incorpo-
rate necessary lnstruetiozml steps and an
attachment for leg book data transmittal to
organizatt__q Ironing log book maintenance re-
sponsibility. FTVT_s specify log book entry
l_TVPs to be used for log book data transmittal
to organizations having log book mainte,_anco
respoasibi]ity.

3.7.3 WtlEN TO UPDATE LOG PX)OK. Log
books must reflect open as well a_ completed
tasks or events, and initial entries should be

made as soon as requirements are identified
or approval documents received. The log book
must be updated "_t least each time any of the
following tasks or evenb_ are completed:
(Rocketdyne Co_ffignration Report R-.5857 may
be used to verify open log book entries for
modification and Engine Field inspection Request
(E FIR) tasks. )

a. Engine Contractor receiving inGpectlon

b. tags Contractoi receiving inspection

c. Engine post-modification checkout

d. Storage

e. Preparation for shipment

f. ]?re-static firing modification and checkout

g. Prelauneh

3.7.4 ,HOW TO UPDATE LOG BOOK. Log
book entries should be typewritten. ]_ntries

handprinted in ink are acceptable when type-
written entries are impractical. (Additional
,'_neral rules are outlined ia paragraphs 3.7.4.1
,,,_d 3.7.4.10. )

3.7.4.1 Abbreviations. Abbreviations to be
used in the preparahon and maintenance of the

Engine Log Book are listed in the introductory
data of the individual log books or are defined
in this manual. The abbreviations UNK er DNA

must be inserted in blank spaces for which in-

formation is unknown or does not apply.

3.7.4.2 Defiaitien ot Terms. The terms to be

used in preparation and maintenance of the

Engine Log Book are listed in the introductory
data of tim individual log books or are defined
in the detailed instructions in this manual.

3.7.4.3 Identff_ng Vehicle Organization,
and Lees ot'['0-n_."Th'_-s'_bols used in pleparatlon
and maintenance of the Engine Log Book, to
identify the vehicle, sites (locations), and
organizations must be consistent with the follow-
lag'.

a. Vehicle: Saturn V, first stage, S.-IC-X

b. Organization locations:

(1) Recketdyne, Michoud Assembly
Facility, I'J:) - MA F

(2) Rocketdyae, Kennedy Srace Center,
RD-KSC

(3) Roeketdyne, Marshall Space Flight
Center, RD-MSFC

(4) Rocketdyne, Mississippi Test
Facility, RD-MTF

3.7.4.4 Ent.eriinn_ Dates. All dates entered in
the log boo-_-nmst'b'e _e'c'orded by the day,
month (abbreviated), and year (for example
10 Mar 68).

3.7.4.5 Rounding-Off Parameter Values. All
recorded parameter values must be rounded off

to the desired number of significant figures by
rounding up whenever the digit next to the last
desired significant figure is 5 or greater and
_ounding down whenever the digit nex_ €o tl_e last
desired significant figure ,s less than 5.

Change No. 4 - 6 August 1969 3-133



Section III R-3896-11

Paragraphs 3.7.4.6 to 3.7.6

3.7.4.6 Verif iny.in_ Book Entries _.9g Book
Audit). Engine Log P_oks must be reviewed at
_oncurrent wiflx each receiving inspection
and prior to shipping and launch, to assure that

the books are complete and accurate, Log book
audits will be documented on the Transfer

Record of tile log book, Government inspection
sig'aoff is required for these entries, (Rocket-

dyne Confi_,ration Report R-5857j may be used
to verify open log book entries for modification

NOTE

Government inspection siguoff of
entries on specified forms is not re,

quired except when a log book aodit
is performed,

3.7.5 TRANSFERRING [_)G BOOK. The

Engine Log Book must accompany the engine
whenever custody is transferred or the engine

and Engine Field Inspection Request (EFIR) .' is shipped. The organization having custody
tasks. ) ,"_ of the engine is rer_ponslble for transferring

'Q _h'_,lpg book.
3.7.4.7 _LogBook Entries Made in k,_ /./ N\
Error. Erasures are'_e'_--]f"_tn" • "(_ 7._ }IX)(} BOOK FORMS THAT REOUIRE
error is made the incorrect entry must be , '_x'_-DELIVERY MAII_;TENANCE. The Enu'lne

voided and the abbrovmtlon EIE (entered in .,, Log Book consists of 11 major sections contain-
error) entered adjacent to the lir.e. The initials so/ing engine records and forms. Instructions for

or stamp of the individual who made the entry
must be entered adjacent to the entry.

3, 7, 4, 8 Indicating Obsolete Log Book Entries.
Erasures _"_r"e"i'_o-t pe"r_- Wlt--"-t'_'5 Single
inked line. line oht the obsolete entry, thus
indicating that the entry no longer reflects the
current engine configuration. Do not obliter-

ate the entry. The Initials or stamp of the
individual voiding the entry mast be ente,'ed
adjacent to the line,

completing log book form entries, corrections,
and transfers are presented for those forms
that may require post-delivery matntenanc._;
these forms are:

Component Data section

Primary Flight Instrumeutation System Road
Map

Component Record.'_ section

3, 7, 4.9 Inserting Additional or New Log Book
Forms. "A--d-dR_p-l_s-'7_, "_ _am-nm o]-_-'--

must be utilized in the event a single form
does not provide sufficient space for recording
all of the required information, These forms

must be added to the log book immediately
behind the form affected. All new or additional

':orms must have the enfftne model and serial
number entered on the form prior to insertion
in the log book, ALl new or additional log book
forms must be dated and numbered consecu-

tively in accordance with the existing page
numbering system,

3,7.4.10 Enter!rig Inspection Signatures or
s s.
t"s the _nglne Log Book must also enter his

signature or stamp in tim inspection signoff
colonm of the log bnok form, Unless otherwise

specified in the detailed instructions, the sig-
nature or stamp is a verification of the acouracy
and completeness of the entry as transcribed
from the source data and does not indicate

verification of the completion or observance
of a specific task.

Component Test Record

Engine Data section

Post-Delivery Performance Uncertainty
Record(a)

Engine Weight Record

Engine Records section

Engine Test Record

Configuration Record section

Configuration Record

This form is not in all log books as deliv,-

ered b_,lt must t_e inserted subsequent to
engine delivery.
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R-3896-11 Section IU

Paragraph 3.7. '7

f

I

Serlal_zed Component Record section

Delivered Serialized Component Record

Rigid-Duct Spacer Dimensions(b)

Pos'_-Delivery Serialized Component

Replacement Record

Post-Delivery Flight Instrumentation
Pressure Transducer Replacem,_at Record(a)

Orifice Record section

Delivered Orifice Record

Post-Delivery Orifice Replacement Record

Operational Data l,og section

Post-Delivery Component Cycle Ftccord _a)

Operational Data (ticnt Exchanger Peiform-
ance Summary)

Maintenance Record section

Discrepsny Record

inspectmn Record

Turbopump Preservation Record

Age Control Log For Component _yhdletic
Rubber Items

Loose E3uipn, ent Flight Installation Record (a)

Transfer P,ecord Section

Transfer Record

_. 7.7 HOW TO DETERMINE L_B..._ E_'
R.I_Q.UI.REM_.F_,NTS. The Minimum Log Book
Entry Requirements chart (figure 3-17) idel,ti-

ties which log book fo , 1_ must be updated
when specific tasks are performed or events
occvr. Figure 3-J7 reflects minimum recluire-
meets; addttiona_ log book forms (net listed in

figure 3-17) may be _fecicd depending on the
nature or results of the task or event. Fii,_ares
3-18 through 3-37 specify when or ,ruder what
conditions the additional forms will be affected.

To determine tim necessary log book entries
for a specific task or event, proceed as follows:
(See figure 3-17.)

a. Selec_ the title that best describes the

task or event. Example: An engine modifica-
tion is to be performed tn accordance with an
approved Rocketdyne Engineering Change Pro-
po_a] (ECP); tile _a._k title in figure 3-17 is
Modification.

b. Seaxch across thr, page to locate the figure
number of the applicable instructions. This
fig_re 3-23 provides p,eneral and detailed in--
struetions for completing the log book form and
makes reference to other log book forms tlmt
are (or may be) _zffected, depending on the
nature and results of the task or event. The

X's indicate the other forms thai must be up-
dat,_d for that specific task or event.

_a) Thi,_ form is not in all log books as deliv-

ered but must be Inserted subsequent to
englr, e delivery.

(b) This form may be found in either of two
conhgurntions in the log book. Instructions
are plovtded for the maintenrmce of both
form,q,
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Log Book Form

Task or EI_

Shipping

Receiving

Inspections

Log hook audit

Turhopump presLrvation

Static firing

Modificatinn

Discrepancy disposition (UCR)

Component cycling

Loose-equlpment flight
installation

Launch

O
O
0_
a_

2

t_

M

3-22

R-3896-.1!

I

3-23

3-31

X

_J

O
tJ

(D

3-32

3-33

f_ _._

I-_ t-I

3-36

3-34

0
O

%

r_

3-37

3-37

3-37

3-37

NOTE

The figure numbers and X's repre-
sent the minimum log book forms
affected by a specific task or event.

)

Figure 3-17. Minimum Log Book Entry R.quirements

3-136 Charge No. 4 - 6 August 1969
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F-I PRIMA_f INSTRUMIENTATIOM SYSTEM RQ_D MAP

I _i_,lp* FAi_AM (TI_ H R&AI_E 5,_ L 'r_FICATLr*JN

:TLJRFF/$ I_:_ *iT,_', C.&T'C _

llO _JER__¢L N_

1 t_.JT-i :_-_ ._. ,,, ill ,-;?D--., 3. _I,[ i_T,.>_

_t_¢_o CALJta_IA :pi _'_VJ_ I/III_P

I

Ir

j m,?

_h

PbJl,_,id_T_q
I 4111._. I¢i$

I. GENER2_L INSTRUCTIONS,

Entries must be made in the Primary Instrumentation System

_d Maps whenever a transducer is replaced, installed, or

removed. Exisi_.g entries for repl_ced or deleted tr_.nsducers
are lined out.

If. DETAILED LNSTRUCTIONS.

Complete form as _ollows:

If a transducer is repL%ced or added to the engine, enter
all data for trm-_sducer being installed. Obtain data from

Individual Transducer Data Sheet sb/pped with new or
replacement transducer.

NOTE

Tndividual Tr_msducer Data Sheets, manu_acturer's

test and _alibration sheets, IBM printouts, and IBM

cards are not included in [he log book but Rre re-

tained as part o[the log book backup date.

applicable, all dat'_for transducer beingLine out when

removed. (Refer to l_Rragraph 3.9.4.8. ) Individual

Transducer Data Sheet, manufacturer's test _ud calibra-
tion sheets, IBM printouts, and IBM cards for the re-

moved transducer must be removed from Iog book back-
up data and routed with the rem_gved transduce_..

Enter stamp or signature of individual who Hned out
entries.

Enter stamp or signature o_ individuRi making entries
frem individualTransducer Data Sheet.

I

€=
U_

C_
I

r_
OI

-_ Figure 3-18. Primary _strumentation System Road h.Iap



Section HI R-3898-11

I. G_EENERAL INSTRUCTIONS.

The Component Test Record (CTR) of each of
the components listed in paragraph II, contain-
ing the results of the required functional tests,
must be includedinthe logbook. No entries
are required on the CTR as a ftmctionoflog

book maintenance. The forms arc removed
from or JnsertedInthe logbook whenever
their respectivecsmponeat is removed from
or instaled on an engine.

If. DETAILED INSTRUCTIONS.

Whenever one ofthe followingcomponents is
replaced, remove CTR of removed component
from log book and insertC'PR for installed
component initsplace:

NOTE

Some components that do not appear
on thislistwillbe accnmpan_ed by
CTRs. When these components are
replaced, the CTR for the installed

component shouldbe retainedwith
the enginemaintenance records.

• The reraoved CTR must accompany
the removed component.

a, Turbopump assembly

b. Turbopump heaterthermostat

c. Turbopump tachometer

d. Turbopump b_.arlngcoolantwive
assemb!y

e. C_asgeneratorballvalve a_sembly

f. Cms generator ballvalve switch

g. Hydraulic manifold assembly

h. Hydrauliccontrol4-way valve assembly

i. Hydraulle controlvalve stop solenoid
valve assembly

J. Hydrauli<:c,mtro]valve startsolenoid
valve asser_,bly

k. Hypergoi manifold assembly

1. Ignition monitor valve asse,_bly

m. Hypergol installed switch

n. Main LOX valve assembly

o. Main LOX valve indicator assembly

p. Main fuel valve assembly

q. Main fuel valve indicator assembly

r. Checkout valve assembly

s, Checkout valve assembly rotary actuator

t. Thrust chamber inert prefill check valve

u. Heat exchanger LOX supply assembly
check valve

v. Heat exchanger LOX supply cheek valve

w. IL)X dome purge check valve

x. Gas generator LOX purge check valve

y. Pressure-sctuated ealibratable-type
switch

i*

)
j'

)

Figure :1-19, Component Test Record

3-138 Chaoge No. 4 - 6 August 1509
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R-3896-11 SecUonl:II

MOOREP-.!i

DATE

I1 Sop
igf_s

19fi_

l llrt

19f_H

POST DELIVERY P_RFOR_ANCE UNCERTAINTY RECORO

PEflFORHAqCE U_.C[RTAINTIES

SEA LEVLL
SOUECE or PFRFORMANCE U,crRratNtv

D(I.IVERED PERFORi'_CL UHCERTAINTY

1;('. I'/h "_0911,1]-ll. S/,% (,7',(Y¢'2_ '

Ih,ph_rod ('n_rmh'nam _n_ gerlqlatln" IrP_ ot ]_lci,,
h,_t I',/h ItD2_l-'ll3D-O9/q(}

I_e:_hlnrq]nn to I_T 1(fP thrust, dirl_rer.cr_ lu

_I_ _*_/liq'l_Ot $11iP_OT J)r_s'_urc• IIrop _v,.is* _mrl

IV AJ_

I. GENERAL IN3TRUCTIONS.

Entries must be made In the Post-Delivery
Performance Uncertainty Record whenever
performance uncertainly is increased as a
result of specified components being replaced,
or reevaluated as a result of subsequent tcs_ing
or data analysis. Refer to section II for a
complete list of components that require entries
ff replaced.

II. DETAILED INSTRUCTIONS.

Complete form as follows:

ENTRY DATE - Enter date entryls made.SOURCE OF PERFORMANCE UNCER-
TAINT_I - If performance uncertainty is
to be increased as a result of component
replacement, enter name, part number,
and serial number of component being
replaced. For reevaluated uncertainty,
enter reason for reevaluation, such as
identificationof subsequent testing,or
name, date, and number of document
thatprovided new values for maximum
expected performance uncertainty.

...A__JAL..._
H,O

31.6

1,9

ENGINE S/N F-20XK

@

O

tHRUST SEA LEVtL THRUST

_IXfU_E RATIO (_1P$_

(I,(11 ] _.0

0._1,15 32.1,

tJ.o 3_,7

i

DtI_ULATIVE _A_IHU_ EXPECTED

ERfOR_ANCE UNC_RTAIHTY

SEA LEVEL
HIXTURE RATIO

O. O] I

flJ)l]

0,012

fl.(ll2

DATE 3 AYll 1967

h4AX_MUM EXPECTED PERFORMANCE
UN'JERTAINTIES - Enter numerical

va]ues of maximum czpected performance

uz,certalntyfor listedsource of perform-
a,_ceuncertainty. Refer to sectionH for
m_merlcal v_lues resultingfrom replace-
n:eat of specified components. Numerical
v_ lues resulting from sub,_cquent testing
must be extracted from documentation
approved by Rocketdyne Engineering,

CLMULATIVE MAXIMUM EXPECTED
PE_FORMANCE UNCERTAINTY - For

Jncre_'sedperformance uncertaintydue to
compon_,ntreplacement, enter root sum
square of previous cumulative maximum

expected performance uncertaintyand un-
certaintiesresultingfrom component re-
placement. For reevaluateduncertainty,
enter same numerical values that were
entered In Maximum Expected Perform-
ance Uncertainties column. Refer to
seetlnn If for calculation procedures and
methods of har_dling secondand sub_equent
replacements of n particular component.

Figure 3-20. Post-Delivery Performance Uncertainty Record

Change No. 4 - 6 August 1969 3-139



Section HI R-3896-11

i_o_L F-I ENGIN € WEIGHT R_CORO

;_p_) _[N01NtDt[$_N •rM,10NCONF'I_&CCE _15_un N(__m

F13,75 I DRA

FI --_28 87

FI-_82 13_J
,, I

I,'l ..d_76 13.5

m,

MD W[_MY

CHANG[ ({fqlUM(_I) (INCH')

+2]2 +)1.2

+2

+18,0

-2,8

,38.0

tn SPEC PdO220.

PN[T W[IQHT,

g_€ (P_¼0$ I

4POU_D$- llqg HI_ )

.., ,,,w .....

*661 t, 17, fi28

)7,630

t.¢t_[ tin_. F._.-_-)iL....--

oo _ _

T_A_",',',',',',',',_tI U_qT

5 tj,6 950,91tJ

51h5 957,538 ....

957,59.2 DI@.

958,206 DNA

i

468h.0 17,6_8

+I.5 +150.6 +226 17,6-'19.5 56.30

Pl-_o [ 163 +1_.0 ÷11.2 *168 17r66_,_5 4.'_6 998,600 D_L_,

_IIMIUII_ IIr_l_, PLUS ( ÷1 O(lnO IN T_E t_T 00ltCTlCOt. OATI[ l_ APR 67
gE.F2 .........

I. GENERAL INSTRUCTIONS. O MD MOMENT CHANGE (POUFTDS-

• INCH_S) Enter moment oh,rage res,dtingEntries must be made in the Engine Weight . - " i
Item modification. Indicate ff moment [

Record whenever engine weight is affected by change Is plu_ (+) or minus (-).
all engine modification resulting from an ap-
proved Engineering Cimnge Proposal (ECP),

II. DETAILED INSTRUCTIONS.

Complete form as follows:

NO TE

Obtain entry information for columns
I through 5 from Modification Instruc-
tion R-f266-XXX.

@

@

DESIGN CIIANGE NO. (ECP) - Enter
design change number (ECP) number.

MD CONFIGURATION NO. - Enter

modification designation (MD) number,
if applicable.

MD WEIGtIT CItANGE (POUNDS) - Enter

weight change resulting from modifica-
tion. Indicate if _,eigltt is added (+) or
subtracted (-).

O MD ARM (INCtIES) - Enter horizontal
arm length of modification. Indicate if
arm length is measured in aft (+) direc-

tion from glmbal bearing centerltne or in
forward (-) direction Irom gimbal bear-
ing centerllne.

@

@

O

@

NET WEIGHT, DRY (POUNDS) - Acid or
subtract, as applicable, value "mtered in
MD Wetgh_ Ch_.nge (Pounds_ _,,Z _rnn for
this modification to last listed _alue in
this column,

NET MOMENT (POUNDS-INCHES) - Add

or subtract, as applicable, wdue entered

In MD Moment Change (Pounds-lnches)
column fox' modtftoation to last listed
value in this colum,.

NET ARM (INCIIES) - Divide value

entered In Net Moment (Pounds-lnches)

column by value entered in Net Weight,
Dry (Pounds) column and enter result
hero.

INSPECTION - Enter stamp or signature
of Contractor representative making
entries. Enter DNA In Government
colannl.

Figure 3-21. Engine Weight Record

)

,)
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R-3896-11 Section III

•
Obj""di'Ve9: S-tC~ :iltngc firillp; to verity C"n~im'

J1~·r{(Jrlllll.nc('.

~NGINE TEST RECORD

126.7S-IC·..fl-i

MODEL ' ...1_'_

r,., ~:::n:-.-.r---'
NU¥BEA V DATE

t---- --_.--J.--

DATE )1. AP::R..:6,,-7__

• TOTALED STArnS - Entel' accumIJI-ated
starts of engine.

o TEST COMMENTS - Enter pertinent COlll

ments concerning £'n~iIle p(lrformanc0,
malfunctio"s or part failures, and effect
all (or of) facility or vl'hicla systems
significant for evaluation of overall engine
performance .

III. OTHER LOG BOOK FORMS THAT ARE
(On MA'y BE) AFFECTF;D. . --.-

A. POST-DELIVERY PEHFORMANCE UN-
cERT:rINTy'RE CORD. ne~val\tat~ engine
performance uncertainty and make neeessary
Post-Delivery Performance lJllce1tainty Record
changes resulting !l'om post-delivery €nv,ine
te"ling. (See ligure ~··20 for instructions.)

n. DETAILED INSTRUCTIONS.

Complete form as follows:

• TEST NUMBER - Enter letters and/or
numerals that designate testing facility
and/or vehicle identification, and enter
test sequence numbel'.

• TEST DATE - Entel' date test is conducted.

Q TEST DUnATION • Enter effective dura
tton (Thrust OK Pickup to Stop Solenoid
Signa)) of test to nearest 0.1 second.

o TCYrAI.l::D DURATH.'N - Enter accumu
latel1 effective duration of 3:1 tests of
engine to nearest 0.1 second.-------------_.

Entries must be made in the I;ngine Test
Hecord to record ird'urmation concel'nin~

engine te~ts conducted nikr dell'lery.

I. QENERAL IN8TRUCTIO~

I

I

Figure 3-22. Engine Test Record

Change No. 1t - 6 May 1971 3-141



Section HI R-3896-11

__MOD_L __ F-I __

IDE$10N DESCRiPT iON CHA_OE

_]-,_Ofp [b. JJ]4_¢_rTll,',t Of _'/l_i;i¢ I (,l_ _]Io]lrr_l.ll_lt] t(,Plp _ZlIJIHIhHIIhrl

Ir-'_2(b(J-'_q(_, I 7 ,Tan h_

F] -_.q It ']_]l'er' n_'rl _ cr f il_,_l i.X( !lml!!l,r _ _ (( Tll rlx'l I'i( *'_ I

J,"-'_')ll ]li(rpr|lHl_t_)llll nil irrJprlbvl,d '¢np])Jln_ll lumhl't_ f.I

}']-F_'l T [n_pPr IIHIn nnut tn, lntcnllliilnll,m o[ _hlu'_l (l[x

[_l I_ I (ll _'llJplill'llt :

_x_hh O_I_:_XIPL_x _ l(ll_l!J_ If_._'x_lOq ]lOxll2

11.2x,I_,_ _ I_,,_ ]_'_-I_I.L I',u,J',',_.L_,'! T_J!_DA

m_m..

_.B2

F t_0

J._._

'A

n,_

],.2J.

PLETION

1_ ,Inul h_

]11 '_1,]) _,_

I '_ h,] f_

CONFIGURATION RECORD

.... • ..------7---_.

Ill)_tW

lid ,%U'

}Ir)-HXF

Itlt-_LtY

I. GEN'ERAL INSTRUCTIONS, Cj

The Ccnfiguration Record is used to record_:ll
design changes incorporated on the engine sub-

sequent to engine delivery. Entries arc initially
made on this form upon receipt of an approved
modification and again at completion of the ln-

I stallation. The entries pertinent to completionof tile installation are not dependent upon com-

pletion of post-installation checkout. The
,'cnozd" also reflects the current compos!te MD
number at the time of shipment or launch.

K. DET AI IJE D..I NST I{UC'_.._I'IONS.

] _.omplete form as follows:

• A. Upon receipt of an approved Modification
I lostruction, complete columns 1, 2, and 3 as

follows'.

CHANGE NO. Enter designDESIGN

change (ECP) number including revislen 3
(RI, R2, etc_, if applicable.

DESCRIPTION OF CIIANGE - Enter

Modification Instruction title, number,
and date as obtained from Modification
Instruction.

"-Figure ,3-23.

_TE 8 NOV 1'_6_"

MD NO. - Enter modification designation
(MD) number as ohtained from Modifica-
tion Instruction.

NOTE

If the modification requirement is
canceled prior to completion of the
installation, the initial entries
(columns 1, 2_ and 3 must be tined
out). (Refer to paragraph 3.7.4.8,

B. Upon completion of modification installation,

complete columns 4 and 5 as follows:

O COMPLETION DATE - Enter date modifi-

eaticn installation is completed.

ORGANIZATION - Enter orgz ization
identification and location where modifica-
tion tnstallahon is completed. End.er

stamp or signature of individual making
entry.

C. Prier to engine shipment or launch, complete
form as follows:

O DESCRlPTION OF CHANGE Enter words

"Prior to Shipment" or "Prior to Launch,"
as applicable, and current composite MD
number. The MD number must reflect

all completed ECPs,

Configu. atton Record (Sheet 1 of 2)

)

3-142 Change No. 4 - 6 August 19{]9
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R-3890-11 Section HI

IiI. QTIIER LOG BOOK FORMS THAT ARE
IOR MAY BE) AFFECTED.

A. COMPONENT TEST RECORD. ifrood.ifi-

cationrequired addition,deletion,or replace-
ment ofa component thathas a Component Test
Record (CTR), make necessary changes to
forms involved. (Seefigure3-19 for instruc-

tions.)

B. POST-DELIVERY PERFORMANCE UN-

CEP.TAII'rrYRECORD. Ifengine performance
uncertainlyis affectedby modification,make
necessary Post-Dellvery Performance Uncer-
taintyRecord changes. (Seefigure3-20 for
instructions.)

C. ENGINE WEIGHT RECO]_I). Ifmodifica-

tioncreates an engine weight change, makc
proper entriesin Engine Weight Record. (See
figure3-21 for instructions.)

D. RIGID-DUCT SPACER DIMENSIONS. _ "

modHicstion involved removal of compone1_ts

thatrequire aecompllshm,_nt offit-che:kpro-
cedures, make changes on approprlaLe}'dgid-
Duct Spacer Dimensions form. (Seafigure3-2[
or 3-26 for iv,)tructions.)

E. POST-DELIVERY SERIAL!ZEF' COMPO _
NENT REPL_kCEMENT RECORD. If modifica-

tion required a serialized cnmpo'Lent addition,
replacemenL or part number c_ange, make
proper entries in Post-Deliver7 Serialized
Component Replacement RecoTd. (See figure
3-27 for instructions. )

F. POST-DELIVERY_OR_/[/i_C_E PLA CE-
MEbrF RECOIU.). If modificationrequired a_

orificereplacement, make proper entriesin
Post-Delivery OrificeReplacement Record.
(Seefigure3-30 for instructions.)

Figure 3-23. Configuration Record (Sheet 2 of 2)

(
I. GENERAL INSTRUC rION_€l.

The Delivered Serialized Component Record
lists, by item number, certain eng;ne serial-
lzed cmnponents that are Installed on the engine
at the time of delivery. The only post-delivery
akeration required on this form is the ltnihg
out of entries when post-delivery replacement
or reidenti/ication oi a listed serialized com-
ponent is per._ormed.

II. DETAILED INSTRUCTIONS.

Identify component that was replaced or re-
identified, and correctly line out all obsolete
entries for this component. (Refer to para-

raph 3.7.4.8.)

NOTE

Loose equipment item._listedon this
form are installedon the enginesub-
sequentto delivery. I.stallationof
this equipment is entered in the
Loose-Equipment Fligh.: Installation
itecord. (See flip.Ire 3-36. ) Thf* In-
spection culum, of the Delivered
Serialized Componenf Record form
should be completed with the stamp
or signature of the individual making
entries, in the Loose-Equipment
Might Installatloe Record, when loose
equipment Is installed.

Figure 3-24. DeliveredSerialized Component Record

(

Clmnge No. 4 - 0 August 1!t69 3-143



Section III R-3896-1l

RIGID DUCT SPACER DIMENSIONS
NOOIL F-I -.

FllOII) 0U¢1"
neStER L,,_CATt_N

klO. J LOX VALVE

NO. I L,{_I{ TP 'VOLUTE

NO. 2 LCS( VALVE

HO. | LDX TP VOLUTI_

w.

NO, I F_[L VALVf.

140. I F_JEL TP VOLUf'_.

NO 2 _JEL VALVE

NO. I£ FUEL TP %_)€.u'rl[

P/14 40_806 nUll SIN

RIN 408800 l I L I) $/N

P/N 40eeoC, _ZLV} .%'*A

PIN 4OSBO-'3 i2LPI S/N

P/N 4OAIW_6 OVV) 9/N 0266%_
, ,,,, ,,,

WN406IX$ I;FN g/N 0266966

PIN 4oG4_e, {ZFV) SIN

P/H 4"04GZ5 (ZFP) $/N

0.87_

2.571

m,_m

0,863

2.579

I O(G_J i_J_ORE(SANOL-_€; '_ Ak'OLE O

[%*;g

126' 00'

NOTE I _P'_ER I_N'TIFICATION SHAL_ 01[ AMREVI&TEO AS SatOWN W_'R'E L,F,V A_O IP S'_NO
FOR _ '._,IEI.,VALV[ M_O PUMP RF_PF.CTIV,ELY,

e_ WAIN e'JSl,CL,l.__p,_.TH[ FUlL _PtC[t_' _T THE TP FUe2. VOtJJTFJ_ T'aE ORIME ,_CREW'_ _LL l_
POSITIO_IG"_/I_tl:F_ O0t_TER-CL&CYWlS( FRC_ t:.i_ FO_w_O _O_T eOStT_,_ OF I _ "rp
elJ(L VOUJT[ _Et_ F_CINO TH[ VOtt,WE TO _LI.OW R)R T_l_ S_,CER eCCeNTRICITY',

$ ele,3LE "C" _4.__L BE OIV[_ IN DI:OR_.T_ COJNTER-€I,._XWi_: FROM _ D_I_ _[¢_[W TO
_a'_CF_ Hr0H P'_I_T WH(N FgE.IN0 TP VOLUTE OR V_L,V( FL,M_(

; .....
I. GENERAL INSTRUCTIONS t
Entries must be made on the Rigid-Duct Spacer

Dimensions (engines not incorporating MD137
change) form when the engine components timt
require the accomplishment of fit-clmck pro-
CedLlres are removed and rehmt_lled or re-

moved and replaced. If no space is available
for entries on tile form included in the log book
as delivered, a new (blank) Rigid-Duct Spacer
Dimeusions form must be inserted when it is

necessary to make entries subsequent to engine
delivery. The original form must be retained
in the log book.

II. DETAILED INSTRUCTIONS.

Complete form as follows:

a IDENTIFICATION OF SPACER TO AP-
PEAR ON OUTSIDE DIAMETMR AS

SHOWN BELOW - Enter serial Immber of

spacer on appropriste line _as _ndicated
in Rigid-Duct Spacer Location colunm).

O SPACER IIIGH POINT "A" ±0. 002 IN, --

Enter spacer hlgh-pe_nt dimension re-
corded during fit-check procedure.

@

@

0

0

DNA

Ot_A

OtlA

DNA

009 _ 00'

OPlA

O WJOI. INe%A',L_?_C_ RECOItO

LOX _O_lE ir.IDt klo. _ ....

eLOX [*O_E _.T MOtE

U)(_T_ NO.

_' NOTIE: TFIE LX_i_lO0 TOOL.$H*SJA.I1: t.OCATI_

DATE ]z, _ &7 ,

SPACER LOW POINT "B" _0.002 IN. -

Enter spacer low-point dimension re-

corded during flt-check prooedure.

ANGLE "C" DEGREES - Enter angle "C"

degrees recorded during fit-check pro-
ce(hlre.

ANGLE "D" DEGREES - For applicable

spacers, enter angle "D" degrees re-
corded during fit-check procedure.

EXPANDO TOOL INSTALLATION REC-
ORD - Information entered in _.his block is

for reference purposes when the oxidizer
dnme and/or injector arc rendered from
the thrust chamber. Entries are not ap-

plicable to rigid-duct spacer dimension
requirements.

NOTE

Entries on the existing log book Rlgid_
Duc_ Spacer Dimensions form mus%be
cha.ge0 by identifying the applicable
line for the aHected spacer and cor.-
rectly voiding obsolete entries. (Hefer
to paragraph 3.7, 4, 8. )

)

Figure 3-25. rdgid-L_lct Spacer Dimensions (Engines Not Incorporating MDI__3_TTChange}
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R-3896-11 SectionIlI

(

(

(

_O_t. F-I__
_m

$_e._R kOCAT_N

_kMm

NO IMOV

I_.l OTP VOtUt£

_ OTP YOLUT_

NO I MrY

NO I FUEt TP VOtUIE

KO _ MFV

_._ FUt[L TP _UTE

410837- I_'}

4'0837 - ( _. I

4POg_tF - {_1

4_4[0L"€- I _) -'_
4tO 'l_,_ - € w )

RIGID DUCT SPACEn DIMENSIONS

Ik2OL E "D"
DEGREtS

E HOT£ I )

OkA

DNA

L_A

DHA

_09 °

DNA

[,SIEE NOTES _ B5

!80 °

ONA

ONA

ECN4*N(SIN. F-20_X

TOOL 2NST_LX,ATZON _,ORD

OXID D:" ; SEI_AL NUt_h_

INJECTC}_ SEPAL NIJ_ER

TH_$T CHAMBER SgR/AL _Eh

.OX_D COHE DOLT HOLE LO3ATION NO.____

_OXID DOME. BOLT l{O!_, LOCkTION NO.

mtlOTEi TH_ EXPAI:O0 TOOL SI4ALL BE LOCATED

APP/_f)XIP'aTKLY90 DEGREES APART IN
O_ hEAR OX_D DOME BOLT HOLE_ NO, 6
AND 61

NOTF_! I, W._ 2NSFALLIN(} TH_ F_KL SFAGE:_S AT _ TP )_r_, VOLUTES, THE NOTCH SHALL BE YOSiTIONED "D" DT_;P,_T_
COU_F_'_CIA_CKWISE FR_H THe; FORWARD MOST POSIT!ON OF T_ TP _[.L VOLUTE WH_ FACING Ti_ VOLUTg.

2. VH£2_ INSTALLING TH_ OXlD 5FhC£KS AT T_, TP _O_T_.._ OR V/L_V_.5_T_E NO?CH ON THE SPACE_ SH}JL D_
POSlT:ON_D "_" DgGR_F,_ C_T_CbOCKWI,_,_ F_M TBS PORYJUID P,OST POSITION OF THE TP VO_T_ Oh VAL_E
VH_ FACING ThE VI)_UI"KOR VA];CB H_IGF._,

3, WHtT2_INSTALLIN5 _ _USL SPAGER AT TR_ V/J.V_ _,J_,E, ?i_K ._OTCH SHALL BE POSITIONED "E" I}_

COUNT_;I_-CbOOKWL_ pROM TH_ INBOkIO HOST PO31TION OF _h'_ V_LV£ FI_NO_ WS_ FACING THE V_V_ FiA/_.

VII, C

I. GENERAL INSTRUCTIONS.

Entries must be made on the [¢Jgid-Duct Spacer
Dimensions (Engines Incorporating MD137
Change) form _hen the engine compone)][s that

require the accomplishment of fit,-check pro-
cedures are removed and relastalled or re-

moved and rephcea ff no space is available
for entries on the form included in the log book

as delivered, a new (blank)I_,lgid-DucL Spacer
Dimensions form ',ust be inserted when it is

neceFsary to znak_ entries subsequenl to enghm
delivery. The original form must be retained
in the log book, Log books delivered with en-

gines _neorporating MDl37 change may confain
a Rigid-Duct Spacer DinTe-r, sions form that dif-
fers from that shown. Tile form shown should

be used _vhen additional forms are needed.

II. DETAILED INSTI-tUCTIONj.

Complete form as follows:

SPACER SELECTED - Enter dash number

of spacer Imrt number selected daring
tit-check procedure.

ANGLE "D" DEGREES - For applicable

spacers, enter angle "D" degrees re-
corded during fit-check procedure.

Figure 3-26.

OA?E ._0 k_ 68

1 DEGREES - For applicableANGLE _tEH

spacers, enter angle "E" degrees re-
corded during fit-check procedure.

OI EXPANDO TOOL INSTALLATION REC-

ORD - Information entered in this block Is
for reference purposes when the oxidizer
dome and/or injector are removed from

the thrust chamber. Entries are not ap-
plicable to rigid-duct spacer dimension
requirements,

/VOTE

Entries on tile existing log book Rigid-
Duct Spacer Dimensions form must
be changed by identifying the appli-
cable line tor the affected spacer and
correctly voiding obsolete entries,
(Refer to paragraph 3. _. 4.8. )

Rigid-Duct Spacer l)lmenslons fEngines Incorporating MD13...._7Change)

Change No, 4 - 6 August 1969 3-I.15
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_0'2 I I'l, .,:4.re _wli_h 5.. 2

(,'2] [ I,_iJlc _nv_toxtmHl(:ll

I]¢) [ Hain oxidi_,t,r _alve %., 2

3n:r 0 2

PO$_' DELIVERY SERIALIZED COMPOH(NT REPLACEMEHT RECORD

J,,,,,°. -6-,,,
3oq37'_ (_70:)P77

511()1 _0-I l

_qtHS_Pl

5II a ;91

",A_ -2721"W(,- 1

Pi01)_1 f)'_

'dlgPch'3-_ ]

I. GENEItAL INSTI_UCTIONS.

'23_TI,

_2N9

Entries mu,qt be .rode n_ the Post-Delivery

Serialized Component Record whenever the

part number or serial number of selected

serialized components changes as a result of
component replacement or reidentifica/ion.

Entries must be made for _)llreplaced or re-

identified components listed in Held Task and

Verification Plan tl-7241, Entries for replaced
(or reidentified) serialized subassemblies, or

h7Id)727

N_) ('}lt_lg (*

N(i ¢ IJall)t_'

"_t ¢ }llL)lt'l'

1_7_7

Nen r,}lr,)i_ n,

l..tnli_,d l,*'r }CP Fl-Sqb

P N iblul_l, o;l]y per [r],
I't -'il) 7

P N eh,m_,, el)Iv [)(']' F['P
FI-3'_7

I' _. (hmi_e vltly per [1"[)

rl-_I)7

Jn_t;tlh,d per I_'P |'l-'_Oh

]' % chmlg*, oJ_[y per )i"p

i [' 1-331)
I

] I 9e i

('),q

I I _['F

f_H

6_

I ] _('F

IJH

]7 _;"p

(dq

17 Sop]

OAT( I'_ (X'T 67

O PART - part of compo-NO. Enter number

neat being replaced or reidentified. If NA5
componer,t, make sure clash number suffix

is included, if applicable, ff part number
of new component differs from part numbe,"
of original component, enter new part
_mmher; then enter original part number,
and enter reason for part number differ-
ence in Comments coh|mn.

OIGRIGINAL SERIAL NO. - Enter serial
details contained within an assembly that are
n,M listed in this document, are not necessary
when the higher assembly is replaced (or
reidentified).

If. DETAILED IHSTRUCTIONS.

Complete form as follows:

NO T E

O

@

If a component listed on this form

is subsequently replaced or reiden-
tiffed, line out the obsolete entries

as outlined in paragraph 3.7.4,8.

ITEM NO. - Enter card identification
number from Field Task and Verification

Plan that corresponds to component being
replaced or reidentlfled.

PART NA,VIE - Enter name ut" component
being replaced or reldenttfied.

number of component being replaced: ff
this column is not on form, use Comments
column and indicate "ORIG S/N."

NEW SERIAL NO. (or SERIAL NO. ) -

Enter serlal number of component being
installed.

COMMENTS - F.ntor a brief description
of condition that caused component to be
replaced.

DATE INSTAI,I,ED - Enter diite new Com-
ponent is installed,

O INSP - Enter stamp ur signature of indi-
vidual making the entry.

Ill. OTHER IX)G BOOK FORMS THAT ARE

(OR M-KY" BE) AFFECTED.

A. PRIMARY INSTRUMENTATION SYSTEM

ROAD MAP. If pr'Imary instrumentation system

Figure 3-27, Post-Delivery Serialized Comlmaent Replacement Record (Sheet 1 of 2)
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( transducers are replaced or deleted, make

necessary changes in Primary Instrumentation
System Road Map. (See figure 3-16 for in-
structions. )

NOTE

C. POST-DELIVERY COMPONENT CYCLE
RECORD. H a component that requires a Post-

Delivery Component Cycle Record is replaced,

make necessary Post-Delivery Component Cycle

Record change_,. (See figure 3-31 for instruc-
tions.)

If flight instrumentation pressure
transducers are replaced or de-

leted, changes must also be made
in the Post-Delivery Flight hmtru-
mentation Pressure Transducer

Replacement Record. (See figure
3-28 for instructions. )

D. AGE CONTROL LOG FOR COMPONENT

SYNTHETIC RUDI_EI{ ITEMS. If listed com-

p-o"n'_E_'ontvtnlng rubber items are replaced,

make necessary entries in Age Control Log for
Component SyntheticRubberItems. (See figure
3-35 for instructions. )

B. DELIVERED SERIALIZED COMPONENT

RECOR.D. tf a listed component is removed
and replaced, removpd and deleted, or re-
identified, make proper changes tn Delivered
Serialized Component Record. (See figure
3-24 for instructions. )

Figure 3-27. Post-Delivery Serialized Component Replacement Record (Sheet 2 of 2)

(

(
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l'r_
i_ro,

p

YII,_,2,

POST-_ELX_2_Y PLIGIR IIN_RI#[_c.WTATI_ PR£SSL_R_;TI6U_SDI_P_ RITPLACDIgNT RECORD

INITIAL
L(_4
CALIB.

IIIGR
CALIf.

rNIT_AL

lJi_a J

F-20_X

Date _0 S_I_ 68

I. GENERAL INSTRUCTIONS.

NOTE

Tiffs form will not appear in all log
books; this instruction applie_ only
to leJg books having this form.

Entries must be made in tim Post-Delivery
Flight Instrumentation Pressure Transducer

Replacement Record whenever a flight instru-
mentation pressure transducer is replaced.

II. DETAILED INSTRUCTIONS.

Complete form as follows:

ITEM NO. - Enter item number listed in

log book Delivered Serialized Component
Record thai corresponds to transducer
being replaced. If transducer is not listed

in log book Delivered Serialized Component
r_oem-d, lnave fh_s eob_mn h_nnk,

PART NO. - Enter part number of trans-
ducer being installed.

el SERIAL NO, - Enter serial number of

transducer being installed.

TAP NO. -Enter tap identificationnumber

applicable totransducer being installed.

1PARAMETER (PRESSURES) _ Enter param-

eter name applicable to tap number in
which transducer is being installed.

ICALID, VOLTAGE - Enter initial, low-
calibration, and high-calibration voltage
output reading as obtained from flight
instrumentation checkout console printer,
or equivalent.

COMMENTS - Enter reason for transducer
replacement.

O INSP. - Enter stamp or signature of

indi;'idual making the eiitry.

)

)

Figure 3-28. Post-Delivery Flight Instrumentation Pressure Transducer Replacement Record

I. GE NE R.A L INST. RUCTIONS _

The delivered Orifice Record lists all variable

orifices that are installed in the engine at the
time of delivery. The only po:_t-delivery a ;er-
atlon requtred on this form is the lining out of

entries when a post-delivery change of a listed
orifice is performed.

II. DETAILED INSTRUCTIONS.

Identify orifice that was replaced, and correctl
line out all entries for this orifice. (Refer to
paragraph 3.7.4.8. )

Figure 3-29. Delivered Orifice Record
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yr"

I0

11

0Pi

XUt.¢.Z

f-|

07 .'_v, I ¢€.1n LOX valve

o_ezdng line orl(tee

08 No. 2 main L0X valve

op_rtlng line oriftce

09 No, I _dn fuel valve

_p_Nirtt[ ]ilze oriftee

No, 9 nmtu fuel valve

otlenlng line or/flee

GG valv_ openin_ line
orifice

Down_trea_ C_] LOX

orifice

POST-DELIVERY ORIFICle WEPLAC_,_|NT AL1C_IID

UCSlli [ Stl P-20XA --

l_251.hOH5dJ161 RD'251.-t_085-0179 No. I qJV 8eplaoed per _EP F'l_,rd, "3 Oct

Kff251 -I, OW_-0180

Rlr251 -z, G83-oo82

RI_251 _1083 -0082

lilY251 _09_.-o097

R_J5 I-ad 30-1183

81r2 $1 --_08q-Ol61

]U,2. 5 l*h o8J-00:59

RD'25 m -J,083--0089

KO'251 -J,098 --0079

8D251 _135 -"98¢

p

I, GENERAL INSTRUCTIONS.

Entries must be mode 13 tile Post-Deiivery
Oztfice Heplacement R,._=ord whenever an orifice

listed on the log book D_uivered Orifice Record
is replaced, including, _.osc cases where the
replacement doe_ not bwolve an orifice diam-

eter ch,'mge.

li, DETAILED INSTRIICTIONS.

@

No, 2 _,V

No. 1 FfLV

N_. :.* tfi,V

8,,placed per F_P Fl_,ld_

8Pplaced w.r }ICP Fl-/d_q

lh'placed p,,r ECP FI-J*_h

Replaced per llgl' FI-J_ 1

Re_lac_d per _P _I_9_

57

13 0et

67

13 Oct

67

13 0et

67

]3 Oct

67

18 Sep

OAT_, 30S_:P 68

NEW PART NO, (or PART NO.) - Enter
part number of new ol'iflce, tile last four
digits of whiclx indicate new orifice nominal
diameter.

LOCATION IDENTIFICATION CODE -
Refer to log book Delivered Orifice Record

and determine if orlt'ice being replaced
requires a location identification code.
Enter location identihcatlon code letters

time correspond to orifice being replaced.

COMMENTS - Enter reason for orifice
replacement.

NOTE

Columns 7 and 8 may appear in reverse
order on the form.

DATE - Enter date new orifice is installed.

OI INSP (or INSPECTION) - Enter stamp or

signature of individual making tile entry.

Ill. OTIIER LOG BOOK FORMS THAT A]'¢E
(OR MAY BE) AFFECTED.

Complete, fnrm as follows:

NOTE

If an orifice listed on this form is

subsequently repl'tced, line out the
obsolete entries as outlined in p:tra-
yA'aph 3.7.4.8.

ITEM NO. - Enter item number listed €.n
log book DelivercA Orifice Record that

corresponds to o: if ice being replaced.

1ORIFICE NAME - Enter name of orifice
beihg replaced,

@ OI:UGINAL PART NO. - Enter part num-

ber nf original orifice, the last four digits
of which indicate original orifice diam-
eter. If Original Part No. column is not
on tbe form, use Comments column and
indicate "Orig P/N."

A, DELIVERED ORIFICE RECORD. If s li,ded

ortfi_o is removed and replaced, make proper

changes in Delivered Orifice Record. (See
figure 3-29 for instructions. )

Figure 3-30. Post-Delivery Orifice Replacement llecord

Change No. 8 - 9 September 1970 3-148A
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_F_T _.XC_tANGEh P_' _U_B£R D _,l_',Sk-I L

TESt NbM _[R

TEST £FFEC?IV( DteRArlON

D._TA LN I EK%'AL

'fUROIME EXHAU_"T C,A*] FL£JWRAT(

TU_8_NE EI_IJ_ r '_TATIC P_,$U_E

?URDINE [Xk4AU_ TLMP'KR_*TUflE

HEAT EY*i_L'44,_II4_KR LDX IrLOW,_I"_.

HEAT EXCH,_(]ER L_)X It,LET STATIC PRL_LJ_E

MEAT [)LC,4D, NGER LOX I'_L(¥ TEk_:_ATU_I[

HI'At" [_.Cla.%F_,'jEH _x O_IT_LT STAIrq C pRE_SUI_IE

HEAY EXCHAN_EA GOX CUTLET I"[k_I_RATL'_E

DIAMETER OF L_X COIL BfP_-_ C.._IFICE

DIAMETER OF _ C_4L INLET D_FiC[_

HELIUM I._OfL C_¢**_ATING FLUIO

_((LIk_II _H. WET (_;'FRATION IN'rERV_L

,,EAT EXCHA_'GERr HELIUM COIL £LUID FU3_RAT(

H£AT EXC._ANoER _[LI_,M CL,L I_t£r FLUIO STAIkC r_t$.'3UR_E

HEAT EXC_ANGEN HELIU,_ CC_L LNLET FLUTO TE_Er4_TUR_'

HEAT EXCH_NOF.=( HI!LIJM COIL OUTLET FLUIO _TA_IG P_.S_,bRE

HE_kT IEXCHA_t_(_ Hr.LIUM C.Ot L OUTLET FLilID TEMPERATURE

OtAMETEFI O£ H_I rUM COI6 6Y_$$ Of_iFtC£

OiAMETER O(c I';[LIUM COIL INLrr O_IFIIF.._,

L_trA ._

OPERATIONe'L DAT_,(Hr_ATEXCHANGERI_...Ri=_c_,APNCESUMMARY)

EhO=hE _/N ]v'_'l\\

_T E_v.'4A_¢GER 5ERb'L IJ_6 A _'.2V312U

:, ,0 ,,,,,,,/

F _q_. q

NC HE E, U LU_

NCHE$ I+ I'_

• .,N, e

INIoN_ 5 II '11 )11

C_TE

GENERAL INSTRUCTtONS_

Entries must be made on the Operational Data
(Heat Exchanger Performance Summary) form
to record performance of the heat e×changer
during engine tests conducted after delivery.

If. DETAILED INSTR UCTIONS.._

Complete form as follows:

HEAT EXCHANGE}_ PART NUMI]EI¢ -

Enter part number of Ileal exchanger
installed on engine.

tIEAT EXCHANGEI_ SERIAL NUMBElt -

Enter serial m_mber of heat exchanger

installed on engine,

O

@

O

TEST NUMBEH - Enter letters and/or
numerals that indicate test facility or
vehicle identification.

TEST EFFECTIVE DURATION - Enter
effective duration of test to nearest
0.1 second.

DATA INTERVAL - Enter elapsed effec-
tive duration of test when data interval
was started and terminated to nearest
0.1 second.

TURBINE EXHAUST GAS FLOWRATE

Enter total propelkmt weight flow
supplied to gas generator to nearest
pound per second.

Figure 3-30A. Ope._'ationa! Data (IIcat Exchanger Performance Summary) (Sheet 1 of 2)

)

)
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(

(

O 'I'UI_,BINE EXHAUST STATIC PRESSURE-
Enter absolute value of combustion gas
static pressure at heat exchanger entrance

to nearest 0. l psia.

O

O

TUHBINE EXIIAUST TEMPERATURE -
Enter measured temperature of com-

bustion gas at heat exchanger entrance
to nearest degree fahrenheLt.

O

O
HEAT EXCHANGER LOX FLOWRATE -

Enter weight flowrate of oxidizer through

heat exchanger LOX coils to nearest
0.01 lb/sec.

O HEAT EXCHANGEII LOX INLET STATIC
PHESSUF{E - Enter words "Not
measured".

v

1 O' HEAT EXCFIANGER LOK [Ni,ET TEM-
PEItATUHE -- En:er words "J'lot
measured".

0
O HEAT EXCIIANGER COx OUTLET

STATIC PRESSURE - Enter absolute
value of oxidizer static pressure at

exit of LOX coils to nearest pound per
square inch absolute.

O HEAT EXCHANGEI_ GOX OtIT.t_E'r
'FI",MPERATURE - Enler mess Irecl

temperature el oxidizer exiting from

LOX coils to nearest degree fal,renlmit.

!O DIAMETER OF LOX COIL BYPASS

ORIFICE - Enter diameter of LOX bypass
orifice to nearest 0.001 inch. If no ori-

rice is installed, enter words "No
orifice".

e DIAMETER OF LOX INLET ORIFICES -

Enter diameter of orifices installed in
inlet of LOX coils to nearest 0. 001 tnch.

If no orifices are installed, enter words
"No orifices",

O tIELIUM COIL OPERATING FLUID -
Enter type of fluid being passed through
heat exchanger helium coils during data
interval.

tlELIUM COII, WET OPERATIONAL

INTERVAL - Enter elapsed effective dur-

ation of test when helium coil operating

fluid started and terminated flov, through
helinm coils to nearest 0.1 second. If

cofl._ were flowed throughout test, enter
0.0 and effective duration of test.

IIE_.F EXCHANGER HELIUM COIL FLUID

FLOWRATE - Enter words "Not meas-
ured",

IIEAT EXCHANGER HEIAUM COIL INLET
FLUID STATIC PRESStli'{E - Enter words
"Not measured".

tIEAT EXCIIANGER tIELIUM COIl, INLET

FLUID TEMPERATURE - Enter measured

temperature of helium coil operating
flui.1 entering helium coils to nearest
degree fahrenheit.

HEAT EXCHANGER HELIUM COIL OUT-

I,ET FLUID STATIC PRESSU,qE - Enter

absolute _ lue of helium coil operating

fluid static pressure at exit of helium
coils to nearest pound per square inch
absohlto.

HEAT EXCHANGER HEIAUM COIL OUT-

I,ET FLUID TEMPERATURE - Enter

measured temperature of helium coil
operating fluid exiting from the helium
coils to nearest degree fahrenheit.

DIAMETER OF HEIAUM COIl, BYPASS

ORIFICE - Enter diameter of helium by-
pass orifice to ne'trest 3.001 inch. If no

orifice is installed, enter words "No
orifice".

DIAMETER OF HELIUM COIL INLET

ORIFICES - Enter diameter of orifices
installed in inlet of helium coils to

nearest 0.001 inch. If no orifices are

installed, enter words "No oriIices".

Figure 3-30A. Operational Data (Heat Exchanger Performance Summary) (Sheet 2 of 2)
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_OOELF-t

cc_posr,_'r__'_w_

F_"_ TESTORPROCEOURE

9 Oct I V-_026

1o Oct. I V-2t, O_

25 Oct I V-2_,02_,

POST-DI_LIVERY COMPONENT CYCLE RECORD

SOI.tNOTDVALVF_SY PJPTHO _ 5_8_50

CYCLES NO.O_CYCL_i

0 2

7 V

I lo

I 11

_
COMMENTS

tire4
DAT E 30 $F_ _ 68

I. GEN_;RAI, INSTRUC'PIONS. k. Gimbal bearing

Entries must be made in tiw appropriate log
book Post-Delivery Component Cycle Record
whenever the components listed in paragraph II
are cycled on an engine, excluding those cycles
that occur during engine ztatic firing. Refer
to section H for cycle defimtlons and cycle
limits.

I, No. 1 thrust OIC pressure switch

m, No, 2 thrust OK pressure switch

n. No. 3 thrust OK pressure switch

o. Checkout valve

II. DETAILED INSTRUCTIONS.

Whet.ever one of the foV, owing components is
cycled during performance of a test or proce-

dure, make entries in _pplicable Post..Dellvery
Comlmnent Cycle ltecorcl:

:t, No. 1 main fuel valve

p. Heat exchanger GOX outlet customer
connect line

q. lieat exc!mnger helium supply cuslomer
couuoct line

r. Heat exchanger helium return customer
connect line

b. No. 2 main fucl valve s. Hydraulic supply customer con,eel line

c. No. 1 main LOX valve t. llydraullc return customer connect line

d. NO. 2 main LOX ,_alve

e. Ga,, generator bail valve

f. Eqglne control valve

g. Ignition monitor valve

h. Igniter fuel valve

t. Bearing coolant control valve

J. Redundant shutdown valve

Figure 3-31.

Complete form as follows:

O DATE - Enter date component is cycled.

O TEST OR PROCEDURE - Enter a brief
description of test or procedure being
performed during which component was
cycled.

O NO. OF CYCLES- Enter number of times

component is cycled during test or proce-
dure. When recording gimbal bearing and
customer-connect line cycles, enter mag-
nitude of gimbal angular excursion also.

Post-Delivery Component Cycle Record (Sheet 1 of 2)

J
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@

@

ACCUMULATED NO. OF CYCLES - Enter

sum of previous entry in this column and

current entry in No. of Cycles column

(columu 3). When recording gimbal bear-

ing and customer-connect llne accumulated

cycles, enter sum of current entry in

No, of Cycles column and last entry in

this column at :_ame gimbal excursion. O
COMMENTS - Enter reason component A
is cycled. 6

NOTE

Entries numbered 6, 7, and 8 are

completed to initiatea Post-Delivery

Component Cycle Record for replace-

ment components or to add new sheets

to the log book.

COMPONENT NAME - Enter name of

component.

PART NO. - Enter component part number.

SERIAL NO. - Enter component serial
number.

Ftgllrc 3-31. Post-Delivery Component Cycle Record (Sheet 2 of 2)

(

-
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DISCREPANCY RECORD

MODEL _ F- I -- ENGINE $/N F-20"C(

• o, o.EO NO. O O0.,ON.°.EN D
V

q.

11}.

II.

Du. tn_ post-_odtflcatlml and buildup
checkmlt (heat t,xchan!:er 10\ ¢oi1 lpak

ll,_tl, I_,al_e*,_e _loted at |4/_: GOX out

flal,_e static seal monltar pnrt.
(l_ef I'['11 FO0_}t_I_0, I'111 I_725t)1 )

Dut snff p._t"_ndiflcf, t Jell t h_,cl_nll¢

it=e_t pJefi[I cheek _atve Pd}TttJ_,

< ._' _dJ't_3fl3, faih'd to opeu. (Ih.f

I'f'[I FI]0ql't7 _nd [rI'n U]t 103_)

%.//1=, t,Xl.ttai,.I =IILII-_[, "_ _ g_l*2ft'l'

I_tl=tt.le.qt q-]'('.,_ ,_¢ _ll_pl, l,t_llll [,p'*,t_ftlfl fl

lUtl I)]v. tP i_ Inla_lnk¢ from ,_'a. Ip In_..d _.t

_. Seal rerlaced.

111. Ihluket, repo_ltioaed and re_ol'qlle.i a_..tn'f'. _f) 11, ¢

h,_ I

_.AZ

I. GENERAL INSTRUCTIONS.

Significant engine discrepancies resulting in
Unsatisfactory Condition Reports (UCRs) or

material review type action, discovered after
engine delivery, arc recorded in the Discrep-
ancy Record. Entries must be made on this
form to record engine discrepancies as soon
as the discrepancy Is discovered.

I[. DETAILED INSTRUCTIONS.

Complete form as follows:

O DI[]CREPANCY - Enter a brief descrip-
tion of discrepancy, and indicate date
and time relative to engine tests conducted
when discrepancy occurs. Enter number
of UCR written against discrepancy.

O ACTION TAKEN .- Enter a brief descrip-

tion of action taken to clear discrepancy.
Reference all Government or Cor'tractor

UCRs written against discrepancy.

S DATE - Enter date discrepancy is cleared.
INSPECTION - Enter stamp or signature
of individual making the entry.

III. OTHER LOG lqOOK FORMS THAT AR E
(OR MAY BE) AFFECTED.

A. COMPONENT TEST RECORD. If discrep-
ancy disposition required replacement of a
component that has a Component Test Record
(CTR), make necessary changes to forms in-
volved. (See figure 3-19 for instructions. )

B. POST-DELIVERY PERFORMANCE UN-,

CERTAINTY RECORD. If engine performance
uncertainty Is affected by discrepancy disposi-
tion, make necessary Post..Delivery Perform-
ance Uncertainty Record changes. (See figure
3-20 for instructions. )

C. RIGID-DUCT SPACER DIMENSIONS. If
discrepancy disposition resulted in removal

of components that require accomplishment of
fit-clteck procedures, make changes on appro-

priate Rigid-Duct Spacer Dimension form.
(See figure 3-25 or 3-26 for instructions. )

D. __I_RIALIZED COMP o-
NENT REPLACEMENT RECORD. H discrep-

ancy disposttlon resulted in replacement of a
serialized component, make entries in Post-

Delivery Serialized Component Replacement
Record. (See figure 3-27 for instructions.)

E. POST-DELIVERY ORIFICE REPLACE:

MENTR_._. ECORD_._. If discrepancy disposition
resulted in an orifice replacement, make
entries in Poet-Delivery Orifice Replacement

Record, as necessary. (See figure 3-30 for
Instructions. )

t,

J
¢

)
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{

(

.." t

WOEL F._I ___" iNSPECTION RL'CO_D

@ TYPEOFINSI_fCTION @ RESULTS @I_.ACEOr,NSPECTION

I, Therma] insu_ation

bracket_ iL,_ talt_%lo_

per R_ckl.tdyne draying
14501 I

2. FFIR pl-O_ - It, place-

ment ._f oxidizer pump

I_='_ly oxidLzer _l,al

3. Receiving lliqpec t ion

(visual)

I,. P.Bi-modit £r_t ion and

bul ldu[, ch:,ekout

3. t'PIlI FI-33 - In_pvcti,nl

of ,I-box _tppart sticH
='c(I end_

(J. Ilost _ltdj [ t¢lt_ioll

checkot4t

7. _FII¢ FI-I, ), -- Ihpl_re-

_ent and izi_p of ,'.l_IJl,

{ orJtri,] VBIve openiBg,

€}oning, and i_F_efi_ine

eupp]y filierA

I_. H.lir= i.ielior l,l_pPctlm

q.

I (J,

1,i_pee_ioil o[ F[_ _

r,,h,ril ho_, per FF3I{
FI-17B (leak {h,,ck)

I;l_v_ctton of re_ox.ed
FIB J" return here aasv &
,l_ 'rt i f _rt...... ? N_ _,g- _
packili_ per IFIll FI-37B

B 2

l_talled lter_ Iq_, 19b, _3_ thru 53%

Bt_7, _/0_ t;i$ thr_ 1_i¢_, nml $21 thru

_2 m_ noted all eheet No. _ of dravlng

1_5Oli. iris S/N |7-$)

fli, pl_red oxidizer pump primacy i_sl

N_ vlkTilfi¢¢rlt di/crep_tllcil, e not,'d,

See DlilcrepRIl,'y [Ipcord, Itl,m H.

1_o rod ends IIi13]-7OiI-OO03 aad one rod

end RI 1_[_7Ot)2_OO0_ f,,.nd ,h_crepant and

WeT. rep] seed,

Se_ Dt_creganc F liet(trd, It_ II.

?tl%ers replaced.

No di_cl<epane[#l i_ol_d.

_li _ eitll ll{l#

N_ dllci'#p_vcl_a noted.

_rketdTne

{arisEs Park

FU_ Rocke_d)_le

C&nnga P_rk

ILI)_HAF

lift,.._f'

IUI-RAF

I0]-,_ P

RI)-FIT F

RI)-,_rl t

ILri._rr t'

EN_31N£ 5#_JZ 20_( ___--

67

27 ,_q]

67

6 Ik_t

67

[6 Ih't

1,7

i

_% Oct I

f,7

r_ _,1 _

I, GE_NE RAL__I_NST RU CT IONS:

Ill _0;,

i,B

q I)l'I
f,H

The Inspection Record is used to record engine

inspections and inspection re._ults,except
engine closure humidity Indicator inspections.
tlumidity indicator inspections are recorded
in individual records that are not associated

with the log book.

1"I. DETAILED IN,Vr_IJCTIONS.

Complete form as follows:

TYPE OF INSPECTION - Enter name or
description of inspection, I£inspection

requirements is an Engine Field Inspec-

tion Request (EFIR), enter EFIR title

and number upon receipt.

RESULTS - Enter a brief description o!

inspection results. Make note el any

discrepancies discovered and enter these

tn Discrepancy Record.

.06 Nliv

@

@

O_TE I% AP_ (,7

PLACE OF INSPECTION - Enter i:om-

plete designation of facllityat which
inspection is conducted.

DATE - Enter date inspection is com-

pleted.

@_ INSPECTION - Enter stamp or signature

of individu'a/making the entry.

III. OTHER LOG BOOK FORMS TH.AT ARE

(oR

A. DISCREPANCY RECORD. Enter any dis-

crepancies discovered during performmlce of

engine inspections in Discrepancy Record.

(See figure 3-32 for instcuctions. )

Figure 3-33. Inspection Record

Change No. 4 - 6 August 1969 3-153



Section DI R-389 3-11

X.C.t _Vt I t, Alqt 67

I. GENERA[, INSTRUCTIONS.

The Tvrbopump Preservation Record nmst be
updated whenever preservation of the turbo-
pump is accomplished.

II. DETAILED INSTRUCTION_

Corot)feteform as follows:

TURBOPUMP SERD_L NO. - Enter
turbopump serialnumber.

iAPPLICABLE SPECIFICATION - Entex

number, includingrevisionor change
number ifany, ofdocument utilizedto
accomplish preservationprocedure.

@

@

@

@

SPECIFICATION TITLE - Enter title of
document utilized to accomplish prc,';er-
vation procedure.

TEST NO. OR OPERATION - Enter time

preservationprocedure is completed

{includestatictestnumber, ifapplicable).

INSPECTION - Enter stamp or signature
ofindividualmaking the entry.

DATE - Enter date preservation proce-,
dure Is completed.

Figure 3-34. Turbopump Preservation Record

3-154 Change No. 4 - 6 August 1969



R-3896-11 Section Ill

{4 ABE CONTROL LOG FOR COMPOttENT SYNTHETIC RUBBER ITEMS

F-I

,,i =,,, , ,

o -,,,-  2'o"1_ree,,,way nolenoid va|v@ ItS_y

g.D. 2

I. GENERAL INSTRUCTIONS,

IN@ilCE S/_ F-20____ _

____ ____C_$|RIAtNO MF_ PEC INS?ALL R_L_I= _;E

Entries must be made on the Age Control Log
/or Component Synthetic rlubber Items form

fox' all components hsted that contain synthetic
rubber items, when the life of synthetic rubber
items expires or components are overhauled
or replaced.

II. DETAILED INSTRUCTIONS.

30 SI]} C_

O INSTALL DATE - r.mter date of tnstalla- I

tion of rubber Items into component.

@ REPLACEMEb;T DATE - Enter {late com-
ponent rubber items must be replaced.

Complete form as follows:

PART NAME - Enter name of component.
1II. INSPECTION REQUIREMENTS.

PART NO. - Enter part number of

component. Perform oldest assembly/Installation date

inspection as outlined In paragraph 3.1.3.

SERIAL NO. - Enter serial number of
component.

MFG CODE - Enter code number of
component manufacturer.

O
@

O INSPECTION - Enter stamp or signature

of lndivldua_ making the entry.

DATE REPLACED - On existing entry,
enter date component is overhauled or

replaced and line-.out obsolete entry as
outlined in paragraph 3, 7, 4, 8.

SPEC NO. - Enter applicable Contractor

or Customer document number th;tt speci-
fies age control for component rubber
items,

I

Figure 3-35. Age Control Log for Component Synthetic Rubber Items

Change No. 13 ,- 4 April 1972 3-155



Section III R-3896-11

COrJ1UlTS

£N.IN£ 5/" ..!-20XX

v

v

J1

1

1

209210

401,070

406071

PART "AlOE

COX OUrLE;]' ollcr

HYU:i.AIJLIC SUJ'PL) r,.vcr

[

I lOuS( EQUIP~EHT FLIGH! IN5TAll~rIO~ RECORD

~:D:E~L~:r':I==- ..- , ......__,_
CDNrl.-

PAin HCr. QUANTITY URATIO" htSTAllATlON
CODE OATE IHSp(n IOH

~,- --- +-,----_~---+.'::':':::'-4...::2:~+:-::":'::':':":::'+-- -j

':'c EXTEt.~iION vAS cooum

HYDftJ\ULIC 11t."l'urw Due r 4060'/2 • 1 v

I!~J..IUH .sUPPLY DUGT

TI' lIJ.( 'Ji.:AL PUHG:: 1l0S~: ASW

406075

IJA5-26631

1

1

1

v

v

v

lOX OOIo:r; plmG~: li05.~ A:iSY 1 v
Te JACK.:.:'r ffI.Et-'ILI. t:(,:3;; A.:JS"i ,IA5-260S) 1 v

ce FUEJ. JlIJ MW 'l1ir:llJl IN3 pan
HOSE h3:jY

v

fI

v

J

• Listed part narles preceded by one
asterisk (+) arc applicable to out
board engine installation only.
Those preceded by two asterlsks(")
are applicable to Inboard en~lne In
st:l!latloll only.

• This figure does not duplicate the
entlre loose-equipment Hst t'at ap
pears In the log book.o INSTALI,ATION - Enter date listed item Is

Installed and stamp or signature of Indi
vidual making the entry.

• COMMENTS - U Items listed are replacpd
or deleted subsequent to Installation, enter
reason item is rpplaced or deleted reter
'Onclng any supportlng documentat!on
(UCR, UER, etc).

1

•
1

6S19'JOI'JNIiiil A~>SY I /lIml voJ.TJ..m;

COVI~I\. BRACKl,i', HYllJl1IULI~

COVlffi, '.iIl1 ro:\T I 1'111tr,;.; HO~)E

PAD

·..,mwc HATd:~·;~j~ 1,:';51 I IiIGH VOLTAGE ~029J<

I(J~ll'I"'ns

6S~,?9'1 L 'I

K2:,cJ'l_q J. v

L-_CO
_

V
_
FJl
_'_D_ilA_C_X.,••T_,_Il_":1_"n_I_",_D_U_CT_'~__.LI_';_l~~ 2 ,.L..v .l..__-.L.__.,_l. -J

OATE

Comple\{' form as follows:

NOTE

Codes listed in Configuration Code
column indicate the location where
the part will norrr.ally be Installed.
Codes V or.J Indicate MAF or KSC,
respectively. Code Ii Indicates
post-static test Installation at MAF
(during refurbishment).

•. E.2.1

I. 9E~RA~ INSTRUCTI0Nf!..:

Entries must be made In the Loose-Equipment
FHght Installation Record wller,e"er a loose
equipment It,'m listed on til(' form is perma
nently Installed for f11gllt. II an Installed item
is subsequpntly replaced, entries arc also
required.

I
II . .QE:TAILED INSTRI1..<2J·ION~~

L . -'

Figure 3-36. Loose-Equipment Flight Installation Record (Sheet 1 of 2)
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R-3896-11 Section III

l Ill. T_E.R I__GG Be_o_K_KFORMS THAT ARE,

(OR MAY BE) AFFECTED.

A. DELIVERED SERIALIZED COMPONENT

IR__ECORD,. Make entries in Delivere_

lized Component Record when listed items of

_loose equipment are installed on engine and
Isubsequeutly ruplaced. (See figure 3-24 for

instructions. )

B. POST-DELIVERY SE__RIALIZED CO__MPO.L

NENT REPLACEMENT RECORD. Update
Post-Delivery Serialized Component Replace-
ment Record when listed items of installed

loose equipment are replaced, (See figure
3-27 for instructions. )

Figure 3-36. Loose-Equipment Flight Installation Record (Sheet 2 of 2)

i,

Change No. 4 - 6 August 1969 3-157



SectionIIf R-3896-11

= ,,=

_L -I_.___ TFL_FER RECORD

7" -')"

i, ,_±,

I0R'IR Ro_k_td_n_ CaJ_flga P#trk

The Boeing Co_e_y, HAF

I_ B_mk Audit

Log Book Audit

I_ P,o_k Audit

t_g Book Audit

The Bo_in_ Coml_y, _F

[JJg P_k A_,dit

J_ 66

IIJ lal_ {;(_

3 _ov 6t_

I_ _ov (Jft

_H Nov 6"_

](_ I)e_ 1,7

,, ,,, , ,

OR OVER_tI._D

275.7 s_,'ond_

3')_'.I_ _er rmcb:

F-:JOXA

275.7 s,'_.nd,

3q7. €, , e,'ondv

ZI. 4.[

GENERAL INSTRUCTTON_

Entries must be made in the Transfer hecord

whene-er engine custody is transferred or the
engine is slflpped, received, or launched. In
addition, entries must be made to record log
book audits performed during shipping, re-

ceiving, and prelaunch operations.

fT. DETAILED INSTRUCTIONS,

Complete form as follows:

O

@

ORGANIZATION AND LOCATION - Enter

organization designation and location of
organizatio_l responsible for shipping or
receiving engine. If engine was launched,
enter "Launched" as last entry in _.hi_
coh|mn. If a log book audit was per-
formed, enter "Log Book Audit."

INSPECTION - Enter stamp or signature
of individual making the entry. In the
case of a log book audit, enter date and
stamp of Contractor representative mak-

ing the entry ,and Government representa-
tive verifying accuracy and completeness
of log book.

_TE r, DiS 55

@

@

@

DATE - Enter date that engine is shipped

or received. Ifengine is launched, enter
launch date.

TIME SINCE NEW OR OV_'I_IAULED -
Enter accumulated effective duration of

all tests o1_ engine since new or overhauled
to nearest 0.1 second. Obtain accumu-

lated time from Engine Test Record.
(See figure 3-22. )

TOTAL TIME - Enter accumulated effec.-

tire duration of all tests on engine in,e-
pendent of overbaul.

Ill. OTHER I_3G BOOK FOI_hMS TIIAT ARE

(OR 1V_(BE) AFFECTED.

A. CONFIGUIIATION RECORD. Review the

Coafl{_i'on'_ec'c"_'d and complete entries, if
necessary, to m_ke Configuration Record reflect
engine configuration at time of transfer or
launch. (See figure 3-23.)

F_gure 3-37. Transfer Record

3-138 Change No. 4 - 6 AugusL 1969



R-3896- 11 APPENDIX

OPERATING INSTRUCTION CHANGE NOTICES

Operating Instruction Change Notices (OICNs)
are issued from time to time to communicate

mlportant and urgent information concerning the

equipment covered in this manual. TheseOICNs
bear an identlfyJngnumber and should be filed

in this Appends.

OICNs directly affect the data in this manual

and will be incorporated into U_is manual during
a future updating effort.

An OICN Record is issued periodlcallv to indi-
cate the status of OICNs issued for this manual.

The status of each OICN is indicated in the

"OICN Status" column. For active OICNs, no

status in eutercd. For incorporated OICNs,
"Incorporated" is ,entered.

Upon receipt of an OICN, make an appropriate
reference to the OICN in the margin next to the
data changed 7 and enter the applicable informa-
tion in figure 2 of the Introduction.

OPERATING INSTRUCTION CHANGE NOTICE RECORD

This OICN Record indicates the status of OICNs
issued for 'technical Manual R-.3896-II. OICNs

which have been incorporated into the manual

shall he removed from the Appendix and

destroyed.

(
OICN OICN

Number Dated Description Status

1 24 June 1969 Deletes post-manufacturing checkout Incorporated

activities at MAF and integrates them
with pre-static checkout activities at
MTF.

.

2 9 October 1969 Adds tirol overboard drain system iso- hmorporated
lation requirements and fucl feed system
drain requirements.

3 1 August 1969 Revises torque requirements for igniter Incorporated
installation.

4 12 December 1969 a. Adds a new activity for leak check Incorporated
of fuel vaWes and gas generator bali valve
after admitting fuel, consolidates activities
for admitting fuel, and changes sequence
constraints for admitting fuel and prefill.

b. Adds reusability requirement for
K-seals used on seal monitoring port

plugs antipressure=actuated (Naflex) seal
used at o_,_dlzeroverboard drain line

flange (thrust chamber to nozzle exten-

sion joint).

c. Revises turbopump LOX seal
purge sequence requirements.

Change No. 6 - I0 February 1970 A-1



Dated

APPENDIX

OICN
Number-----------

4
(eont)

H- 3896-11

Description

d. Adds a constraint to vent turbme
system during uninstalled-engine testing
at MAF when LOX dome and gas genera
tor LOX injector purge is pressurized,
when fuel or LOX system is pressul'lzed,
and when fuel overboard drain llystelll IS

pressurized,

e, Clarifies that pressure specified
in turbopump bearing coolant system
leak test is supply pressure, not moni
tor pressure, and clarilies vapor
emiSSIOn from thrust ehmnher eXIt
during thrust chamber fuel jacket flush.

C. Adds MD coding for engine environ
mental temperature transduce",

g, Changes turbopump r,. 'servatlon
frequency from 2 years to 3) ,rs.

h. Changes method required for leak
testinl( thrust chamber external tubes
when stage is in horizontal position.

i. Changes requirements for launch
8.bort recycle, and deletes visual inspec
tion activity subsequent to l?unrh abort.

j. Adds lipllclal conblr,,!nts and re
marks specifying method for determining
fuel v...llve nmw and skirt seal leaku(;c and
requiring i,OX system prc.,surizatioll
during fuel f"ed systell' leak test at MAF
buhsequent 10 static test, and at KSC,

k, Hevlses component cycle ddinitions,

L Changes Ignit('\' te~t voltage require
ment.

n]. Allow8 reUbf! of slave englnf' hard
ware when slatic-testing engines at MTF.

n, DeLeLeR instrulllentation reqUirement
not applicable to engines covered 1 this
manuaL, speelftes use of hypergoL system
test tool 9021279, clarifies LOX dome
flushing requtrements. and corrects '.ypo
graphical errors Ln titles and refer(!Ilces.

OleN
Status

A-2 Change No.6 - 10 February 1070



R- 3896- 11 A}2PENDIX

OICI,: OICN

Number Dated Description Status

4

(cent)

5 24 September 1969

o. Adds sequence requirements for
purge systems, adds a thrust chamber
liqu!d.leak-test constraint, deletes
specific solvent requirement for nozzle

extension flange and seal groove clean-
ing, and revises electrical cot, trot sys-
tem sequencing and safety circuit
requirements.

p. Add_ a constraint that requires
Engine Contractor ,_mcurrence anti th'Jt

specifies minimum allowable clearance,
installation, and clamping requirements
when hardware, other than engine imrd-

ware, is installed on the engine.

q. Changes fuel admittance require-

ments to permit loading of fuel with pre-
valves open,

Substitutes lubricant grease RB0140-012
(Rocketdync) for KEL-F 90 (Minnesota
Mining and Mfg) as specified.

Incorporated

6 11 December 1969 Adds requirement to perform an ignition Incorporated
monitur valve poppet position verification
test.

30cteber 1969

Ii December 196910

It 16 October ]969

Corrects p_ocedures for pres:iurizJng

and depres._urizing hydr3.ulic _ystem
for uninstaHed cnglnes and adds closure

instnllahon for vertical-engine removal.

Revises test pressures requ,:red during

heat exchanger LOX system leak test

for nnJnstaHed engines, and at MTF,

for installed engines.

Adds removal and installationof gas

generator seal monitoring vent hoses

during exhaust system lezk test _.t KSC.

Adds a procedure for gaining access to
fuel jacket purge quiclc-dis,'onne_.| on
No. 1 fuel valve when thernwl insula
lion _s installed.

12 22 October 1969

luco_'porated

Incorporated

lncurporated

Incu_)orated

C

Change No. 6 - 10 February 1970 A-3



APPENDIX R- 3896.. 1 !

OICN OICN
Number Dated Description Status

III II !

13 29 December 1969 Adds requirement to perform checkout Incorporated
valve engine return switch verification,
adds control system _ )",,L'e level for

load conditions, and e. ,_,,es ig_:lter
harness measurement requirement.

Provides alternate types of polyethylene
material which may be used to make
plastic bags to be used during fuel over-
board drain system isolation procedures.

Revises cocoon purge sequence req_'ire-
ments and engine environmental tempera-
tore requirements.

Incorporates validation comments in

turbopump preservation procedure for

engines not incorporating MD145 change
and in live- and expended-ign_ re-
moval I,WOcedures.

Adds requirement to inspect specified

engine joints, to make sure that joint
closures are removed before static test

or launch, and deletes the security
requirement fur the thrust ct_amber

throat security closure lock.

Adds requirement to perft_rm ignition
monitor valve poppet posititm verifica-
tion after static test or launch abort,
change;, cerialized component log book
entry requirements, deletes 28 J,l vdc
electrical requtreme_t from section I,

and char_,_es hydraulic control system
constraints.

22 9 ApJ:il 1970 Revises engine storage requirements incorporated
and lhnlts.

23 9 January 1979 Ulxla(es preservation pro€ edure for l_corporated
series lube engines to include use of

Scavenge Pump G2039.

24 4 February 1970 Ad,ls hypergol cartridge servicing Incorporated

procedures and changes hypergol
cartridge installation procedures.

25 22 May 1970 Adds hypergol ca,'irldgt: restoration Incorporated

requirements and updates tlypergol
cartridge repackaging requirements,

26 25 June 1970 Updates tuxbopump preservation I_eorporated
requirements for f_eries lobe engines

It)include fhe use of Scavenge Pump
G2039.

14 12 November 1969
Incorporated

16 25 March 1970 blcorporated

17 5 December 1969 Incorporated

19 14 April 1970

20 25 March 1970

Incorporated

Incorporated

1
J

A-4 Change No. 8 - 9 September 1970
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(
OiCN OICN

Number Dated Description Status

27 29 June 1970 Amends Joint le,'ukage acceptability Incorporated
criteria and estalg.lshes standard

leaka,_,e monitorial, techniques.

28 29 Juno 1970 Deletes the requirement for igniter Incorporated

checkout after inst.alJatiou, deletes
tile eesistance rcqttirem,?nt when

igniter harness co'_tiaaity i_ verified,
changes the thrust OK pressure
swflch leak-text pressure level,

cilanges the hydraulic con_'ol system
leuk-test pressure requirement,

changes the valve timing-test cycle
requirement_ and adds tim tlurust
cl_mber internal tube leak test.

29 13 February 1970 Adds instructions for maintaining Incorporated
tim Operational Data _Heat Exchanger
Performance Summary)

30 3 March 1970 Deletes equivalent milliseconds from Incorporated
vibration safety cutoff verification
test, lowers the torque value of the
cross-to-lateral drain tub% and adds
,'.t new method for securing bags during
fuel overboard €train system isolation.

31 30 September _970 Deletes the ordnance storage require- Incorporated
meat at MAF.. corrects an activity
requirement during storage at MTF;
clarifies hydraulic component leakage
into fuel overboard drain liue; adds

nitrogen purge line requirement for
thrust ctmmber nozzle extension re-

moval and installation; specifies
that when using operational low-level
LOX dome and gas generator bOX
injector purge for I.OX dome and gas
generator LOX injector flosl b purge
must be r.-'_intained for a minimum of

15 minutes: changes operatioiutl low-
level and hie, h-level I,OX dome and
gas generator LOX injector pur{;e

sequencing rcquiraments; updates
sequencing requirements for thrust
chamber fuel jacket purge systems
and hypergnl servicing purge system

i:o agree witi_ section I requirements;
and cox'rects a typographical error.

(

Change No. 9 - 2 December 1970 A-5
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OICN OICN

Number Dated Description Status

32 30 September 1970 Adds a requirement to inspect igniters Incorporated
before performing the igniter test, adds

a requirement for performing an igniter
thread inspection, and adds a remark

specifying that an igniter must be in-
stalled in a protective device that will
prevent injury to personnel in event of

accidental firing of an igniter during
testing.

33 29 April 1970 Requires use of a plastic cap on the Incorporated
pressure .,,wifch t_heckout connection and

corrects the part number of the alternate
phlg used in the gas generator iguiter
bosses.

34 5 May 1970 Simplifies the procedure for isolatirg Incorporated
the oxidizer dome purge check valves,
clarifies the use of shorting caps on
high-voltage igniters, and adds v cau-
tion when using a deep-well sucker for

torquing igniters.

35 30 September 1970 Deletes the requirement for gas Incorporated
generator injector purge check wdve
reverse-flow leak test and LOX dome

purge check valve reverse-flow leak

test at KSC, and adds an exhaust system
leak test at KSC.

36 18 June 1970 Adds a procedure for inspecting ear- Incorporated
iable orifices to determine that their

actual size is within machining toler-
ance of the wariable orifice nominal

SlZe recorded in the Engine Log Book,

and changes the Engine Log Book In-
structions to specify that the last four

digits o$ an orifice part numoer
recorded in the Engine Log Book indi-
cate the orUice nominal diameter.

3'/ 30 September 1970 Updates the tube alinement require- Incorporated
ments figure to add new tubes, joint
locations, and allowal)le limits. It
also updates wartous data in the figalre
to make it compatible with other man-
uals and specifications.

.,,,t

)

A-6 Change No, 9 - 2 December 1970
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(
OICN OICN

Number Dated Description Status

38 8 July 1970 Adds a procedure for installing plastic Incorporated
bags on oxidizer and nitrogen purge

overboard drain lines, to permit venting
of drain lines when turbopump LOX seal
purge is applied when rotating the stage
to the horizontal position.

39 Adds thermal insulation damage limits.

40 Standardizes fuel loading requirements
at MTF and KSC; deletes 1,000 psig LOX
dome a-_d gas generator LOX injector
purge as a redline requirement; deletes

turbopump LOX seal purge pressure
requirement with fuel in engine; mid
deletes hydraulic pressure requirement
with fuel or preftll in engine.

41 Extends turbopump preservation life to

five years, deletes requirement for using
only KEL-F-90 on the throat plug shaft
threads, adds new limits for flex hose
braid damage due to impact, deletes
reference to variable or fixed when re-

ferring to the gas genera_or upstream
and downstream orifices, and adds closure
RX20700 as an alternate to the thrust

chan_ber throat security closure.

42 Corrects the lubrication material spe-
ct/ied for hypergol cartridge container
inlet threads.

_

(

6 November 1970

3 February 1971

23 February 1971

2 October 1970

44 9 October 1970

45 2 November 1970

Incorporated

Incorporaled

Incorporated

Incorporated

Adds a method for supporting the

pressurizing hose attached to the thrust

chamber throat plug seM, and corrects

p_ragraph references to engine envi-
ronmental cover installation, thrust
chamber throat security closure installa-

tion and removal, thrvst chamber throat
plug installation and remoral, and turbtue
exhaust exit pressure test fixture installa-
tion and removal.

h_corporaled

Provides the option to blank off the igni-
tion monitor valve sense tube during the
Ignition monitor valve diaphragm leak
test for unlnst_led and installed engines,
specifies that no leakage is allowable at

the A'rMOS REF port during the ignition
monitor valve diaphragm leak test for

installed engines, changes MTF to MAF
In .ore in _baust system leak test for

Installed engines, and specifies that vent
hoses be disconnected at the combustor

end Instead of the turbine end during the
exhaust system leak test for Installed
engines.

Change No. 1_, - fJ May 19'/1

incorporated
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OICN OICN

Number Dated Description Status

46 4 November 1970 Adds a 10 _1 psig leak test of thrust chamber Incorporated
internal tubes between the throat plug and
the thrust chamber exit.

47 16 August 1971 Adds a constraint which limits the period of Incorporated
time preftll fluid can be retained in the thrust

chamber fuel jacket and replaces damage
limits for the nozzle extension external

reinforcing bands.

A-8

48 15 February 1971 Revises the detail instructions for maklng IncorporaLed

entries on the engine test record form in the
Engine I_g Book.

49 24 May 1971 Revises the test requirements and limits for I,corporated
the heat exchanger flowmeter transducer and
the turbopump speed transducer.

50 20 July 1971 Updates applicable specifications to latest Incorporated
amendment number, revision letter, and
revision date.

53 25 October 1971 Relaxes turbopump preservation requirements. Incorporated

54 25 July 1971 U;Jdates torque requirement for plugs in Incorporated
laps KF6d-2, KFTa-1, and IF2 aud adds
procedures for use of test plate T-5047892
duxing LOX dome and gas generator LOX
injector flushing.

55 16 June 1971 Updates seal monitoring port plug require-
ments and changes exhaust system leak-test
proceduree to be compatible with requirements
in section I,

Supers eded
by OICN
No. 57

56 15 August 1972 Relies gas generator leak test requirements. Incorporated

57 13 July 1971 Updates seal monitoring port pl0g requirements Incorporated
and changes exhaust system leak-test proce-
dttres to be compatible with requirements in
section L

58 4 August 1971 Permits use of an equivalent simulator wllen hmorporated
hypergol simulator T-5029716 Is specified,
adds the use of a hypergol simulator during
fuel feed system leak test, and deletes a note
and clarifies a plug removal requirement
during the exhaust system leak test.

59 15 August 1972 Updates engine storage requirements and adds Incorporated
engiuo _mndby requirements to be compatible

with existing field operating requirements.

Change No. 14 .. 9 October 1972

)



R-3886-11 APPENDIX

( OICN OICN

Number Dated Description Status

61 6 Marcl_ 1972 Adds a requirement to perform a pneumatic Incorporated
leak test on the thrust chamber after LOX

dome flushing; changes the DC control
system power requirements; updates appli-
cable specifications to include current
amendment number, revision letter_ and
revision date pertaining to leak-test com-
pound and MSFC standaro specifications;
and adds a requirement to actuate the
hypergol manifold switch after performing
ignition monitor valve diaphragm leak test.

63 29 November 1972 Acids an inspection to determine compat- Incorporated
ibHity between date entered in Engine Log
Book and date stamped on a metal strip for
OLDEST ASSEMB I,Y/INSTA L LATION
DATE.

64 31 March 1_72 Incorporates the requirerr et to use Incorporated
desiccant RB0295-001 (Roekctdyne) |n
engine closures instead of desiccant

MIL-D-3464, Type II,

66

67

6,3

5 April 1972

24 May 1972

17 October 1972

13 June 1972

Requires drainage of the ignition monitor
valve sense line after thrust chamber fuel

jacket triohloroethylene flush and changes
the hydraulic prcss_lre requirement when
admitting fuel to the engine.

Adds engine requirements _dter a lightning
strike,

This change extends turbopump preservation

frequency requirement from every 5 years to
every 10 years.

Reduces pressure limit for low-pressure
gases.

Incorporated

Incorporated

Incorporated

lncolworated

Change No. 14 - 9 October 1972 A-9/A-10



No DId_ILIAN

588 - CAIG

coo m NTNO. O26O2
DATE_3_

PAGE :[ OF_________

PROPOSED

APPROVED

OPERATING INSTRUCTIONS CHANGE NOTICE

NO.

i. ECP N'9. 2. ENGINE OPERATING INSTRUCTIONS

FI-938 NO. R--8896-II

4. EFFECTIVITY

Engines F-2029

__Ab _Quah ....
6. CHANGE

3. PAGES AFFECTED

5. CONTRACTUAL AUTHORITY*

Supplemental Agreement No. 150 to Contract

_ NAS8_25t5__6 dated 22 December 1972

This change updates storage preparation for untns_Ued and installed engines to re-

quire that gas generator igniter pott clomwes, actuator holding pin attach point

closures, and oxidizt_r dome accelerometer hole screws be left installed during engine

storage.

On page1-V... 1,_.paragraph 1.4___,l z .change step LB as follows:__

lB. Verify that gas generator igniter port closures, actuator holding pin

attach point closures, and oxidizer dome accelerometer hole screws are

installed; then install protective closures on oxidizer overboard drain and

nitrogen purge overboard drain line exits, hypergol cm,tainer, and elec-
trical connectors. All other covers and closures except as noted in this

step and in steps J and k are to be removed, Including the gimbal bearing
boot and the fuel overboard drain line exit.

(1) Verify that gas generator igniter port closures, actuator holding pin

attach point cIQsurns, and oxidizer dome accelerometer hole screws are

installed; then _astall protective closures on oxidizer overboard drain,

fuel overboard drain, and nitrogen purge overboard drain line exits, hy-

pergol container, and igniter harness electricM connectors, kO,I other

covers and closures except as noted in _his step and in step k are to be

removed, including the gimbal bearing boot°

*.--T_6u_hall be considered as a preliminary OICN until contractual coverage

etved and noted In this block.



OPERATING INSTRUCTIONS
CHANGE NOTICE

ENGINE OPERATING INSTRUCTIONS OleN

NO. R-3896-P N_O. _=6::::9===-1
ECP

NO. F1~938

-_._-'--------.----_._----------~~~'--CODE IDENT NO. 02602
DAT E _ 3 Janua,r..Y.1~73

PAGE -L.._OF__L_

~ page 1-~2A/1-72B, paragraph 1. 4. 2, chang~ step mB as follows:

mB. For engines stored in a vertical stage, verify that gas gencrat01' Igniter
port closures, actuator holding pin attach point closures, and vxldlzer Game ac
celerometer hole access hole screws are installed; then ir,stall protective
closures on oxIdizer overboard drain Une and nitrogen pUl,'ge overboard
drain Une ~xits, hypergol container, and igniter harness electrical connectorr.;.
All other closures except as noted in this step and in step k are to be removfld,
inclUding the gimbal bearing boot and fuel overbolU'd drll.ln line exit. Install.
suitable drainage line on fuel overboard drain line exit" and route lina exit so
that leakage flows externally from engIne.

On page a-lOA, paragraph 2. ZA. 3, step m, clWlge substep a a,8 follows:-- -------"
(2) Verify that drain bags are inIltalled, or remove and replace fuel
overboard drain system bags with dram hoses and route hoses so that
leakage fl~8 exterlUllly from engine.

'-__~__W# ".. , --...,, , __• ~,. ._.__--
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CODE !DENT NO. 02602
DATE ...1L!:l~rch 1973

A 1 2P GE_OF _

OPERATING INSTRUCTIONS CHANGE NOTICE

3

o PROPOSEDo APPROVED

1. ECP NO.
_Fl"927R1

2. ENGINE OPEHATING INSTRUCTIONS

NO. R-3896-11

3. PAGES AFFECTED
__J\LJJ..sted __

4. El"FECTIVITY 5, CONTRACTUAL AUTHORlTY*
Engines F-2029 Supplemental Agreement No. 16c to Contract
throh8~!,..':"_2_09_8 . -eN-eAS=..o8-.25156! dat!'-U!iarc!l 197:: ._. _

6. CHANGE

This change: (1) adde a echeduled authorized field act.ivity to verify that
four_ay solenoid valve replacement has been accornpl lehed ...ithin the 12 mouthe
pI'eeeding lauDch; (2) updatee detail requiremente changing RP-l fuel to
propellant ~eroeeDe to be compatible ... ith applicahle specifications liet as
8.!llended by eupplemeutal agreement No. ~5 to the contract; (3) adde acceptable
ahelf life for synthetic rubber eoft goode and charlgea inetalled Ufe of 9.Y'lthdic
rublJer soft goode frmll 32 quarters to 40 quarters; lUld (I,) llpdatee applicable
epedfi(n1tlon to inclnde current amendment number, revision letter, Rnd revision
date of propellallt oxygen.

On. .I!!!&e 1-2, figure 1-1 • betwe.e!) Activi ty Nmnber 6A !!.IJd "l'LBCTRICA.1, TJ-:STS" • add
activitLJl!!!!ib"r 611. tit} "d .l2ur_e.,l' 991enoid val ve r~plac~n,.nt"'y'\!'rifica"'ion I

~in COllllllll 'r. add parl!8rapb number 1.1.12C.

bThi6 doc'umeii'f"S'haJl be considen,d as a pt'f!!iminal'y OleN until contractual c:uverage
is received MH.l noted in tbls block.
---_---..~------- _...~---- . --- ~"'"



r OPERATING INSTRUCTIONS
CHANGE NOTICE

CODE IDENT NO. 02602
DATE 12 March llll_
PAGE 2.-01"_;:.2__

ECP

NO. FI =927Jtl

ENGINE OPERATING INSTRUCTIONS

NO. ~b.;;;U..----- NO.

OlCN

52R1

On page 1-24D. add paragraph 1.1.12C as followa:

Paragraph

1.1.12C

Activitiea

FOUR-II'AY
SOLENOID
VALVE
ll.E.'PIACEME!IT
VlJRIFICATION

Verify that
four_ay
80lenoid valve
is replacpd
Jler F'J'ill Fl-62.

Limits

Within
tho 12
months
pr~ceding

launch.

Special Constraints
lUId Jlemarke

Replacement valve
80fi goods rnu~t

have heen replaced
and t.he valvc
tested witb hydraulic
fluill MIl.-/l-5606.

The IllIIJrlmllm acceptable sbelf life of ullll,stall ed synth,,",ic ruhb",' Huft Q;oods is
12 quarters. All age control log lor componellh f.bat cot:taill soft I(ooda is provided
in eacb Engine Log Book. If it beconws necessary to replace a component that
contains 8ynthetic rabber soft goods. the EIIgine \'og Book ~ge eontrol log llIust he
uprlated to reflect tbe replac"'llent date. The repI,'eement d"t" is defined as the
in.tallatien date of t'ne sytlthetic rubber solt goodo in the ,'omponen t plus 1,0
quart~rs.

011 poliie..l!::55(2-:>(~!!!K.rapb 2.7.1, change information pertal-,!.ing to !.J:!.'L.!.!!1.1.ill!hIJl
specillca HOll ae folliJ!!!.i..

MIL-P-25'108t;
AllIendment 1
30 Apr! 1 19'11

Pt'opell/Ulo, oxygen

L, ~.__.__.I
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_ PROPOSEDA PPROVE D

CODE IDENT NO. 02602

DATE. 3 IVlay 1973

PAGE I OF___3____

OPF, I_.ATING INSTRUCTIONS CHANGE NOTICE

NO. 70

1. ECP NO,

FI-939

2. ENGINE OI'ERAT1NG INSTIIIJCTIONS

NO. R-3896-11

o. f AGEo AFFECTED

AS listed

4. EFFECTIVITY

Engines F-.2029

t_t_3:ou__ghhF-2098

6. CIIANGE

5. CONTRACTUAL AUTHORITY*
Supplemental Agreement No. 168 to

Contract NAS8-25156__ dated 26 A_p..ri..._l1197_._33

This change adds a constraint that must be observed when thermal insulation panels
are removed and reinstalled duriltg prelaunch operations; and constraints that must

be observed when specified plugs, igniters, and the hypergol cartridge are installed,
since they cannot be leak tested after installation.

On p'_ges 1-2, 1-4, 1-5, and 1-7 through 1-9, figure 1-1, replace c×isting _le
..................................

* Activity requires removal and installation of thermal insulation panels.

(Refer to section II for panel location.) Two persons must inspect, and
record by separate buyoff, final prelaunch installation of thermal insula-

tion l_.nels to verify that panels are correctly installed, torqued, and
safetywired.

On page 1-70, paragraph 1.3.43, Special Constraints and Remarks colm nn_j addd

Befor[ _ ins[ailing plug and K-sea! in the LOX system port used to pressurize the

thrust clmmber, visually verify that K-seal, plug, and engine port sealing surfaces

are free of foreign particles, nicks, scratches, and other imperfections that could

impair sealing and that plug and engine port threads are free of damage. During

installation, verify that K-seal is correctly installed on plug and centered in engdne

port countersiak l)efore torquing plug. Two persons must inspect, and record by

separate buyoff, that plug and K-seal are correctly installed, torqued, and
safctywired. Record piug actual torque value.

*]'his document shall be consider(,d as a preliminary OICN until contractual coverage
is received an_! noted in /his bh)ck.



OPERATING INSTRUCTIONS
CIIANGE NOTICE

CODE IDENT NO. 0260_-

DATE 3 Ma.__ 1973

PAGE '____2 OF 3

ECP ENGINE OPERATING INSTRUCT'_ONS OICN

NO. FI-939 NO, R-3896-II NO. 70

On page 1-78, p_ragraph I. 5. I, S_Eecial Constraints and Remarks colunLn_u___J_posite
step x, add constraint as follows:

Before installing plug and K-seal in gas ge_mrator fuel purge ports GF2a and GF2b,
visually verify that K-seal, plug, and engine port scaling surfaces arc free of

foreign particles, nicks, scratches and other imperfections that could impair

sealing and that plug and engine port threads are free of damage. During installation,

verify that K-seal is correctly installed on plug and cent_,rcd ill engine txJrt counter-

sink before torquing plug. Two persons must inspect, and record by s,:paratc

buyoff, that plug and K-seal are correctly installed, torqued, and safctywired.
Record plug actual torqee value.

On page 1-78E/1-.78F, paragraph _.5.1B, Special Co_,straints and Remarks column,
_'pposite s_p _', a-d'd'c_n-t as_lI-_v_-

Before installing plug and K-seal in gas generator fuel purt_,e ports GF2a and GF2b,

visually verify that K-.seal, plug, and engine port sea_ing surfaces ace free of

foreign particles, nicks, scratches, and other imperfections that could impair

sealing and that plug and engine port threads ark free of damage. During installation,

verify that K-seal is correctly installed on plug and centered in engine port counter-

sink before tovq']ing plug. Two persons must inspect, and record by sei)aratc

buyoff, that ,)lug and K-seal are correctly installed, torqued, ;md safctywircd.
Record plug actual torque value.

On_ 1.._.=84A_.__./._l-8_4B__ra._r.a hp_h___.5± 9..u._S.l_cial Constraints and Rein:irks c_)lumn_
between Caution and step.j" c___(mst_:aint._ add constraint as follows:

Before installing plug and K-seal in gas generator combustor dram port, visually

verify that K-seal, phtg, and engine port sealing surfaces are free of fo,'eign

particles, nicks, scratches, and other imperfections that could impair sealing

and that plug and engine port threads are free of dam-age. During installatirm,

verify that K-seal is correctly installed on plug and centerc(1 in engine por'. counter-

sink before torquing plug. Two persons must inspect, and record by separate

buy_ff, that plug and K-sea _, are correctly installed, torqued, and safety_ir('d.
Record plug actual torque value.
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OPERATING INSTRUCTIONS

CHANGE NOTICE

CODE IDENT NO,

DATE 3 May 1973
, 3 , 3l- AGE ____OI_

ECP ENGINE OPERATING INSTRUCTIONS OICN

NO. F1-939 NO. R°3896-11 NO.. 70

On page 1-103, paragraph I.6.7, Special Constraints and Remarks column, opposite
s--f-6b-q_,-'cha nge cons t r ahff-_ s--fb-Tl-ow s:

Before installing igniters, visually verify that seal, igniter, and engine port sealing

surfaces are free of foreign [;articles, nicks, scratches, and other imperfections

that could impair sealing ann that igniter and engine port t},read._, are _ree of damage.
During installation, verify that lubrication is not used on igniter threads and that

igniter seal is correutly installf, d on ignitor and that s,:al seats in _'ecessed groove of
igniter port before torquing igniter. Two persons must inspect, and record by

separate buyoff, that igniter and seal are correctly installed, torqued, and safety-
wired. Record igniter actual torque value.

.On page 1-104, paragraph 1.6.10, Speci,_l constraints and Remarks c .Iron, opposite
step g, add constraint as follows: .......

Before installing hypergol cartridge, visually verify that hypergol container bore

sealing surfaces are free of foreign particles, nicks, scratches, and other

imperfections that could impair sealing a_td verify that hypergol cartridg,, and

hypergol container threads are free of damage. Inspect hy_ergol cartridge exterior

surfaces to verify that there are no burs or otimr imperfections that could damage
hypergo] container sealing surfaces during hypergol cartridge installation, Two

persons mast inspect, and record by separate buyoff, that hypergol ca,,tridgt. _ is
correctly installed,



c'bfiE IDEN'r NO. o26c2"
DATE _ 1973 ._

PAGE 1 OF 1

OPERATING INSTRUCTIONS CHANGE NOTICE

[-'_'PROPOSED

_ APPROVED NO..
7;

I. ECP NO. 2. ENGINE OPERATING INSTRUCTIONS 3. PAGES AFFECTED

FI-9_0 NO. R-_896-II As lieted

4. EFFECTWITY - 5. CONTRACTUAL AUTHORI'rY*
Engines F--2029 Supplemental .dgroement No. 176 to
through F-2098 Con%rnct }U.$8-25136 dated 3 Jt;ly 1973

6. CHANGE

This change replaces leak-test compound (MIL-L-25567) with leak-test compound
(MSFC-SPEC-58_I).

_,_c-_:__-_iV........

0n__j_ge 2-r__ag_ap_h 2,z._,l delete the fol!ovin_ificaticn data:

MIL-L-P5567C Leak Test Compound,
9 ,[one 1971 0rygen Systems

o_JJ.L.o_L_p_r_ra_._7_.l add t_,o. _." ' •f o 11 owin_K...sp_e:; i f ica% 1on data:

",dS_'C-SPEC-'JSI*A I_ak--Tes% Compound,
20 December 1968 L0X Compatible

*-This document shall be considered as a preliminary OICN until contractual coveragelt_ received and no_ed in this block.


