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fi'.Or')U •••••• ~ •••••• , •••••••••••• , ••
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i':ngTn"-I);j'j7~;;~qll i I' p 1111'11 t~ ..••.. " •
Purging O~icli.f('t, 1'11111)1 Hl~nl ••••••••
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Hl'1tIoving nT1f1 InMtnlling l'll1gitH' on
Ail' TrnnRluu·t Enp;ilH' lInndli'I' •••• ~.
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\"·I'Ul,,.l l:lI~'illl' lloll,\" li'lIII .••••.••
TOliitll.! 'IlHtl'llf't,inll~ I'll' I:II/.(illl'
IIH!L1Ilin).! Ito I I,\' fl'ICl')H •••••••••••••• ,
I'llj.!inj· \'l'rt.ic'ul 1114 J.II'1pl' (i'Il!II'} ••••

1tl'1110vi ,I).! )'Ilgi III' FI.l,r 1:IIt(i Ill'

\'1'1'11(',11 TII"Itall 'I' (i'IO',(, .
11I';tnll ill/.!: 1;ltj.r1flj' fill Enj.,riUI·
V.'I,jie'HI 11l4f..Hllt'l· W~O'j()., •••••••••
Ilt'Il111Villp: 111,(1 III.'ltullil.~~ I':n~illi' 011
I:II/-tiu.' Vll·t.lcnl 111~tnllj·I·•••• , ••.••

~o//',J: 1~\Tr':>~10~ ILINIJI,IN(,
r:f)l'"rl'~Ij.:NT~-:, .~-:::.-:. ~~.-:"~: .•••••• ".
T:11'~i~;~:~T1(lll'l' sl ill/.: (;110'):1 •••••••••
NO.f/I!' E'dj'IlH i all HUlld 1 i ILf.!: 10'; 'Ibl1'P

(i'jOHO•••••••••••••••••• , •••••••••••
H.. rnuvilll-:: ~(l.f..t.l~· I';xtl'll:-lio. 1'1'0111
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r;'.IIf-l.O •••• , •••• , ••••••••••••••.•••••
H.'lIIO\'in/l: 111111 11l,;t<lllilll-£ ~O.f/lf'

/;'(h'll-liotl Oil NU/tl,· r:\!,I'Il'lillll
HlIndlilll~ Fi\!IlI'I•••• " •••••••••••••.
I n"l til 1 r illg No/'!,).' 1;.<tl·Il'lillll Oil
:-..'o.f/II"' !':\tl'l\l"doJI HHl1llling Fid,l\l·f·
(j'.O!"\O ••••••••••••••••••••••••••••••
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IllHtlllll'cl) 011 NOi''!le ~~tPII~ioll
HnndJ i Ill! j\tlnJ1t~'l'•.•••••••••••••••••
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IIl'lllo\'ing .11 l'l I'/Lhll' ••••••••••••••••
Illf..lnllillj( ,lIi"t I'nidl· ••••••••••••••
,'HIlll Ilul'lll,"I!'l ••••••••••••••••••••••
II, 1II11\ illt! ,IHOI) llUI'lll'folH" •.••••••.••••
I wltull ing- ,JHfHI 1I,I1'I\I'IHI ••••••••••••

1'1.1 (;11'1' I N,'I'ltl~1I !,'I',ll'lliN ILlilNI >;S1:S
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HC'1I10villl( .TlO'. IIhl'lH,HA ••••••••••••••
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PIll 11111'111'1-11-1 •••••••••• " ••••••••••••
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lll~t.nl1in~ 1'111 lIul'I\(·AH ••••••••••••
P11:! Ifal'lu'NH •••••••••••••••••••••••
nl·mo\,illJ.!: I'll:! 1l11l·Jt('!Hl ••••••••••••••
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l:lI~illt· I'I'Ofl,<,UV4' {'IIIHlll·t"I ••••••••

l:snHlI: J.I!'\[~ ~(rpl'OHT~, ('LA~nlx,

AN~~.'!i.!~"" •••••••••••• ~~ ••••

nf'qui rC'mpnts ••••••••••• ~. , ••••••••
Typical Inl'ctl'iC'nl HnrneslJ
~Iamrin~ III~tnllntionR••••••••••••

1:IlUillt· Vl'l'lilal "",lllllpl' el',(III() ••• ~-..!'I

1Il'l1Iovill/I \dlll .. I ,fl'llKioll FI'OIll
1:llJ!i111' \"'J'I it'lll IIl"llalll',' 1:',0'.') ... ~-.!'I

111'-11011 illH S"I'III' I',tt'll'-lilill 011

J:llj.!illl' ",-I·lit,.11 In'-lt.dl.']'!i'IO'.I) ... ...!-~Il

Hllllll\'ln.( 1IIId III~till1illg ~Oll.ll'

L"tl· ..... ilill Ilil 1:IlV;illl' "1'I'liIHI
111"\lilll.·1' ••••••••••••••••••••••••• ~-~1

I:NGHII': rDNTllOl, IlAll'li'~~SK~ AI ,)
i~Ai"iU:R;:-:-: ~:-::-.-: ..•..•.••••••••
JIB ~Hld .J20 Uln"n('R8 ••••••• d ......

Ht·movi.l~ ~TlR and ,120 Hat'JlNIR ••••••

INSTH1J~lI'~l'A'I'iON ANIJ PI'Hra: POIlT I'L11(/
1Ri'.~~l:.ll, ·JIf.:i)i[Jf~q!I'}I'ri" •••~':. :::'. :-." "I-~h

sl:1'1'I0S TIl
l'O'f1',1SI",," ""~IOI',II. ,I'1Il ISSI',II J.ll'IOS

SI':AI, ~IONI TUIU N(i pOl'r 1'1.11(j I\NJl
HI~I; ljj::iii[lll',:i'li'NTS:-: ~::-:--:: .::-: •••••

IIf)IOVINCi ANI> INSTAIMNIi 1:1,1':(,l'IlI('AI,
IIAH.l\jI~,-)SI'~ f.NlrrA BI,ES: • : • .-;:-:: •::::
I)r;c';)jul(;(~'ring 10:1 f'ctl'i l'U 1
(:OIIIlC·('tOt'8 ••••••••••••••••••••••••
{'onnf'(" t i lip; El t'C t I'i CII} r{)tlll(·ctorl'l ••
lrOl'ClUf' 1l('[llIl rl'lnl' II tlol fot' 1':1 PC' t 1'1 clll
{'Oll1U'C: t.OI'1{ HIIlI HtHl t (·UpH ••••••••••
HflUlI\lrl' J,'l1Iit~ nil I] Al1owlIhl.,
Hl'pnil'l'l fll'· Elf't'f,dc'nl PluW4 ••••••
Hi HCOlllll"C L111~ 1,;1 ('e hi ('1\ 1 PIlip;
FI"OIn 1"1 i f(ht JWd,I'II1nf'Il{,ati 011

J'l'('HRUI'4' '!'1'llIlHllllCf'I'H ••••••••••••••
f'olllh'cti III! l:ll'ctricnl Plll~ to
Flip;ht IIIHtrumC'ntntion Prf'HHUrl'
Trnu!uluc£>I'H •••••••••••••••••••••••

'5-1H HUI'lIess nnd r.n1,J(' Iustnllntion

~_ ~tl
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"1-17
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1-21
1-2~

"1-1(,

1-1~

1-7,\

"I-H

Ullllt'l'l inpd numbers dl'1I0tf' figlu·('$.
Un!lf'l'lin('l1 ti tlcs d£>lIot ..... primnry 11nrnA'I'ophsw
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R-3896-3
Volume I

INTRODUCTION

Introduction

This manual, consisting of Volumes I and II, Is
one of seven R-3896-serles technical manuals
prepared to provide official Rocketdyne field
support documentation for the operation and
maintenance of the F-1 Rocket Engine, Part
Number 104001, Serl~J Numbers F-2029 through
F-2098, and Its related ground support eqUip
ment, designed and manufactured by Rocketdyne,
a division of North American Rockwell Corpora
tion, 6633 Canoga Avenue, Canoga Park, Cali
fornia 91304. The Information In these manuals
was prepared by Logistics Publications & Train
Ing Department of Rocketdyne.

The manuals are used to best advantage when
each manual Is current and complete (see flg
Ul'e 1) and the purpose and scope of each man
ual is known. The manuals In this series, and
the nature of the data each provldes, are found
In the contents and support function chart.

1. F-l MANUALS--THEIR SUPPORT
FUNCiIONS.

The manuals' contents and support functlolls
chart lists all F-l series technical manuals,
describes the support function each manual
serves, and lists the section titles of each
manual. The chart also eXplains how the tech
nical data in each manual relates to the support
of the engine and Its ground support equipment
throughout a normal engine flow, as well as
during unscheduled maintenance tasks. Informa
tion appearing in one manual Is not duplicated
In another. Thus, Information on the descrip
tion, operation, and maintenance of ground
support eqUipment Is In H-3R96-5. However,
the instructions for servidng the engine using
ground support equipment are In R-3896- 3 ami
R-3896-It.

Manual Contents and Support Function--------- Section and Title

R-3896-1
F-I Hocket Engine
Data

This manual contains a physical
description of the various F-I
engine systems and the individual
en~lne system components; a de
crlptlon of the flow the engine follows
from the time It Is accepted by the
Customer through Apollo/saturn V
launch; data pertaining to engine
design characteristics Including
environmental conditions, attitude,
mass properties data, turbopump
Inlet propellant conditions, and Inter
face connections for mating the
engine with the S- IC of the saturn V
vehicle; and nominal engine per
formance characteristics, methods
for predicting engine variable char
acterlstlcs, and other pertinent In
formation that can be used as an aid
for analYZing and/or determining
specific engine performance. The
manual serves to famtllarlze the
reader with the design and operation
of the F-I engine and serves as a
training aid document.

1 Description and Operation
I: Interf~ce Design Criteria
III Performance
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Introduction

Manual

R-3896-3, Volume I
F-l Rocket Engine
Maintenance and
Repair

R-3B96-3, Volume II
F-l Rocket Engine
Maintenance and
Repair

R-3896-3
Volume I

Contents and Support Function

This manual contains general main
tenance practices that are peculiar
to the engine covered in this volume
and to the component repair proce
dures contain<:>d in Volume II of this
manual; the use of engine, thrust
chamber, and nozzle extension
ground support equipment and the
tasks necessary to prepare the
equipment for maintenance using
the applicable pieces of ground sup
port eqUipment; detailed procedures
for component removal, reinstalla
tion, or replacement, and the post
installation test requirements that
will verify the integrity of engine
systems affected by the removal of
individual engine components and
lines. This volume and Volume II
provide the necessary maintenance
and repair data to perform unsched
uled maintenance tasks on an unin
stalled engine and the required
post-maintenance tests to determine
that the engine Is in "n operable
condition.

This manual contains cleaning, In
specting, repairing, and testing
procedures for the individual engine
components. This manual provides
the data to restOl e and/or maintain
'.omponents 0/ the engine In an oper
able condition for reinstallation on
the engine or assignment as a spare.

Section and Title

See detailed table of contents for
this manual.

I Quick-Disconnect
II Gas Generator
JII Gas Generator Ball Valve
IV Gas Generator Injector Purge

and Pump Seal Purge Check
Valve

V Deleted
VI lIeat Exchanger
VII Heat Exchanger Check Valve
VIII Thrust Chamber (Installed)
IX Thrust Chamber (Unlnstalledl
X Thrust OK Pressure Switch
XI Inert Preflll Check Valve
XIl Oxidizer Dome Purge Check

Valve
XIII Oxidizer Valve
XIV Fuel Valve
XV Turbopump
XVA Turbine
XVI Bearing Coolant Control Valve
XVII Del~i ed
XVIII Electrical Harness
XIX Hypergol Manifold
XX Ignition Monitor Valve
XXI Checkout Valve
XXII Engine Control Valve
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I General Maintenance and
Repair

II Hydraulic Pumping Unit
G2025

III HydraUlic Pumping Unit
G2026

IV Accumulator Unit G2027
V Engine Checkout Console

G3142
VI Pneumatic F1 JW Monitors

G3130 and G3131
VII Engine Vertical Installer

04049
VIII Engine Hotating Sling 04050
IX Flight Combustion Monitol'

703227
X Components 'f est Console

G3141 and Components
Adapter Set G3143

Xl Cryogenic Supply Unit G3146
XII Pneumatic Flow Testers

G.1l04 and G3104MD1
XIII High- Voltage Igniter

Tester G3153 and Inert
Igniter 9026622

Manual

R-3896-3, Volume II
(cont)

R-3896-4
F-l Rocket Engine
Illustrated Parts
Breakdown

R-3896-5, Volume I
F-l Rockel Engine
Ground SUpport
Equipmcnt Mainte
nance and Opcratlon

R-3896-3
Volume I

Contents and Support Function

This manual contains illustrative
and columnar listings of all parts
of the engine that can be disassem
bled, reassembled, repaired, re
placed, or overhauled. This
manual locates and Identifies the
interrelationship of parts, aids
in the requisition of replaccment
parts, indicates part usage and
interchangeability and recommended
reralr or replacement for the F-l
cnglne and Its Indtvldual components
and parts.

Tlli~ manual contains safety re
quirements and general maintenance
practices peculiar to the equipment
covered in this volume and to equlp
me,lt and T-tools covered in Volume
II of this manual; inspection re
quirements, physical description,
operati'ln, Intended usage, operating
limitations, periodic maintenance,
and parts listings with mailltenance
level codes for the F-1 engine
ground support equipment covered
in this volume. This volume pro
vides data to restore and/or. main
tain the F-1 rocket engine ground
support equipment in an operable
condition.

XXIII
XXIV

XXV
XXVI
XXVII

XXVIII

XXIX
XXX

XXXI

I
II
m

Introdl:elion

Sectioll alld THle

Four- Way Solenoid Valve
Thrust Chamber Nozzle
Extension
Pressure Transducer
Te'l1perature Transducer
Flight Instrumentation
·Junetion Boxes
Rigid Ducts, Flexible Lines,
and Braided Flex Hoses
Redundant Shutdown Valve
Volumetric Liquid Oxygen
Transducer (Oxidizer
Flowmeter)
Gimbal Boot, Insu];tlion
Boot, and Insulation Sea 1

Introduelion
Group Assemhly Parts List
Numerical Index
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Manual

R-3896-5, Volume I
(cant)

R-3896-3
Volume I

Contents and Support Function Sectlor. and Tille

XIV Impact R\1corder Unit G4090
and 99-90\4031

XV Componenrs Welding [lets
9026560, 9126561, and
9026570

XVI Handling ami Shipping
F;qulpment

R-3896-5, Volume II
F-l Rocket Engine
Ground Support
Equipment Mainte
nance and Operation

R-3896-6
P-l RClcket Engine
Thermal Insulation
installation and
Repair

This manual contains Inspection
requirements, physical descrip
tion, operation, Intended usage,
operating limitations, periodic
maintenance, and parts listing
with malntenaace-Ievel codes for
the F-l engine ground support
equipment end Items that are con
sidered tools (Ie, test kits, sets,
and tools) and T -tools. This
volume provides data necessary
to determine that those Items of
ground support equipment covered
by this volume and the F-l field
T-tools arc In an operable condi
tion.

l'hls manual contains a description
of the thermal Insulation panels,
special tools and equipment, In
stallat�on and removal procedures,
access provIsions, repair data,
and applicable packaging, storage,
and handling Information. This
manual provides Information per
tinent to the maintenance and
repair of P-l engine thermal
Insulation.

I Test Kits, Sel"s, and Tools
II T-Tools
III Dummy Weight T-Tools

I Description
II Special Tools and EqUipment
III Installation and Remo\'al

(Engines F-2003 Through
F-2016)

IV Installation and Removal
(Engines F-2017 and
Subsequent)

V Access Provisions
VI Repair
VI! storage and Handling
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R-3896-9
F-l Rocket Engine
Transportat ion

R-3896-11
F-l Rocket Engine
Operating
Inatructions

R-3696-3
Volume I

Contents and Support Function

This manual contains procedures I
for preparing the F-l roeket engine, 11
nozzle extension, thermal Insula- 111
tion, and miscellaneous engine IV
loose equipment for shipment, and
procedures for shipping by truck,
ail", or water. Included arc rec
ommended truck-. air-. and water
transport check !is(s, which may be
uSl'd to make sure that procedures
and in-transit inspection have been
performed.

This /nanual contains complete, I
authorized field operating require- 11
ments that affect F-l flight en- III
gines F-2029 through F-2098 during
normal operational flow from engine
receipt at MAF through vehicle
launch. Specific and general require
ments 2.nd procedures for normal F-l
engine activities are provided and
inc lude acceptability criteria and
limits, special constraints, safety
precautions, and correct sequences
reqUired to satisfactorily accomplish
(he activities.

Introduction

Section and Title-----
Preparation for Shippiug
Silipping by Truck Transport
Shipping by Air Transport
Shipping by Water Transport

Operating Requirements
General Requirements
Operating Procedures

xvii
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USE YOUR MANUAL ONLY IF CURRENT
AND COMPLETE

Manuals that are not current and complete
are not authoritallve documents and are not
to be used. The following outlines the method
for determining whether your manual is cur
rent and complete.

A. DETERMINING CURRENCY. To be sure
that yours is the latest issue of the manual,
refer to Configuration Identification & Status
R!!port , which is t!!vised monthly and lists
the technical manual numbers, titles, unin
corporated supplements, and latest chang!!
or revision dates. Your manual must have
a title page with the same or iater date than
the date shown in the Confib'Uration Identifi
cation & Status Report. Your manual must
also include the unincorporated supplements
listed in the Configuration Identification &
Status Reporl, Or if your mallual is later th~n
shown in the report, the unincorporated sup
plements listed in the Manual Data Supple
ment Record in your manual. If your title
page incorporates two dates as lIlustrated be
low, compare the change (lower) date. If your
manual is not current, obtai.l a current copy
through your technical manual supply system.

D. DETERMINING COMPLETENESS. To
be sure that your mallual Is complete, make
a page-by-page comparison of its pages to
those listed in the List of Ell!!ctive Pages,
The List of Effective Pages, which shows the
change status since the basic issue or las!
revision, is found on ihe aiphabetlcally 10t
lered page(s) immediately following tile title
pag0. All pages, except supplements, al'e

listed with their Issue datell. Manual pages
that are dated must have the same date as that
appearing In the List of Effective Pages for
that page. Unchanged pages are listed as
"original" and are not dated.

HOW TO KEEP YOUR MANUAL
UP-TO-DATE

As design changes are made to the rocket en
gine and ground support equipment and better
methods of maintenance are discovered, your
manual is periodically Changed, revised, or
supplemented. The {ollowing btepS wUl help
you kgep your manual up-to-date:

A. CHANGES. Updating by adding to or par
tially replacing existing pages is defined as
a change. Changes can be identified by the
change notice 011 the new title pag",.--..-........_-~---~~----~-....,-.....,

To collate a change, reler to the Flllng Instruc
tions sheet Issued with the manual and proceed
as follows:

1. Remove Ihe pages listed tn the "Remove"
column of the FlUng Illstructions sheet
from the manual and destroy them. Do
not conccrn yourself with the data on the
opposite sidc 01 thc deleted pag!) since,
if this date Is not deleted, It Is rcplaced
In Ihe change package.

2. Inserl all pages listed In the "Insert"
column of the FUtng Instructions sheet
In sequence. Pages with a suffix letter
are inserted in alphabetical order follow
Ing the page with the same baE,lc numher;
for !!xample, pages 3-14A, :)-14D, etc,
follow page 3-14.

GEN-NASA-lA

Figure 1. How to Maintain Your Manual lSheet 1 of 2)
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InlroeucUon

3. If you are unsure of the slatus of any
page or pages, refer to lhe List of Effec
tive Pages and make surr your manl"al
contains pages (with lhe lorresponding
change dates) listed in the List of Effec
tive Pages.

4. Remove manual supplements that have
been incorporated.

NOTE

Incorporated supplements can be
determined by reviewing the newly
issued Manual Data Supplement
Record.

B. REVISIONS. Updating by replacing all
the existing pages of a manual is defined as
a revision. Revisions can be identified by the
replacement notice on the new title page.

TillS 1'U11L:~ArlON IU-:PUCES Tt;CIINICAL
MA,\lIAL H-XXXX-X IlATr;u I AI~/IL 1%'1

To collate a revision, proceed as follows:

1. Hemove and destroy all existing pages of
your manual except Manual Dala Sopple·
menls lhat have' not been incorporated.

NOTE

Unincorporated supplements can be
identiaed by reviewing the Manual
Dala Supplement Hecord supplied
in the revision.

C. SUPPLEMEl':TS. Updating that author
Izes the addition to, or alteration of, the ex
isting data in your manual is defined 1S a
Manual Data Supplement. Information on how
to insert supplements is found in tile supple·
ments.

HOW TO KEEP ABREAST OF THE LATEST
CHANGES TO TECHNICAL DATA

Changes and/or additions to technical data
are Identified by a vertical bar (change bar)
in the margin of the page adjacent to the
chl\nged data. A direct comparison between
the new (identified by the change bar) and the
old data will help you in identifying specific
changes made.

2. Insert lhe new pages in your cover,

GEN-NASA-2

Figure 1. How to Maintain Your Manual (Sheet 2 of 2)
xix
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2. CONFIGURATION IDENTIFICATION.

EQUIPMENT CONFIGURATION. The MD
Identification symbol and the equipment modeJ.
designation Indicate the configuration of the
eq'.1lpment and distingUish It from models In
corporating different changes and from basic
models. A basic, unchanged 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, which is mounted
near the engine Identification plate.

MD IDEN1'IFICATION SYMBOLS. On MD
identification plate RDI71-1022-0001, the
identification symbol is a composite number
representing all the changes affecting config
uration (MD changes) that are Incorporated or
'lOt incorporated Into the equipment. The
symbol represents a consecutively numlJered
series of MD changes. Any MD change, or
series of MD chHnges, not Incorporated Is
represented by an "X." Multi-digit numbers
are under lined. Two figures together repre·
sent the limits of a series of incorporated MD
changes. Figure 2 l1lustrates how MD changes
incorporatl'd in the equipment al'e represented
by the MD identific~tlon symbol.

MD identification plates RDI71-1052-0001
through -0006 have pre-printed numbers from
1 through 1\,0 On the -0001 plate, 101 tlU'ough
200 on the -0002 plate, etc. Modifications that
are incorporated Into the equipment are repre
sented by the lettl'r P (production) or K (kit)
stamper! ~n the square dh'ectty to the right of
thc 'lppltcable numb~r, Omis&ion of a POl' K,
indicates that the MD change is not Incorporated,
A P or K with a bar (_.) marked through the
letter (P., K;) indicates a MD change deleted In
Its entirety by the incorporation of a later MD
change. Figure 2 lllustrates how MD changes
Incorporated into the equipment are represented
by the MD Identification symbol.

MANUAL nJ<;FEHENCE, A relerence that
appears 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. When an MD reference appears In
ihls manual, examine the MI) Identification
symbol on the equipment to determine which
set of Information Is applicable.

xx Change No.7 - 24 March 1972

3. CONFIGURATION CHANGES--M'\NUAL
EFFECTIVITY.

All approved PCPs (Engineering Change Pro
posals) and associated MD numbers applicable
to the equipment covered In this manual are
listed In figure 3. The date In the last column
is the publlcallon dal '! of the manual during
which the change made by the ECP was Incor
poratod. Whon N/A is entered, the ECP docs
not change the data In the manual.

MOl THR(}UOlf MOO INconPORATl-;I)

MDli' NOT INCOHPORATED

MOH AND MD!!INCORPOHA'fI-.:D

,MOll NOT INCORPORATED

MD!1, MD!E, AND MO!1
INCORPORATED

l~ll~ ,"oo_mCMDl! INCOaPOIlATED

~\- ..\-.\- -

uM' ID'NT
r9~!JI1'" 4l,]"Jcu I

,R~
I

=:::J
RDl71-t022-0001 PLATE

- MDl INCORPORATED
IN PRODUCTION

~
BY I<tT

MOl.Q NOT
INCORPOIlAT>:D-J

MD IDENTIFiCATION :-...
1 p 2 P ~ P 4 P 5 P 6 P 7 P 8'P 9 ,; 10
II ~ 12 K I~ 14 K 15 K 16 K 17 _ !l!. ~ .!9 20
2~t 2 23 24 25 26 27 <8 29 30
31 32 33 ~ 35 36 37 38 39 40
41 42 4~ 44 45 46 47 48 49 50
51 .2 5~ '4 •• 56 g 58 .9 60

6' 62 63 64 •• 66 67 ee 69 70
7. n 73 74 75 76 77 78 79 80
81 82 •. 8~ 84 85 86 -fg 88 89 90
91 9' I. : ~.3 94 95 96 97 98 99 1!!!!LJ

RDl71-t052·0001 PLATr.

GEN-1J

Figure 2. MD System
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Engine conftguration information is in R-5857, engine designation. For F-I engine serial
Saturn F-l Configuration Identification & Status number allocation, refer to the cross-reference
Report. EnginE' serial numbers within this Index in R-5857.
manual arc In accordance with ROCl,etdyne F-l

Approved Incorporate.J Approved Incorporated
ECP MD III Manual ECP MD In Manual

Number Number Dated Number Number Dated

Fl-38 37 4 JUl:e 1965 FI-I43 11 15 January 19G5
Fl··38Rl N!A FI-143Rl N!A
Fl-39 11 16 June 1964 FI-146 I 15 January 1965
FI-40 N!A (superseded FI-147 7 16 June 1964

by FI-254) FI-149 11 15 January 1965
FI-42 7 16 June 1964 FI-153 -'/ 11 March 1965
FI-45 7 16 June 1964 F 1-154 7 16 June 1964
Fl-56 7 16 June 1964 FI-165 12 16 June 1964
FI-57 7 16 June 1964 FI-I€:ml N!A
FI-59 7 16 June 1964 FI-166 13 16 June 1964
FI-60 16 N!A FI-168 8 16 June 1964
FJ-62 ---, 16 .June 1964 FI-169 7 16 June 1964
FI-54 7 N!A FI-172 7 16 June 1964
FI-65 7 16 June 1964 FI-174 21 4 June 1965
FI-67 10 16 June 1964 FI-174RI N!A
FI-69 -7 16 June 1964 FI-176 22 N!A
FI-71 9 16 June 1964 FI-ISO 34 15 January 1965
FI-74 7 16 June 1964 FI-182 -7 N!A
FI-76 24 15 January 1965 FI-185 32 4 June 1965
FI-76RI N!A F 1-185RI N!A
FI-76 16 June 1964 FI-188 7 15 January 1965
FI-80 7 16 June 1964 FI-188RI N!A
FI·82 18 16 June 1964 FI-189 7 15 January 1965
FI-85 -"'/ 16 June 1964 FI-191 7 15 January 1965
FI-86 7 16 June 1964 ~'1-192 46 N!A
Fl-90 7 16.Tune 1964 FI-192RI N!A
FI-91 7 N!A FI-192R2 N!A
FI-95 7 16 June 1964 FI-193 7 15 .January 1965
Fl-97 7 16 June 1964 FI-193H1 N!A
Fl-98 20 N!A (superseded FI-194 7 15 January 1965

by FI-197) F 1-195 7 15 January 1965
FI-99 14 16 June 1964 Fl-196 29 N!A
FI-I00 7 16 June 1964 Fl-197 20 4 June 1965
F 1-101 8 16 June 1964 Fl-198 26 N!A
FI-I06 7 16 June 1964 FI-198HI N!A
FI-I08 7 16 June 1964 Fl-202 7 15 January 1965
FI-124 7 16 June 1964 Fl-206 22, .§~ 4 June 1965
FI-129 8 N!A FI-206RI N!A
FI-129HI N!A FI-2U6H2 N!A
FI-131 7 16 .June 1964 Fl-208 33 15 .January 1965
Fl-132 7 16 June 1964 FI-214 31 N!A
FI-135 7 1(' June 1964

Figure 3. Configuration Changes--Manual Effectivity (Sheet I of 5) I
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Approved Incorporated Approved Incorporated
Erp MD In Manual ECP MD In Manual

Number Number Dated Numuer Number Dated

Fl-214Rl N/A Fl·269H2 N/A
Fl-215 116 6 August 1966 FI-294 57 4 June 1965
FI-215Rl N/A Fl-294R1 N/A
Fl-215R2 N/A Fl-294H2 N/A
Fl-216 31 N/A Fl-303 54 ~3 November 1965
Fl-216Rl N/A Fl-303Hl N/A
Fl-217 7 11 March 1965 Fl-304 67 23 November 1965
Fl-226 35 NIA Fl-304H1 N/A
Fl-226 36 15 January 1965 Fl-305 73 23 November 1965
FI-229 8" 15 January 1965 FI-305Hl N/A
Fl-229Rl N/A Fl-306 66 NIA
Fl-233 36 17 Febnary 1966 FI-306Hl N/A
FI-235 31 N/A f'l-306H2 N/A
Fl-236 '7 15 January 1965 Fl- 307 74 N/A
Fl-241 7 15,Tanuary 1965 Fl-30"IIh N/A
FI-242 39 15 Jammry 1965 Fl- 308 31 17 Fehruary 19613
FI-244 7 15 .January 1965 1"1-309 77 ,80,95 26 May 19613
Fl-251 7 15 January 1965 Fl-310 78,60,95 N/A
Fl·253 43 NIA Fl-311 31-;108 10 November 1966
Fl-254 ~7 15 January 1965 PI-311R1 NIA
FI-255 42, 15 15 January 1965 1"1-312 96,97 10 November 1966
FI-258 22 15 January 1965 Fl-312H1 N!A
Fl-258Rl NIA FI-312H2 N/A
FI-258R2 N/A Fl-312R3 N!A
Fl-260 54 NIA "'1-312H4 179 NIA
FI-260Rl N/A Fl-313 ~-~ N/A
Fl-260H2 155 Nih Fl-313Hl N/A
Fl-261 -2"2 N/A FI-314 31 17 February 1966
Fl-262 SO 15 January 1965 Fl-315 1~~~~ 23 November 1965
FI-263 sf N/A PI-315Rl N/A
FI-267 49 15 January 1965 Fl-315H2 N!A
FI-26B ~1 N/A Fl-316 31 NIA
F 1-268R1 N/A Fl-317 7'1 23 November 1965
Fl-269 55 15 January 1965 FI-319 31 N/A
FI-270 47 N/A Fl-320 1~ N/A
Fl-270RI N/A Fl-320R1 N/A
FI-270H2 N/A FI-321 31 23 November 1965
FI-274 £~ N/A Fl-323 ~,!, ~~, lL~ 17 Felmmry 1966
Fl-276 22 N/A Fl-323Rl N/A
FI-277 ill N/A Fl-323R2 N/A
Fl-278 64 N/A Fl-323H3 NIA
FI-279 2f 23 November 1965 FI-324 72 23 November 1965
Fl-279Rl N/A Fl-324R1 N/A
Fl-282 ~~ N/A Fl-326 79, !!.Q.. !J.~ N/A
Fl-283 ~i! NIA FI-328 76 23 Nov\llnber 1965
FI-283H1 N/A FI-328Rl N/A
FI-283H2 N/A FI-331 '31 N/A
FI-205 68 23 November 1965 Fl-332 :iT 17 February 1966
Fl-2851U N!A FI-333 54 23 November 1965
Fl-287 11 N/A 1"1-335 31 6 November 1967FI-200 ,3.1 N/A FI-342 30 N/AFI-289 .Q.J N/A
FI-289Hl N!A Fl-343 90,91 N!A

I Figure 3. ConflJ,'Uration Changes··Manual Effecllvlty (Sheet 2 of 5)
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Approved Incorporated Approved IncOl'porated
ECP MD In Manual ECP MD In Manual

Numher NlJ!nber Dated Numl'er Number Dated
1'T-347 .Jl 17 I'fLruary 1966 ,"'1-420 N/A
Fl-352 .11 N/A Fl-~2~R1 N/A
Fl·352HI N/A FI-421 N/A
Fl-353 .ll2. iUA FI-42IRI NIA
Fl.. 356 .B.ll.,l!l 17 February 1966 FI-421R2 N/A
F'l 357 .all. N/A Fl-432 113, 114 26 May 1966
!'I-30G l.! N/A FI-422RI N/A
1'1-360 IlJl N/A FI-423 119 7 March 1968
F 1-36: !l2 7 March 1968 FI-423RI N/A
F1- 3r,2 M N/A PI-424 110 26 May 1966
F 1- 369 .l!'.. 23 NOVClIlbN' 1965 Fl-424Rl N/A
1"1-370 !9J!. N/A 1'1-426 117 N/A
PI-3701ll N/A FI-426H1 N/A
1'1- 370Jl2 N/A 1'1-427 111 N/A
[. 1-3'lOH~ N/A FI·4~7HI N/A
Fl-370H4 N/A F'I-427H2 N/A
FI-371 31 N/A 1'1-428 87 17 March 1967

l'1-372 Hfo N/A FI-4281l1 N/A

I"l- 3'12H1 N/A Fl-430 112 N/A
1,'1 - 372H2 N/A

F'I -431 IJ1 N/A
Fl-43IHI ..- N/A

Fl-:l'/C tiB NiA FI-431r12 N/A
FI-3781l1 N/A FI-432 125 17 Mlu'eh 1967
Fl-3~81\2 N/A PI-432HI NIt.
10'1-378113 NIt. FJ-432H2 N/A
1'1- :l79 101 17 Fchrl"lry 1966 F'I-434 121 N/A
1.'1-;1791l1 lilA FI-4J4Hl N/A
FI-379H2 N/A FI-436 123 N/A
FI-3BO 99 N/A FI-437 fIr; 10 Nov('l\lhel' 1966
!'1-3nt '~~l N/A Fl-437HI N/A
n-3!JI 102', f03 N/A PI-43m2 N/A
1'1 -;Hll HI 1o':i , 't66 j,/A lo'1-4:'711:1 N/A
10'1- :1!12 --r:17 .. 17 Mard\ 1907 Fl-4311 131 I,/A
FI,:W31t1 NIA F'1-4:10 140 NIA
10'1 .. ;1921(2 N/A FI-43\1H1 N/A
["1·405 12(1 N/A 1"1-'141 HQ N/A
I"t-40;,ltl N/A Fl-441H' NIA
1'1-4051l2 N/A FI-44th N/A
Fl-40(l N/A Fl-44IH3 N/A
1"1-40'1 100 1\, .\ 1'1 .. '143 lli 10 Nov(,llllJcl' 1966

FI-444 26 ,ru~ 196'1
FI-10ml N/J\ F't-444Hl NI
Fl- 4011 104 NIA FI·44~H2 N/A
Fl-4111l1l J N/A Fl·4~fi l2.!! N/A
','1 .. 400 105 26 May I06r: F'I-415Hl -- N/A
Fl .. 410 TiTl N/A 1'1-447 1,38 N/A
"'I,,'llOHl N/A Fj-44'IH1 N/A
FJ-I,1!i 10'/ N/A F'I-447H2 N/A
l'l-416 120 N/A 1~1-448 11ll N/A
FI-416RI N/A F'1-448R1 N/A
1"1-417 N/A Fl-44BR2 N/A
1'1-418 N/A Fl-440 m 10 November 1966
FI-4l,CIll Nih Fl-449f<1 N/A
~'1-419 N.'A FI-452 ill 10 Novcmbel" 1966
Fl-410Rl N/A Fl-452Rl N/A

--
Figure 3 ,,"Ollflgur?t1on ChangeB--Manual Effectivity (Sheet 3 of 5) I
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Incorporater!
In Manual

Dated

N/A
N/A
N/A
N/A

6 June 1968
N/A
N/A
N/A

28 ,June 1968
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
N/A

11 April 1960
N/A
N/A
N/A

7 Marth 100[1
Nih
N/A
N/A
N/A
N/A
N/A

11 April 1000
N/A
NIA
NjA
N/A
Nih

3 Novomber 1060
N/A
N/A
N/A
Nih
N/A
N/A
N/A
N/A
N/A

165

174

156

170

163

169
160

154

172
17:1

W7, Hlfl

MD
Number

153
157.!58

Approved
ECP

Number

177

132

137

144

115

13b

128
f40

124

123
ill

130
nO

140
HI

!.Q.l

MIl
Number

Incorporated
In Manual

Dated

17 March 1967 F1-~21R4

N/A 1-'".-522
N/A 23N/A F~-5
N/A Fl-524

Fl-525
N/A Fl-525R1

17 March 1967 F1- 526
N/A Fl-526H1
N/A Fl-530
N/A Fl-530RI
I'llA Fl-530H2
N!A Fl-530H3

28 .Junc 1968 1'1- 53 5
I'llA 1'1-543
I'llA Fl-543H1

17 March 196'1 Fl-545
N!A FI-546
N I A Fl-547

17 March 1967 Fl-548
N/A Fl-548R1

10 Novcmbcr 1960 FI-552
N/A Fl-552111
I'llA Fl-552H2

17 Mard, 1967 "1.500
N/A FI.570

17 March 1007 Fl-574
N/A 1'1-578

26 .July 1967 FI-fl'/BIlI
N!A FI-570

3 Novcmbcr 1960 FI-500
N/A 1'1-581
NI A Fl-581HIN/A
N/A H-501H2

20 .Junc 1968 Fl-581H3
I'llA 1·'1- 58 1H4
I'llA Fl-506
I'llA F1-5B7

IA Fl-590
~/A FI-GOOHI
N/A Fl- 500Il2
I'llA FI- 500H3
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N/A 1"1- GOI
N/A Fl .. 502
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N/A

20 .June 1068 FI-504
N/A F'I-594111
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N/A Fl-59~H1
N/A Fl-597
N/A F'l-601
~~~ 1'1-602 178
N/A Fl·604 IV]
1'1 I~__.-.J.~""'---:-:::-:-:--:7-:-:--;:::--:
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SECTION I

GEN1~RAL MAINTENANCE AND REPAIn

Section I
Paragraphs I-I to 1-5

1-1. S:::OPE. This section contains general
maintenance and repair Information to support
sectlons III and IV of this volnme and compo
nent repair procedures In R-3896-3, Volume II.
All parts required fot' mallltenance-level sup
port of the F-I rocket enp,lne are listed In
Il-3896-4. En!(ine conft!(uratlon and component
Identlftc.ltlon and locatlon are shown In ftgures
1-1 and 1-2.

1-2. SAn:'l'Y PRECAUTIONS,
NOTE

When performing work specified
In Ihlu manual, all local safety
and Iwalth dlrectlve" must be
eomplled with. It Is assumed
these directives are In com
pliance with the Occupational
and tJa!<·ty Heallh Act. Wh"n
local safely and health direc
tives aI''' more slrln!(ent Ihan
Ihose specified in Ihls manual,
tho local directives will prevail.

I-~. The following safety precautions have
been prepared for personnel accomplishing
maintenance and repair tasks. These sluety
precautions \lst speclfte precautions to take
when the task Involves workln!( with poto:>ntlally
dangerous nHltnrlals or under ha7.ardous condi
tions. Wal'lllnl(S and cautions at'e used In tho
text to IncUcate potentially dangerous steps;
these warnln!(s and mutlons must be strictly
ohserved. The following examples explain
warnln!(s and cautions:

WARNING

The warning note Indicates a rro
cedure 0" practice that, if no fol
lowed correctly, can cause Injury
or cleath.

CAUTION

The caution note indlcales a pro
cedure or practlce that, if not fol
lowed cor roctly, can cause damage
to equipment.

1-4. ELECTHlCAr.. SYSTEM. Tho following
precautlons must ho taken by personnel work
Ing with an electrical system:

WAIlNING
Connecting or disconnecting elec
trical connectors without turning off
electrical power can result In Injury
to personnel and damage to equipment.

a. Deenerglze circuits hefore working on
eleclrical componen!., or cabling.

h. Before connectln!( a powor sOlJr',o to elcr
trlcal equipment check that eircuit hreaker for
facility electrical outlet and all switches On
electrical equipment are in off Or deenerglzocl
position.

c. Do nol loavo elett.-ic:al controls unattended
when an electrical system Iii ell'Jrglzod.

d. Ground englno and each console with sep
arate ground cablos to a Comrr )n ground point.

1-5. PRESSURJZED SYSTEMS. The following
precautions must be taken (0 provide safety for
personnol working with h1llh-prcssure pnoumatlc:
or hydraullc Hystems:

a. Make Suro connoctlons on all systems
and cemponents have tull throad eUKagenwllt.

b. Follow speclflod recommencL'Itions [or
gasket sealants and lubrlc'·',:s.

WARNING

HemovlnVo fittings, parts, or compo
n!!nts [rom a pressurized system can
rosult in Injury to personnel and
damage to equll,ment.

c. Never tighten or looson any Wtlng In a
system that ib pressurlzocl.

d. Do not leavo controls unattended whon
pressuro Is applied to system.

o. Make suro test equipmont hoscH or ItneH
aro dopr. s :urlzed III :o1'e dlsconnectlnl:.

f, Secm'o all test hoses connectcd betwoon
tost oqulplllont or faclllty and/or engine to pre
vent whipping In ovont of accidontal dlsconnec
tlon or llne failure"

~. Wear safety ~lasses or face shield when
wOl'klng on a pressurized systom.

h. Protect all openings against entry of
foreign material when any part Is removed.

Change No.8 - 18 August 1972 I-I
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Figure 1-1. F-1 Rocket Engine (Typical Flight Colffiguration)
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I. In the event oxidizer propellant feed sys
tem is depressurized when fuel propellant feed
system Is pressurized, make certain nitrogen
Jlurge ovm'board drain is open,

j. If c:osures are to remain on overboard
drain lines when oxidizer and fuel propellant
feed systems are pressurized, closure fas
teners must be loosened to prevent possible
pressure bulldup in drain llnes.

1-6, TIIIWST CIIAMBEIl F.NTIIY. TIl(' follow
Ing precautions Illust be taken to provide safety
for l",rsol1l101 entering thrust chamber;):

a, Obtain permission to enter thrust chamber,
and seelll'e a thrust chamber entry permit,

b. Make sure that main propellant and pre
valves are closed and ducting between is
vented.

c. Tag power and control switches with a
red tag If their operation could creal<' a hazard
to pel'son In thruht chaml.':r.

cA, Verify with an exploslmeter that com
bustible vapors in thrust chamber aN' less than
20 pprcent of lowel' cxpl(JRlve limit of comhusti
bles prior to allowing personnel entry Into
thrust chamber to make spark-producing re
pairs, A list of combustible materials that
might be used In the thrust chamber and their
explosive llmlts Is as follows:

20 Percent
Lower Limit of Lower
(Percent by Limit (Per-
Volume In cent by Vol-

Material Air) ume In Air)

Alcohol (tsopropyl) 2.0 0.4

mhy lene glycol 3.2 0.6

Fuol (Il.I-1 and 1. 6 to 6 0.3 to 1.2
IlP-I)

Freon (cleaning none none
compound)

Solvcnt (stoddard! 1.1 0.2

Trichloroethylene 12.0 2.4

1-4 Change No.5·· 8 March 19'11

d. In cases where an Immediate post-test
inspection is reqUired, use an oxygen analyzer
to check for an oxygen atmosphere. Entry Is
lIot pel'mltted If oxygen content Is less than
19.5 percent 01' exceeds 24.5 percent.

e. Have breathing equipment avallable on a
standby basis.

f. Comply with local industrial hygiene and
safcly regulations.

g. Post a standby oulslde thrust chamber to
monitor IVcll-belng of person In thrust chamber.

1-7. CLF.ANlNG SOLVENTS, The hazard asso
ciated with a solvent Is specified In the require
ment or proccdure by a warning, since improper
use of a solvent can cause Injury to pcrsonnel
or damagc to equipmcnt. The following steps
list the sotvents used, their particular hazard,
and the safety precautions that should be fol
lowed when ustng that solvent.

a. Observe the f,lllowing safety prccautbns
wlwn using trichloroethylene (MIL-'I'-27602l,
or equivalent:

(I) Avoid excessive Inhalatloll of vapors
from trichlorocthylene. Trichloroethylene
givcs off vapors even at room tempcl'ature,
and prolongcd inhalatfon call produce narcotic
effects on thc nervous systcm.

(2) Do not allow trichloroethylene to con
tact skin fOl' J)I'olongcd periods, since It can be
absorbcd through lhe skin. The liquid chemi
cally dries skill, leaving It susceptible to tn
fcctton.

(3) Wear safety glasses or facc shield
whllc using trichloroethylene.

(4) Wear brcathlng apparatus whlle working
with tr:chloroethylenc In confined or unventllated
areas.

(5) Do not expose trichloroethylene to
exccl.mlvc tomperatures.
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b. Observe the following safety precautions
when using cleaning componnd (MIL-C-81302),
or equl va lent:

(I) Avoid ,'xcesslvc Inhalation of vapors of
cleaning compound since It may cause head
aches, dlzzlnesll, slecplness, or ur.conseious
nCSS du,' to the oxygen-deHclent atmosphere.

(2) Do not allow cleanIng compound to con
tact skin for prolonged periods. Thc liquid
chemically dries skin, leaving It susceptible to
infection.

(3) W"ar saf,'ty glasses or fac!! shield when
using cleaning comJlnund.

(4) Wear breathing apparatus when using
cleaning compound In conflncd or unventilated
areas.

(5) Do not sUbJocl cleaning compound to
excessive temperatures.

e. Observe the following safdy precautions
when using isopropyl al<:ohol (Federal Spoclfi
cation 1'1'-1-735), or "qulva I('nt:

(1) Avoid excessive ',nhalatlon of vapors of
Isopropyl alcohol, since prolonged Inhalation
may cause slight Intoxication.

(2) Wear b,'eathlng apparatns when uslnr.
Isopropyl alcohol In crmflned or unventllat<'C1
areaa.

(3) Because of Its low vaporl?lng qua lIti!!s,
usc \('ast amount of Isopropyl alcohOl consistent
with p!!rformlng talJk.

(4) Wear saf"ty r,lasses or face shield
when using Isopropyl alcohol.

(5) /)0 not lise Isopropyl alcohol ncar source
of Ignition, hcal, or open flamc.

ChWlgo No. 5 - 8 March 1971
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d. Observe the following safety precautions
when using drycleanlng solvent (Federal Speci
fication 1'-0-680), 01' equivalent:

(1) Do not use drycleaning solvent neal'
source of Ignition, heat, or open flame.

(2) Weal' safety glasses or face shield
when using dryc1eaning solvent.

(3) Solvent must be kept Irom all possible
contact with liquid oxygen.

11-8. ACIDS. Nitric acid (Federal &)leciflca
tlon O-N-350) is a hazardous material. In
addition, Irldlte 14-2 powder (Allied Research
Products) and alodlne 1200 powder (Amchem
Products) become acid in solution, and the
precautions applying to acids must be observed.
ACids In either concentrated or diluted liquid
form will soak through clothes causing severe
burns, dissolve metals, !tlve oll harmful
vapors, generate explosions, and cause fires
upon contact with combustible material. Tho
following safety precautions must be taken uy
personnel hmldling acids:

a. Wear l'ubbCl' O~ plastic gloves, apron,
hoots, and chemical-type salety !tog!:les.

h. Avoid Inhalation 01 vapOl'S Irom liquldH
and dUHtlrom acid powder mlxeH.

c. Opt'n acid containe,'s, and use ,wid In
well-ventilated areas. Avoid spl1llnf: and
fJplashing.

d. Do not ]lour water Into acid; slowly add
acl'l to water, and constantly stir mlxturt' with
an acid-resistant Im]llenwnt.

e. Cloths, sponges, and brushes used to
apply acid solutions must be thoroughly rlnsHI
In tap wllter. II allowed to dry ou, without
dnsln!:, they constitute a li"e hazard.

f. If acid contacts skin, drench allected
al'ca in clean water Cor a minimum of 5 minut(.lf).

g. Do not store acid near heat, caustics,
water, or combustible materials.

1-9. LIQUID NITROGEN. This material is
characterized by its extremely low telllpemture
and high vapor pressure. The folluwiug precau
tions must be taken by pel'sonnel handling liquid
nitrogen:

a. Use only approved container and storage
vessels.

b. Wear safety goggles 01' lace shield and
loose, well-Insulated gloves 01' mittens.

c. Avoid splashing on exposed skin to prev"nt
paih(ul "burns."

d. Use in weli-ventllated area to prev!'n!
oxygen depletion.

e. Avoid direct contact wllh liquid uitro~leu

or surfaces chllled by liquid nitrogen.

1-10. INCOMPATIBLE MATERIALS. Some
materials, such as preservative eompouuds,
lubricating oil, cle,wlng solvents, luel,
hydraulic fluid, and grease, used lor mainte
nance purposes are incompatible with the oxi
dizeI', liquid oxygen. When Introduced Into an
oxidizeI' system, liquid oxygen mixes with tht'
incompatible materials that have not been re
m(lved by cleaning, lIushing, and purging and
becomes Impact-sensitive and explosive. Tlw
det('ction of all incompatible mate"ials in an
('nglne or test equipment Is dllilcult. I'rot"c
tion of an ('ngl,w and !'Cluipn\('nt by thp u\('lhods
outliued In the appticahl(' maln\('uilllce proce
dures nl.lkes IIlmecessary the extensive dls
assemhly required lor the detectlou aud removal
of Incompatible materials.

1- t 1. SEALS AND GASKETS. Seals and l:askets
must be compatible with, ancl servleeahle lu,
the system In which they are us!'c1. Many flUids
lire ('xtremely cO!'l'oslve and volatile, and
others decompose violently when exposed to
certain substauces. Personoel must take all
safety precautions and avoid brlnl:lnl: materials
luto coutact with each other unless they a,'e
known to be compatlhle. 80me types 01 seal
and gasket mat('rlal, sucn as Teflon aud Kcl- F,
are used with the oxidizer system because or
their fleXibility at low temperatures. However,
these materials form a toxic fluorocarbon gas
when burned or QVl!rheated.

Changs No.7 - 24 March 1972 1-5
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1-12. EN VIRONMENTAL HEQUIREMENTS.

1-13. Component repair procedures contal.led
In H-3896-3, Volume II, must be performed In
a controlled area to prevent contamination of
engine components and systems. Contrelled
area requirements are satisfied whpn the fol
lowing conditions exlsl:

a. ~)Jeclal housekeeping procedures arc
Issued by local area supervision.

b. All personnel authorized to enter the area
are properly Indoctrinated In controlled-area
procedures.

c. Smoking and/or catlng Is not permllted.

d. Nylon or polyethylene gloves are worn
when handllng parts or components where hand
contact Is made with seallng surfaces 01' sur
faces that contact operating fluid (lIquid or gas).

e. Components and assemblies are appropri
ately covered with polyethylene sheeting at all
tI mes when work Is not being performed.

NOrrg

The ('stabllshment of temperature,
humidity, and airborne contaminant
limits Is not required.

1-14. CO"TAMINATION AND DAMAGE
PIlEVENTIOt'!.. - _.' -

1-15. All maintenance and repair procedures
must be performed In such a manner as to pr('
vent contamination of englnc components and
systems. Materials used must be compatible
wllh the applicable englrw system. Figure 1-4
llsts recommended materials for cleaning,
corrosion p. Jventlon, testing, repairing, and
lubricating componentfl. The following re
qUlrementfl must be used where applleable to
a specific maintenance task:

fl. Clothing worn by personnel Is free of
loose parttc les and fibers and pockets emptted
of foreign objects that could contrlbutf> to ('on
tamlnatlon when working wllh Intcrnalureas of
systems or In controlled arcas.

1-6 Ch,\nge No. 5 - 8 March 1971

b. Parts, tool~, materials, and test equip
ment .lCtually used in a maintenance task must
be accounted for to make sure that none of these
Items has been left Ius Ide a system or compc
nent.

c. All test equlpmcnt and tools must meet
the cleanness requirements for use In liqUid
oxyger., fuel, and pneumatic systems If equip
ment will be exposed to sealing or fluid con
tacting surfaces.

d. 'fools are properly tethered to the carry
ing Individual or carrleG In a suitably tethered
bag when work Is being performed above the
engine to prevent tools from falllng and damag
Ing the engine or Injuring personnel.

e. Proper measure~ are taken to prevent
contamination If an l'nglne or facility system Is
to be opened In an outdoor location during ~afn

or high winds.

f. Areas arc checked above, around, ar.d
below the system being opened for operations
that may cause or allow contamination of the
system. Proper measures arc taken to prevent
contamln.1tlon of other systems from the system
being oponed.

g. A suitable container Is proYlded to catch
residua I fluids when a system Is opened to pre
Yent fluid from contaminating 1djacent areas.

h. Aluminum fall Is novel' used in lieu of
closlIl'es and/or covers on englnc openings 01'

on removed components or assemblies.

I. Only presLure-senslllve tape RB0195-002
(Hocketdyne), or cqulV'.llent, Is used In direct
contact with engine assembly. Tape IB not used
on threads, mating faces, or direct fluid sur
faces. Tape alone Is not used as a closure
and/or cover on englr.e openings or on removed
components or assemblles.
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WARNING

Compressed gas must not be used
for drying or cleaning unless ef
fective chip guarding 10 used and
personal protection equipment Is
worn.

j. Prior to opening any engine system, a

I reb'lliated source of low-pressure (less than 30
pslg) gaseous nitrogen (MIL-P-27401) or clean,
dry air conforming to the cleanness and humid-
Ity requirements of MIL-P-27401 Is used to
blow area free of loose contam\nants; then, a
clean, lint-free cloth moistened with trichlo
roethylene (MIL-T-27602) Is used to wipe area
free of v,,.lblo contaminants.

CAUTION

Closures with sponge rubber seals
mus, not be used, since contamina
tion of component or system can
result.

k. Components and assemblies removed from
the engine and engine connections are Immedi
ately provided with suitable closures and/or
covers. (Refer to R-3896-4.) U closures or

Change No. 8 - 18 August 1972
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covers are not available, flange areas may be
protected as shown In figure 1-3 and as follows:

Section I

CAUTION

When securing Aclar film or bags to
the line with tape, a minimum of 25
percent of the tape width must contact
the body of the line to prevent entry
of contaminants.

NOTE

The tape used In this procedure is
pressure-sensitive tape RB0195-002
(Roeketdyne).

(1) Cover open ends of ·lIne with Aclar
No. 33C film (0.002 inch minimum thickness)
(Al1Ied Chemical Corp). Film must be Wi "ppI'd
over the periphery of the flar'!;e and secured: ,
the body of the line with tape.

(2) Install a ba~ (0.004 Inch minimum

I thickness) made from clean plast!l! sheet and
strip (Federal SpeclClcatlon L-P-378, Type 11)
over Aclar film to completely ClIver and extend
beyond film. Expel all' from bag, and secure
bag to body of line with tape.

NOTE

Clel,n polyethylene bags (Federal
stock No. BI05-LCO-68ll) or
clean polyethylene tubing Wederal
stock No. 8135-782-7460), heat
scaled at one eud, may be uRed.
All polyethylene material used
must be 0.004 Inch mlllimum thickness.

(3) Attach a certlClcate of cleanness to
tapNI area, if required.

(4) Install a socond bar, <0.004 Inch 'llln-

,
imum t ,lckness) made from clean plastic sheet
and strip (J"ederal Speclflcallon L-P-~78, Type
(Il) over flmt bag. Expel air from bag, and
secure bag to body of line with tape.

NOTE

Clean polyethylene bags (Federlll
stock No. 8I0S-LCO-68ll) or clean
polyethylenl' tubing (Federal Stock
No. 8135-782-7460). heat-sealed
at one end, may be used. All
polyethylene material used must
be 0.004 Inch minImum thIckness.

ACI..AR

-TAPE

"~\> - r'::::~ ~'"
Ur~~J
ll~"'\ CERTIFICATION or..I CU:ANNESS LAB>:'.

TAI'[ l)OLYETHyLENE nAG

Figure 1-3. Protectivc Closure
for Engine Lines

(5) Gather and tape ball' over periphery of
flange to prevent flange from cu!tlnl( throug:.
bag.

(6) Apply 2 layers of tape over outer bag.
Tape must Cl,ver surface of flan~e and extend
over perlphcr l' of flange. Sl'cure ends of tape
by applying rl layer of tape around periphery of
flan~e.

(7) Atlach a fluid syst"m IdentlCicallofl
lalwl to line, if reqUired.

I. Protectlv<' closures and/or covers are
secured with the required number oC attacbing
parts. If Cewer than the required number of
attaching parts arc used, the closure or cover
wlll flot provide adequate protection.

lAo Package pressure caps, plugs, seals,
and mlscelJa~eous sm:lll parts belnp; retained
for relnstallatlon In clean plastic sbeet and
strip (f'ederal Speclflcatlon L.P·378, Type II).
Secure package by heat -scaling or with pressure
sensitlve tape RD0195-002 (Hocketdyne).

!'IOTE

Clean polyethylene bags (Federal
stock No. 8105-LCO-6811) or clean
polyethylene tubing (Federal stock
No. 6135-782-7460), heat-sealed at
one end, may be used. Ail poly
eth-rlene material used must be
0.004 Inch minimum thIckness.
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m. The fol!owlng standard plugs and caps of
appropriate size are used to protect engine and
componer,t openings:

(1) Plug AN806-JX- in tube coupling nuts.

(2) Plug AN814-}QQ- and O-ring MS28775
In threatied ports.

(3) Cap AN929-}QQ - on threaded male
fittings.

n. Components or assemblii:s requiring re
work or relnspection are transported to a con
trolled area before removing protective clo
sures ~nd/or coverlnrrs.

o. Rework of components 0" assemblies that
generates chips, dust, or other contaminants
Is prohibited unless proper preventative mea
sures have been taken to eliminate possible
contamination.

CAUTION

All protectl\'e closures and coverings
must be removed before engine com
ponents or assemblies are Installed
or connected, to prevent damage to
equipment.

p. Protective closures ,.ltd coverings are
not removed from the components, asspmhlles,
or engine until just hefore Installallon.

q. Protective closures are not used as stor
age h'ays for removed hardware or hardware
to be Instal!ed.

r. The Integrity of ali gaskets, O-rlr.gs,
packings, al,d seals Is v£!rlfled before installa
tion.

s. The proper lubricant is used on fltting8,
gaskets, O-rings, packlngs, and seals when
required by the applicable procedures and only
In the amount required.

t. Leak-test compound Is not applied to vent,
bleed, or pllot openings; braided portions of
fie" hoses; or convolutions In b~lIows assem
blies.

u. AU cavities In parts are checked for lock
wire clippings or any foreign material before

1-8 Change No.4 - 8 October 1970

Installing prutectlve closures or Instal!ing
removed assemblies.

v. Clean nylon or polyethylene 1,loves are
worn when handling paris or components where
hand contact Is made with sealing surfaces or
surfaces that contact operating fluid (liquid or
gas).

1-16. DAMAGE PREVEWftON. AI! mainte
nance and repair procedures must be performed
In such a manner ali to prevent damage to the
enbr[ne and components. Damage to engine and
components will be greatly reduced by observlng
the follOWing precautions:

CAUTION

Closures with sponge rubber seals
must not be used, since contamination
of component or system can result.

a. Instal! covers and closures as outlined in
1t-3896-9 and secllon II of this manual to P1'O
tect engine components in work area.

b. Do not usc lines, ducts, or tubing for
handholds or steps.

c. Do not apply ullIlCcessary loads to har
nesses, lines, or components.

d. Protect components adjacent to work area
from splllage and dropped h.ardware.

e. Observe all warnings, cautions, and
notes in rel'~llr and handllnr~ proccdures.

r. Before usc, Inspect ground suppurt and
handling eq'Jlpment for condition and evidence
of proof loadin~.

g. Use procedures outlincd in H-3896-9
and section II of this manual to l'emUVCl, install,
raise, lower, or transport engine or thrust
cl4'1mber nozzle extension.

h. Do not exceed handling equlpmnnt towing
speed, turnln,'; radius, ramp angle, 01' luad
limits wlwn movlnl( engine.

I. Use proper tools and equipmenl conedly.

j. Protect fwaling surfaces, parting surfaces,
and adjacent hardware from damage d',rlng re
llIoval and Instal1ation of large component.

k. Use too18 that are free of sharp edges,
burs, or other conditions Which damage tubes
'>1' fittings.

I



R-3898-3
Volume I

Section I
Paragraphs 1-17 to 1-18

I

I. Avoid using adjustable wrenches.

1-17. ENGfNE CLOSURES AND COVERS.

1-18. Engine closures and covers provide a
seal against contamlnanls and/or physically
protect ports, threads, electrical connectors,
and sealing surfaces. All parts of the engine
that require protective closures or covers must
be protccted at all times unless closures and
covers are removed for tne performance of an
aut~orlzedactivity. Refer to Il-3896-11 for
closure usage and desiccant Instal~atlon.

Hefer to R-3896-9 for closure Installation and
removal. Engine and component closure and
cover part I,umbers are specified In R-3R96-4.
General clos'lre and cover reqUirements nre
as follows:

CAUTION
ClosuI es with sponge rubber seals
must not be used, since contamination
of componcrot or system can result,

a. Inspect for cleanness, contamination,
and damage.

b. All closures and covers must be cleaned
hefore uSe. Clean as outlined In paragraph 1-46.

c. Closures and COVCI'S to be Installed on
fluid system /olnts must be cleaned Immediately
before Instal atton or must be Individually
packaged and certified clean.

WARNfNG
'1'he following procedure uses c lean
Ing compound (MIL-C-8l302), ,vhlch
Is volatile. Use In a WIlli-ventilated
area since the Va!lOI'/; displace the
oxygen In the all', resultln~ In surro
cation .

• The followlnr; procedure uses Iso
propyl alcohol which Is flammable
and must not be used near heat,
sparks, or open flame. Inhalation
of Its vapors or prolonged contact
with the liquid ean caUSe serious
Inj ury.

• Compressed gas must not be used
for drying or clennlng unless ef
fective (lhlp !(\lnrdlng Is usnd nnd
personal protection equipment Is
worn.

d. Before removal of a flUid-system closure,
clean exterior surfaces of closure using a clean,

hemmed nylon cloth or a clean brush moistened
with unused cleunlng compound (MIL-C-81302)
or Isopropyl alcohol (Federal Specification
TT-I-735). Dry closures with a regUlated
source of low-pressure (less than 30 pslg) I
gaseous n1tl'ogen (MIL-P-27401) or clean, dry
all' conforming to tne cleanness and humidity
requirements of MIL-P-27401.

e. Package protective closures and covers,
to be reinstalled on the same system o))onlng,
In clean plastic sheet and strip (Federal Speci
fication L-P-378, Type 1/). Seal package with
pressure-sensitive tape H1)0195- 002 mocketdy~e)
or by heat heallng.

NOTE

Clean polyethylene ba!(s (Federal
Stock No. 8105-LCO-6811) or ct"an
polyethylene tubing (Federa I &'Iock
No. 8135-782-7460) heat-scaled at
one end, may be used. All polyeth
ylene material usNI must be 0.004
Inch minimum thickness.

f. Hemove and replace humidity Indicators
when Indicator coloration overruns the estah
11 ,hed circular harder 01' when Indicators hav"
I' st all colorallon, as follows:

(1) Hemove Indicator by breaking free
retaining nut that secures Indicator to c108m ,l.

(2) Place neW Indicator und"r a heat lal1l,)
unlll the 3 clrClllal' SI",t8 arc blue in color.

(3) Install now hllmldlly lndil'ator and
gasket; Install retaining nut and tighten hy hand.

WAr!NING

The following procedure ilSCS methyl
ethyl-ketone, which Is flammable and
must not be used ncar heat, sparks,
or open flame. Inhalation of Its
vapors or pl.-olonged contact with the
liquid can cause serious InJury.

(4) I)ond r'Jialnlng nut to Indicator with
methyl- ethyl-ketone (Fedel'U1 &),ec Ifleatlon
TT-M-261), or equivalent.

g. Install protective closures and/or covers
on components and aS8cmblle3 Immediately
alter removal from engine. Threaded plugs
and caps must be Installed flngertlght. Threaded
fasteners for attaching covers or closures must
be torqued C1ngertlght plus 1/4 turn.

Change No.8 - 18 August 1972 1-9



S"cli'Jn I
Paragraphs 1-19 to 1-22

R-3896-3
Volume I

". Imn'ediat~ly install closures anMor
COVl'rs on engine joints when a component 01'
assl'mbly i:; rcmoved. Use applicable torque
vaiue.s outlined in step g. TemprJraryopenings
(4B hetlt·s ma.ximum) may bc chsed with poly
('lhylene bags or sheet material secured with
pre""ure· Sl'nsii.ivc tapc HB0195-002 (Hocketdyne).
Do not lise tape on thn\lds, 5.:'alinrr surfaces,
or dirret Iluid surlae(ls.

i. Transporl component or assemblies lint
require rework to an envirvnmentally co:;,~.n)lh:d

area beorc removing closure's or covers.

CAUTION

All protective closures and covering"
m'IFt. be l'C'movc:(' brforc engine com
po"ents or a"sembHes are installc.J
or Jonnected, to ;Ji.'cvent Jamage to
v-i,uipmcJll.

j. Dc not remove c!o"ures or covers from
components. af,semblies, or ~:.gine joints until
immrcliately before InstallatirJn of components
ur assemblies.

1-19. In~'YLOY1!'j'GAND CON'IH9L~INQ

.QORHO~lQN.

1 ·20. Corros:0n is ,he attack of a m?tal by a
chemical or electrochemical re<lction with Its
onvlronmcnt. ~,·enlp"!raturf~, humidity, st;u~

tlll'e, <lnd composition of m~tals, amI galvanic
lactors can retard or acc"lel 'lte the rate of
cOJ'rosiun. The F-l englIle is constructed of
me(a~8 that rPRiRt c(I"ror-;ion and mf'talH that
,ne protected from ccnOG;on by r,lating, a·lOdiz
ing, p'lssivating, painting, and appl~rlng pro
tective coatings. If the e~bjne Is exposed to an
'\dverse environment 0" the protective surfaces
al'e penetral!'d, certain of these metals are
Ol.bjcct to cor"·osiclO. This corrosion can vary
fron :Jt1')'-1Il~jal corro1=lion to Revere, heavy
(·OLl'osion.

1·21. ~UPEHF1CIAL connOi:ION, ~uperficial

corco5iCJII is a unilOT'ffi surface condition with
out si,rrificant penetration of the metal surface.
Light rustlng of Iron and tarnishing of silver
arc examples of thl>< type of corronion. Super
ficial corroqlt'n normally affects only the

1-10 C"an~;e No. 'I - 24 March 1972

aesthetics and wl!t'n on exterior surfaces is not
dctrimpntal to the functional int('grity or th,·
part. Superficial corronion in mf'tal's natural
way of protecting Itspl(' ~upprficial eorrosJ(J(]
is usually found Oil such parts as ~aH f!,pncl'ator'
fucl duel l'ok"s, AN-typ" fittings (a,,-forged
surfaces), heat-affecl~dar('as of 30U-s('rj(,s
CRES, thru.ot chamber outrigger arms, cadmium
plat('d holtheads, and thermal insulation sy"t('m
brackets. Corrosion removal and cOlltI'f)l Illu~l

hp co'widefcd 011 an Individu<d part basis. Thp
process of !'cmovinp; superfjcial corrosion from
some parts may be mure ddri menta 1 to the
parts than the superficial corrosion itself, since
It may destroy tlw anodized or passivated sur
faces of tl", part. Removal will suhj('ct 011]('1'

components in the system to damag" from the
~Ieaning media. Hemoval and cOI'tro] of a II
other corrosion or the dispositior, of the part IS

to be coordinated with a Rocketdyne represent
ative. CLlrrosion removal and control nroee-
dures on the exterior of the engine for each lyp" I
of mef.al are provided in paragraphs 1-23
through 1-33.

1-22. MATEHIALS AND EQUIPMENT. The
materlale listed in figul'e 1-4 are required for
clcaniug, paint stripping, and protecting metals
from corrosion. The equipment listed in flgurc
1-5 is required fvr the examination of metals
and for c1e"nlng, paint stripping, corrosion
removinf\, and protecting metals from corrosion.
After use, all materials mu"t be thoroughly
cleaned of all chemical and corrosio', resldu('
before reuse. All cloths and bristle brushes
must be thoroughly washed and rinsed in tap
w"tr-r ht~forf' ""(IUS". Carhon str'f'l wool nnrl wil'P
brushes must I'; used on carbon steel or low
alloy sleel materials. Stainless-steel wool ancl
wire brushes must be used on CRE~ materials.
Aluminum W(,!)} must be used on ~lumiT1l1m ami
magnesium. Drass wire brushes must be used
to clean copper and copper alloy materials. It
is recommended that a color coile he establishecl
alld that the handles of stainles ,-stcel wire
brushes and car!oan-stepl wire hrushes bc painted
different colors to avoid possible misuse. Car
horundum paper tlk~t is not discarded after use
must he marked to indicate tile type of metal on
which it was used amI must not b" used on any
other type of metal.



Tdentlflcatlon

Aclar No. 33e
(Allied Chemical Corp)

Alodine 1200
(Amchem Products)

ARP No. 2 (Allied
Research Products)

BD-A·IOG (Federal
,,'per-ifl rati on)

BB-0-925 (Fede,-al
Specification)

Borax (Federal stan~ard)

Brayco 777 (Bray Oll Co)

C-328 RTV (Connecticut
Hard Rubber Co)(a)

C· ~A (Felt Products)

CenterpoInt Lube No 3
(ChIcago Mfg and
DIstributIng Co)

Ethafoam (Dow
ChemIcal Co)

Extreme-pressure
Lube No.3 (Evans
Products Co)

R-389G-3
Volume I

Name

FUm

Powder

Detergent

Acetylene

Gaseous oxygen

Soap powder

Hydraulic fluId

Vlton elastomer

Thread compound

Lubrtcant

Ethafoam (cushIonIng
material)

Lubricant

Section I

Use

Protecting parts.

Mixed with Nitric Acid 0-N-350
(Federal Specification) to form solu
tion for chemical film touchup of
anodic-coated parts.

Mixed with lridite 14-2 powder to
form solution for chemical film
touchup 01 anodic-coated parts.

Welding and braZing Ihrust chamber.

Welding and brazing thrust chamber.

RemovIng dry film lubricant.

LlI"ric~tlng thrust chamber hot gas
seals.

Repairing turbopump oxidIzer volute
plastic foam elastomer seal.

Lubricating thrusl chamber injector,
turbIne manifold, heat exchanger,
and gas generator Inj ector and com
bustor hot gas fitting threads;
lubricating gas generator closun
fasteners; lubricating turbIne bolt
threads; and lubricating thermal
inSUlation fram e bolt threads.

Lubricating Ignition monitor valve
bolt and cap threads.

Protecting engine cover from chafing.

Lubricating Ignlllon moni\or valve
bolt and cap tnreads.

(a) Compound has limited Shelf life. Refer to paragraph 3-141 for usabl1lty teats.

FIgure 1..4. MaterIals SpecifIed In This Manual (Sheet 1 of 10)
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Stction 1

Identification

FS1281 (Dow Cornlni> Corp)

Iridite 14-2 (Allied
Research Products)

Kelite N-ll (Kellte
Chemicals Corp)

Krytox 143AZ (Du Pont)

Kulgrid or Kulgrid 28
(Sylvania Electric
Products, Inc)

Lfl0125-1 03, Type II
(NR, Los Nlgeles
Division)

LB0190-002 (NR,
Los Angeles Division)

L-P-373, Type II
(Fed!!r. ,pec!flcatloll)

MIL- A-18/155

R-3896-3
Volume I

Name

Grease

Powder

Rust remOVer

Fluorinated 011

Wrapping wire

Hanl anodic cC'alillg for
aluminum and aluminum
alloys

Pressure-s!!nslllve tape

Plastic sheet and strip

Argon

Use

Lubricating Ihrust chamber Injector
to fuel upper seal, gas generator
ball valve fuel housing tee retainers
and packings, gas generator fuel
0- rings, ele( f ,'ical conncetol' gasket
and threads, and fuel valve position
transducer shaft; lubricating oxidizer
valve and sequence valve packlngs,
hypcrgol installed switch packing,
engine and GSE hydraulic supply
check valve packings, and checkout
valve bearings and ball; and lubri
cating specified fuel valve parts,
hypergol manifold closure threads,
hypergol manifold piston O-ring,
and hypergol simulator shaft O-ring.

Ml.lCed with dl.'tergent AHP No. 2
(Ailled Research Products) to form
solution for chemical film louchup of
anodic-coated parts.

Removing corrosion from gas gen
erator fuel duct and oxidizer duct
gimbal sections.

LUbricating thrust chamber oxidizer
dome bolt seals and thrust chamber
oxidizer and fuel instrumentation
tap and purge port seals.

Repairing electrical harMSs
armored braid.

Heplacillg checkout valve retainer
and cap anodic coating.

Masking el!!ctrlcal harn!!ss for
repair of heat shrinkable overmelds.

Protecting and wrapping parts and
tht engine control valve to prevent
entry of contamlmmts when remOVing
four-way solenoId valve.

Purging thrust chamber lubes b!!fore
brazing and welding and backing up
weld repairs on heat exchanger shell,
thrust chamber tube, and nOZZle
~xtenslon shlngl!!s.

1-1013

't"lguro 1-4. Materials Specified In This Manual (She!!t 2 of 10)
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Identification

MIL- A-8625, Type II

MIL-C-16173, Grade I

MIL-C-25769

MlL-C··5410, Type II

MlL-C-5541. Type I

MlL- C-81302

MIL-D-6998

MIL-E-21562,
Type MIL-HN62

MIL-E-25558

R-3896-3
Volume I

Name

Anodic coatlng

Corroston-preventlve
compound

Alkaline cleaning compound

Cleaning compound

Chemical film

Cleaning compound

Dichloromethane

Inconel 62 wire

n.) -I fuel

Sectlo,," I

Use

P.eflnlshlng anodic-coated parts.

Protecting statlonary unpainted car
bon steel surfaces from corrosion.

CleaniniS corrosion from aluminum
alloys.

Deoxiding anodic-coated parts before
applying chemical fllm touchup.

Refinishing aluminum alloy surface
after corrosion removal.

Handcleanlng covers and closures.
CRES steel and nickel alloys,
cadmlum-, chromc-, nlckel-. and
sil vel' plated parts. gas generator
fuel feed duct and oxidizer feed duct
gimbal sections, rigid CRES steel
tubing, and flexible CRES and heat-
1 esletant alloy ducts; handcleanlng
nonmetallic, metal, and combinalions I
of metal and nonmetalllc parts,
exterior of pressure transducers.
seal plates, fuel valve position
transducer, engine control valve.
exterior of thrust OK pressure
switches and turbopump. turbopump
tools, and joints of valves tested
with leak test compound; flushing
rigid CRES steel tubing, flexible
CRES and heat-resistant alloy ducts,
quick-disconnects, and parts of
pressure transducers and thrust OK
pressure transducer; and verifying
cleanness of engine control valve
filters and for cleaning filters.

RemOVing paint from areas where
a thick paint remover cannot be used.

Welding thrust chamber Inconel X
tubes.

Leak-testing fuel valve nose seal.

Figure 1-4. Materials Specified In This Manual (Sheet 3 of 10)
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Section I

Identification

M1L-G-23827

MIL-H··5606

MIL-P-27401

MIL-P-27401

MIL-P-11414

MIL-P-6585, Color Y,
Type I(a)

MIL-a-5031

MIl,-S-22473, Grade AV

R-3696-2
Volume I

Naloe

Gear grease

Hydraulic fluid

Gaseous nitrogen

Liquid nitrogen

Lacquer primer

Zinc chromate
prlms;:-

347 CRES filler rod Or wire

Locking compound

Use

Lubricating Interface panel pine.

Lubricating packlngs In GSE hydrau
lic supply check valve, engine
hydraulic supply check valv~, "nglne
control valve, four-way solenoid
valve, bearing coolant control valve,
and redundant shutdown valve and
lubricating stem and armature In the
redundant shutdown valve.

Blowing contaminants from parts
before parts removal; drying covers,
closures, and engine parts; purging
oxidizer pump seal, thrust chamber
tubes, and engine control valve ports;
testing components; and holding
OXidizer valve poppet closed during
poppet torquing.

Flushing all metal hoses; chllllnl; gas
generator OXidizer purge check valve
and oxidizer valve during as~embly;

chilling lurbopump oxidizer Inducer
during Inducer removal; and cryogenic
testing OXidizer valve.

Reflnlshlnr: painted carbon steel
surfaces.

Refinishing painted carbon slt-el
surfaces and priming areas to be
painted arid Interface panel holes.

Welding 347 GRES on thrust chamber
IlIQ1Mold.

Securing oxidizer valve position
transducer arm and screw.

(a) Compound has limited shelf life. Refer to paragraph 3-141 for usabfllty tests.

Figure 1-4. Materials speclfled In This Manual (Sheet 4 of 10)
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Identification

MIL-S··22473, Grade N

MIL-T-27602

MIL-T-8808, Type I

Molykote Z (Dow
Corning Corp)

MS20995N (Military
standard)

Mylar film (Ou Pont)

Nicrobraz (Wall Colmonoy)

No number

No number

R-3896-3
Volume I

Name

Locking compound primer

Trichloroethylene

321 CRES tubing

Powder

!nconel lockwirc

Film

BraZing flux

Aluminum wool

Carbon-steel wool (Class II
pads)

Section I

Use

Priming oxidizer val ve position
transducer arm and screw.

Handcleanlng CRES steel and nickel
alloys, cadmlum-, chrome-, nickel-,
and silver plated parts, orifice
plates, fuel valve posllion transducer,
engine control valve, OXidizer valve
seal blanks, and turbopump oxidIzer
seal lock; vapor degreaslng rigid
alUminum tubing, aluminum ducts,
corrosion and heat resistant alloys,
corrosion and heat resistant alloy
ducts, rigid CRES steel tubing,
flexible CRES and heat resistant alloy
ducts, teflon lined hoses, all metal
hoses, and orifice plates; ultrasonic
cleaning rigid aluminum tubing,
aluminum duch, corr081on and heat
resistant allo'! ducts, rigid CRES
steel tubing, flexible CRES and heat
resistant alloy ducts, metal parts,
combinations of melal and nonmetal
parts, and bearing coolant control
valve filters; flushing metal parts,
qutck-dlsconnects and thrust chamber
tubes; and leak tesling quick
dlscolUlects.

Fabricallng new drain tubes.

LUbricating turbopump bearing lube
seal packing.

Safetywlring fittings and threarled
fasteners with lockwlre holes.

Barrier material for re)Jlacing
plastic foam in turbopump oxidIzer
volute cavities.

Brazing thrust chamber tubes.

Removing corrosion from aluminum.

Removing corrosion from carbon
steel material.

Figure 1-4. Materials Speclfted In This Manual (Sheet 5 of 10)
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Gection I

Identification

No number

No number

No number

No number

No number

No number

No number

No number

No number

No number

No uumlwl'

No number

No number

No number

R-3898··3
Volume I

Name

Carborundum paper (Grit
No. 240, 280, 400, and
600)

CRES welding rod (0.040-,
and O. 045-lnch diameter)

DIsodlum phosphate hepta
hydrates (commercial grade)

Ethylelledlamine tetra
acedlc acid (commercial
grade)

Hastelloy C sheet metal
0.034-lnch thick

Hastelloy C or W weld rod
0.040-, Q.047-, and 3/32
Inch diameter

Hastelloy W fl1ler rod

Helium (commercial grade)

Methylene chloride
(commercial gi,l,de)

Plastic sheet and strip
(commercial grade)

Stainless-steel wool (claso
o pads)

321 CRES sheet metal
O. 125-lnch thick

347 CRES sheet metal
O. 125-lnch thick

75 He-2n Argon
(commercial grade)

Use

Removing corrosion.

Welding nozzle e.xtenslon.

Mixed with ethylenediamine tetra
acetic acid, wetting agent Triton
X-I00 and water for cleaning engine
control valve filters.

Mixed with dlsodlum phosphate
heplahydrates, wetting agent (Triton
X-IOO, and water for cleaning engine
control valve filters.

Repairing nozzle extension.

Repairing nozzle extension.

Repah tng thrust chamber exhaust
manifold

Welding Ine,' gas backup fluid.

Cleaning thrust Lhamber areas for
brazing.

Protecting heat excha.1ger Inlet when
turbine is disconnected.

Removing corrosion from CRES
material.

Repairing nozzle extension.

Repairing nozzle extension.

Welding Inert gas backup fluid.

l-IOF

Figure 1-4. Materials Specified In This Manual (Sheet 6 of 10)
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R-3896-3
Volume I

Section T

Identification Name Use

0-A-51 (Federal
specification)

Acetone Stripping dye from parts; handcleanlng
metal parts before applying lubri
cating powder; and cleaning surfaces
to be welded on heat exchanger,
thrust chamber, and nozzle extension.

O-N-350 (Federal
S»ccl fication)

Nitric acid Mixed with alodine 1200 powder
(Amchem Products) 10 form solution
for chemical fllm touchup of anodic
coated paris.

0-0-670
(Federal specification)

Ospho (Rusticide
Products Co)

Phosphoric Acid (85%)

Rust remover

Mixed witt. Isopropyl alcohol
(Federal specification TT-I-735),
Thiourea (J. T. Baker Chemical Co),
and distilled or deionized water to
form solution for cleaning tarnish
from electrical connector pins.

Removing corrosion from r;as
gbneralor fuel feed and oxidizer feed
duct gimbal sections.

0-T-620 (Federal
specification)

Trichloroethane (Methyl
chloroform)

Cleaning molded rubber seal orifice
plates and handcleanlng surface
before installing identification plates

P-D-G80, Type I
(Federal specification)

Dry cleaning solvent Handcleanlng painted areas, hypergol
manifold cartrldgf' container Inlet
port, corroded surfaces, and carbon
steel surfaces In areas where
flammable liquids can be used.

PPP-T-60 (Federal
Specification)

Waterproof tape Sealing packaged parts and securing
Jar1'ler malerlal to engine cover
frame.

I

Repairing electrical harness black
overmold.

LUbricating flat seals.

Lubricating turbopump oXidizer Inlet
seal.

Repairing electrical harness.Lead-tin solder

Potting compound

Sealant and anti seize
dispersion

RB0120-034 (Rocketdyne)(a) Gasket sealant

PR-1553 (Products
Research \ind Chemical,
SEMCO)(a/

QQ-S-571, SN60 or SN63
(Federal specification)

RD0120-017 (Rocketdyne)(a)

Rl10140·010 (Rocketdyne) Fluorinated lubricant Lubricating turbopump primary seal
lock.

(a) Com!Jound has limited shelf life. Refer to paragraj'h 3-141 for usability tests.

FillUre 1-4. Materials specified In This Manual (Sheet 7 of 10)
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Section I

Identification

RBU140-0I2 (Rocket<Jyne)

RB0170-064 (Rocketdyne)

RBOI70-0Gl> (Hocketdyne)

RB0195-002 (Rocketclyne)

RB0210-002 (Rocketdyne)

RB0210-003 (Rocketdyne)

RB0210-016 (Rocketdyne)

RTV-I02 (General
f;lectric)(a)

RTV-I08 (General
Electrlc)(a)

RTV-615 (General
Electrlc)(a)

SK-D-NF (Magnaflux
Corp)

SKL-4 (Magnaflux Corp)

R-3896-3
Volume I

Name

Lubdcant greaRe

Gold-nidwl braze alloy

(~,ld-nlekel-cOpper

brazing alloy

PrcsBurp"!icnsitivc tape

Alkaline deaner

Trichloroethylene

Corrosion preventalive

Whit/) sealant

Adhes!vo sealant

Sl1Icone resin and curing
agent

Spot check oeveloper

Dye-penetrant

US!)

Lubricating closure fastenors on
components wllh Inserts; plugs and
seals in fuel, oxidIzer, hydraulic,
helium, and overboard drain systems;
and fasteners on fuel valve, engine
control valve, interface panel
adapter, and IhruRt chamber clome.

Brazing thrust chamber tuhes.

Welding certification.

Securln~ 111m ,,1' hags to "nl:lne,
sea.llng parts In bags, and maskln!/,"
surfaees before applying lubrIcants.

Cleaning rubber lined hos9s that
have CHRS !iltinl~s, all metal 11000s,
and combin:,tlons of metal allli
nonmetal parts.

Flushing thrust chamber tubes.

Prolectin,: unpainteci s!:\lionarv
carbon st(!(l) surfaces, c'admium-,
chrone-, nickel-, and stlver plated
parts, gas generator fnel feed and
oxidizer feed duet glllJIJal yokes and
seetlons, Ihrust chamber outrig[(er
arms, t.urbopump Illounls, and bear
ing surface of turbopump forward
mount lu!(.

Repal ring thrust chamber inlernal
tube leaks.

Repairing electrical Junctton box
pott.lng compound.

Hepalring electrical Jum:tion box
polling compound.

Indlcatlng metal surface defects.

Preparing meta I surface for non
destructive testing.

(a) Compound has IImlled shelf life. Refer to paragraph 3-141 for usabilily tesls.

Figure 1-4. Materials Specified In This Manual (Sheet 8 of 10)
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Identification

SS-4120 (General
Electrlc)(a)

Stayfoam 308
(American Latex Corp)

STOI30RB'J078. Type I
rRocketdyne)

i:>'T0170G130001 (Nil,
Los Angeles Division)

'fEC 901 (TEC Chemical Co)

Thiourea (J. T. Baker
Chemical Co)

Triton X-100 (ltu)lln and
Haas C<»

TT-I-735 (Federal
Specification)

1''1'- L-32 (F('dQral
~jJUcificalion)

TT-L-50 (Federal
Specification)

1'T-M-261 (Federal
Specification)

TT-N-95, Type I
(Federal Specification)

TT-H-248 (F~deral

SjlQC ification)

R-3896-3
VJ'ume I

Name

Silicone primer

1"oam filler

Silicone l"Uubel' tape

Filler wire (D,'oxidized
copper) 1/10 and 3/32-inch
diameter

Aluminum cleaner

Thiourea

Wetting agent

Isopropyl alcohol

Cellulosc lacqucr

Lacqucr (aerosol can)

Methyl- ethyl-ketone

Solvcnt

Paint and lacquer remover

Section I

Use

Repairing electrical junction box
pottinE: eompound.

Repairing turbopump oxidizer volute
cavity foam.

Hepairing electrical harness green
overmold.

Repai ring thrusl chamber.

1l1Uldcleamng alumh'uru alloys.

Mixed with Isopropyl alcohol (Federal
Specification '1''1'-1-735), phosphoric
acid (Federal Specification 0-0-670
and distilled Or deionized water to
form soluf.lon for deaning tarnish from
electrical COIUlector pins.

Mixed with disodium phosphate
heptahydrates and ethylenediamine
tetra acetic acid and water for clean
ing engine control valve flltprs.

Mixed with phosphoric acid (Federal
Speciftcation 0-0-670), Thiourea
(J. T. Baker Chemical Co), and dis
tilled or deiontzed water to form
solution for cleaning tarnish from
cledrica! connector pins. lIand
cteaning covers and closures, exterior
of electrical connectors, orifice plate
HD251-5001. electrIcal harness plug
protective boot, and electrical junction
box electrical connectors. Stripping
dye from parls.

Relinishlnf( "aintNI ~nrhnn steel
surfaces.

HefinlsIJlng painted carbon steel
surfaces.

Stripping dyed parts; bonding humidity
indieators; removing resin and
catal.yst from turbopump oxidl ..er
volute; and cleaning electrical
harne,sB, harness overmold, and
oxidizer valve position transducer
arm and sc r~w .

Handcleaning surfaces for installation
of identification plates.

Removing paint from areas where a
thick paint remover ean be used.

(a) Con'pound has limited shelf life. Refer to paragraph 3-141 for u'lability tests.

Figure 1-4. Materials Specified in This Manual (Sheet 9 of 10)
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Section I

Identification

Turco WOl (Turco
Products)

Turco 4215 (Turco
Products)

VV - L-600 (Federal
Specification)

WII-40 !Hocket Chemical
Co)

lOlA (Leeder Chemlnls,
Inc)

1200 RTV (Dow Corning
Corp)(a)

205233 (Rocketdyne)

425 (Minnesota Mining
and Mfg)

7862 (Victor Gloves, Inc)

6105-LCO-6811 (Fedp.ral
stock Number)

8135-782-7460 (Federal
stock Number)

92-01e ,Dow Corning
Corp) a

R-3896-3
Volume I

Name

Rust remover

Additive

Lubricating oil

Preservatlv<:

Cleaner

Primer

Tube (aged in F-l bra?e
cycle)

Aluminum-foil tape

Nylon gloves

Polyethylene bags

Polyethylene tubing

Aerospace sealant

Use

RemOVing corrosion from gas gen
erator fuel feed duct and oxidizer
feed duct gimbal sections.

Cleaning rubber lined hoses and
cleaning O-rings and packlngs on
start and stop solenoid valves.

Protecting unpainted carbon steel
surfaces.

Lubricating turbopump torque gear
shaft and protecting untreated carbon
steel surfaces, heat resistant and
ntckel alloy surfaces, and cadmlun-,
chrome-, nickel., and silver-plated
parts.

f;!<:'",inr: rubh<:r hned hoses and
cleaning Q- rings and packlngs on
start and stop solenoid valves.

Prlrr.lng melal surfaces of repair
areas for heat shrinkable overmolds.

Repairing Ihrust chamber tubes.

nepalrln!; thrust chamber tUbe leaks.

Hanrlltpg parts.

Protecting and packaging parts.

rrotecting and packaging parts.

Repairing electrical harness heat
shrinkable overmolds and plug boots.

(a) Compound has limited shelf life. Refer to paragraph 3-141 for ullabil tty tests.

Figure 1-4. Materials Specified In This Manual (Sheet 10 of 10)
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Section I
Paragraph 1-23

l'll.rt No. or
Specifl.:a.tlon Name

1/2-inch
magnet (tocal
purchase)

263-D Soft-bristle
brush
(Osborne
Mfg Co)

253 Drass wire
brush
(Osborne
Mfg Co)

1777 Carbon-steel
wire brush
(Osborne
Mfg Co)

1777-SV-48 stalnless-
steel wire
brush
(Osborne
Mfg Co)

283-A stiff-bristle
brush
(OslJol'lle
Mfg Co)

Heat gun,
Model B
(Zonne lnd
Tool Co)

Use

Distinguishes
between low
alloy ferrous
met&ls and
stainless steels
or nonferrous
metals (e::cept
nickel).

Applies paint
remover and
cleaning com
pounds.

Removes cor
rosion from
electrical
components,
copper, and
copper alloys.

Removes cor
rosion from
carbon steel
material.

Removes cor
rosion from
CRES material.

Applies paint
remover and
cleaning
compounds.

Dehyurates
fungi on
electrical
components.

1-23. CLEANING CORRODED SURFACES.
Before corrosion removal and control procedure_
can be performed, grease, paint, oil, dlrl, and
other foreign substances must be removed from
the surface of the metal.

a. Wipe excess dirt, all, and other foreign
substances from surface.

CAUTION

FaUure to comply with the require
mepts of st<?ps b through d may re
sult In future corrosion and/or
damage to equipment.

b. If possible, Isolate all surfaces near
corroded area from cleaning and cOlrosion
removing solution. Use moisture-proof cloth,
tape, and drip pans.

Figure 1-5. EqUipment for Corrosion
Remc.val and Control
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Section I
Paragraph 1-24

R-31196-3
Volume I

c. Apply cleaning compound or solvent to
surfnce with clean cloth or soft-bristle brush.

WARNING

The following procedure uses stod
dard 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.

• The following procedure uses cle:.n
ing compound (MIL-C-81302), which
is volatile. Use in a well-ventilated
area since the vapors displace the
oxygen in the air, resulting in suffo
cation.

d, If neflrhy surfaces cannot be completely
sealed off from corroded area, clean corroded
area with stoddard solvent (Federal Specifica
tion P-D-680, Type I). In areas where flam
mable solvents cannot be used, clean corroded
area with cleaning compound (MIL-C-81302).

e. Allow corrosion cleaner to remain on
surface for several minutes; then scrub with
cloth or bristle brush. Do not allow cleaner
to dry on surface.

r. Wipe surface thoroughly with a clean,
dry cloth.

g. If alkal.ne cleanir,g compound
(MIL-C-257'o9) is used, rinse surface thoroughly
with distilled or deionized water before clean
ing compound dries. Allow surface to dry
complctely.

1-24. REMOVING PAINT FROM CORRODED
AREAS. All paint must be removed from the
corroded area and from at least 2 inches of
uncorroded metal around the area before cor
rosion removal and control procedures can be
applied. Paint can be removed ehemieally or
with a wire brush. Chemical paint removers
must not be used In areas where the remover
can become trapped.

1-12 Change No.7 - 24 March 1972

a. Remove paint from areas where chemical
removers can become trapped, with a wire
brush and 280-grit Carborundum paper. Wipe
area clean with a damp cloth.

b. To remove paint from areas where struc
tural complexitics make it impossible to use a
thickened paint remover, proceed as follows:

(1) Using a stiff-bristle brush, apply
dichloromethane (MIL-D-6998) to paint on
corroded area.

(2) Allow chcmical to remain on surface
until paint softens and lifts.

CAUTION

Paint remover that remains on the
surface can cause corrosion,

(3) Wash away loosened paint and remover
or wipe from surface with a clean cloth fre
quently rinsed in tap water.

(4) Repeat substeps 1 through 3 until all
paint is removed from surface.

(5) Wipe surface dry with clean, dry cloth.

c. To remove paint from areas where a
thickened paint remover can be used, proceed
as follows:

WARNING

The follOWing procedure \ISes paint
and lacquer remover (Federal
Specification TT-R-248), which is
corrosive and forms an explosive
gel when mixed with liquid oxygen,
creating a hazard to both personnel
and eqUipment.

(1) Using a stiff-bristle brush, apply paint
and lacquPT remover (Federal Specification
TT-R-248) to paint on corroded area.

(2) Allow remover to remain on surface
until paint softens and lifts.

CAUTfON

Paint remover that remains on the
surface can cause corrosion.

(3) Wash away 100sened paint and remo',er
or wipe from surface with a clean cloth fre
quently rinsed In tap water.
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(4) Repeat substeps 1 through 3 until all
paint Is removed from corroded area.

(5) Illpe surface dry with dry, clean cloth.

1-25. CARBON STEEL. Remove corrosion
from small areas as foHow s:

WARNnjG

The following procedure uses stod
dard solvenl, wh;ch is flammable
and must not be used ne1r heat,
sparks, or open flame. Inhalativn
of Its vaporo or prolonged contact
with the liquid can cause serious
InJury.

a. Clean area In accordance with Instructions
In paragrhph 1-23. Use stoddard solvent
(Federal Specification P-D-680, Type I).

b. If surface is painted, remo'le paint ill
accordance With instructions in paragraph 1-24.

c. On small or complex components, remove
all corrosion using carbon steel wool or 400
grit Carborundum paper. On larger components,
a carbon-steel wire brUSh may be used to
r~move surface corrosion deposito.

WARNING

The following procedure uses stod
dard solvent, which Is flammable
and mu ~t not be used near heat,
sparks, or open flame. fnhalation
of its vapors or prolonv,fJd conted
with the liqUid can cause serious
InJury.

d. Rinse area with stoddard solvent (Federal
b'peciflcation l'-D-680, Type I) and Wipe dry.

NOTE

Corrosion preventative RB0120-016
must be thoroughly mixed at 70' to
95' F immediately prior to each
application.

e. '\pply lubricating oil (VV- L-800) to un
painted working surfaees, or corroslon
preventive compound (MIL-C-16173, Grade I)
or corrosion preventative R130210-016
(Rocketdync) to unpainted stationary surfaces,
or apply a thin, even coat of preservative
WD-40 (Hocket Chemieal Co) to untreated
surfaces. Do not apply I'lOre than one coat of
WD-40 at a time.

l. On painted surfaces, refinish as follows:

WAHNING

The follOWing specifies primer
(MIL-P-8585), which is flammable
and must not be used near heat.
sparks, '" 'Jpen flame. It Is toxic.
Inhalation of its vapors or prolonged
contact with the primer can cause
serious bochly harm. In casp of
prolonl(ed exposure, immediately
obtain fresh air and wash skin with
soap and water.

(1) Thorou!(hly mix and apply one coat of
rust-inhibiting lacquer primer (MIL-P-1l414) or
zinc chromate primer (MIL-I'-8585, color Y.)
Allow primer to dry a minimum of 30 minutes.

(2) APply 2 coats of cellulose lacquer
(TT-L-32) or lacquer (TT-L-50) to match
eXisting color in surrounding are~t.

1-26. COIlHOSION-RESISTANT i:>"TEEL AND
NICKEL ALLOYS. Remove corrosion as
follows:

WARNING

The following procedure uses clean
tnl( compound (MIL-C-81302), which
is volatile. Use In a well- ventilated
area since the vapors displace the
oxygen In the air, resulting in
suffocation.

• The followlnl( procedure uses tri
chloroethylcne, which is a toxic
solvent. Inhalation of its vapors
or prolonl(ed contact with the liquid
can cause scrlous injury or death.

a. Clean area In accordance with Instructions
in paragraph 1-23. Use cleaning compound
(MIL-C-81302) or trichloroethylene
(MIL-T-27602).
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b. On small or complex compontlnts. clean
corroded area with st~inless-steel wool or 400
grit C'uhOrundum paper until no corroslo£1 is
\ . 'Ibln.

c. On la"ger components, use a stainless
st~el wire bresh to remOVe surfar.e corrosion
depe,sits.

d. Wipe surface with cl~an cloth damp,wed
in distilled or deionized water.

NOTE

Corrosion prever.tati ve HB0210·01~

must be thoroughly mixed at 70° to
95 ° F Immedll'.tely prlOl' to eaeh
application.

e. 'Apply corrosion preventative RB0210-016
Illockeldy'w) to untreated stationary surfaces,
or apply a tloin, even coat of preservative
WI)· 40 (Rocket Chemical Co) to untreated
8ul'facos. Do not apply more than nne coat of
WD-40 at a t'me.

1-27. CAD~UM·, CHROME·, mCRE L-,
AND SILVEH-l'LATED PARTS. When a plated
'ludace has ber.ome pitted and the condition Is
general (not restricted to small areas), tho
vart or component n,ay have to De replaced or
rofllltshe:l. COl'rdinate disposltlon with a
Hocketdyne represulltativo. "01' light "orl'oslon
III "mall areas, periJI'm the following:

WARNING

The followtng 11I'occdure uSes tri
Chloroethylene, whteh is a tOXIC
solvont. Inhalatlnn of Its vapor" or
pl'olonged contact with the liquid ":IJl

cause sertous tnjury or death.

• The follOWing procedure UScll clean
ing compound (MIL·C-0130~), which
Is volatile. Use In a well-ventilated
area, since the vapors displace t~e

oxygen In the all', resultlng:a
suffocation.

a. :::leall area In accordar. ~e with Instructions
In paragraph 1-23. Use trichloroethylene
(MIl.-T-27602) or cleaning compound
(MIL-C-81302).

1-14 CIJal1ge No. 9 - 9 May 19'13

b. Remove corrosion fr(lm plated RUl'Iace
u~lng a wire brush and wool made of same
matel'lal as base metal or 400-grll Carbo: undum
paper. Repeat step a.

c. Inspecl area 101' corrosion.

d. If corrosion remains, repeat steps a
through c.

NOTE

Corrosion preventative RB0210-016
must be thoroughly mixed at 70° to
~5° F Immediately prior to each
applicatlo.l.

e. Apply a thin, even coal of prl1servatlve
WD-40 (Rocket Chemical Co) to plated surlace.
Do not apply more than one coat of WD-40 at a
time, or apply corrosIon preventatlv~

RB021O-01/1 (Rocketdyne) to untreated stationary
surfaces.

1-28. ALUMINUM ALLOYS. Remove corrosion
fl'om aluminum alloy ae follows:

a. Preclean alum,nl:m alloy surfaces In
aCCOrdll'lCe with Instruction" In paragraph 1-23.
Use alkaline c1ealilng compowtd (MIL-C-25769).

b. (Deleted)

c. Final clean aluminum alloy surfaces as
follows:

CAUTION

Avoid using excessive amounts of
solven~ to prevent UIIc0ntrolled run
ning or dripping. Excessive solvent
could remove paint or the protective
fln.lsh from adjacent surfaces, caus
Ing serious corrosion of eqUipment.

(1) Apply TEC 901 (TEC Chemical Co) to
exterior surfaces with a clean, soft cloth.
Apply in long strokes to rehlOve £111 foreign
deposIts and accumulations of grease and dirt.

(2) Do not Wipe surfaces dry. Use a fresh
application of solvent on a clean cloth. For
final wipe, squeeze cloth as dryas possible.
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CAUTION

When abra<'ing clad aluminum, eX
ireme care must be udPd not to ruo
through pure aluminum coal. Without
clad coating, some alun"num alloys
corrode q1llckly.

d. Remove all corrosion using aluminum
wool or 400-grlt Caroorulldum pa[Je.'.

e. Hillse with eHstllled or doionized water,
and dry.

I. Inspect al'oa, and if all corrosion Ins Ilot
been removed, repeat steps d .lIld o.

g. After removing corrosion, refinish nl!!"
tallie SUI laces as follows:

(I) Cle~Ul area with TEC 901 (TEC
(;hemlcal Co).

(2) ClelUl area with dlstilled "0 1,,1'. IX>
not dry.

NOTE

Chemical 111m soluhon must he
mixed with distilled or deionized
water In aCCOl'd~UIC(' with tho in
structions 01 the manufl,clurer.

(3) While surfal'e is sllll damp, apply
chemical film (MIL-C-;,54l) with a dean brush.

(4) KepI' area wet with fresh solullon fOI'
1;'-20 minutes.

(5) Rinse area with dislllled water. Dry
area as outlined In paragraph 1-3;,A 0,' allow to
alrdry, Do not wipe dry.

1-29. (Doleted)

1-30. REMOVING AND CONTROLLING COl?
ROSION ON GAS GENERATOR FUEL AND
OXIDIi-EH FEED DUCT G1MDAL SECTIONS.

1-31. The folloWing procedures outline the
corrective action necessary to remove and con
trol corro~lon (rust) on the yokes and oellows
of the fuel feed duct gimbal section and on the
bellows and weld areas of the oxidizer leed
duc ~ gimbal section.

a, isoh"tle all surfaces ncar corroded area
frr)Ul clnantng and cOI'roslon-removing solution.
Usc moisture-pmof cloth, tape, and drip pans.

WARNING

The C"lIowi ng procedure uses stod
darel solvent. which is flammaole
and must not be used neal' heal,
sparks 01' open flame. Inhalatlon
of its var0l's 01' prolonged contact
with the liquid can cause serious
,nJul'y.

• The Conowingo IHOCt"odul'c uses clean
ing compuund (MIL-C-BI302), which
is volatile. Usc in a well-ventilated
ar~a since the vapors displace the
oXYi(cn In th~ air, I'csullini( in
suffocation.

b. Clean corrodN! arpa by wiplni( with a
clean. lint·free clelth or coclon swab moistened
with stoddard solvent (Federal b'peclflcation
P-D-6BO, T)1Je I), and wlp~ ,Iry. Substitule
clellnlni( compound (MIL-C-RI302) for stoddard
solvenl In areas where flammablo solvents
~annot be used. Do not allow solvent to dry on
cor.l'od~d area.

CAUTION

Carborun,iu/ll papcl' must not be
nllowed to eontae't the bellows oC the
gimbal, since chtmagc to the bC'l1ow8
call l'(! mit.

• INst removers will causo etchln~ On
;:luminul11. If any of these materials
c(lnta~t aluillinum, the affected ar~a

mu."l be imll""diately rinsed with clean
water lUld drlNl.

c. Remove cOI'I"oslon from accessible cor
roded areas on yokes C'f fuel feed duct usln\(
olOO-grlt Caroorundum paper, Removu corrosion
from less accessible corroded areas on yokes
and bellows of Cuel feed duct using a clean, IInt
free cloth or cotton swab moistened with rust
relllOVer Turco WOl (Turco Products), KeHte
N-11 (Kellte Corp), or Ospho (Rusticlde
Products Co).
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1-34. CLEANING.

Rust remover£, will cause etching
on a1umlnum. 1f any of these
matorlals contact aluminum, the
affected area must be Immediately
rlnlled with clean water and dried.

d. Remove corrosion from bellows and weld
areas of oxidizer feed duct using a clean, lInt
free cloth or cotton swab moistened with rust
remover' Turco WOl (Turco Products), Kellte
N-ll (Kettte Corp), or Ospho (Rustlclde Pro
uuetM CJ).

e. Keep area wet with rust remover for
5-10 minutes us~ng a scrubbing action on each
appllc2 Han. Do nol allow rust remover to dry
on aife eted area.

f. Hemove rust remover, clean-treated'irea
by wiping with a clean, l1nt-free cloth or cotton
swab moistened with dlstUled or deionIzed
water, and wipe clry.

g. Apply a thin, even coat ef corrosion pre
ventative RB0210-0l8 (Rocketdync) to treated
urea of yokes. Do not apply corrosion prevent
ative to bellows.

NOTE

Corros"Hl prevenlatlve RB021O-0t6
must be thoroughly mixed at 70° to
95" F Itnmedlalely prior to each
ulJlll1cation.

1-32. PREVENTING THRUST CHAMBER
,CORROSION.

1··33. The thrust chamber outrigger arms,
tllrbopump mounts, and bearing surfaces of the
forward mount lug (used to attach the thrust cham
ber to the englno handler) must have continuous
protection. PrOVide continuous protection to
these surfaces by applyln!', corrosion preventa
tive RB02Hl-016 (Hocketdyne) and by maintain-
Ing this protective tllm. Couoslon prev'mtattve
:RB02l0-0l6 must be thoroughly mixed at 70· to
'J5· F prior to each application.
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1-35. All parta muat be free of dirt, all,
grease, and foreign matter. Pads with dyed I
audaces, to be cleaned for Olddlzer compatlbll
tty, must be at ripped of dye (pal'agraph l-35B)
before cleaning. Part$ and componenta must
be Inspected thoroughly durIng cleaning with
particular attention paid to crevlcea, threads,
and other areaa where cleaning solvent could
become trapped. All parta must be cleaned
before Items such as threaded fittings and In
serts are Installed. Items such as Inserta and
fittings on reworked parta that are expoaed to
areas containing liquid oxYi:e~, fuel, or pneu
matic gases must be removed before cleaning
unless they can be masked olf during cleaning.
All new pads that are /lot properly packaged,
sealed, or marked mugt be cleaned as described
In this section. ParllJ cleaned by this procedurl)
meet the deanneaa requirements lor use In
Ilquid oxygen, (uel, pneumatic, and hydraultc
systema. Cleaning solvent used for final
ri .lslng, flushing, or hand cleaning must meet
the follOWing particle COUllt and nonvolatile
re(lldue determination (Whatman Particle
Counting and Gravlmelric (NVR) Techniques):
For a alze range of 100-175 microns, the
partlcle count is five particles PI' 500 mllllllter!1
maximum; for a size range greater than 175
microns, the particle count is zero. The
nonvolatile reaidue Is 10 mllligra,ns per 500
mUllllters maximum. Figure 1-4 Its!a material!1
lor cle,~ning the eniline and engine parts.
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WARNING

1-35B. STRIPPING DYED PARTS. This
procedure Is required only when dyed parts are
to be cleaned for oxidizer compatibility.

a. Observe facility safety requirements.

The following procedure uses methyl
ethyl-ketone, 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 sorious InJury.

l-35A. DRYING CU:ANED PARTS. ImmedI
ately after cleaning, parts must be thoroughly
dried to remove the cleaning solution and re
maining molslure. Unless otherwise specified,
parts are to be dried as follows:

a. Ulserve facility safely requirements.

WARNING

WARNING

The follOWing procedure uses Isopropyl
alcohol, whtch Is flammable and must
not be used near heat, sparks, or open
flame. inhalation of Its v~pors or pro
longed contact with the liqUid cnn cause
serious Injury.

b. strip dye from part by brushing or wiping
dyed surface with a natural-bristle brush or a
clean, lint-free cloth dipped in methyl-ethyl
ketonp. (Federal Specification TT-M-261). If
dye Is removed, omit steps c and d and proceed
to step e.

The following procedure uses acetone
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. Strip dye from part by brushing or wiping
dyed surface with a natural-bristle brush or a
clean, lint-free cloth dipped In ac~tone

(Federal Specification O-A-51). If dye Is
removed, omit step d and proceed to step e.

e. Clea., part as oullined 'n paragraph 1-42
or 1-43, as applicable.

a. Strip dye from part by brushing or wiping
dyed surface with a natural-bristle brUSh or a
clean, lint-free cloth dipped In isopropyl
alcohol (Federal Specification '1''1'-1-735).

WARNING

Compressed gas must not be used
for drying "1' cleaning unless effec
tive chip guarding Is used and per
sonal prolectlon e'1ulpmenl Is worn.

b. Thoroughly dry paris wilh a regulat~d

I source of low-pressure (less than 30 psig)
gaseous nitrogen (MIL-P-2740l) or clean, dry
air conforming to the cleanness and humidity
requirements of MIL-P-27401. Do not exceed
pressures specified In procedural steps.

c. Apply gaseous nitrogen or all' only to
surface area to be dried. Flow must nol be
dtrected toward~ other personnel In work area.

I
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1-36. CLEANING RIGID ALUMINUM TUBING,
ALUMINUM DUCTS, AND RIGID CORROSION
RESISTANT ALLOY AND HEAT-RE.SISTANT
ALLOY DUCTS.

WARNING

The following procedure uses tri
chloroethylene, which Is a toxic
solvent. Inhalation of Its vapors
or prolonged contact with the liquid
can cause serious Injury or dealh.

a. Vapor-degrease tubing or ducts In trichlo
roethylene (MIL-T-27602).

b. Ultrasonically clean aluminum tubing and
ducts In trichloroethylene (MIL-T-27602) for a
maximum of one minute. Ultrasonically clean
corroslon- ~.nd heat-reslstant-alloy ducts in
trichloroethylene (MIL-T-27602) for a maximum
time period of 5 minutes. Do not allow parts
to dry.

c. Final-rinse tubing or ducts In trichloro
ethylene (MII,-T-27602) for a minimum of 2
minutes at a minimum Hnear nowrats of 35 feet
per minute for tubing and a minimum of 5
gal/min for ducts.

e. Previously cleaned, Hghtly soiled parts
may be recleaned by handwlplng and flushing
With trichloroethylene (MIL-T-27602). Dry
parts with low-pressure (less than 30 pslg) I
gaseous nitrogen (MIL-P··27401) or clea'l, dry
all' conforming to the c leaoMs" and humidity
requirements of MIL-P-27401. IRefer to
paragraph 1-35A f0r drying procedure.)

f. Inspect parts for cleanness (paragraphs
1-51 through 1-58).

g. Handle and package cleaned parts as out
Hned in paragraph 1-47.

I
WARNING

Compressed gas must not be used
for drying or cleaning unless ef
fective chip b'Uardlng Is used and
personal protecllon equipment Is
worn.

d. Dry parts In an air-circulating oven at a
temperature of 250' ±10' F for a minimum of
one hour, or thoroughly dry part with low-

I pressure (less than 30 pslg) gaseous nitrogen
(MIL-P-2740I) or clean, dry all' conforming to
the cleanness and humidity requirements of
MIL-P-27401. (Refer to paragraph 1-3511. for
drying procedure. )
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1-37. CLEANING H1GID CORROSION
IlESISTANT STEEL TUBING AND Fl EXlBLE
COIlROSION-RESISTANT AI LOY AND HEAT
IlF:SISTANT ALLOY DUCTS.

WARNING

Thl' fnllOWlnf( procedure used t"i
chlnroNhylene. which is a tOXIC
sol ~'el1t. Inhalation of its vapors
or prolonfled contact with the Itquid
pan cause serious injury or death.

a. Vapo ..-dr.~rNlSf' tubin~ or ducls in tri·
eh l"methylene (MIL-T- ?-7602j.

b. Uitrasonil'ally clean tubinl~ Or durtr, in
trirhlornl'thylene (MIL-T-27<J02) for a maxi
mum continuous linlC period of 5 minlJtt..!s.

e. Previously cleaned, li~hlly soiled parts
mal, be recleaned by handwiplng and nushin~

with trichloroethylene (MIL-T-27602) or clean
ing compound (MIL-C-813021. Dry parts with
(ow-pressure (less than 30 psig) gascous nitro- I
gen (MIL-I'-2740J) or clean, dry air ('onforminE.(
to the cleanness and humidity requiremcnts of
MIL- P-27401. (Refer to paragraph 1- 35A for
drying procedure. )

f. Inspect parts for cleanness (paragraphs
1-51 through 1-58).

g, Handle and package cleaned parts as out
]lned in para!,:raph 1-47.

1-38. CLEANING TEFLON-LINED HOS;;'S.

WARNING

('. Illnse parts with t riehloroethylenc
(MI\.-T-27602) for at least 2 minutes at a mini
mum linear flow rate of 35 fl/mln for tubln!,:
and a milllmum flow rate of 5 ~allons pel' minute
fnr ducts. Durin;; rinsin!,:. hold duct in a ver
tical position and ll!,:htly l"\P each convoluted
section about its entire circumference and
len;;th with a r~whide mallet to dlslod;;e loose
particles withoul damaf(in;; the duct.

d. Dry parts In an air-cir':ulatin!,: oven at a
temperature of 250" i 10" F for one hour, or

I ,horou!,:hly dl'y part with low-pressure (less
than 30 psif() f(aseous nitrogen (MIL-P-27401)
or clean, dry air conforming to thc cleanness
and humtdity requirements of MIL-P-27401.
When drying flexible ducts. gaseous nitroilen
or air velocity must not cxceed a maximum of
30 fl/sec and an inlet pressure of 60 pslg.
(Hefer to paragraph 1-35A for drying procedure.)

I
WARNING

Compressed !,:11.> must not be used
for drying 01' cleaning U111cSd ef
fc('tlvc chitJ gu~' nling is used and
personal protection c(!lJipnlOllt is
Worn.

The following procedure uses tri
chloroethylene, which Is a toxic
solvent. Inhatation of Its vapors
or prolonged contact with the liquid
can cause serious Inj ury or death.

a. Vapor-degrease hoses In tl'lchloroethylene
(MIL- T-27602).

b. Rinse hoses with trlc hlorocthylene
(MIL-T-27602) lor at least 2 minutes at a mini
mum ]lnear fJowrate of 35 It/min.

WAIlNING

Compressed gas must not be used for I
dryl'lg or cleaning ~\nless effective
chip guarding is used ancI personal
protection equipment Is wom.

c. Dry hoses In an alr"circulating oven at a
temperature of 1600

j 10 0 F for 3 h'llIrs. or
thoroughly dry hose with low-pressure (less I
than 30 pslg) gaseous nitrogen (MIL- P-2740l)
or clean, dry air conforming to the cleanness

WARNING

The following procedure uses cleaning
compound (MIL-C-81302), which Is
volatile. Use In a well-ventilated area
since the vapors dlaplace the oxygen
In the all' resulting in suffocallon.

1-18 Change No.8 - 18 August 1972



R-31l96-3
Volume I

Section I
Paragraphs I-J9 to 1.. 40

and humidity requirements of MIL-P-27401.
(Refer to paragraph 1-35A for drying
p roceduro. )

d. Inspect hoses for clcanness (paragraphs
I-51 through 1-51l).

e. Handle and package cleaned parts as out
lined In paragraph 1-47.

1-39. CLEANING RUOOER-LIlYED HOOES.

NOTE

Use step a to cle.n hoses that have
aluminum fittings, and use step b
to clean hoses t.hat have CRES
fltlings.

a. Flush hoses that have aluminum fIltings,
with a 3-3.5 perce',1t solution by volume of
cleaning compound Turco 4215 (Turco Products)
or cleaner lOlA (I,eeder Chemicals, Inc) In
water heated 10 125' to 140' F. Flush for a
minimum of 2 minutes at a Uncal' flow rate of
35 ft/mln.

b. Prepr.re a solution of 4-6 ounces of alka
line cleaner RB0210-002 (Rocketdyne) to each
gallon of water, and heat to 125' to 140' F.
Flush hoses Ihat have CRES fIltings fllr at least
2 minutes at a minimum Uncal' flow rate of 35
It/min.

or clean, dry air conforming to the cleanness
anct humidity requirements of MIL··P-2'/401.
(Refor to paragraph 1-35A for drying procedure.)

f. Inspect hoses for cleannesfJ (paragraphs
I-H through 1-51l).

g. Handle and package clegned parts as out
Uned In paragraph 1-47.

1-40. CLEANING ALL-MF.TAL Il00ES.

WARNING

The following procddure uses liqUid
nitrogen, whi.ch n'ust not be allowed
to come In contal.t with any part of
the body. Human tisoues will freeze
upon contact, causing serious injury.
Eye prC'lection and protective cloth
ing mnst be worn by pers,mnel han
dling liquid r,ltrogen. Liquid nitro
gen must be used in a well-ventilated
area since the vapors displace the
oxygen In (he air, resulting In suffo
cation.

ri. Flush 'lose with liquid nitrogen
(MIL-P-274.OI) at a maximum velocity of 50
It/sec and an Inlet pressure of 60 pslg. Con
tinue flow until alter full Uquld Clow has been
attained. Do not let gaseous nitrogen velocity
exceed ~O fllsec during chtlldown.

d. Rinse Internally and externally with de
lon!zed water for at least 2 minutes.

c. Immerslon-rlnse in diolllzed water
heated to 130' to 150' F for at least 2 minutes.

e. Dry hoses In an air-circulating oven at
a temperature of 1600

t 10' F for 3 hours, ur

I thoroughly dry ho~e with low-pressure (Jess
than 30 pslg) gaseous nitrogen (MIL-P-2740l)

I
WARNING

Compressed gas must not be used
for crying or cleaning unless ef
fective chip guarding Is used and
personal protection equipment Is
worn.

WARNING

Compressed gas must not be used I
for drytng or cleaning unteRs ef-
fecttve chip guarding is used and
personal protectton equlpmenl is
worn.

b. Warm hose by purging with low-pressure
(less than 30 pstg) gaseous nitrogen I
(MIL-P-27401) or clean, dry all' conforming 10
the cleanness and humidity requtreJ1'c.1.s of
MIl.-P-27401. Gaseous nitrogen or all' velocity
must not exceed a maximum of 30 rt/sec and an
Inlet pressure of 60 pslg. (Refer to paragraph
1-35A for drying procedure. )
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\. Final-rinse with trichloroethylene
(MIL-T-27602) for a minimum of 2 minutes at
a minimum linear flow rate of 35 !t/min.

I
d. Hepcat step b.

WAHNING

Compressed gas must not be used
for drying ur cleaning unless ef
fective chip b'1larding is used and
personal protection equipment is
worn.

WAHNING

Compressed g-as mU.'il not be used
for drying or cleaning unless ef
feet�ve chip guarding Is used and
personal protection equipment is
worn. I

e. Dry !lose in an air-circulating oven at a
[('mperature of 250" i 10' F for one hour, or

I thoroughly dry hose with low-pressure (less
than 30 pslg) gaseous nitrogen (MIL-P-27401)
Ot· dean, dry a;r conforming to the (')eanness
and hum idity requirements of MIL.- P-2740 1.
(Hefer to paragraph 1-35A for drying procedure. )

WARNING

The follOWing procedure uses trl
ehloroethylene, which Is a toxic
solvenl. Inhalation of Its vapors
or prolonged contact with the liquid
can cause serious injury or death.

f. Vapor-degrease In trichloroethylene
(MIL-T-2760?).

g. Dry in an alr-clrcul ..tlng oven at
?50" ,10" F for one hOUI·.

h. Flush with a solution of 4-6 oUnces of
alkaline cleaner HB021O-002 (Rocketdyne) 10
each gallon of water heated to 125" to 140" F.
Flush for a minimum of 2 minutes at a minimum
linear flow rate of 35 ft/mln.

I. Immersion-rinse In deionized water heat
ed to 1300 to 150" F for a minimum of 2
minutes.

j. Rinse internally and externally with de
Ionized water for at least 2 minutes.

k. Dry in an air-circulating oven al
250" ± IO· F for one hour minimum.

WAHNING

The following procedure uses tri
chloroethylene, which Is a toxic
solvent. Inhalalion of Its vapors
or prolonged contact with the liquid
can cause serious Injury or death.
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m. Dry hose in an air-clrculatinl( oven at a
temperature of 250' ,10" F for one hour, or
thoroul(hly dry hose with low-pressure Iless
than 30 psig) I(aseous nltrol(en IMIL-P-?7401)
or clean, dry ~ir conforming to the clmlJlllDSS

and humidity reqUirements of M1L- 1'-27-101.
Gaseous nltrol(en or all' velocity must not ex
ceed a maximum of 30 !tlsec and all Inlet ores
sure of 50 pslg. Olefer to paragraph I ·35,\ for
drylnll procedure. )

n. Inspect for cleanness (paragraphs I-51
through I-58).

o. Handle and package cleaned parts a. out
lined In paragraph 1-47.

1-41. CLEANING NONMETALLIC PAllTS.

WAHNING

The following procedul'e uses clean
ing compound (MIL-C-81302), which
Is volatile. Usc in a well-ventllalcd
area since the vapors displace Ihe
oxygcn in the air, resulting In suffo
calion.

a. Hand-clean with a lint-free doth or brush
moistened with cleaning compound
(MIL-C-81302).

I
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WARNING

Compressed gas must not be used
for drying or cleaning unless ef
fective chip guarding Is used and
personal prolectlon equipment Is
worn.

b. Dry part with low-pressure (less than 30
pslg) gaseous nitrogen (MIL-P-2740l) or clean,
dry all' corJorming to the cleanness and humidity
requirements of MfL-P-27401. (Refer to para
graph 1-35A for drying procedure).

c. Inspect for cleanness (paragraphs 1-51
through 1-58).

n. Handle and package cleaned parts as out
lined in paragraph 1-47.

1-42. CL8ANING METAL PARTS. Dyed parts,
to be cleaned for oxidizer compatlbtlity, must
have the dye stripped from the part, as outltned
In paragraph 1-358, before cleaning.

WARNING

The following procedure uses tri
chloroethylene, which is a toxic
solvent. inhalation of Its vapors
or prolonged contact with the liqUid
can cause serious Injury or death.

NOTE

Parts must not be allowed to dry
before final rinse.

a. Ultrasonically clean paris in trichloro
ethylene (MIL-T-27602). Clean plated anodized
or chemically filmed parts for a maximum
continuous time period of one minute. Clean
all other parts for a maximum continuous time
period of 5 minutes.

WARNING

The follOWing procedure uses clean
Ing compound (MIL-C-81302), which
Is volatile. Use In a well-ventilated
area since the vapors displace Ihe
oxygen In the all', resulting In suffo
cation.

b. Final-rinse parts In trichloroethylene
(MIL-T-27602) or cleaning compound
(MIL-C-81J02) for a minimum of 2 minutes.

WARNING

Compressed gas must not be used I
for drying or cleaning unless ef-
fec:lve chip guarding Is used and
personal protection equipment is
worn.

c. Dry parts In an air-circulating oven at a
temperature of 250 0

j 10" F for one hour, or
thoroughly dry part with low-pressure (less I
than 30 psig) gaseous nitrogen (MIL-P-27401)
Or clean, d1'Y air conforming to the cleanness
and humidity requirements of MIL- P-27401.
(Refer to paragraph I-35A for drying procedure).

d. Previously cleaned, lightly solled parts
may be recleaned by han,;wlping and flushing
with trichloroethylene (MIL-T-27602) or clean-
Ing compound (MIL-C-81302). Dry parts with
low-pressure (less than 30 psig) gaseous nitro- I
gen (MIL-P-?7401) or clean, dry all' conforminll
to the cleanness and humidity requirements of
MIL-P-27401. (Refer to paragraph 1-35A for
drying procedure).

e. Inspecl parts for cleauness (para~:rarJhs

1-51 through 1-58).

f. Handle and package cleaned parts as out
lined In paragraph 1-47.

1-43. CLEANING COMIllNATIONS OF METAL
AND NONMETALLIC PARTS. Dyed parts, to
be cleaned for oxidizer compatibility, must have
the dye stripped from the part, as outlined in
paragraph 1-35B, before cleaning. Parts with
nonmetalllc constituents that are altacked by
solvent flushing or Immersion must be cleaned
as outlined In paragraph 1-41. Clean parts with
nonmelalllc constituents that withstand solvent
flushing or Immersion as follows:

a. Immerse and rotate parts in a solution of
4-6 ounces of alkaltne cleaner HD0210-002
(Rocketdyne) to each gallon of water heated to
125' to 140' F for 2 minutes.

Change No. 8 - 18 August 1972 1-21



Section I
Paraf(l'aph 1-44

H-389G-3
Volume I

WAI!NING

c. Ilinse in deionized water for at least 2
minute'S.

b. ImmcrSlon- rinse in deionIzed water
heated to 130" to 160' F for a minimum of 2
millutps.

d. T)ry pal'ts in an air-circulating oven at a
temperature of 100" t 10" F for 3 hours, 01'

I thDrOUf(hI Y dry part with low-pressure (less
than 30 psif() f(aseous nitrogpn (MIL- 1'-27401)
or elean, dry ail' ('onformlllg to the cleanness
and humidity reQuirements of MIL-P-27401.
(Ilefer to paraf(raph 1-35A for dryinf( procl'dure). I

WAllNlNG

Compressed "as must not he used
lor drylnl-( or cleaning unless ef
fective chip guarding is used and
personal protection eqUipment Is
Worn.

h. Inspect parts for deanness (paraf(raphs
I-51 through 1-58).

i. Handle and package deaned paris as .all
lined in pangraph 1-47.

go. Dry in an ail'-t'il'('ulating oven at 160
j 10" F for one haul'.

1-44. CLEANING ELECTHICAI. IIAIlNESSES
AND CONNECTOHS. Electrical connectors
are easily damaf(ed. Proiection must he pro
vided against pin damage and thl' entry of for
eign parUcles and moisture during lhe following
procedure.

WAHJ~ING

Compressed f(as must 1I0t be used
for drylnf( 0" cleanlnf( ullless ef
fective chip guardinf( is used and
personal pl'oh~eti()l1 equipment is
WOrn.I

The followlnl; pl'Ocedure uses tri
c1l1oroelhylene, which is a toxic
solvl'n!. Inhalation 01 Its vapors
or prolonged contact with the liquid
('an cause so rious hlju ry or death.

e. Ultrasonically clean in Irlchloroethylene
(MIL-T-27G02). Clean plated, anodized, and
chemically IIlmed parts fa" a maximum con
tinuous timp period of one minute. Clean other
parts fOl' a maximum continuous time period 01
5 minutes.

NAHNING

The follOWing procedure uses clean
Ing compound (MIL-C-81302), which
is volatile. Use In a well-venlllated
area since Ihe vapors dlsplac!) the
oxygen in Ihe air, resulllnl'( in suffo
cation.

r. Final-rinse parts in cleaning compound
(MIL-C-81302) for 2 minutes.

a. HCn\cl'e dusl, moisture, and roreh~n Ilal'
tides from harnesses and conneetors by hlow
ing wllh low-pressure (less than 30 psl!() f(a~e- I
ous nitrogen (MIL-P-27401) or clean, dry ail'
conforming to the cleanness and humidity re
quirements of MIL-P-27401. (Hefer to para
graph 1-3fiA for drying procedure),

WABNING

The following procedure lISeS methyl
ethyl-ketone, which Is flammable
and must not be usNI near heat,
sparks, or open flame. inhalation
of Its vapors or prolonged cOlltact
with th~ llquld can cause sedolls
injury.

b. Hemov!! dtrt, grease, etc, from exterior
surfaces of h~lrnessf!'s. including prolertivf'o
boot, by brushing or wiping with a natural
brl~t1e brush or a cle"n, lint-free cloth damp
ened (not saturated) with methyl-ethyl-ketone
(Federal Specification TT-M-261). Do noi
allow methyl-ethyl-ketone to contact Loctite
compound on clamping nut and inserts of
connector.
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WARNING

The following procedure uses Iso
propyl alcohol, which Is flammable
and must not be used near heat,
sparks, or open flame. Inhalation
of its \'apors or prolonged contact
with the liquid can cause serious
Injury,

• The folloWing procedure specifies
thiourea, which Is toxic and poison
ous. Inhalation of its vapor~ or
prolonged contact witi, or ingestion
of the material can cause serious
Injury or death.

a. Prepare a cleaning solution of the following
ingredients:

c. Usln[( a clean cotton swab, moisten~d in
deionized or distilled water, remove residual
cleaning solutioI', from cleaned pin.

b. Using a clelUl cotlon swab moistened In
cleanlnl( solution prepared in step a, lightly
burnish pin until tarnish Is removed. Do not
burnish pin to the extent that pin plating Is
damaged or base metal Is exposed.

c. Cle<m interior and exterior surfaces of
connectors by brushing lightly with a natural
bristlc brush dipped In Isopropyl alcohol
(Federal Specification TT-I-735).

WARNING

Compressed gas must not be used
for dryin!,: or cleanlnf( unless ef
fective chip !,'Uarding Is used and
personal protection equipment is
worn.

d. Immediately dry harness or connector
surfaces that have been cleaned with alcohol
(step c), with low-pressure (less than 30 pslg)
I{aseous nih'of(en (MIL-P-27401) or clean, dry
air conformlnl( to the cleanne3s and humidity
requirements of MIL-P-27401, for 2 minutes
minimum. (Refer to plll'llf(raph 1-35A for
dryh\1( procedure).

1-44A. CLEANlNG TARN!SH FROM ELECTRI
CAL CONNECTOR PINS.

Ingredient

Fhosphorlc Acid (85%)
(Federal Specification 0-0-670)

Isopropyl Alcohol (Federal
Specification TT-I-735)

Thiourea (J. T. flaker Chemical
Co)

Deionized or distilled water

Percent by
Weight

6

6

15

73

WARNING

The followlnl( procedure specifies
Isopropyl alcohol which is flammable
and musl not be used near heat or
open flame. Inhalation of Its vapors
or prolonged contact with the liquid
can cause serious Injury.

• The follOWing procedure spectfles
phosphoric acid, which Is a toxic and
corrosive liqUid, Inhalation of Its
vapors or contact with the liquid can
cause serious Injury, Eye protection
and protective clothing must be worn
by personnel handling phosphoric
acid.

WARNING

COlllpressed gas must not be used for
drying or cleaning unless effecti ve
chip !(Uardlng Is used and personal
protection equipment Is worn.

d. Using a clean cotton swab molsten~d In
Isopronyl alcohol (Federal Specification
TT-I-735), remove residual water from electri
cal connector; then thoroughly dry electrical
connector with low-pressure (less than 30 psig)
gaseous nitrogen (MIL-P-27401).
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1-45. CLEANlNG TRANSDUCERS. Pr<:ssure
transducers are deUcate Instruments and must
be handled with extreme care. SaUd material
must not be Inserted In the sensing cavity.
Cleaning solution temperatures must not exceed
1650 F.

WARNING

The following procedure uses Iso
propyl alcohol, 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.

a. Clean exterior surfaces of connector by
brushing lightly with a natural fiber brush
dipped In Isopropyl alcohol (Federal ~eclflca

tlon TT-I-735). Install protective cap.

WARNING

The following procedure uses clean
Ing compound (MIL-C-81302), which
Is volatile. Use In a well-ventilated
area since the vapors displace the
oxygen In the air, resulting In
suffocation.

b. Clean exterior surface of transducer by
handwlplng with a clean, IInt-fT' e cloth mois
tened Ir. cleaning compound (MIL-C-81302).

c. Flush sensing port with cleaning ~ompound

(MIL-C-81302).

CAUTION

The tube used to flush or rinse the
sensing cavity must not be Insertsd
more than 1/4 Inch.

d. Rinse transducer In cleaning compound
(MIL-C-81302).

WARNING

Compressed gas must not be used
for drying or cleaning unless ef
fective chip ll"ardlng Is used and
personal protection equipment Is
worn.

e. Immediately dry transducer with low
pressure (less than 30 pslg) gaseous nitrogen
(MIL-P-27401) or clean, dry air conforming to
the cleanness and humidity requirements of
MIL-P-27401. (Refer to paragraph 1-35'" for
drying procedure).
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1-46. CLEANING PROTECTIVE CLOSURES
AND COVERS. Clean protective closures and
covers using the fol1owlng procedures:

a. Clean closures RD265-2001 and
Ho. 65-5016 and all metal closures and covers
by vapor degreaslng, as outllned In this section.
Wear clean, lint-free nylon gloves when han
dling cleaned closures and covers.

b. Dry covers and closures with 101Y-
I pressure (less than 30 psig) gaseous nitrogen

(MIL-P-2740l) or clean, dry air conforming to
the cleanness and humidity reljl'irements of
MIL-P-2740l (refer to paragraph l-35A for
drying procedure) or by hlUldwlping with a
clean, hemmed nylon ~loth.

I
WARNING

Compressed gas mus, not be used
fOl' drying or cleaning unless ef
fective chip guarding is used and
personal protection equipment is
worn.

WARNING

Compressed gas must not be used
for drying or cleanini: unless ef
fective chip guarding is used and
personal protection equipment is
worn.

(3) Dry closure with low-pressure (less
than 30 pslg) gaseous nitrogen (MII.-P-2740l)
or clean, dry air conforming to the cleanness
and humidity requirements of MIL-P-27401
(refer to paragraph 1-35A for drying procedure)
or by handwlplng with a clean, hemmed nylon
cloth.

d. Inspect closures and covers for cleanness
(paral:raph 1-51).

e. Handle and package cleaned closures and
covers as ouWned in appllcable procedures of
paragraph 1-47.

1-47. HANDLING AND PACKAGING CLEANED
PARTS.

I
I

WARNING

The following procedure uses iso
propyl alcohol, which is flammable
and must not be used near heat,
spar1(s, or open flame. Inhalation
of Its vapors or prolonged contact
with the llquid can cause serious
Injury.

• The following procedure uses clean"
Ing compound (MIL-C-81302), which
is volatile. Use in :l well-\'entllated
area sInce the vapors displace the
oxygen In the air, resulting In
suffocation.

c. Clean closures of plastic or combinations
of plastic, metal, and elastomerlc material as
follows:

(I) Clean by handwlplng with a clean,
hemmed nylon cloth or by scrubbing with a
clean brush wetted with unused cleaning com
pound (MIL-C-81302) or isopropyl alcohol
(Federal Specification TT-I-735).

(2) Wear clean, lint-free nylon gloves
when handling cleaned closures.

1-48. Improper handling and packaging of clean
parts can result In unnecessary expenditure of
time and effort to reclean or tearctown parts.
The recommended methods of handling and
packaging cleaned parts are defined In the fol
lowing procedure and Illustrated in figure 1-6A.
The protective mLterlal used In this procedure
Is plastic sheet and strip, (Federal Specification
r.-P-378, Type II), or commercial grade poly
ethylene.

NOTE

Clean polyethylene bags Federal
S10ck No. BI05-LeO-G811) or
clean polyethylene tubing (Federal
Stock No. 8135-782-7460) may be
used for packaging.

• Clean, lint-free nylon gloves
No. 7862 (Victor Gloves, Inc) or
disposable polyethylene gloves
must be worn when handling parts
where hand contact Is made with
critical surfaces .hat wtll con
lact operallng flUid (liquid or gas).

• Packaging materials, when used
as an Inner wrap, must be new,
visually clean and dry. Closures
used 10 protect cleaned parts
must be cleaned as specified In
paragraph 1-46.
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a. Package parts ;mmediately after heing
cler.n~d, except when PHts arc tn be assembted
:mm(:diately, and at alt times before removing
lW rts from cleaning arua.

b. Prolect parts that have been cleaned and
are to be assembled in the same area, with
clean protective covers and/OJ' closures.

c. PackagG each part ln1ivldualty in a eerti
ficatien and identi:,cation bag. or in a nev:.
Visually clean, dry polyethylen'.l bag. Seal bag
by heat sealing or, if a. temporary package,
wHi' pressure- sensi t !ve tape (Federal Spec; li
catien PPP-T-60). Tape must Il0( be applied
(In threads, critical machined surfaces, matin6
surfaces, or surfacl's lr.at will contact operat
ing fluid. Tape used to secure pac';aging mate
rial mUbt he prepared for ease of removal [ror.1
the part by Coilling the outer end of the ,ape back
upon itself, adhesive to adhesive, Corming a
tab apl'roximaldy li2 inch long.

,,"OTE

Metal fastcr.~,·s, staples, or paper
clips must n:)t ,,,' used to seal pack
ages.

d. Package small, lightweight parts. sealed
with protective closures, in a Visually clean,
dry, polyethylene bag (minimum thickness of
O. 004 i~ch). Heat- seal be.g. Prior to sealing,
remove excess air ,rom bag hy manually Corm
in" bag around enclosed pa rt. IC part weighs
more than 3 pounds, use bag with a millimum
thickness of O. 006 inch.

e. Package part with sharp proiections,
se"led with pl'olectlve closures, In 2 polyethy
lene bags, lJne within lhu other, to minlmi:t.e
lhe po~sibility of puncturing the bags. If this
metho~ is inadequate, an initial wral' of several
layers of polyethylene illm may be used Inst.'ad
of 'he Inner bag. Heat-seal bag. Prior to
sealing, remove excess air from t.ig by manu
ally forming bag around enclosed p:lrt. When
ever an overslzqd bag Is used, Isolate part In
one a rea of bag and mako a single addillonal
heat "cal to maintain parI in reqllired positton.

!. For parts wit~ such configuration
(fragility, fInl"h, or W_Ight) that packaglnb
insl,'uctions in steps d and e are Inadequate,
W[dP part In clean polyur~thane fuam or poly-

I ethylene Coam. The minimum thir.kness of the

polyurethane foam for a p'lrt weighing le~s than
7 pounds must be 1/2 inch, aile: for a part
weigh;ng 7-10 pClInds, one inch. If polyethylene
foam Is used, the minimum thlclmesB mllst be
1/8 inch for a part weighing less than 7 pounds,
1/4 inch for a part weighing 7-10 po,mds, 3/8
inch Cor a part wei~hing 10-1 ~ pounds, and 1/2
inch Cor a part weighing 15-20 pounds. Sheels
of various thickneRs8s may be combined to ob'
tain the requi"~d tnicknesR. Pack part ill a
suitahle snug-fitting container and mark con
tainer WIth same hformation as on the part,
except for serial number.

g. Seal large lines, hoses, and nucts with
suitable protective closur~s and cover ends ·.... ith
new, Visually clean, dry polyethylene bags or
filol. Srcure bags or film by heat sealin~ or
with pressure-sensitive tap! RB0195-002
(Rocketdyne). Tape must not contact threads,
critical surfaces, or sealin€, surCaces tllat will
contact operating fluid. Seal small lines, l,OS('S,

and ducts with suitable protective closures and
package in a new, visually clean, dry p,>\yethy
lene bafl or film. Secure bag or Cllm by heat
"ealing.

h. Whim lt is not possible to package a part
in a bag with a certification label, the reqUired
prot<!ctive closures installed with b'J1t~ or oth· I'

fastener devices must be cerllCied by lJJlplying
lead or aluminu,,., seals tu the h'llts or Castener
devices and an inspection stamp impr lilted on
the seal, or a certification label affixed (two
jllaces) half on the closure and half on the part.
Markings, decals, or labels applied to a part
for certification, must not be ph",erl on any
critical machiued surface, sealing surface, 0,'

Rurlace that will contact operating n"ln.

i. To certIfy cleanness of a packaged oart,
an inspection certification label must lie placed
over each heat seal of the bag, and must contain
the identification of the inspection agency and
the specific Inspector's slamp. In addition. the
bag must bp. identified with certification and
Identification labels which contain the following
minimal information:

(I) Precautionary statement that package
must not :'e opened until ready Cor immediate
USE' find that certification is void if seal is pre
maturely broken

(2) Level of rlcanneDs or service
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(3) Part number

(4) Serial number
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to other than a controlled environment, accom
plish the follOWing prior to temporary removal
of protective closures:

(5) Design activity

(6) Date

(7) Manufacturing activity

(8) Inspection stamp

j. Identify part that has been lubricat~d for
a special service with appropnate label or
decal indicating type of service, such as lubri
cated for liquid oxygen service or lubricated
fur pneumatic service.

k. Seal decal or label to bag or affix decal
or label to part. Decals or labels applied to a
part for certification or identification mu~t not
be placed on any critical machined surface,
sealing stlrface, or surface that will contact
operating fluid.

l. Parts removed from protective packages
for test purposes may be repackaged without
bc!ng redeaned, provided contamination has
not becn introduced during testing. Use only
new, visually clean, dry polyethylene bags or
film to repacY..age parts. JJo not reuse original
bag.

m. Prulectlve clos'Jres removed from a part
for test purposes, must be immediately pack
aged in a new, visually clean, dry polyethvlene
bag or fJlm ane! sealed by heat sealing, by using
pressure-sensitive tape (Federal Specification
PPP-T-60), or by tying. Closures must remain
packaged unlll immediately prior to reinstalla
tion.

WARNING

The follOWing procedu re uses iso
propyl alcohol, which is namrnable
and must not he used near heat,
sparks, or open flame. Inhalation
of its vapors or prolonged contact
wHh the liqUid can cause seriuuH
injury.

n. For parts that have been cleaned, that
utilize protective closures as the only cleanness
IntegrHy barrier, and that have been Subjected
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(lj Clean ~xterior surfaces of closures with
a clean, unused, hemmed nylon cloth, saturated
with clean, unus"d isopropyl alcohol (Federal
Specification ·iT-I-735).

(2) After surfaces are dry, remove clo
sureH from part and package Closure in new,
Visual:; clean, dry polyethylene bags or film
and seal by heal sealing, by using pressure
seJisitive tape (Federal ~'peclficationPPP-T-60~

or by IYlIIg. Closures musl remain packaged
until immediately prior to r ·,installation on part.

o. Inspection c('rtificalion seals and labels,
cleaning Identificatwl1 labels, or certification
and :dentiflcation bag beal!l must not be broKen
except for rfomspcction (,r use of the part. If
anyone of the requireu certification seals or
labels are broken 01' mi~~illg, pertorrn the fol
lOWing, as applicabi<', in an approved clcan area'

(0) Reinspect part if inspection certification
labels or seals, I equired for protective closure
certification, a:'e broken or missing. If inspec
tion reveals that no contamination has occurred,
part may be repackaged without cleaning.

(2) Replace hroken bags and broken or
missing Inspection certification labels only if
~ealed protective closures arc intact and If In
spection reveals that no contamination has
occurred.

(3) Replace broken or missing precaution
ary and cleaning identifi cation labcls only if
certification decals or labels are intact. If
certification decals or labels show evidence of
being disturbed, broken or missing precautionary
and cleaning identification labels must Ilot be
replaced unti I Insp~ctlon ascertains that the part
will meet applicable cleaning reqUirements.

p. Inspect each protective closure and/or
item of packaging material removed from clean
part, to make certain that complete protective
item is rnmoved and that ?ortlons do not remain
ihat could contaminate part,
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Paragraphs 1-49 to 1-53A

1-53A. ACIDITY AND ALKALINITY TEST.

NParticles per square foot ~ a

a ~ square feet of critical surfac", area
sampler!

W -W
NVR ~ 1 2

a

Unlimited
5
1

None

Particles Allowable per
Square Foot of Critical

Surface Area
Size Range
(Microns)

Smaller than 175
175-700
700-2,500
L"rgcr than 2,500

e. Analyze filtrate collected in step b for
determination of nonvolatile resIdue, using
graVimetric technique. Nonvolatile residue
(NVR) per square foot of surface area must not
exceed 1. 0 mllligram. Calculate NVR as fol
lows:

where

WI ~ milligrams NVU weIghed in compo
nent sample

W2 ~ milligrams NVR wPighed in blank
sample

a ~ square feet of critical surface area
sampled

where

N ~ number of particles (WithIn a sIze
range) on total effective filter paper
surface area

d. Count all particles in each range per
square foot of critical surface area, and calcu
late as follows:

a. Wet external and accesslcile Internal
cleaned surfaces with a few drops of dlst!lled
water ncutraliz<>d to a pH factor "f 6. 0 to 3, O.

This test Is performed after final cleaning of
parts with critical surfaces that have been
SUbjected 10 the parllcle CO\tnt and nonvolatile
residue determination test nutllned in para
graph I-53.

1-49. INSPECTING.

I-50. The following paragraphs list the methods
by which parts may be inspected for cleannes~

(paragraphs 1- 51 through 1- 58) and damage
(paragraphs 1- 59 through 1-62).

1-51. INSPECTING PARTS FOR CLEANNESS.
1- 52. Methods that may be used to determine if
parts are clean are: a particle count and non
volatile residue dete~mlnation test, visual test,
water-break test, solilng tAst, and inspection
for residual halogenated solvents.
1-53. PARTICLE COUNT AND NONVOLATILE
RESIDUE DETERMINATION TEST. After final
cleaning, a minimum of 5 percent of aU itllms
cleaned, bltt nut less than one item for each
~roup of 20 or less, must be selected at ran
dom for quantHative particulate and nonvolatile
residue analysl.q. The sample selected must
be representative of the items cleaned. In a
clean container, obtain a sample of the flnal
rinsing fluid after it has passed over the
critical surface area ()f the cleaned items. The
size of required samples is noted in step a.
Critical surface areas are defined as all hard
ware surfaces that may come in contact (dl
rectiy or indirectly) wit:. thl? respective service
medium.

a. For components with a critical surface
area of 1. 0 to 5.0 square feet, obtain a 500
mllllllter sample. For components with a
surface area less than 1. 0 square Ioot, a
quantity of cleane(l components sufficient to
make up a minimum of 1. 0 square foot must be
combined. For components with a critical
surface area greater than 5. 0 square feet, ob
tain a 100-milllliter sample for each square
foot of critical. surface area.

b. ProceF,s component sample (filtration)
for particle counting. Filter only a 500
milliliter portion of the sample taken from
components with a surface area greater than
5. (t square feet. Filtrate collected in vacuum
flask mU'Jt be saved for nonvolatile resIdue
content analysis (step e).

c. Using a magnification of 40 ±IUX, count
all particles on total effectIve filt,-r paper sur
face area which are 175 microns or larger.
llecOJ'd parlic1l1S In 3 groups: 175-700,
700-2,500, and over 2,500 microns. There is
no difference bE·tween a particle or fiber, re
gardless of sIze and/or composition. Total
effectIve filter paper surface area is defined as
that area bounded by the Inside dIameter of the
filtration apparatus tunnel.
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Paragraphs I-54 to I-58

". Using pH Indicating paper, test welled
surfaees. Acidity and alkalinity indicated
must be within 6.0 and 8.0 pH.

c. Make sure residual water Is removed
from test surfaces.
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a. Connect leak detector power cllhle (0

lle-vac electrical source; then move function
switch to HEATER position.

b. Allow leak detector to warm up for at
least j C minutes. Reading must be hetween 5
and 7 On 0-10 scale.

1-54. VISUAL TEST. Inspect parts for pres
eJlce of moisture, rust, scale, dirt, chips, oil)
grease, or other debris. The presence of any
of these requires recleaning. Discoloration
caused by weldtng or passivation is not gronnds
for recleaning unl",ss accompanied by rust Or
scale. Water-break and soiling tests may be
pe rformed, as requi red.

1-55. WATER-BHEAK TEST. This test is
performed on metallic parts by pouring a small
amount of distilled water over vtstble and com
p�ete�y accessible cleaned areas of th!.! part.
An unbroken water film should form on the
metal surface. If the water forms into small

Idroplets, reclean the part. After tesllng, dry
part as outlined in paragraph 1-35A, Or hand
wipe with a clean, hemmed nylon cloth.

NOTE

Some matertals, even if clean, do
not present a water-break-free
surface and require additional tests.

1·56. SOILING TEST. Lightly wipe clean,~d

part with a clean, lint-free, white cloth. Any
visible deposit on the cloth requires recleaning
of the part.

NOTE

Soil materials, such as alumi '. m,
must not be rubbed hard, since
metal removal can occur and be
eonfused with dirt.

I-57. INSPF:CTING FOH HESIDUAL HALOGEN
ATED SOLVENTS.

I-58. Perfor,.., this inspecllon with halogen leak
deteetor 579793401 with probe deteetor 11··51'
(General Rleclric), Or equivalent.

1-28 Chant:e No.8 - 18 August 1972

WARNING

Compressed gas must nol he used I
for drying or cleaning unless ef-
fective chip guarding is used and
personal protection equipment is
worn.

c. Check that trichloroethylene vapors from
cleaned paris are not at a concentration level
that can be detected by odor. Purge part with
low-pressure (less than 30 psig) gaseous nitro- I
gen (MIL-P-27401) or clean, dry air conforming
to the cleanness and humidity requirements of
MIL-P··2740I, to reduce trichlol'oetliykne vapors
to a level that cannm be detected by odor. (Re-
fer to paragraph 1-35A for drying procedure).

d. Open leak-detector probe needle valve 2
full turns from fully closed position by rotating
probe tip.

e. Move leak detector function switch to
MANUAL ZERO position, tnd move RANGE
select,,~ switch to 3 x 10- posillon.

f. Place leak-deteclor probe within 10 feet of
part to be Inspected. Then move ZEllO adjust
ment knob until scale reac'ing is zero. Do not
change RANGE seleclor ~witch in order to obtalll
a steady zero Indication. If a steady scale indi
cat Ion of zero cannot be obtained, move det eet i' "
operation to an area wh",re a steady zero Can tH'
obtained.
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WAFINING

Compressed gas must not be used
for drying or cleaning unless ef
fective chip guarding is used and
personal prolection equipment Is
worn.

g. Insert leak-detector probe Into one end of

Ipart. Then supply low-pressure (less than 30
psig) gaseous nitrogen (MIL-P-27401) or clean,
dry all' conforming to the cleanness and humidity
requirements of MIL-P-27401 to opposite end at
a flow rate of 0.1 to 0.3 cfm for 3 mtnutes. (Re
fer to paragraph 1-35A for drying procedure.)
Leak-detector scale must Indicate zero after
approximately 30 seconds.

NOTE

1-61. DYE-PENETI,ANT INSPECTION
METHOD. The dye-penetrant Inspection
method ts used for parts treated by chemical
film or anodic coatings and parts used for
direct or Indirect liquid oxygen service. This
method of Inspection may be used to detect
surface defects or Indtcations of possible de
fects In parts made of nonabsorbent, nonporous
matertal. Dye-penetrant indications are not
necessarily cause for rejection. It is the re
sponslbllity of a dye-penetrant inspector, certi
fied by MIL-STD-410, to evaluate Indications
and to determine whether an Indication actuaBy
represents a defect. Perform the dye-penetrant
Inspection as follows:

a. Clean part (paragraph 1-34) using appro
priate method for type of service in which part
Is used.

I

A positive Ind!catlon at the start of
detecting may be due to an accumu
lation of residual trichloroethylene
vapors. If the leak detector con-
tinues to give a positive tndicatlon
and does not return to zero, trtchlo
roethylene is present. The part
contatning trichloroethylene must be
purged with heated low-pressure
(less than 30 pslg) gaseous nitrogen
(MIL-P-27401) Or heated, clean dry
ai l' conforming to the cleanness and
humidity requirp.ments of MIL-P-27401,
as necessary, to accomplish the re
quireJ"ents of step g.

h. Repeat step g for remaining openings or
passe,ges In part.

I. Remove source of gaseous nitrogen, and
secure leak c1etector.

1-59. INSPECTING FOR DAMAGE.

1-60. Visual Inspection Is norm~lly a satisfac
tory method for determirlr.g damage. For parts
where damage Is suspected bul not apparent,
the dye penelrant or magnetic particle Inspecllon
n.ethods may be used, "P applicable. If Inspec
tion of a component, part, or weld reveals a
delectlhat do.s not have an b.~ceptabl1ltyor
repair disposition within thl3 manual, the defect
must be relerred to tho manufactllrer' P repre
sentallve for acce:'1 '.bllity am! repair dlsposltlor..
A comporent or part that ca'111ct be repaired
musl be replaced with a compom nt or 'Jarl bear
ing Ihe same part number.

b. Brush or spray a light, even coat of
SKL-4 dye-penetrant (Magnaflux Corp) on
areas to be Inspect~cJ.

c. Allow penetrant to remain on part for a
minimum of 5 minutes at 60' to 90° F. Parts
that have heen In an environment of less than
60° F mus' be preheated 60° to 150° F and
allowed to remain at normal room temperature
(60° to 90° F) for a minimum of 30 mtnutes
pdor to application of penetrant.

d. Remove excess penetrant with a clean,
dry cloth followed by a water-dampened cloth.

e. Air-dry pHt for a minimum of one min
lite, or wipe part with "lean, dry cloth or paper
towe;, prior to a~pllcpti0n of c1eveloper.

f. Thoioughly tnlx SKD-NF spot-check
developpr (Ma~na1lu1i: Corp), and spray a thin
even coat on area to be Inspected.

g. Wait a minimum of 5 minutes, and tnspect
a, ea for defects.

h. Clean part after InSpection (paragraph
1-34) using appropriate method for lype of
servtce In which part is uRed.
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1-62. MAGNETIC PARTICLE INSPECTION
METHOD. Magnetic particle Inspection Is a
nondeslructive method of Inspecting ferromag
netic materials. It reveals oefects that cannot
be detected by normal visual i11spectlon. Mag
netic particle Inspection must be performed on
equipment, and by personna I certified in accord
ance with MIL-STD-410. The magnetic particle
Inspection process eonsists of magnetizing the
part to be InBpected and applying a suitable in
spection medium. When an a leelric current
flows through a conduelor magnetic lines of
force are produced in and around litO conducting
element. These magnetic lines of force aSSume
a position at right angles to the dlrectlol' ,)f
curl'ont flow, requiring two me,hods of magnet
ization, circular and longitudinal. The method
ehosen depends upon the shape of the part and
the direction of the reqUired magnelic field.
It Is the responsibility of a certified magnetic
particle inspector to evaluate Indications to
determine whether they actually reprJsent
defects. Demagnetize parts after magnetic
partiele inspection except parts inspected by
yoke and powder method.

1-63. REFINISHING ANODIC-COATED
I'ASSIy.!'TED, AND PAINTED SURFACEs.

1-64. llimage conslstl"g of s~~atches or abra
sions on anodized surfaces may be touched up
by the brush··on method, using chemical film
materials and treatments meeting the I'equire
ments of MIL-C-5541. When damage to the
anodized surface Is extensive and requires that
the part be completely reanodlzed, strip anodic
coating anti reanodlze in accordance wilh
MIL-A-8625, Damage consIsting of scratches,
abrasions, or corroded areas on CRES may be
rep"ssivated by the swab passlvaticn mcthod.

1-65. APPLYING CHEMICAL FILM TOUCHUP
TO ANODIC-COATED PAinS.

1.. 66. Either Irfdlte 14-2 solution (Allied
Research Products) or Alodlne 1200 (Amchem
Products) (steps d anri e) may be used for
applying chmnleal film touchup to [/arts after
repair. The procedllt e for application of
chemical touchup ls as follows:

WARNING

The {ollowlng procedure USeS tri
chloroethylene, which is a toxic
solvent. Inhalation of Its vapors
or prolonged contact with the liquid
c~n cause serious injury or death.

1-2BB Ch~nge No.5 - 8 March 1971

a. Clean part using trlchl,)roethylene
(MIL-T·27602), and wipe part dry with soft,
clean cloth.

b. Wearing rubber gloves, deoxidize part by
applying a mixture of one part by volume of
cleaning compound (MlTrC-5410, Type II) and
one part distilled or deionized water at 65" to
95° F. Use a soH-bristle brush 01' clean cloth
to apply mixture, and keep slll'face wet for
5-10 minutes.

c. Using a spray, rinse partin clean tap
water at rOom temperature, or wipe part with
a clean cloth h equent1i wrung out in cl~an

water. Surface must rinse to a water-break
test (paragraph I-55) condition,

WARNING

The follOWing procedure uses Jrldite
and Alodlne solutions, which are
acids. Contact with these solutions
can cause serious injury to personnel
or rtamage to equipment.

d. Prepare Iridlte 14-2 solution by mixing
6 ounces of Iridite 14-2 powder (Allied Research
Products) and 0.01 ounce of ARP No. 2 deter
gent (Allied Research Products) in nne gallon
of water.

e. Prepare Alodine solution hy mixing 4
ounces of Alodine 1200 powder (Amchem Prod
ucts) with 0.5 ounce of nitric acid (Frderal
Specification O-N-350l in one gallon of water.

f. Wearing face shield and rubber ~Ioves

and llsing a soft-brIstle brush or clean cloth
coat part with Irldite 14-2 solution for 3-5 '
minutes or with Alodine 1200 solution for 1-3
minutes. Coat only a small area al a time.
If n0 color develops, repeat steps b, c, and f.

g. Rinse part by flushing with tap water.
Avol" hand-ruhblng, since wet film is easily
removed.

CAUTION

OrganiP. material upon which Irlellte
or Aloellne solutions have dried be
comes highly flammable.

h. Thoroughly rinse solution from brushes
and cloths,
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1-67. REPASSIVATING 300- AND 400-SERIES
CORROSION-RESISTANT STEEL.

1-68. Reworked areas on CRES may be repas
sivated by swab passivation as follows: (Parts
brazed with sliver, copper, or nickel alloys
must not be passivated. Do not passivate the
following alloys: Hastelloy B, 440 A (annealed),
Monel 440, 440 B (annealed), Monel K-500,
440 C (annealed), nickel 200, 440 F (annealed)
Or nickel 201.)

a. If area is corroded, remove corrosion as
ouUlned in paraaraph 1-26.

CAUTION

Wire brush must not be used on
bellows sections.

b. If scratched or abraded, brush area to be
passivated with fine-wire stainless-steel brush.

c. Polish area with crocus cloth.

WARNING

The following procedure USes tri
chloroethylene or trichloroethane,
which are toxic solvents. Inhala
tion of the vapor" or prolonged
contact with the liquids can cause
serious Injury or death.

• Compressed gas must not be used
for drying or cleaning unless ef
fective chip guarding is used and
personal protection equipment ts
worll.

d. Thoroughly clean area with a clean,
hemmed nylon cloth dampened with clean tri
chlorocthvlene (MIL-T-27602) or cleaning com
pound (MIL-C-B1302). Dry area with low
pressure (less than 30 psig) gaseous nitrogen
(MIL-P-27401) or clean dry all' conforming to
the cleanness and humidity requlr.''llents of
M1L-P-27401. (Refer to paragrap:: 1-35A for
drying procedure).

WARNING

'The follOWing procedure uses nitric
acid. Contact with nitric acid solu
tion can callse serious injury to
personnel or damage to equiilment.

e. Prepare a 40-50 percent, by VOlume,
solution of nitric acid (Federal Specification
O-N-350). Slowly pour acid into required
amount of distilled 01' deionized water.

eA. Obtain a cotton-tipped applicator and
break oll end containing cotton tip. Form a new
tip on remaining portion of applicator using a
suitable amount or Pyrex brand glass wool
filtering libel' (Corning Glass Worts). Remove
excess fibers.

f. Using applicator, passivate area by
swabbing with nitric acid solution at 10-mlnute
Intervals for a minimum of 60 minutes. If
necessary, provide a barrier to prevent solution
from contacting other surface or equipment.

g. Thoroughly rinse passivated area with tap
water. Rinse and discard applicator.

h. Final-rinse area with deionized or dis
tilled water.

1. Dry area with clean, dry cloth.

1-69. PAINTING.

1-70. Painted areas that have been damaged by
handling, rework. or corroston removal must be
touched up to eliminate all bare or worn spots,
as follows:

a. Using 400-grit Carborundum paper,
feather edges of eXistlnl~ finish adjacent to
damaged areas.

WARNING

The following procedure uses solvent
(Federal Specification P-D-680, Type
I), which is flammabl< and must not
be used near heat or opun flam,1. In
halation of its vapors or prolonged
contact with the llquld CWl cause
serio'ls Injury.

b. Clean reworked and surrounding area with
a clean cloth dampened with solvent (Federal
Specification P-D-680, Type I).

Change No.9· 9 May 1973 1-28C
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WARNING

Compressed gas must not be used
for drying or cleanIng unless ef
fective chip guardIng Is used and
personal protection equipment Is
worn.

c. Dry area with low -pressure (less than
30 pslg) gaseous nitrogen (MIL-P-27401) or
clean, dry air conforming to the cleanness and
humidity requlremenls of MIL-P-27401. (Refer
to paragraph t-35A for drying procedure).

WARNING

The folloWing specifies primer
(MlL-P-8585), which Is flammable
and must not be used near heat,
sparks, or open liame. It Is toxic.
Inhalation of Its vapors or prolonged
contact with the primer can cause
serious bodily harm. In case of
prolonged el<1losure, Immediately
obtain fresh air and wash skin with
soap ann water.

d. Within one hour after cleaning, prime
area with a thin coat of zinc chromate primer
(MIL-P-8585, color V). Allow to aIr-dry for
30 minutes.

e. Apply a thin coat of nitrocellulose lacquer
(Federal Specification TT-L-50). Allow to dry
tack-free.

f. Apply a second coat of nitrocellulose
lacquer (Fec1ral Specification TT-L-50) and
blend to obtain uniform coverage and appear
ance.

1-71. APPLYING LUBffiCANTS, SEALANTS.
AND COMPOUNDS.

1-72. Lubricants, sealants, and compounds
that are contamInated, whose shelf-llfe has
expired, or whose container labels are mlp.i1lng
or unidentifiable must not be used. Clean nylon
or polyethylene gloves muat be worn where hand
contact ts made with sealing surfaces or sur
faces that contact operating flUids (lIquid or gas).
Parts that will be l'elnstalled must havE' the
original lubricant, sealant, or compound re
moved from the part and matIng surfaces before
lubricating. L\\brlcants, sealants, and com
pounds must be applied only to t'Je areas

designated, All stored containers must be aghtly
capped and excess lubricant, sealants, or com
pounds must not be returned to the original con
tainer. All lUbricants, sealants, and compounds
must be free of grit, dirt, metal chips, or other
foreign matter. The methods outlined below
which wtll be referenced In the follOWing proce
dures. must be used to apply lubricants, seal
ants, and compounds. The follOWing definitions
apply to these methods:

(1) O-ring: A circular packing, gasket, or
seal haVing a torus or doughnut shape. The 0
ring cross section Is usually rou.nd and has a
small diameter relative to the Inside and out
side diameter of the O-ring.

(2) Seal: Any sealing device olher than
an O-ring.

(3) Static Condition: When an Installed
part encounters no movement except for vibra
tional or load lorces.

(4) Dynamic Condition: Where an Installed
part. encounters planned movement.

NOfE

Only the lubrication methods used
In R-3896-3, Volume I, R-3896-3,
Volume n, and R-3896-Il are listed.

1-73. METHOD A - APPLYING LUBffiCANT
TO STRAIGHT THREADS (STATIC CONDITION).

a. Apply lubricant In a streak, flush with
cutslde peaks of male threads, and across all
Ihreads except leading edge of first thread.
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Paragraphs 1-74 to 1-78

The number and width of streaks vari
with the outside diamcter of ihreads.

b. Where more than one application is re
quired, apply lubricant in equally spaced streaks
around circumference of threads as follows:

(1) Threads up to 1/2 inch in diameter
one application 1/8 to 1/4 inch wide. '

(2) Threads 1/2 to 1 inch in diameter
one application 3/8 Inch wide. '

SLU.Vl. ')1{
MAC H/1'OED 5",,\1

f'1-3-1-133

(3) Thrcads 1 t(~ 1-3/4 inches in diametcr,
two applications 1/2 inch wide.

(4) Threads 1-3/4 10 2-1/2 inches in
diameter, three applications 1/2 inch wide.

(5) Threads 2-1/2 to 3 inches in diameter
.'uur applicatiuns 1/2 inch wide. '

(6) Threads over 3 inches In diameter
five applications 1/2 Inch wtde. '

c. Distribute lubricant streaks uniformly
around ihreads with a cl~an nylon brush. Re
move excess lubricant. Make sure there Is no
lubricant on leading edge of first thread, tn
ftlting openings, or on flared ur chamfered
sealing surfaces.

1-'/4. METHOD F - APPLYING LtJBHlC,\NT
1'0 WASHERS.

a. Apply a thin film of lubriea:lt to buth sides
of washer.

b. Hemove excess lubricant.

1-75. MF.THOD G - APPLYING LUBIUCANT
TO TUBE COUPLING NUTS.

a. Slide coupling nut back on tube anti re
muve any existing lubricant with a clean nylon
cloth.

b. Apply a thin uniform film 01 hlbricunt
to exterior Ihrust surlace of slccv(' 01' machined
seat as sl"",n in iigurl' 1-7.

Fib'llre 1-7. Flared Tube Lubrication

c. Remove all excess lubricant from end
face and sealing surface of flare, to prevent
contamination of system.

1-76. MF.THOD.r - APPLYING LIJI3Il1CANT
TO O-RINGS (STATIC CONDITION).

a. D1sll ibut~ lubricant over O-ring surface
to form a thin, uniform fillll.

b. Remove ('xcess lubricant.

1-77. METHOD K - APPLYING LUBHICANT
TO O-HINGS FOR RETENTION.

a, Distribute lubricant over O-rinl; surface
to furm a thin, unl!orm film. Bemove excess
lubricant.

b, j;pplya volume of lubricant approximating
10-15 percent of 0- ring volume or groove
VOlUUl0 un Q·r!t\g Dr ill gruuv(1 uurin,j inslalla
tlon of 0- ri ng.

1··78. MEl'POD f, - APPLYING LUBRICANT
TO O-lUNGS (DYNAMIC CONDITfON).

a. Apply n Ihin, uniform film of lubricant
on O-ring sut'lace. Tlemove excess lubrIcant.

r. b, Apply a volume 01 lubricant approxlmalin!(
20-30 percent 01 O-dng volume or groove
volume 011 O-rinf4 or In groove during installa
tion (If O-rin~. Apply excess to dynarnic SUf

lace mating wllh the O-ring to furm a uniform
film.

Change 1"0, 5 - 8 Marc h 1971 1-28 E
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c. Apply additional lubricant, if required,
to mating surface to provide a thin, uniform
film over the working surface. Remove excess
lubricant from mating surface.

1-79. METHOD M - APPLYING OIL TO
O-RINGS (STATIC CONDITION).

a. Apply a thin film of 011 uniformly over
O-ring surface.

b. Hemc,ve excess oil.

1-80. METHOD N - APPLYING OIL TO
O-RINGS (DYNAMIC CONDITION).

a. Dip O-ring into 011 and let excess 011
drip from O-ring.

b. Inst"ll O-ring while It Is thoroughly wet
with 011.

1-31. METHOD 0 - APPLYING SEALANTS
TO FLAT SEALS (STATIC CONDITION),

a. Apply sealant to b"th flat sides of seal
until sides are thoroughly wet.

b. Ilemove excess sealant globules by wiping.

c. Allow applied sealants that contain solvents
to air-dry for 3 to 5 mirlUtes before installing
part. Sealants containing solvents include gas
kPl spa lant H1J012 0- 034 (Rocketdyne) and all
Permatex (Pf'rmatex Co) sealants.

1-82. METHOD Q - APPLYING SEALING
COMPOUNDS TO CH";VHON Sf:'\LS.

a. Apply sealing comJJolind to both sides of
seal until surfaces are thoroughly wet.

b. Work sealing compound into areas between
spirals.

c. Remove excess sea llng compo""d from
Inner and outer diameters of seal.

d. Remove sealing compound from groove
of inner diameter of seal.

1-83. METHOD R - APPLYING LUBRICANTS
TO METAL BOSS SICALS.

a. Apply lubricant with a clean lint-free
application to both sides of seal.

b. RelJ'ove excess lubricant until a thin, unI
form film remains on sides of seal. Make sur,'
that no lubricant is on inner diameter of seal.

1-84. METHOD l' - APPLYING SEALANT AND
ANTI2EIZE D1SPEHSION TO GASKETS, SEALS.
AND WASIlEHS.

a. Mix sealant and antiseize dispersion
HU0120-017 (Rocketdyne) by following instruc
tions packaged with kit. lAte mixture.

CAUTION

Dispersion may be used up to 60
days after mixing. A pr('paration
tllat has not been dated or Is morp
than 60 days olef must not be used.

b. Shake container to complf,telv disperse
particles and using a clean nylon brusb. apply
dispersion to sealing surfaces of part. Allol\'
dispersion to dry for G to 'I minutes.

c. Apply a sc>cond coa.~ or disperb!on and
Install part while dispersion is stlll da."p.
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1-85. METHOD V - APPLYING LUBRICATING
POW.DER. Partll that have been epeclal-cleaned
need not te recleaned as outlined In this proce
dure. Solled parts must be cleaned and lubri
cated as follows:

WARNING

The following procedure uses
acetone (Federal Specification
O-A-5l), which Is flammable
and must not be used near heat,
sparks, or open flame. Inhala
tion of Its vapors or prolonged
contact wHh the liquid can cause
serious InJury.

a. Clean all-metal parts with acetone
(Federal Specification O-A-51). Dry parts

I as outlined In paragraph 1··35A.

b. Clean and dry nonmete.! parts In mild
alkaline cleaner as outlined 1.1 paragraph 1-41.

c. Using a clean nylon cloth, rub powdered
lubricant on surface until a film of uniform
luster appears on all ~urfaces 1,1 be lubricated.

NOTE

Pressure-sensitive tape RB0195-002
(Rocketdyne) may be used for masktng,
If required.

d. Remove loos\, ()\' caked powdel'.

e. Rub part with a cl\'an, nylon cl.lth. Tile
finished film must still appear after I ubblng.

1-86. METHOD W - APPLYING LUlIRICANT
TO PLAIN BEARING SURF'ACES.

a. Apply lubricant to part during Inslalla
tlon or pack clearance volume during as,lembly.

b. Remove excess lUbricant by wiping.

1-87. METHOD Y - APPLYING LUBRICANTS
TO BALL, ROLLER, AND NEEDLE BEARINGS.

a. Coat races and bearings with lubricant.

b. Hand-pack approximately 1/3 of clearance
volume with lubricant during assembly.

1-88. METHOD Z - APPLYING LUBRICANTS
TO METAL SLIDING SURFACES.

a. Apply a uniform coat of lubricant to
mating parts.

b. Assemble parts and remove excess lubri
cant. Make sure that lubricant does not enter
vent, pilot, or bleed openings.

1-89 through 1-92A. (Deleted)

1-93. ENGINE SEALS.

1-94. During maintenance and repair, all
seals except seal plates and K-seals used on seal
monitoring port plugs, must be replaced by
parts with thi! same part number. For K-seal
usability refer to paragraph 1-97. Pressure
actuated (Naflex) seals and seal plates must be
handled as outlined In paragraphs 1-95 and
1-96. When It becomes necessary to replace
an orifice with In-place seals, the replacement
must bear the same part number and have the
Bame orifice diameter. The replacement for
an engine varlabte orifice must meet the clcan
Ing requirements of paragraph 1-137.

Change No.8 - 18 August 1972 1-28G/1-28H
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1-95. PRESSURE-ACTUATED (NAFLEX)
SEALS. A new seal must be Installed whenever
a joint Is opened. Handle Teflon-coated and
metallic-plated Naflex seale as follows:

CAUTION

Naflex seals are to be hannied with
extreme caution. Sliding a seai out
of a partially opened package can
damage its sealing surface. The
touch of a fingernail on the sealing
surface of a Tcflon-coated Naflex
scal can destroy its sealing capa
bility.

a. Completely opcn packagc and remove seal
just before Installation only.

b. Handie seal bv outside diameter only.

c. Do not slide scal across any surface.

J. Bcfore Installing seal, visually Inspect
flange sealing surfaces that seal will contact
to determine that foreign partie les, nicks, and
scratches are not prcsent. Machining marks
on flanges are acceptable.

e. Visually Inspect the following areas of
copper-plated and silver-platcd scals. The
presence of any of the conditions listed fr:>r
cach arep" as observed with the unaided eye,
Is justification for rejection of the seal.

(1) Primary sealing surface: !£ratches,
dents, pinholes, blisters, pits, nodules, lack
of adhesion, oxidation as indicated by green
discoloration on copper-plated seals, or other
obvious defects.

(2) Secondary sealing surface: Pinholes,
blisters, or nodules exceeding P. O~O Inch In
diameter; mOrc than 6 pinholes, hllsters, or
nodules on a side for each mcas1lred Inch of

Inside diameter of seal; 2 pinholes, blisters or
nodules closer than 0.030 Inch to each other;
pinholes, blisters, scratches, or nodules form
Irg a radial leakage path; more than 2 scratches
extending less than halfway across a sealing
surface; or a scratch extending more than
halfway across a sealing surface.

eA. Visually inspect the following areas of
Teflon-coated seals. The presence of any of
the conditions listed in substeps 1 and 2 are
justification for rejection of the seal If detected
with the unaided eye. The presence of any of
the conditions IIsteci In substep 3 are justifi
cation for rejection of the seal If detected with
magnification not exceeding 4 diameters.

(1) Primary sealing surface: Variations
In surface roughness, partie Ie entrapment In
coating, lTIud cracks, craters, pinholes, sags,
runs, bubbles, blisters, peeling, shredding,
tears, grooves, or ridges In coating.

(2) Secondary sealing surface: Pinholes
or depressions exceeding O. 030 Inch In niameter;
2 pinholes or deprecslt'ns closer than 0.030 Inch
to each other; more than 2 pinholes or depres
sions on a side for each measured inch of the
Inside diameter of the seal; pinholes or depres
sions clustered In more than groups of 4; pin
holes, scratches, or depressions forming a
radial leakage path; more than 2 scratches ex
tending less than half'vay across a sealing sur
face; or a scratch extending more than half-
way aCrOSS a sealing surface.

(3) Electroless nickel-plated surfaces:
nIlste.·s, cracks, pilling, or other surface
defects.

f. When positioning sea I on a nange, hold
seal-flange movement to l\ minimum.

g. When Installing seals between boiled
flanges, carefully place seal between flanges:
then Install 2 opposite bolts and tighten just
enough to close joint. Install remaining bolls,
and tighten all boJ~q to reqUired torque using
cross-torquing method outlined In paragraph
1- U5.
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h. Take extreme care when removing seals
from engine, since seals may be reprocessed
to a like-new condition.

I. Package and return all seals for refur
bishment through normal supply channels.

j. store seals in a safe place to prevent
damage and contamination.

1-96. SEAL PLATES. Seal plates that contain
mulded rubber seals must be handled with care
to protect the sealing surfaces from damage.
Any damage to the sealing surfaces can destroy
the sealing capability and cause the seal to be
rejected. Seal plates are reusable if they are
visually Inspected to determine that no damage
cXlsts. Handle scal plates as follows:

a. Open flanged joints far enough to allow
seal plate to be removed without scraping
flange surfaces.

Il.'ARNlNG

Clenning compound (MIL-C-81302)
is volatile. Use In a well-venttlated
area, since the vapors displace the
oxygen In the air, rcsulttng In suffo
cation.

b. Clean seal plate with a clean cloth mois
tened with cleaning compound (MIL-C-81302).

c. Inspect sealing surfac~s for nicks,
scratches, and other Imperf3ctions lhat can
impair sealing capability.

d. If a seal plate Is conqidered acceptable
for reU/le, package it in a clear. polyethylene
bag unhl ready for installation.

NOTE

"I, hen a seal plate Is removed from
an engine, the molded rubber seal
may have a set (flattened rubber
na\). Seal plates with this condi
tion may be reused If the rubber
sea.! extends abo'le the surrounding
metal surfac0 and no damage (nicks,
scmtcheg, or othcr imperfections)
that would affect sealing capability
is present. Normally within 24
hours and depending on conditions of
material and time, tne molded rubber
seal will ret\\rn to near original con
rtguration (0.015 Inch to 0.020 Inch
above the metal surface).

1-30 Change No.7- 24 March 1972

e. Prior to Installing seal plate, visually
Inspect flange, spacer, and other component
sealing surfaces that seal will contac: to deter
mine that foreign particles, nicks, and scratches
arc not present. Machining marks on flanges
are acceptable.

f. Inspect reusable or new seal plate sealing
surfaces for nicks, scratches, and other imper
fecllons that can impair sealing capability.

g. Open flanged joint far enough to allow seal
plate to be Installed without scraping flange and
seal surfaces.

1-97. K-sEALS. A new K-seal must be in
stalled whenever a K-seal joint, except for seal
monitoring port plugs, Is loosened or opened
after th~ K-seal is torqued using the follOWing
method. Torque fittings using K-seals to torque
value specified tn the detail procedure. 1'0
obtain optimum even seating of the K-seal, the
fitting may be backed off one fui! tllrn (one time
only); thcn retorqued to the torque value
specified in the detail procedure. The
RE261-3004-XXXX-sertes K-seals are inter
changeable with 12100AA and l~lOOCR K-seals
of equl"alent dash number, size, and type. The
disposition of seal monitoring prJrt K-seals may
b~ determined as follows:

a. If radial scratches are visually detectable
(WIthout magnification) on leg and flat-face sur
faces, replace seal.

b. If damn.ge, such as nicks Or dents on any
part of Beal Is obvious, replace seal.

c. If 'irl'egular coating or plating is removed
from flat face as a result of peeling or flaking,
replace seal.

d. Scratches wllh no apparent ceplh arc
acceptable.

e. Circular contact marks resulting from
normal installation wear are acceptable.

f. All seals are to be checked fo.· possible
contamination and cleaned as cut lined In para
graph 1-34, If necessary, prior to reinstalla
tion.
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1-98. AGE C0NTROL OF SYNTHETIC
RUBBERPARTS.

\1- 99. Age control of synthetic rubber parts
and assemblles contalnln!! synthetic rubber
parts begins the date the raw materials are
cured and governs the shelf I,(e, installed liCe,
acceptable !ire, and replacement date. The
allow3.ble ages o( control1ed parts are In
quarters of years. ParIs are considered one
qua.der old at the end of tho flrst full quarter
aitor curing or installation, as appllcable. In
stallation date markings on parts show the
quarter of the year, the letter Q, and the last
two numerals of the year. For example, 2Q6'/
Indicates that the item was installed the second
quarter of the year 1967. Re(er to R-3896-11
for verlflcation and documentation of ellglne
installed synthetic rubber parts. Deflnition.
o( terms used for age-control1ed Items are as
(ol1ows:

a. Cure date: The date the basic raw Im,te"
nal Is cured by the manufacturer.

b. Shelf life: The period of time the item Is
slored (rom cure date to lnstal1ation!assembly
date or to expiration o( the acceptable shelf life.

c. Instal1atlon date: The date the item is
removed from Its protective package (or Instal
lation.

I
I

Component

;" Thrust OK pres
SUre switch

v'fheckout valve

!

/

~ngine control
valve,

~our-way
solennid vnlve

I Fucl valve
positIon lrans
ducer. ~6xidizer
valve position
transducer, and
gas generator
ball valve f;:,sl
tlon switch

Test Hequlremcnls

(1) Perform insulation resist
ance test, leak lest, and
function test within 6 monlhs.

(2) Periorm actuation and
deactuatlon test within one
week.

Perform outlel No: 1 seal
reverse leak test, reverse
flow and reseal tesl, timing
test, leak test, and poppet
leak lest within 6 mOl'!l,s.

Perform surface wetllng leak
test, exlernal leak lest, and
check val vc seal leak lpst
within 12 months.

i'erform surface weW ng leak
lest nnd pxtcrnal leak lesl
within 12 monlhs.

Perform open and closed
position switch continuitl
verification lesl within one
week.

d. Installed Ilfe: That period of time from
Instal1atlon date to replacement date.

e. Replacement date: The date the Instal1ed
life expIres.

f. Acceptable life: The maximum is 12 quar
ters for shelf llfe and as specified in R-3896-11
(or installed life.

1-99A. COMPONENT PREINSTALLATION
TEST HEQUffiEM8NTS.

1

1-99B. Selected F-I engine components reqUire I
additional testing as outllned in R-3896-3,
Volume II before installing a replacement
component on engine. Test requin-menls are
as (allows:

Volumetric
liquid oxygen
lransdueer
(OXidizer flow
meter)

Temperature
transducers

Pressure
tl'ansducers

Perform coil continuity lest
within onc week.

(I) Perform insulation resi8t
anee tesl On oxidil.Cr p'lmp
bearing temperature trans
ducer within onc week.

(2) Perform resistance test
on all temperature lransducers
within one week.

Perform function lesl wHhin
one w('ek.
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Compuncnt

FlI/(ht iilstru··
I"entatlon J"nc(\ol1
!wx

Electrical
hal'Msses and
cables

~ Hcquirmncnts

Pl....riorm lns141atton J'es1st
ance tost lind o0nllnuity
test wltl>ln one woek.

Perlorm Insulation reslst
a'1CO test and continuity
test wtthln one week.

1-105. HlCID TUlllNG CLEAJ1ANCE. When
either of Iwo parts Is designcd for dynamic
motion (Independel '. "i vibration) 1/2-lnch
clearancc musl be maintained between the lubing

1-100. RIGID ANQ.:::.ll':'XWLE lUBING
~ALLAT[ONHE~mEMENTS.

1-101. ~\gld and flexible tUbing must be ronted
and supported as outlined In delalled installation
procedures and meel the requirements of para
graphs 1-102 Ii rough ),-108.

:1-102. RIGID TU!1!NG INSTALLAdON.

1-:' 93, Plar,e the tulJing (line) 1lI position
loosely supported by damps and blocks. The
line Or tubinb ..:ust be able to float in clamps
rUld hlocks without restraint. Aline both flared
ends with the seallnl; surfaces of the fittings.
'l'ighten coupling nuts with fingers to seat flares.
Hold fittings with wrench and torque coupling
nuts. Tighten line clamps and blocks after
tube or line i9 secured at both ends.

1-104, RIGID TUBING SUPPORT. Clamps and
line blocks must be posttloaed to meet the
mUtlmlln, allowable alstancc bbtween supporlS,
as app\lcable ior tubtng (\lne) s!lJe. Recom
mended maximum spacing In Inr.hes between
line supports Is as follows:

a. 1/4 to 3/8 Inch outslcle diameter linrs,
18 inches maxtmum spactng

b. 1/2 to 3/4 Inch outside diameter lines,
~5-1 /2 Inches maximum spacln/(

c. One Inch and larger outsldc diameter
Itr,cs, 30 Inches m.v<lrr.um spacing
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and lhe adjac<'nt part. Lines or tubing under
static conditions must have a minimum 01 1/8
inch clearance between the line cr tubing and
any ad,i acent part except as specified In detailed
installation procedure or In the 10110wln~ areas:

a. Detw'!('n the turbopump insulation and the
transducer clamp at tap LBlb, 0.060 inch
minimum nlIowable clearance

b. Between the propellant valveo; open tube
and the propellant valves close tube, adjacent
to No.1 oxidizer valve, 0.030 Inch minImum
allowable clearance

c. B~tween No. 1 oxidizer valve dome purge
tube tee and fuel inlet manlfold, 0.060 mch
mir,imulll ~ll1owable clparnncc

d. Between fuellnIet seal drain tubes and
turbine manifold clevis cover, O. 015 inch
minimum allowable clearance.

1-106. FI,EXIBLE HOSE lNS'I'ALl,ATION
HEQUlHEMENTS.

1-107, FJ0Xi bl0 hoser; must be supporte(1 and
prol('cted during installation Irem fleXing be
yond the minimum bend radii uS0d in final
installation. The followIng general requIre
ments arc appli0able:

a. Hoses are not to be stretched betwecn end
fittlngs; allow 5 percent of hose length for slaCk.

b. Route "nd support hose to provide a mini
mum of liZ-inch clearance between hose and
adjacent parts.

I c, Avoid sharp hends (I-l!2-inch minimum
Installed radiil, distortion, 01' exC'esslve strain
at hose ends or supports.

1-108. FLEXIBLE HOSE INSTALl.ATION.
Flexible hoses with flar,'o emiR llIust not he
twisted (torsionally deflected) durIng installa
tion.

a. Position ciamps and BupportR to provIde
hose clearance, routing, and l'lose Bupport
during installation.

b. Place hose in clamp and aline; hand
tighten coupling nut at one end. Hold fitting
with a wrench and torque hos(' e( lpllng nut.

c. Make surc that hose is not twisted, is
fter from binds (Jr restraints, and floats In
clamps and supports.

d, Hand-tighten coupling nut on opposite end
01 hose. Hold liltiog with a wrench and torq\lG
coupling nut.

e. Check hose for Installed iwlst and sharp
bendA. Tighten clamps and support~.

1-32 Change :No.3· 18 June lv'fO

1-109. INSTALLiNG THREADED FASTENERS.
1-11 O. During maintenance ami r~pair, the in
stallation of threaded fa~tener& is governed by
the follOWing general requiremcnts:

a. Structural bolts or screws nne dash lIum
bel' above that called out may be used to join
pressurized or load-carryIng components pro
vl(led that the thickness of the joint thinner flange
at the bollhole loce.t.ion Is 0.125 Inch or greater.

h. For structural joints (load carrying or
pl'l'ssurized), additional washerll of the samp
callout rr.ay be a<!ded up :,0 a total added thick- I
n~ss of 10 percent of tile thinner flange, at the
bolthole location.

c. Deviation of boll-lengt" dash numbers and
the number of washel's used in steps a and b Is
not permitted for b.>lts and screw!> used with
screw thread inserls.

d. For nonstructural applications, bolts 01'
screws three dash numbers above or below
those called o"t may be uapd If then> Is lull
thread engagemenl and no interference occurs.

e. I:lingle washers, exeept countersunk
wnshprs. Rre Installed at the nut end; however,
when more Ulan one is speclfled, the washers
must be evenly divided between the head and
nut ends of the bolt.

1. There must be no threads in bearing in
any part 01 a joint where ~he bolts or screws
transmit a shear load, except one or two
threads may be In bearing when thc material
next to the n"t IT.eets the minimum 'hickness
requirewents. Parts having relative mnvement
at thp la,;tcner must not Itave thread,; In bearing.

g. Bolts used with self-locking nlits 01' In
serts must not have cotter pin hOles in the
threaded shank.

h. Threaded parts must not be lubrlcaied
unless aU of the followlrJ:; conditions prevail:

(1) Boih parts are bare, corrosion
resistant steel.

(2) A lubricant for the service encountered
Is specified.

(3) A specific torque value Is given.
l. Torquing of fastem,rs Is performed by

applyIng specified torque to the fastener. Fas
tener groups utllil:.e the cross-torque method
outlined in paragl'aph 1-116.

j. When a faslener is InstallBd in II nut (ex
cept caslellatpd nuts), at least one full thread
musl proirude Ihrough the top of the nut. F.•s
teners inslalled in inserts must penell'llte the
full length 01 the perle~t threads of tlle Insert.
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I-III. HEPAIHING TllHEADS. Threads may
be repaired if llw total damage to llw threads
do?s not exceed 50 P"l'cent of one thread.
TIll'eads that are considered repairable must be
l'('paired with the propel' siz(' tap or die. He
place parts when('v('r tolal thread c1amag(' ex
ceeds 50 percent of one thread.

1-112, INSTALLING COUNTEHSUNK IlIGII
STHENGTH AND IIIGII-DEARING WASHEHS,
Whenever countersunk waslwrs
RDI53-5003-XXXX or MS20002 are required,
the washer countersunk side must be Installed
adjacent to the holt fmet radii. Figure 1-0
shows a high-tensile-strength bolt and nut in
stallation using countersunk, high-bearing
washers.

----~-_._---------,

IN"!"," LWA,>JjEIl \\1 I'll

l. 111\ 'It f-. It !-.1I1L roW,'llil

I~(JI. rm,,\[).~--

lr--STALL WASlUm WiTt'

OJ) ( IIAMf Ell TOW.\,!/)

NI T-------'

SECTION A-A

f 1-3 I 1011

Figur,' 1.. 8. Installing Countersunk Hil(h
Strength ami fli{\h-lJearing Washers

1·113. TOHQUINO.

1-114. Torquc is a twistinl( Corce used to al'!Jiy
tension to fasteners. Proper torque Pl'OdllCes
suCC1cient tension in tube Cittinl(s to create a til\ht
seal while staying below the (' .lstic limit3 of the
part. To achieve proper tenslou by torque
measurement I the parts must be clean, and when
required, lubricated correctly, or false torque
readings wlll result. The torque values called
out in procedures in other sections of this man
ual al'e design reqUirements that result In max
imum slrenb~h and sealing characteristics In
the parts.

1-115. USiNG TORQUE WRENCH. Torque
wrenches are precision tools and Must nol he
subjected to abuse or misuse. The usc of an
extension (Ci!>ure 1-9) on a torque wrench will
result in greater torque application than indica
ted on the dial. '1'0 obt'l1n correct torque
r('adings, the follOWing steps must be strictly
adhereci to:

a ..All torque wrenches must meet the cali
hration requi remf'nls of Fedpl'P 1 Spreiflca tion
UGG- W-00(\8(\, to compens .•te for wear. Do not
usc ,urque wrenches after the void date shown
on each wre"ch, and never keep them in tool
hoxes or line supply cabinets.

b. Select the correel torque w, eneh so L1.,t
wrench will hI? operatNi il' its UPJ1Cl' range
(20-100 pelcent).

NOTE

Whe:l a torque wrench is calihrated
to Fede"al Specification GUG-W-00686,
it is not necessary to compensate for
calibration tolerances when applying
torque values specified in the manual.

c. Talw torque r(ladinr,s only whUp tightening
the fastener, Do not overtighten and then loosen
to the desired torque value.

d. Never jerk torqu'! wrench. Apply force
slowly and at 90 degrees to torque wl'('nch 1~1ndle

for an accurate indication of torque being ~p

plied !J fastent'r.

e. Do not attempt to use !orqu(' wrencll to
tighten faGtener to a highe,. value L1lan maximum
value shown on torque wrench iudicator.

C. Sockets must be installed fully on the nut
or bolt. Maintai n a slight inload on tile tool to
lessen the ~hanges of damage to the fastener.

1-116, FAS'I'ENlm CIlOi1S-TOIlQlJE METHOD.
The ","oss-torquin!> nwlh",1 shown In figm'(' 1·10
must he used Cm' multibolt applications of !Jolted
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I,.
Whl'1l U'dl1j: an ("tl'n"llill arl1litt'f un a tUl'qu~' '~rCnl'h the actual torqllC' \'alu(' a~ljll!C'd rna; Iw \\ Idd.... r1lfler£'l1t from the' ludiC'ltlil
t"l'qll(' \alul' .11'l(1 11I,H 1)(' a1)uI'1.' or [Jl,l,)" ~hf' aH",\llbll' t"trt:lnC'C' wlle<;<; tll(' propf'l' rOIU'('rslull 15 lJ'cd, V,[IPfl tile' ad1I'ter!!I U',l'd
:It ril:ht nl\j:I<'fi tu lIlf' tt,rt!UI' II r('flch crllkrllll', d!lllcns!ol'$ A and 1.1 are I.'qu,tl till' cUlnl'r.,lon' \l tUI' [~ I, DO, and tJrl' !ndlr,lh d
,lnd aiJpllul t tilHe \.ll'les :>,re UJ(' same, "Vllrll tflf' nn.1pter l~ att.:\chr{l to Ule torqu(' \\ r(lncll ttl ('11"( tlvdj )el\f.:Ult"fl 1,1' ..hurtt'n Ul('
(\\lll\\(mt u! :l1'1'\\~\\ h,n (' tlll' B d\nwn'\\011 l:hall!-:{'<;' ~nd Un> )n(\IC<l.tC'd h,rlluC 1~llllC lIlU,.,t b~ {lil\lerted t" ma).,(> l'iurf' t.J.l.t tf>t> pn'pll
tor-'Iue \,Ilu{' I!> r.ppllt,r! ,_ .. lollu ,8:

I, T11I,I"un!1 1lI'Iil "lll!II[,I' III, III h (r"rn II,lIHI!:lljlll'llll I II 1\1 11\,1\ rtl 1\( I I 11(' I r hi" I" dllll' 11,,11,11 A

l, Wllh ,ld,I['«o1 ,111.1(']11 (! I" (,.I<lUI '\I( III h lor JI""lll"" f"I' lhl '1l!',I"UI1 II Ilf,(ll 1.( I"HllH 1'1"W Ii ,uHI ,1'(11111 I', J hi ....
IIW,I"III ('111('111 (dum Il'llllll II I h 1.1kl'1l fl o III 1\,lllIl(111) < I nl"l (, ,ld ,\,(, 1 1111\\ I ( 1\\1 I

,I. IJI\ 1(1. dUIIII,"I"]) A 11, <111m 11"11111 II III "l,t,ll,] {III\II 1"(1)11 f H ("1·

'1'1111[11\ II'lUI11I I ("HIIIl \,dlH' ("l'pll1 III til I'Wl\PI:-j"n fl' j<JI (" p['1,1I11 (,qljll! II ,ldll1.: IlIldll,llt 111 (10,(1 1ll1l,1 IJI 11-( d \I,lIl

,1(',11111 I I,n \II! 111'11 Flil 1 \,1 Illjlll'

1)1111111'.1<>'1'\ "'ll 1t>1([UI' 111111, h l'l 11. lliliu ", Willi ,Htlpl"! Hl"l.llli [I rt'llH n,.. I"11 II I' 17 11,'1
Inl hl'<;. A _ II Il ~ 17 .1Grl 0 6~ I, /\<; .. 111111111' till' 1"1 qlh' .... I' III h 'A !ill Ilif ,ttl.ll,1\ I III I lllprt
.I" ,1 ',[1,11;.:1,1 I \1<'11"1"11 I.. [ll top (1"( d I" lll.:orl! n ,I l~oI( r", \\!l1I h (fll l"IlIUl \.rIuI I" '170 f HI

1II- [h. 0, f:091 >( G70 3'1 l H7 ,11ld () fJ'll \ (110 41'i ,1 j : Ii~' 1111 'IUl' I ~ Id'll' (mlll( ,til "I 1" IIi

u"'II\llll'lllhl~Jl.III'lltr,l'd(t.llll(r'''I!l~..lllll!''Il'h, I l'lIh I'>J 1 1Il'i1 l'l 1'11,4.l"J1Il,1I, lllhl"
,HI,11,ll'r II( 11 Illq 111( d 011 till' ("IIIIH' \\ I (M hili ,\111 'til' 1 [lII~I(H'll. dlll·1 lI"I!>ll II ..... "ul(l hI'

\\\{f"\"lll ,1\,,11' Illi, TI 11\ \"nllW 1l',H1JIlI: \\"ull1 oIl'pl;

I I :r I ",., I
Figure 1-9. Rt'computillf: Torque Values

!lall{leS ,Jr joints to apply evenly distributed axial
loads to seals and gaskels, Torque musl be
applied in increments of olin-third of the tnt,1l
torque to be appiied, in t1w pattern shown in
firrure 1-10, until all fasteners are evenly
torqued to tht' desired torque value,

1-117, SA FETYWlnING,

1-118. Safelywlrillr~ is lire securing logelher of
two 0" more p:,,'ts wllh a wire that is installed
in ~lI"h a manner that the lockwire will Ile pul
in tension on al least onr side of the holt or
screw head when the pal'l tends to loosen.

1-119. SAFETYWIHING METHODS. The ]oc:(
wirt' must be as short as possible and attaehl'd
In the m,,~t cHrecl man"er A plr,tail of 1/4 lo
1. 2 inch (3-6 lwists) must he made al the enrl
of lhe wirln[( and hrlll h"ck or under In a dll'ec
tiOIl that \lIcreasl's tl'MlUlI to pre'!l'nt 11 from

1-34 Clmnge 110. 5 - 8 March 1971

becoming a cnag. When installation of an I
aluminum seal I" specified in detail procedures,
use seal nfJ199-0001-0001 on the !'",kwirc
pigtail. Damage to soa: anodizing duo lo instal
lation, assembly, or marking 10 permissible.
The loekwire must pass around lhe fa,te'",r
head; hOWPVCf, on MS·,lYIJe, into.lI'I.-tl-w.l(lnclling,
taper-head bolls the wiro nitlsl pass OVOl' lhe
lH'ad, and on 12-polnt, ('xtel'nal-wrenchiJll~'"

h(!ad bolls the wire or wires must jJass lhrolll(h
the head, The single-wire method may he liB cd
for small SCl'('WS in a el()~('ly spaced, closed
geometricalpallern, or on pal'!s in electrical
syslems and In plac,,~ thal arr, difficult to reach.
The double-lwist method of safolywirlnf, Is
n:>rmally used for most fasleners, Whon saldy
wirlnf, wld,,!y spaced (n,,,ximuJlI spacing ;B 0
inehes) l1IulOI,le v,I"OUpS hy lhe double-I wist
nwthocl, th1"{l(~ \lllHR is tho ll'l:lximum lIllrllhcr In
series. When safetywlrlllg closcly 'paced l1luIli
plo g,'oups, lhe nomber of units that can he
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CD
CD

(2) Nuts

(3) Electrical connectors

(4) Tubing coul,Ung nuts

Figure 1-10. Faslener Cross-Torquing Method

s~fetywlrNI by a 24-inch length of wire Is the
maximum number In series. AllY lockw,re
aUl'hcation that complies with Military StanMrd
II1S33540 and meets maximum number in series.
Any lockwlre application that complies '."lIh
Military Standard MS33540 and meet the require
ments of paragraphs 1-118 and 1-119 Is accep
table. Typical safetywiring methods are shown
in figure 1-11. Caution must be used durIng the
twisting operation to keep the wire tight with-
out overstressing. Abrasions caused uy com
merically available wire-twisting pliers are
acceptable, but nicks, kinks, and other
mutilations caused by Improper tool'ng and
wiring techniques are not acceptable. Lockwire
must be installed only one tlme; destroy wire j.f

removed for any reason. Paris haVing lock
wir" holes must be lockwired unless otherwise
specified in applicable procedure. In all cases,
wiring must be done til rough the holes provided.
fn the event that nO wire hole Is prOVided. wiring
must be to a convenient neIghbcrlng part In a
manner so ad not to Interfere with the function
of t1w part. fn(~onel lockwlre MS20995N ;s used
for safetywirlng wh"n specified in detailed In-
sta lIation and assembly procedures, and the
following Items are drilled for lockwire:

(1) Bolls and ccrews (drilled heads and
not secured wllh nuts)

1-120. REMOVING AND INS'fALLING 'lllHEAD
INllER'fS, HI-LOK FASTENERS, AND BLIND
NUTS.

1-122. Hl~MOVINGKEENSERTS INSERTS
AND STIJDS. (::>ee figure 1-12.)

1-121. These procedures provide data fOl' re
moving and inslalllng thread Inserts and sluds,
HI-Lol< fasteners, and bUnd nuts. Keenserts
Insert~' and studs and neU -Coil Inserts may be
remov~d and replaced If damaged. Th(> s:tnw
size replacement Insert Is installed in the un
damagen, originally tapped hole. (Refer to
H-3896-"· for correct part Ilumberfl of illGerts
and fasteners. )

Chrome molybdenum studs, Idenli
fled by two parallel marks on toP.
that are under 1/4 Inch In dlan,eter
do not have pilot holes,

Non:

e. Drll\ out pHot hole to diameter aI'" :Iepth
indicated In Hemovnl Data column of f1~"re 1-14.

a. HeIHove iWj(lrt uy dl'lllillg to tliallll'l('l'
and depth indicated In Hemoval Data column
of fi~'11re 1-13.

b. Bend e;lposed portion of kees inward and
break 'llf.

c. Drive in extractor tool, and back out
insert.

d. Hemove stud by cutting off slud just above
parent metal, .,xposlng internal pilot hole in
stud.

f. Bend exposed portion of kees inward and
break off.

g. Drive In extractor tool, and back out
slud.

~'LI III'] ~ HOW
FI·J·I·132

<,pp ~\ ~1 II Ul
01 I A.., I I Nl H~

I rt i\ MMIIIIl
(l~ FASll N~ us

Ml L ill'U. HI)~~
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12-POINT f;xn:nNAL WHF:NCfIlNG

CASTELLAT~;D

"""
HE.X HEAD TAPER~I) UgAI)

IIOLLO;\' HEAD
PI.l(;

HEX HBAD scn~:w HEAD SJNGU~-\lvlRf';

METHOD

Figure 1-11. Safetywiring Methods

1-123. INSTALLING KEENSERTS INSERTS
AND STUDS. (Sep fignr", 1-12.)

a. Select correct replac0ment insert using
R-3896-4. See Iirure 1-13 for tap stze and
Installing tool reqUired fO! Insert selected.
Comply With step g, if applicable.

b. If necessary, chase threads to remove
burs.

c. Clean t.pped hole to remove all chips.

d. Install Insert by turning wllh fln:sers, or
fit kees Into tool slots and turn tool.

e. InslaU Insert to a depth of 0.010 to 0.030
Inch below 3U1'face (If parent metal. .\Une In
sed kecs with original slots in parent metal.

1-36 Change No.7 - 24 March 19'/2

f. Llfl and turn Installing tool so slots dear
kee8. Drive In kees using a hammer or an
arbor press and Installing tool.

g. (Deleted)

NOTE

Keensert!> studs are Installed by
the same method as Keensert.
tnserts. except that the installing
too! has an internal pilot hole to
Ilt over the stud. (See figure
1-14.)

I
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DRILl DEF1,ECT AND
BREAK OFF KEES

INSTALL E~Z OUT
AND BACK OUT

Section I

REMOVING INSERTS AND STUDS

lNSTALLING STIrn

FI 3 I 110

Figure 1-12. Removing and Installing Keenserts Inserts and Studs
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1~IGlJTWEIGHT INSERTS .
Installation Data- Removal DataTap (UNC--2B)

Insert -,-
Number Min Drlll Drill
(Internal Depth Tool Size Depth
Thread) NAS Number Size (Inch) Number (Inch) (Inch)-

KN 0832 NAS1394C-08 1/4-20 0.31 T 0832 3/16 1/8
KN 1032 NAS1394C-3 6/16-18 u.37 T 1032 7/~~ 5/32

KN 1024 6/16-18 0.37 T 1024 7/J2 6/32

KN428 NAS1394C-4 3/8-16 0.43 T 428 9/32 3/16

KN 4~O 3/8-16 0.43 T 420 9/32 3/16

KN 524 NAS1394C-5 7/16-14 0.60 T 524 11/32 3/16

KN 518 7/HJ-l4 O. 50 T 518 11/32 3/16

KN 624 NAS1394C-0 1/2-13 0.56 T 624 13/32 3/16

KN 616 1/2-13 0.56 T 616 13/32 3/16

KN 720 NAS1394-7 9/10-12 0.62 l' 720 15/32 3/16

KN 714 9/16-12 0.Q2 T 714 15/32 3/1t!

KN 820 NAS1394C.. 8 5/8-11 0.68 T 820 17/32 3/16

KN 813 5/8-11 0.68 LT 813 17/32 3/16

LIGHTWEIGHT LOCKING INSERTS- KNL 0832 NAS1394C-08L 1/4-20 0.31 T 0832L 3/16 1/8

Y.NL 1032 NASI394C-3L 5/16-18 0.37 T 1032L 7/32 5/32

KNL 1024 5/16-18 0.37 T 1024L 7/32 5/32
KNL 428 NAS1394C,·4L 3/8-16 0.43 T 428L 9/32 3/16

KNL 420 3/8-16 0.43 T 420L 9/32 3/16

R:NL 524 NAS1394C-5L ~/16-14 0.50 T 5241, 11/32 3/16

KNL 518 7/16-14 0.50 T 5181. 11/32 3/16
KNL 624 NAS1394C-6L 1/2-13 0.56 T 624L 13/32 3/16

KNL 616 1/2-13 0.56 T 616L 13/32 3/16
KNJ~ 720 iMS1394C-7L 9/10-12 0.62 T 720L 15/32 3/16

KNL 714 9,'16-12 0.62 T 714L \5/32 3/16

KNT~ 820 NAS1394C-6L 5/0-11 0.66 T 820L 17/32 3/16
KNL 813 5/3-11 0.68 T 813L 17/32 3/16

-, .
Figurp 1-1:1. Ketnserts InBcrt Rel"~val aLd Installation Data (Sheet 1 of 3)
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HEAVY-DUTY INSERTS
_0 "0

Installation Data
Itc,lloval Data

Insc rt
Tap (UNC-2B)

Num"cr Min Drill D, ill
(Intel'llal Depth Tool Size Deplh
Thread) NAS Number Size (Inch) Number (Inch) (Inch)

KNH 0440 NAS1395C-04 12-24 0.31 TH 0440 5/32 1/8

KNH 0632 NAS1395C-06 1/4-20 0.31 TH 0632 3/16 1/8

KNH 0832 NAS1395C-08 5/16-18 0.37 TH 0832 7/16 1/8

KNH 1032 NASI39"C-3 3/8-16 0.37 TH 1032 9/32 1/8
KNH 1024 I'H 1024

KNH 428 NAS1395C-4 7/16 ·14 0.43 TH 428 11/32 3/16
KNH 420 TH 4~0

KNH 524 NAS1395C-5 1/2-13 0.50 TH 524 13/32 3/16
KNH 518 TH 518

KNH 624 NAS1395C-6 9/16-12 0.56 TH 624 15/32 3/16
KNIl 616 TH 616

KNH 720 NAS13D5C··7 5/8-11 0.68 TH 720 17/32 3/16
KNH 714 I'll 714

KNH 820 NAS1395C-8 11/16-11 0.75 TH 820 19/32 3/16
KNH 813 (NS) TH 813

KNH 918 NAS1395C-9 13/16-16 0.94 TH 918 23/32 3/10
KNH 912 TH 912

KNII 1010 NAS1395C-l0 7/8-14 1, 00 TH 1018 25/32 3/16
KNIl 1011 TH 1011

KNH 1216 1-1/8-12 1, 31 TH 1216 31/32 5/1':3
KNII 1210 TH 1210

KNH 1414 1-1/4-12 1. 44 TH 14'.4 1-3/32 5/1G
KNH 1409 TH 1409

KNIl 1612 1-.3/0-12 1, 56 TH 1612 1-7/32 5/16
KNH 1600 TH 1608

!"lEAVY-DUTY LOCKING INSERTS -
KNHL 0440 NAS1395C-04L 12-24 0.31 I'll 0440L 5/32 1/8

KNHL 0632 NAS1395C-06L 1/4-20 0.31 TH 0632L 3/16 1/0

KNHL 0032 NAS13Y5C-081. 5/16-)8 0.37 I'll 0032L 7/32 1/8

KNHL 1032 NASt395C-3L 3/8-1~ 0.37 I'll 1032L 9/32 l/e
KNHL 1024 TH 1024L

KNHL 128 NASI395C-4L 7/16-14 0.43 TH 428L 11/32 3/16
KNIlL 420 TH 42iJL

KNHL 524 NAS1395C-5JJ 1/2-13 O. 50 TH 5241, 11/32 3/16
KNIlL 518 I'll 5101,---

t'lgure 1-13. Krenscrts insert Rcmoval and Inslallation Data (Sh"e( 2 01 ;l)
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IIEAVY-DUTY LOCKING INSERTS (continued)- --
Installation Data

Tap (UNC-2B)
Hemoval Data

--
Insert

Number Min Drill Drill
(Internal Depth Tool Stze Depth
Thread) NAS Number Size (Inch) Number (Inch) (Inch)

KNHL 624 NASI395C-6L 9/16-12 0.58 TH 6241, 15/32 3/16
KNHL 616 TH 6161,

KNHL 720 NASI395C-7L 5/8-11 0.68 Til 7201, 17/32 :1/16
KNilL 714 TH 7141,

KNilL 820 NAS1395C-8L 11/16-11 0.75 TH 8201, 19/32 3/16
'CNHL 813 (NS) Til 8131,

KNilL 918 NASI395C-9L 13/16-11 0.94 Til 9181, 23/32 3/16
KNHL 912 TH 9121,

KNilL 1018 NASI395C-IOL 7/8-14 1. 00 'I'll 10181, 25/32 3/16
KNilL lOll TH 10111,

KNHL 1216 1'1/8-12 I. 44 'I'll 12161, 31/32 5/16
KNilL 1210 'I'll 12101.

KNHL 1414 1-1/4-12 1. 56 TH 14141, 1-3/~2 5/16
KNilL 140g 'I'll 14091,

KNilL 1612 1-3/8-12 1. 68 'I'll 16121, 1-7/32 5/16
KNHL 1608 Til 16081,

Figure 1-13. Keenserts Insert Removal and Installstlon Data (Sheet 3 of 3)

HEAVY-DUTY STUDS

I

Installation Data
Removal Data

Stud Tap (UN-2B)

Number Min Drill Drill
(Nut End Depth Tool Size Depth
Thread) Size (Inch) Number (Inch) (Inch)

KNIIS 0832(NL)(a) 5/16-18 0.37 TIIS 08 7/32 1/8
KNHS 1032(1'11,) 3/8-16 0.37 THS 010 9/32 1/8
KNHS 1024(1'11,)

KNHS 428(1'11,) 7/16-14 0.43 TIIS 4 11/32 3/16
KNIIS 420(1'11,)

KNHS 524(1'11,) 1/2-13 0.50 THS 5 13/32 3/16
KNHS 518(1'11,)

KNHS 624(1'11,) 9/16-12 0.56 THS 6 15/32 3/16
KNHS 616(1'11,)

KNHS 720(1'11,) 5/8-11 0.68 TIIS 7 17/32 3/16
KNHS 714(1'11,)

KNHS 820(NI,) 11/16-11 0.75 TRS l! 19/32 3/16
KNHS 1113(1'11,) I r<S)

fa") "NL""'7NuI-=encIlengtl, In 1/ltHnLh Incremenls.

Figure 1-14. Keenscr:s Stud Removal and Installation Data (Shee: I of 2)
I ··40 Change No. 7 - 24 March 19'12
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Removal Data

DI' i II Drill
Size Depth

(Inch) (Inch)

23/32 3/16

25/32 3/16

31/32 5/16

1-3/32 5/16

1-7/'32 5/16

er

9

10

12

14

16

Installation Dat.l

Stud T." (UN-2B) l
Number Min

(Nut En,1 Depth Too
'Thread) Size (Inch) N,lmb

KNHS 918(NL) 13/16-16 0.94 ThS
IrnHS 912(NL)
KNHS 1018(NL) 7/8-14 1. 00 THS
KNHS 1011(NL)

KNHS 1216(NL) 1-1/3-12 1. 31 THS
KNHS 1210(NL)

KNHS 1414(NL) 1-1/4-12 1. 44 TITS
IrnHS 1409(NL)

KNHS 1612(NL) 1-3/8-12 1. 56 THS
IrnHS 1608(NL.)

g. Position Inserting tooJ. against face of
work, In line with lapped hole. Hotate mandrel
clockwise at a conllnuous and uniform rate with ..
out forward pressure until Insert is free of
prewinder body and installed at a depth of 3/4 to I
1-1/2 turns (pitch~s) below surface 01 tapped
hole. Do not reverse direction of mandrel at
an~' time.

h. If prewinder tool has a stop collar, adjtlst
collar to contact prewincter tool btidy when re
quired Insert installation depth tk~:, heen rearl1l'd.

l. If original insert had tang removed, re
move tang of replacement insert hy holding
breakoff tool against insert tang and ~triking

protruding rod of tool with hammer. For im,ert
sizes over one inch, use long-nose pliers and
bend tang tip and down to break off tang at notch.

Figure 1-14. Keenserts Stud Hemoval and Installation Data (Sheet 'I of 2)

1-124, REMOVING HELl-COIL INSERTS. Re- d. Clean tappl'd hO.\e to remove all ehips.
move an Improperly installed or damaged Insert Gage threads of tappe~ holll with working gage
as fol1'>IV"' indicated in figure I-I~·,.

a. From figure 1-15, select l'xtmcting tool e. Pull back handll', retracting inserlinl~

for insert to be removed. tool (prewinder tool) ma"dre!. Phv,e inserr in
chamber of tool with tang end toward prewinder
tip. Advance mandrel forward through insert
until tang is fUlly engaged in mandrel slot.

f. Apply light forward p"essure, and rotate
mandrel clockwise until mandrel protrudes
about 1/32 inch past prell in,I(-r tool tip. Do not
permit tang of insert to scnw out of threaded
end of tool.

b. Place extra cting tool blade into first turn
of insert so that one side of blade Is 45-90
degrees from end of top call of insert.

c. Strike top of tool with hammer so that
edge of blade imbeds, gripping insert.

d. Apply hl'avy hand pressure on tool, simul
taneously rotating tool counterclockwise until
InseI'i is removed.

1-125. INSTALLING HELl-COIL INSERTS.
Two types of inserts, plain nonbolt-Iocking and
mldgrip bolt-locking. are used on the enl(ine.
For identHication, the mldgrlp insert is ayccl
red and has a ('peeially formed, polygonal grip
call located in the approximate center of til('
insert. The CommercIal, MIlitary standards,
and New Coordlnatl'd Military Standards are
listed in figure 1-16 for reference. Inst'lll
new inserts as follows:

a. Select correct replacement Insert using
R-3896-4 and figure !-16. Comply wHh steps
j and k, if applicable.

b. Obtain Hell-Call STI tap, inserting tool,
and tang break-off tool indicated for insert In
figure 1-15.

c. If necessary, chase threads in lapped
hole to remove htlrs.

Change No.7 - 21 March 19'12 1·41



Sectlrm I R-3896-3
Volume I

I j. (Dele:ed)

k. I! iJwtalllnl-( inscrts in c'Jmponcnts used
for liquid CJxygen service, remove red dye from

I mldgriP inserts prio" to tnstallation- strip
dye from parts as outlined In paragraph 1-358.

l. In3peet installed insert by insertinl-( 'Jolt
or screw (of applicable size) 4 eompldc turns
after locking coilG are contacted. Dolt or screw
should turn frcely, by hand, unlillockl'lg COl\

is ~olltacted.

In. 'Remove InstaJIed bolt or screw, anti
check instailed heIght of Inser!.

--------------_._-----

- .
•

J:::-.'D f)f;'

TOP COIL
OF INsEnT

~TllACrING TOOL

i ~(j. TO 90'
WORK ~

I
REMOVING INSERT

IU';MOVAt,

~TANG
/ BREAK-OFf

-rex)!,

;

-INSf:,HIING
700L
TIP

JNSTALLr.O
EMERT

_ [APPROX.
t FULl.

____ THR~;AD

-\

---rNSF-ltT
TANG nEMOVAI, TANG

.....--- rW;~;HTlNG
F TOOL

INHALI Al10~

INSTAl.,LING mSFR r
IN CHAM BEll

INSEnr TAPPED
TA~O HOLl·;•

MANDReL
TIP~

MANDlIEL

STOP COLLAR

Ir-JJ.--_ ..-CIfAMDF.R

T1P--.........
" .-

l'fU;"" INI)~:!I rNS~:H f INU 1001,

Figure 1-15. Ileli-Coillnsert Removal alltllnstaJlatlon Tools (Sheet 1 01 2)
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R-389S-3
Volume I

Section I

- Insert Tang
Insert STI Tap

Threaded Plug Insert Inserting Break-Off
Internal Numbers Gage Humber" Tool Numbers .. Tool Numbe!:~ Insert
Nominal Refer- '----r::- Extract-
Thread Plut) Bottoming ence WOI'king Mld- Ins Tool

Size Style Style Gage Gage Plain Grip Plain Grip Numbar
- -
1/4-40NC-3B 23187-04 27187-04 1888-04 3688-04 7551-04 7551-04 1194-04 3580-04

1/6-32NC-3B 23187-06 27187-06 1688-06 3688-06 7551-06 7551-06 1194-06 3580-06 1227-06

1/8-32NC-3B 23187-2 27187-2 1688-2 3688-2 75Gl-2 7551-2 1194-2 3580-2

#10-32NF-3B 23193-3 27193-3 1694-3 3694-3 7652-3 7552-3 1196-3 a581-3

1/4-28UNF-3B 1193-4 5193-4 1694-4 3694-4 7552-4 7552-4 1196-4 3581-4 1227-6

5/16-24UNF-3B 1193- 5 5193-5 1694-5 3694-5 7552-5 7552-5 1196-5 3581-5

3/8-24UNF-3B 1193- 6 5193-6 1694-6 3894-6 7552-6 7552-6 1196-6 3581-a 1---
7/16-20UNF-3B 42193-7 441\13-7 1694-7 ~694-7 7552-7 7552-7 1196-7 3581-7

1/2-20UNF-3B 42193-8 <4193-8 1694-P 3694-8 7502-8 7552-8 1196-8 3581-8-- ---
9/16-111UNF-3B 42193-9 44193-9 1694-9 -- 535-9 535-9 1196-9 1196-9

5/8-18UNF-3B 9193-10 l11li3-10 1694-10 -- 535-10 535-19 1196-10 1196-10 1~27-16

3/4-16UNF-3B 9193-12 11193-12 1694-12 -- 53,-12 535-12 1196-12 1196-12
-

7/£-14UNF-3B 99193-14 11193-14 1694-14 -- 535-14 535-14 1196-14 1196-14
1-12UNF-3B 9193-161 11193-161 1094-161 -- 535-161 535-161 1196-16 1196-16
1-14 UNF'-3B 9193-16 11193-16 1694-16 535- J6 -- 1196-16 1196-16
1-1/8-12UNF-3B 8193-18 10193-16 1694-18 -- 535-18 535-18 -- --------
1-1/4-12UNF-3B 8193·20 10193-20 1694-20 -- 535-20 535-20 -- --
1-3/8-12UNF-3B 8193-22 10193-22 1694-22 -- 535-22 535-22 -- -- 1227-24

1-1/2-12UNF-3B 8193-24 10193-24 1694-24 -- 535-24 535-24 -- --
Figure 1-15. HeI;-Coil Insert. n"moval and Installation Tools ,Sheet 2 of 2)

1-43



Section I n-3896-3
Volume I

PLAIN NONBOLT-LOCKING-TYPE INSERTS

Part Numbers

Internal New
Thread Length Coordinated Mllltary

Size (Inches) Commercial Mllttary Standards Standards

4-40 0.112 1185-04CN 0112 21208-C0410 MS122076
4-40 0.168 1185-04CN 0166 21208-C0415 MS122116
4-40 0.224 1185-04CN 0224 21206-C0420 MS122156
4-40 0.280 U85-04CN 0280 -- MSl22196
4-40 0.336 1185-04CN 0336 -- MS122238

5-40 0.125 1185-05CN 0125 -- MS122077
5-40 0.188 1185-05CN 0188 -- MS122117
5-40 0.250 1185-05CN 0250 -- MS122157
5-40 0.312 1185-05CN 0312 .- MS122197
5-40 0.375 1l.85-05CN 0375 -- MS122237

6-32 0.138 1185-06CN 0138 21208-C06J.0 MS122078
6-32 0.207 1185-06CN 0207 21208-C0615 MS122118
6-32 0.276 1185-06CN 0276 21208-C0620 MS122158
6-32 0.345 1185-06CN 0345 -- MS122198
6-32 0.414 1185-06CN 0414 -- MS122238

8-32 O. 164 1185-2CN 0164 21208-C081O MS122079
8-32 0.246 1185-2CN 0246 21208-C0815 MS122119
8-32 0.328 1185-2CN 0328 21208-C0820 MS122159

10-32 0.190 1191-3CN OIDO 21208-Fl-10 MS124655
10-32 0.285 1191-3CN 0285 21208-FI-J.5 MS124605
10-32 0.380 1191-3CN 0380 21208-Fl-20 MS124735
10-32 0.475 1J91-3CN 0475 -- :.IS124775
le-32 0.070 1191-3CN 0570 -- MS124815

J.!4-28 0.250 1191-4CN 0250 21208-F4-10 MS124~56

1/4-28 0.375 1191-4CN 0375 21208-,4-15 MSl24696
1/4-28 0.500 1191-4CN U500 21208-F'4-20 MS124736
1/4-28 0.625 1191-4CN 0625 -- MS124776
1/·1-28 0.750 1191-4CN 0750 -- MS124816

5/16-24 0.312 .1191-5CN 0312 21208-F5-l0 MS12465'/
5/16-24 0.469 1191-5CN 0469 ~1208··F5-15 MSI24G07
5/16-24 0.625 1191-5CN 0025 ~1:<OC-F5-20 MS124737
5/16-24 0.781 1191-5CN 0781 -- MS124777
5/16-24 0.938 1191-5CN 0938 -- MS124817

3/8-24 0.375 1191-&CN 0375 21208··F6-10 MS124658
3/6-21 0.562 1191-6CN 0562 21208-F6-1S MSt24698
~/8-24 0.750 1191-6CN 0750 21208-F6-20 MS124738
3/8-24 0.938 1191-6CN 0938 -- MS124778
3/8-24 1. 125 1191-6CN 1125 .- MS124818

Figure 1-16. Hell-C-:>11 Illsert Sizes, J.t!ngths, and Part Numbers (&'heet 1 of. 4)
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R-389A-3
Volume I

PlAIN NONBOLT-LOCKING-TYPE INSERTS (cont)

Section I

Parl NumberH

Internal New
Thread Lenglh Coordinated Military

Size (Inches) Commercial Military Standards Slalldards

-
7/16-20 0.438 1191-7CN 0438 21208-F7-10 MS124659
7/16-20 0.656 1191-7CN 0056 21206-F7-15 MS124699
7/16-20 0.875 H91-7CN 0875 21208-F7-20 MS124'/39
7/10-20 1. 094 119l-7CN 1094 -- MS1?4779
7/16-20 1. 312 H91-7CN 1312 -- MS1248lD

1/2-20 O. 500 1191-BCN 0500 2120B-FA-10 MS124660
1/2-20 0.750 1191-8CN 0750 21208-F6-15 MS124700
1/2-20 1. 000 H91-8CN 1000 21208-F8-20 MS124740
1/2-20 1. 250 1191-8eN 1250 -- MS124780
1/2-20 1. 500 H91-BCN 1500 -- MS124820

0/16-18 0.562 1101-DCN 0502 21208-F9-10 I\ISl<4661
9/16-18 0.844 Hol-9CN 0844 2120B-F9-15 MS124701
9/16-18 1. 125 1I9t-9CN 1125 21208-FO-20 MS124741
9/1l;-18 1. 406 1101-0CN H06 -- MS124781
9/16-18 1. 688 1101-9CN 1668 -- MS124821

5/6-18 0.625 1191-10CN 0625 21208-FlOI0 MS124{\62
5/6-18 0.938 H91-10CN 0938 21208-FI015 MS124702
5/8-18 1. 250 HOI-10CN 1250 21208-Io'1020 MS124742
5/8-18 1. 562 HOt-lOCN 1562 -- M8124782
5/8-18 1. 875 1191-10CN 1875 -- MS124822

3/4-16 O. '150 1191-12CN 0750 21208-F121O M8124663
3/4-16 1. 125 1191-12CN \125 21206 ·Io'l215 M8124703
3/4-16 1. 500 1191-12CN 1500 21206-Ft220 MS124743
3/4-16 1. 875 1191-12CN 1875 -- MS124783
3/4-16 2.250 1191-12CN 2250 -- MG124823

7/8-14 0.B75 1191-14CN OB75 21208-F1410 MS124664
7/6-14 1. 312 1191-14CN 1312 21?IJ8-F1415 MS124704
7/6-14 1. 730 1191-14CN 1750 21208-F1420 MS124744
7/8-14 2. 168 1191-14CN 2168 -- MS124784
7/8-14 2.625 1191-14CN 2625 -- MS124824

1-14 1. 000 1191-16CN 1000 -- MS124665
1-14 1. 500 1191-16CN 1000 -- MS124705
1-14 2,000 1191 .. 16CN 2000 -- MS124745
1-14 2.500 1191-16CN 2500 ..- MS124785
1-14 3.000 1191-16CN 3000 -- M8124825

1-12 1. 000 1191-161C:;'; 1000 21?08-F1610 --
1-12 1. 500 tt91-161CN 1500 21208-F1015 --
1-12 2.000 1191-161CN 2000 21208-F1620 --
1-12 2.500 1191-161CN 2500 -- --
1-12 3.000 1191-161CN 3000 -- ---
Figure 1-16. Hell-Call Insert Sizes, Lengths, and Part Numbers (Sheet 2 of 4)
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Section J R-3896-3
Volume I

PLAIN NONBOLT-LOCKING-TVPE INSERTS (cont)

Part Numbers

Internal New
Thread Length Coordinated Military

Size (Inches) Commercial MUltary Standards standards
-

1-1/8-12 1. 125 1191-18CN 1125 21208-F1810 MS124666
1-1/8-12 1. 6B8 1191~18CN 1688 2120B-F1815 MS124706
1-1/8-12 2. 250 1191-18eN 2250 2120B-F1820 MS124746
1-1/8-12 2.812 llBl-18CN 2812 -- MS124786
1-1/8-12 3.375 11Bl-18eN 3375 -- MS124826

1-1/4-12 1. 250 1191-20CN 1250 21208-.1<'2010 MS124667
1-1/4-12 1. 875 1191-20CN 1075 21208-F2015 MSi24707
1-1/4-12 2. 500 1191-20CN 2500 21208-F2020 MS124747
1-1/4-12 3. 125 1191-20CN 3125 -- MS124787
1-1/4-12 3.750 1191-20CN 3750 -- MS124827

1-3/8-12 1. 375 1191-22CN 1375 21208-F2210 MS124668
1-3/8-12 2.062 1191-22CN 2062 21208-F2215 MSI24708
1-3/8-12 2.750 1191-22CN 2'150 21208-F2220 MS124748
1-3/8-12 3.438 1191-22CN 3438 -- MS124788
1-3/8-12 4. 125 1191-22CN 4125 -- MS124828

1-1/2-12 1. 500 1191-24CN 1500 21208-F2410 MS124669
1-1/2-12 2.250 1191-24CN 2250 21208-F2415 MS124709
1"1/2-12 3.000 1191-24CN 3000 21208-F2420 MS124749
1-1/2-12 3.750 1191-24CN 3750 -- MS124789
1-1/2-12 4.500 1191-24CN 4500 -- MS124829

MIDGRIP-BOLT-LOCKING-TYPE JNSERTS

4-40 O. 188 3585-04CN 0168 21209-C0415
4-40 0.224 ~"85-04CN 0224 21209-C0420
6-32 0.2, 7 3585-06CN 0207 21209-C0615
6·32 O. 276 3585-0GCN 0276 21209-C0620
B-32 0.246 35B5-2CN 0246 21209-C0815

a-32 0.328 3585-2CN 0328 21209-C0820
10-32 0.285 3591-3eN 0285 21209-Fl-15
10-32 0.380 3591-3CN 0380 21209-1"1-20

1/4-28 0.375 3591-4CN 0375 21209-1"4-15
1/4-28 0.500 3591-4CN 0500 21209-F4-20

5/16-24 0.469 3591-5CN 04\19 21209-F5-15

5/16-24 0.625 3591-5CN 0625 21209-F5-20
3/8'24 0.562 3591-6CN 0562 21209-F6-15
3/8-24 0.750 3591-6CN 0750 21209-F6-20

7/16-20 0.656 3591-7CN 0656 21209-F7-15
7/16-20 0.875 3591-7CN 0875 21209-F7-20

-
Figure 1-16. Hell-Coil Insert Slzc~. i...engths, and Part Numbers (Sheet 3 of 4)
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R-3896-3
Volume [

Secllon I
P....agraphs 1-126 to 1-129

Mll>GRlP-lJOL'J'-LOCKING-TYPE INSEH'l'iJ (cont)

Part Numbers

Internal New
Tlll ~ad Length Coord! nated Mlll(ary

Si,e (Inches) Commercial Military Standards Standards-
1/2-20 0.750 3591-8CN 0750 21209-1"8-15
1/2-20 1. 000 3591-8CN 1000 21209-1'8-20

9/W-18 O. 844 35GI-9CN 0644 21209-1-'9-15
9/16-18 ~. 125 3591-9CN 1125 21209-1"9-20

5/8-18 0.938 3591-10CN 0938 21209-1'1015

[j/8" W 1. 250 :l5!J1-10CN 1250 2120fl-FI020
3/4-16 1. 125 3591-12CN 1125 2120fl-F1215
3/4-16 1. liOO 3591-12CN 1500 21209-Fl220
7/8-14 1. 312 3591-14CN 1312 21209-1"1115
7/8-14 1. 750 3591-14CN 1750 21209-1"1420

1-12 1. 500 3591-16ICN 1500 21209-1"1615
J-12 2.000 3591-161CN 2000 21209 ·F1620-

Fit:ure 1-16. Hell-Coil !nser! Sizes, Lenl\ihs, and Part Numbers (Shcci4 of 1)

1-126. Il[.;MOVING HI-LOK FASTENEHS.

a. llold fastenel' pin with a hex key wI'ench
to prevent pin from turning.

b. Using watl'r-pump 01' vise-grip pliers,
p,rlp and turn faslener collar counterclockwise
to remove collar.

c. Remove pin from part, and clean hole.
1-127. INSTALLING III-LOK FASTENERS.
(Sec figure 1-17. )

~l. Select eorr('ct pill and collar asscnlbly.
The pin and cnllar assembly must bear the
same part number as the part it replaces.

b. Insert pin into hole. (Press interference
fit pins into hole to flush and normal condition.)

c. Check projection of pin through hole.
Shoulder of pin at thread end must not proj eet
mOl'e than 1/32 inch, as shown in figure 1-17,

d. Hold pin with hex key wrench; turn and
tighten collar with bOl< open-end wrench. Con
tinue tightening collai' until wrenching device
breaks away from collar.

e. Check installed height of pin and collar
extending through material for limits r.hown
in Egure 1-17.

f. Normality, flushness, and concentricity
of the installed fastener lUuSt meet the require
ments of figure 1-18.

1-128. SECURING AND HEPLACING BLIND
NUTS.

1-129. Blind nuts may be secured, if loose,
and removed and replaced, if damaged. Two
methods art' used to replace blind nuts: one
method uses handtools, the other uses a hy
draulic power unil, blil.d-nut gun, and driving
tools. The blind nut must bear the same pad
number as the blind nut it replaces.

rS!lOU""LIl 0' ""MLsr !'\or PHOneI'
Allu\'l-~ ~'i\ l' I:IH,\L \_ \\'10':-"'( Ill:-"{;
MOIU; 111/\:\ I 3ll:\C!l. m.vlef'.1 ~ Gl COLL,\1l

,I'IN r. - ..-&':;),,'
~ • 'el~*;>/ I/~ i///1!

~"',\'\,," ,,", ,"-..""..Y
,,~

INSl'ALL8D
1If<:IGlIl'

--
PlN rlHST lJiAMETEH f----.--.-~ \IN<.:Il) n

DA&B NO. ((NClI) MIN MAX

- 6 3 16 0.315 0.39'1
• 6 I 4 0.365 0.467
·10 5 16 0.190 0.572
-12 3 6 O. 535 0.017

FI·3· t·88--
Figure 1-17. Inlltalllng Hi- Lok Fasteners
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Section I
Para"""phs 1-130 to 1-132

H-389B-3
Volume I

i"i r;u 1'(' I-HI. V'lStenp,' Norma lity,
Conc('ntricity, and Flushllf'ss To!e"alwes

1-130. SEClJ HlNG LOOSE BLIND NlJTH. When
feas:hle. a laos" blind nut should he tack-welded.

WAIlNING

:-'1 III

Al I 1l1t.1I :-'~IO.\, Mn L\ 1\( 11th t'] 3 ]. B!/

EXPANDEII

l. PI,A(;.;~ILt:l':VEAND.;XI'ANlHW ON M,\Nr:III-:J.
TLlHN Jo:Xl'ANlH-.Jl UNTIl. FINm;IlTHilll'. TUHN
CHLTCK HOI. r CI.OCKW{.'H; ['0 SE,\'r sU,t;VJ-: ON
ANYIL

FI_3_1_111

2. INs~;nT F;XL\NDI.;n AND s[,n';VF: ASS.~r,HlI.Jm

ON TOOL !"UI.I,Y INTo Hor,J.~.

roUQUt:
WHt;NCH _.-.--

o
o
()

/

o

- EXPANDEI' S~T IN SI.EEVE \

3 HOLt' CHUCK OOLT WITH SOCKET. TUHN
HEX COUNTEHCLOCKWISE TO PBOPER
'roRQUr.. TURN IIEX A HA1.F 'TURN CLO('1'i.~

W!'1I--: AND UNSCHEW CHUCK BOLT FROM
EXPANDER.

Figure 1-19. Blind Nut Installation With
Handtools

1-131. HEMOVlNG Dl,IND NUTS, Using a
mini-grinder, grind off blind-nut flange. Drive
out remaining portion,

1-132. INSTALLING BLIND NUTS WITH
HANDTOOLS. Handtools are not recommended
for inslallalions of blind nuts larger than 1/4
Inch. (See figure 1-19.)

a. Seleel correct replacement blind nut.
Refer to R-38~6-4 for part number and location.

b. From figure 1-20, determine handtool,
mandrel, crowfoot wrench, and torque required
lor bUr.d nut Installation.

c. Install blind nut using procedures shown
In figure 1-19.

1-48 Change No. 3 - 18 June 1970

The relllaillin~~ portioll of the blilld
nut ml,st not fall into an area where
it could possibly cause damage to
(lquipmcnt.

The following procedure uses aeetone,
which is flammahl'-, aud must nol he
I1sfld neal' heat, sparks, 01' open
ilame. Inhalation of its v:.pors 01'

prolonged contact with the liquid L .1
cause serious inj ury.

a. Using a fine-wire stainless-steel b.'ush,
clean area around blind nut. Wipe area clean
with acetone (Federal Specification 0-A-51),

h. After area if> thoroughly dry, tack-weld
sleeve with CRES welding rod in at least 4
places. Weld 1lI1Jsl Withstand torque of installed

I bolt, (See figure 1-20.)

CAUTION



H-3896-3
Volume I

Section I
Paral{raphs 1-133 to 1-137

Mandrel Numbf'r
--

Torque
Blind Nut Handtool 0- I Inch 1-2 Inch Crowloot Value
Number Number Grip Grip Wrench (in-Ib)

BN359-832 DHllO-832-M2 M2-8 M3-8 AN'l506-6 175-200

BNI5'/-1032 DHlIO-1032-M2 M2-1032 M3-1032 AN8506-6 250-275
BN359-1032

RN359-428 RH210-42.B-M2 M2-12 M3-12 AN8506-IU 425-450

BN360-440 BHI20-440-M2 M2-5 M3-5 ANB506-6 60-70

BN360-632 BH 120- 63 2- M2 M2-B32 M3-632 AN8506-6 90-100

BN360-832 BHI20-832-M2 M2··8 M3-B AN8506-6 175-200

DN360-1032 BHI20-1032-M2 M2-1032 M3-1032 AN8506-6 250-275
BN523-1032

DN360-428 BH220-428-M2 M2-12 M3-12 AN850G-I0 42'J-450
BN523-428

BN361-42~ BH230-428-M2 M2-12 M3-12 AN8506-10 425-450
- ------

Fib'llre 1-20, Blind Nul Part Numbers, Handlools, and Torque Values

1-13~. INSTALLING DLIND NUTS WITH
HYDRAULIC POWER U;-.nT AND TOOLS.

a. Select correcl I'eplacemenl blind nut. He
Ier 10 H-3896-4 lor pari numbcr an:! location.

b. :;'rom Ii,:urc 1-21, determine dl'lvinl(
tools required 101' blind nul installation.

e. Install blinrl nul usinl: procpdures shown
in fil(Ure 1·22 and inslruclio':s on hydl'aulip
powpr unit.

1-134. !.NGINE VAHlABLE ORIFICES.

1 135. Engine variable orifices control fluid
flowrates. The ol'ifice diameiers are deter
mined lor each engine belore engine delivery.
The orifice identification, part number, actual
measured size, and engine serial number are
permanently placed on each orillce (figure 1-23)
or on a metal tag attactwd adjacent to the orifice.

I Enl(ine orifices are listed In figure 1-23A.
ReIer to R-3896-4 for orifice effectivity. The
orifice name, part number, nominal size, and
location IdGntillcation code are recorded In
each Engine LOI( Book.
1-136. REPAIRING ORIFICES. Small, lightly
scratched or nicked abraded areas, except
orlflce dlamet"r and edges, may be smooth~d

out with a fine stone or ahrasive cloth (320-gl'lt
or finer), as necessary, to meet the surface

finish requlremellts. The reworked area, If in
a sealing surface, must not Impair the sealing
function.

WAHNING

The following p':ocedur? uses trl
chloroethylene or trichloroethane,
which are toxic solvents. Inhalation
of their vapors or prolonl(ecl contact
with the Iiquldo can cause serious
injury or dea~h.

• The following procedure uses Iso
propyl alcohol, 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. .

1-137. CLEANING OfUFICES. Clean all metal
orifice plates by vapor degreaslnl(. Hand-clean
orifice plates with molcled rubber seals (except
RD251-50Cl) using a clean, lint-free cloth
damp~ned with trichloroethylene (MIL-T-27602)
or trichloroethane (Fecleral Specification
0-'1'-620). Hand-clean orifice plale RD251-5001
with Isopl'opyl alcohol (Federal Specification
'1''1'-1-735).
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Section I R-38P6-3
Volume I

._--'---,-

Olind Nut
First

Dash No.
-":"""-1--

-832

-1032

-420

-5?'1

-024

BLIND NUTS DN359 AND BN514

Mandl'Cl Number -
Anvil Chuck 0- I Inch 1-2 Inch 2-3 Inch

Number Number Grip Grip Grip
-

A25-332 C2-8 MI-B r. '2-8 M3-8

A25-1032 C2-1032 Ml-l032 M2-I032 M3-l032

A25-42B C2-12 MI-I2 M2-l~ M3-12

A25 ·524 C2-14 MI-I4 M2-14 M3-14

A25-024 C2-10 MI-IO M2-10 M3-16.. . -

M3-B

M3-1032

M3-12

M3-l4

M3-IC--
-

-440 A27-440 C2-5 MI-3 M2-5 --
-632 A27-C,32 C2-R32 Ml-6~2 M2-632 --
-632 A27-832 C2-8 Ml-8 M2-8 M3-8

-1032 A27-1032 C2-l032 MI-l032 M2-l032 M3-l032

-428 A27-428 C2-12 Ml-12 M2-l2 M3-428

-420 A27-428 C2-l2 Ml-420 M2 ·420 M3-420

.. 524 A27-524 C2-11 Ml-14 M2-14 M3-l4

-518 A27-524 C2-l4 Ml-5l8 M2-5l8 113 .. 518

-024 A27-02·! C2-111 Ml-IO M2-10 M3··l6

-016 A21-024 C2-l0 MI-0l0 M2-616 M3 ..0l6

·720 A27-720 C3 Ml-720 M2-720 M3-720

-714 A27-720 C3 Ml-714 M2-714 M3-714

-820 A27-U20 C3 Ml-820 M2-820 M3 ..820

-813 A27-820 C3 MI-813 M2-~13 M3-813

BLINn NUTS BN372
..140 A27-440 C2-5 - r Mt:5 M2-5

-632 ,\2'1-632 C2 'U32 Ml-632 M2-032

-832 A2'I-H32 C2-a Ml-H M2-8

-1032 A27-1032 C2-l032 Ml-l032 M2-l032

-428 A2'1-426 C2-12 111-12 M2-12

-524 A?7-524 C2-l4 Ml-14 M2-14

__--'0,_2_4__---'__.;..:A_27_·_·6_24 -'--__C_:2_.._l0:......_ Ml-l(_~_.1.-M2-tO

BLIND NU'l'S BN523 AND EN360

Figure 1-21. Power Unit Driving Tools fOI' Gun B02500
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R··:J896-3
Volume I

Sectiun I

1. 1\;.,1111 'l\\n'U[ 1111!OI(,Jl~I~I\/. 1111."1,
In·i'H~;''''[''''t,(.l'\JUtdll 11.\\11(0 .... 11<01
HI I J 1)'\ '-l 1'1 \\ I '{1',\ .... 11~ II ()\; 10 ~L'~rllll 1.10
.\J'II~.] \\~Il 1()()HJH(I~IIJ\1 11"'(,111.
:-I'l''; .\"'11 1!1~1 \1 ,\t,,\I .... "I;,J I r \~ IIf \1)
\\'11 J[tdlll .... lOt "' .... 1·1.

wonK

2. IN~i-:nT ASS1:;>.lIH,ED EXPAN/)}-;U AND SU·;r;:VE
TIlj(OUlIIIIIOlJ~:' 1I01,t; PJU;P(\llI\TION nr;
QlJlHES OUI. YSTANDAHD DIlII,I, 1'OLF:HANCt:S.
NO HEA:-'HNti 15 n";Q\JIIl~:f)

(WN AU1'OMATlCALVi IlACKS ot r' SU;t.vt:
II~:AI) AF'rEH PULL ,UI' IS CO\lI'U:Ti;.

5, l' IU:S5 GUN C~:NTEIi CONTHOI. DUTTON TO
S1'IN MANDIlf;I. OUT or INSTA[,L~:IJ sr,t-:t:VI-;
AND ~XPANtH;n.

Jlm:-'~(JlJN 1 Ef-I'·II.INDCONI'I!OI.IlUTION
"0 l'llLL EXJ>,HH)}; H IN1 0 SI,t:t,vr:IIlIS PU Ll.- UP
AC' nON I,(')CK~ SLEf:Vt: ,\NO SWI·:L1.S S\ EI:vr
WAl.LS TO '11(.jjTI.Y I'll,:. IIOU-;,

6 iNSEHT ceRE DOLT IN'rO 3r.K~:Vt; AND EX~

pANDER lIND TlUUTEN WITH coRE BJL'r
DlUVEn..

£.'1·3·1 112-
FIgure 1-22. Blind Nul InslnUntion With Powe~ Tools
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Sec lioll I R-389il-3
Volume I

CODING

mIDENTIFY BY ELECTHOCHEMICAI.- Ok \cm, £1'<:" ONLY.rn THIS ORIFICE ra THE 8MALLE8T ALIO\oVABI.E FOR THIS "LA1'll:.

[!10RltICI MUST HAV! SHARP EDGES.

~OlUFtcc iDG!S MUST BE OEBURRID AND MAY DE BROKEN o.ooe-INCH MAXIMuM RAJ)IVY ON
L.::JMnro.UJM OlAMETERORlFlCE, AND O. 0005 ..tWCU MAXIMUM RADIUS Oil ALL o'mEn 81ZF.:.!L

P:"'iI0IUFIC£ £DGES MUST DE DEi3UH.R:t'D AND MAY BE BROKEN O. OOS-INCU MAXIMUM RADtus ON
~ MINlMUM AND MAXiMUM DIAMETEH OIUFICES, AND O. 0005 ..INCH MAXlMUM RADlUS ON ALL

OTUEn SIM:!:I.

NOTE
ALL DlMENStONS A!U~ [N

INCHES EXC:EPT A.CJ NOTEV,

~SEALINGSURlo'ACF.S MUST 1Jto: Jo'fU:'g 0." NICKS, HCUATCIfES, AND OTHER IMrlm~'r:CTION9 TIIAT
~ CAN IMPAIfl SEAl.ING CAPABILITY.

UjmJII."'A(~t: MUST m: n,A'r Wl'rtHN 0,002 INell 1YJ'I'AI..

Y"IJ~ "Eo; rAIl. 1J lHMEN9VJNS LXJ NOT APPLY .n:YONll porn" OF TANm:NCY OF ~lj·DJ·;uIlIo:E CHAMFJo:n
r.'l!J AND O.W·INCH "ILI,ET, gXCEPT AS NOrED.

~COlJNTEJUlom..:MUST m; m.IIT'I'ED W}fEN OHlt'ICE mAMF.T~R EXCEEDS it DIA.\IETEn.

~VAPOH·m~G"EA.'iE.

[!J HANOWII'E "11"/1 THlCHI,OnOETIIYI.~.N!-:

~ IIANDWIPE Wll111S0PHOPYL AI.COtlOl ..

SEALtNG SUHrAcE,
FAil SIDE

A
1::-- 0.110

0,300--- -
I

ncrlON A.A

~
. A RD251-4071-XXXX

.'\ / 'v' NOTE

", -----,L THE SECOND O,,"H N\JMHER "7'1~ I v;"l A~I INDICATES OlAMETIl:.R OF ~ ~ ~
'11 • O1A ORIFICE IN THOUSANDTIlS OF&iBIHEFI :lNCH'O,OOI. ~I .Ol~ B" - ~.r:~ ,,0

r-.-O-IA-'-O-.o-o-,--;-T"'.·O.-ooo-...-v-•..., I m0.900 01';'\' F!.OW -_.• $ ((~1~\B
o.-'i;001-"-IIlU~ooa· --:~:~~~~+--., 4..00 -! -:= - -0,110 \' _/J
• - _. -- -- ----. ." DIA 0 -' @

1. 009 THHU 1. Oa8 0.080 _I , -~

1~9 ~~~-~~ 1.1S8 _ --;110 .-1 OMl1"

1.189 Tunu 1. 312 ~ ..... '" I C!lJ{
---'--__..L-.---'

1--- _ Fl-3·J-1I3B

Figure 1-23. Engine Variable 0 •.. ,ces (Sheet 1 of 6)
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H-:1896-3
Volunw I

Section'

1.089 'rhrtU). 188J 0,110. l'--- dMIC
1.18~lIHU~~ ~~

."LOW

ffi
J2 32r.lYc I ~

b!.d-----.I--~!l.d

KDIAJ
['j]-o.m ~
IJ,P'!A--

I -- ... - 0,110
~ I

I

-1~ 1·-- 0 llU0.300-- r.o
SECflON C.c

~3EALINu SUIO'ACe:
b:.dNl::AEt smE

c

c..-J
RD251-4072-XXXX

Non:

TilE 1!ll:COND DASII NUMBEH 19 DlAMt:TJo;U OF OIllFICy. IN
THOUSANnTUS Of" AN n-lCIl 1.0.001.

,,'

"l/v'ru--i
II k DlA

T-- (HEr)

mAIl B
[!J!:!J

,-----0--
K DlA ,10.001 T ~g:~

0,840 THnu I. 008 0.040

I. 009 TH RU 1. OU O. ORO

--0.040 MAX.
(2 PI.ACES)

FWW---__ 0 au .0.000
• ..0.010

0100 fo.OJ/l II__
. ~o, &}~

-T--'--
A DJ' '''-F=;
J~__ ._'_

o. ')20 iO. 001 DlA rn_ ~rn 11--- 0,020 f O. 005
~ ---..f";"'q (2 PI,ACES)
b!.d--~
SECI'/ON D.D

!:!J
I1AfHC PAnT I'oUMDEH

A II >: ,- G
J)[A lJIA 10.005

_..-~ - -- ">.--~ ~~-"_. ._~

lID2al-40ao 0,570 0.307 0.750 t,500 1.88
;---- - --'- -- -- -- ----

RD251·4082 0.735 0.406 0.750 1.:;00 1.88-------- ---- - .... _-- ---~_.
_._-

R025J·4083 0,735 0.406 0,750 1.500 1. 88

RD251·40a... 0.735 0,406 0,750 1,500 1.8d-- ---
RD251-4085 0.870 0,500 O,Bl0 1,620 2.00----- - --- --- -- - - ... -
RD251-4087 J. 125 0.625 1.000 2.000 2.38

1U)~51 ·40ao-xxxx
IUJ251·4082·XXXX

RD251·4083·XXXX

IU>251-40B4-XXXX

RD251·40as-xxxx

H0251-4087-XXXX

NOTE

THE SECOND DASH NUMBI.:n IS DIAMEn:n OF
ORIFICt; IN TIlOUSANDTHS OF AN INCtl fO OOL

• ALL DIMENSIONS Am·; IN INCHES,

(SEE CODES ON SHEET 1.)

Figure 1-23. Engine Variable Orifices (Sheet 2 of 6)
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Section!

·ttl~~'__
.IIJ ,0.000-11" -D,MO ·O.Olil

DHAIl B ~IA

~0 RD251-4130-XXXX
NOTE

THI-: :'!ECOND OASU NUMUI-;R ~

PJAMt;TER or ORlrlCZ IN THOUSANDTHS
OF AN INCH. SEt; TABLE f'OIi ACTUAL
OIUf'ICE SIZES ANIJ TOt.lo:ItANC£S •

.- _. __._-~
K D1A rol.r::ltANCF.

._-.""...-.,,-......,.....,.-.. :-- ....-..... ="
0,830 .0.011

O. 8500_~1I~ I. '1I.5~___ ._. lO. 0005 _
1.'416 __ 10.001 __

R-3896-3
Volume I

32 ' 32 .

~! I--":.~----

B ---I 4,38
_ j __ • FLOW D1A

"~H- 1.438
PIA

. o. 1I~1

-+-1- 0.110
-~-j _. D.3oo

SECTION M·M

'@/~'"
I
_1-:':1-

- - - 0.040 -0. 010 K IlIA

DHiWI B (1l>:F)

~[.!J RD251-4131-XXXX
NOTE

TH[ SECOND DASH NUMBER IS
DIAMETER OF ORIFICE IN THOUSANO"HS
OF AN INCH. S~£ TABU: ron ACTUAL
OfUFICE SIZES AND TOLEnANCES.

[=--=~~=~~I:::'';''~AN::I0.890 I to.Oll
O.9100THRU1.3110~_~ -=to.oo~~_=
I, 312 sO. 001

-- -- .. _- --_. -----

2 :140 iliA
nl\S\(:

~OIUViet fOIt PAil I l'<.UMIH II
~OllH It TI1Af" IUJ2,l· 5001·0000

,

p~

N

~Sf.;ALrNO SUnt'ACE t
~ m:1WF.:F.:N 2,50 DIA AND I I 32/

1.17 DIA f'AH SU>E ONI.Y 0-----1 lIe_~

5
B

_1- l .'LOW 4,00
PIA

"1--:::- - -0,110J(iJ~rA

- t-p_::. 0.110
0.300-- -

SECTION N·N

12 --!IOO!)~

0---11--0

FLOW

SECTION p.p

"'0"1 E

Till" sl-corm OASU NUMflHt I~

DJAMJ.,l Ut 01- ORIFICF IN
THOUSANDTHS Of.' AN INCB 0.001.

• ALI· lJIMf':NSIO:-';~ AHt; IN INCIll';S,

RD251-5001-XXXX

(SEE CODES ON SHEET 1.)

I
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Figure 1-23. Engine Variable Orifices (Sheet 3 of 6)
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R-3896-3
Volume I

Section I

RD251-4104-XXXX
NOn:

THE S~:COND DASH NUMUf:1l lS
DIA~1E1TH OJ-' omnCE m
tHOuSANnnlS OF AN INCH' O. 002,

.AI I DIM! "'~IO~S AUF l~ INcm "i

.. .0.010 I

o.o.o'0m-T~

0- I ~

/lo~Bj/I~\~
0,'\1" r~_?\I' _. _~ _MlN )

Ill!, .,- .~',-,- i
L. ~ ~l

~.. ,- - 0.125
0,300-"1 ~--

SeCTION H-H

'l.OU

I'- + -,-_-<" __ I

SEcrlON J-J

_.1. 250 l O. 001 CIA

11J[!J

RD251-410e-xxXx
Non:

nil'; ~H;COND DASH NUMBJo:R LS
DIAMBTE .... OF ORIFICE IN
THOUSANDTHS OF AN INCII *0.00<1.

'1\11. IH~1FNSIOr-.~AIlI It>. It\Cllf s

FI.O\\

1-
,

I
2,250

D'f

O .0, 000 II.100 00 ._-- ---D. ~

0--0

-ID

__ 2~(J_·1

-- 100 .. -

J I__i"j"l

---~-~' ~

--,-
2.250
D'A

_1-

011)0 +0.010. -1 1--• -0.005

0- ---0

-1. 240 .to. 011
VIA

o
~,~----

L SECTION L- L
NOTE'RD251-4129-XXXX

TH'" SECOND 1>i\SH NUMIlUI IS ])JA~lt: II.H OF OIU1"ICI: IN l'!I0U:;ANIHIIS OF AN
tNt'If'O 000", EXCEl'r-1240 WlHCll IS 0011 • AI.L rm,U:NSIONS ArtL IN INCHI.S

tXAMPLE:
nn251-4129M1240 : I)ASIC PLAT~: WITH 1.240 to. 011 DtA"'ETEH ORIFICE
HD251-U29.1500", PLATE WITH 1.500 to. 000::; DIAMETER ORIFICE.

FLOW

0.060 n

K-K

(SEE CODES
ON SHEfo;T 1.)

---[0.530" -
O.Oil2 II

'0,00"-11"

'Ye
0.149 to, 000 U

~O.010

0.094011\
OHIFICE

i:!1[!J
o 108 to. OOO_!..
. -0.005 I

o 2QO +0.000 __

RD251-41IB-XXXX . -0.005
SECTION

Non:

TH!': Sl-:COND OASH NUMlll-:R IS
DIAMETJ,<:n 010' ann'leB IN
THOUSANDTHS OF AN INCfI :1.0.001,

-ALI. D1MI~NSIONSAUt: IN INCIlI-'S

FIgure 1-23. Engine Vurlable OrIfices (Sheet 4 of 6)
Change No. 3 - 18 June 1970 1-55
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Sect~on I R-3&96-3
Volume I

SEcrloN E·E

O,IOO:~:~: 0~ ~0
-=...: ~I-- 0.0:2'0 10.005

(01 PLACES)

~ 0.020 .0.001

~lHATHlW-]

FLOW-........ --
RD251-4098-XXXX -, -,

NOTl

TJH: slo:COND DAsH NUMlu:n lS I
DIAMETEH 0J0' Olm'~cfo: IN ~ __
THOUsANOlllS OF AN melltO.aOl. -

-1\1.1. lllMt /'1SI0/'1'" AilE IN 1M IlI.S J
~ 0, 09010.001
~ nlA 'nllw -

(Jo'oclm DlA)

_ O.06~ 1;v.005
(2 PLACt-:SI

>0
2. t15J

.0 015

I 0 @
---'~

E.......

--~

0-~~0
0.375 +0, o~~ __I 1__

.0.040

FI.QW

0.199---

SEcrioN F·F

RD251-4100-XXXX

NOTE

THE SECOND DASH NUMREU IS
DIAMETIUI or ORIFICF. rN
THOUSANDTHS or AN mCIi 10.001•

• ALL Il'Mu~:oroN6AIfL I~ INCtH S.

2.00

_J

1----- 25"---I
"'-1 t,J---1

I G--I 1__

0/'-, -", (0
,/ ,~,

...~ ,~~0r)--
0~' ,.,

~
x ~t~~~~:~--

i'6'l '''Awm G-.J
~SU!lfACE, I 0

FAn STOP:

0--

RD251-4103-XX xx

°0'0
to.OIO __ '

• RD. 000 
32/
VC y /

/\
r-- /ir'U:::O i&

0.620 FI.oW MIN m
01\_ ,', '~f-oj.

TilE Sf.,CoNO DASH NUMaER IS
DIAMETER OF ORIFICE IN
l'HOUSANOTllS 01<' AN INCH :to. 002. ::1--- f'- 0.125 '\,

_All DIMEH'j'IONS "n~ fN 1r-.t.:U1:S. 0.300 -I -
SECTION G·G

(SEE CODES ON SH~I!:T l,)

-----------------------
I
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---_.._-----
R-38ge ·3
Velum" I

-----
SeetlOI1 1

-.-

~----'FLOW

----0

__~ ~ _~ 0, tOO «I.")1Q
-0 005

SECTION !l·R

I.

O. lBB .0 001
DlA TlflW .

o...'lXEn 1)1"'~l_

O,O~iJ lo.Qo~l--:'=-~
LHA nuw ] ---,

H02'il _'112f,'XXXX

r--;OJ r-
Im )h('(,Nil I)' 'II" .lll,\ \H Tn~ r ,_ ,,::; .,ll.\IM~B [~
II ,...; (.,mflCF r'~

luLS 'NfJ rHS Dfo \ '. \• }J le.e!l 0.001

CIIAl,r, D1\1f;NSlO:-<'" A'I' I" I"~ • r•• ' NellES

_ I"

-m o. 0700 .0.0005
.1) 0000 DIA

1';!JGfo: llHEP.K O.OIH .0.010
O.OUl '.lAY _o,OI/Ol-

"" 0.070 ~ j ~ ~_.I1JJo.,N'rJrY l\Y

_____,_,~ I [1,<; ,iN",

I -\ -rl'----%~~.tL ~~~o. :::O!':l 40 1)00 ~~ ----

I) 31v .1) lJOO 0.002 ---,)I~ 001 "II~A[~ - - ---- -- - - -It now

t -=..:-~~. ~,~~~\o~~~

Fum, mU:AK l "i~
o. OOlJ~, "L\X-/ -----1 ....----{1 050

---O."'~o--·--

__~~[S
':r .-~~-
---- r-
'0 1I...... s

SECTION S·S

------- .

(Hf.{Om~""()NSll,.~t.r I.)

---_._--- l'l 3 1 155 J

!"if,ure 1.23, EnBlne Variabl< e OrHle 'S (S'," t 6, " ~e of 0)

Change NrJ. 3 - 18 ,JUIlC 1970 1-50A



Section I

Part Number(a)
Nomen
clature

R-3896-3
Volume I

Location Part Number (a)
Nomen
clature i ocatlon

RD251-40'/I-XXXX

RD251-4100-XXXX No. 1 main
fuel

FUJ251-40~n-xxxx Gas gen
erator ball
valve open
control

Gas gen
eratol' ox
idizer feed
(upstream)

RD251-4072- XXXX Gas gen
erator ox
idizer feed
(down
stream)

Gas generator
oxidizer sup
ply duct.

Gas generator
oxidizer sup
ply duct.

FUJ251-4087-YJCKX Fuel impel
leI' balance
eavity supply

No. 1 turbo
pump volute.

Gas generator
ball valve.

Nll. 1 fuel
valv!> inlet.

RD251-4080-XXXX No. 2
fuel bleed HD251-4100-XXXX No.2 main No.2 fuel

l\lel valve inlet.
RD251-4082-XXXX

HD251-4082-XXXX

HD251-4083-XXXX

HD251-4083-XXXX

RD251-4084-XXXX

HD251-4085-XXXX

HD251-4085-XXXX

No.1 ox
idizer valve
dome purge

No. 2 ox
idizer valve
dome purge

No. 1 fuel
valve open
control

No.2 fuel
valve open
control

No. 1 fuel
inlet pres
sure

No. 1 oJ(
idizel' valve
open rant rot

No. 2 ox
idizer val I'e
open conI 1'01

No. 2 fuel
inlet elbow.

No. 1 oxidizer
valve.

No. 2 oxidizer
valve.

No. 1 fuel
valve.

No. 2 fuel
valve.

No. 1 fuel
inlet elbow.

No. 1 oxtdil:e r
valve.

No. 2 oxidize I'
valve.

RD251··4103-XXXX

fUD251-4104-XXXX

HD251-4108··XXXX

fUD251-4118·XXXX

Heat ex
changer ox
i':: zer by
pass

Heat ex
changer
helium
bypass

Gas gen
erator luel
supply

Heat ~x

changer
oxidizer
lrJlel (b)

Oxidizer by
pass hose.

Helium bypass
hose.

Gas generator
Cuel supply
duct.

Oxidizer sup
ply hose.

(a) Reier to Engine Log Book for recorded number.
(b) FOllr each required .

.__._--_.
1-5UB

Figure 1-23A. Engine Orifices (Sheet 1 of 2)
Chanp;e No. 'I - 21 Marc'h 1972



H-3896-3 Section I
Volume I

Part Number (a)
Nomen-

Part l'iumber (a)
Nomen-

, clature Lo~ation elature Location
._--~-

HD251-4118-XXXX Heat ex- Helium ~upply RD2~1-41n-XXXX Gas gen- Gas generator
ch:nger duct. eratoI' ox- oxidizer sup-
hp)it... rn idizer feed ply duct.
Inlet(C) (upstream)

RD251-4125-XXXX Pressure Pressure RD251-5001-XXXX Fuel impel- No. 2 turbo-
switch switch man- IeI' balance pump Inlet.

ifold. cavity return

RD251-4129-XXXX Gas gen·· Gas generator HD273-1027-XXXX Bearing Bearing
eralor fuel fuel supply coolant con- coolant con-
supply duct. trol va lve tr "I val ve

Hupply.
RD251-4130-XXXX Gas gen- Gas generator

erator ox- oxidizer sup-
Id\zer feed ply duct.
(down-
stream)

-(a) Refer to Engine Log Book for recorded number.
(oO\ Two each required.

Figure 1-23A. Engine Orifices (She-t 2 of 2)

Change No.3·· t.n Junl! 1970 1-56C/1-56P



R-3896-3 Section I
Volume I Paragraphs 1-138 to 1-140

Part Number (a)
Nomen-

Part Number (a)
Nomen-

clature Location clature Location

RD251-4118-XXXX Heat ex- Helium supply fUD251-4131-X}D{X Gas gen- Gas generator
changer duct. erato l' ox- oxidizer sup-
hellum Idlzer feed ply duct.
inlet(C) (upstream)

RD251-4125-XXXX Pressure Pressure RD251-5001-XXXX Ftlel Impel- No. 2 turbo-
switch switch man- leI' balance pump Inlet.

!fold. cavity return

RD251-4129-XXXX Gas gen- Gas generator RD273-1027-XXXX Bearing Bearing
erator fuel fuel supply coolant con- coolant con-
supply duct. trol valve trol valve

supply.
RD251-4130-XXXX Gas gen- Gas generator

erator ox- oX;.dlzer SllP-

Idlzer feed ply duct.
(down-
stream)

(a) Refer to F~nglne Log Book for recorded number.
(c) Two each required.

Figure 1-23A. Engine Orifices (Sheet 2 of 2)

1-138. IDENTIFICATION PLATES.

1-139. Whenever an engine modification Is
performed or an identification plate ie replaced
for other reasons. engine Identification platc
RDl'I1-1025-0001 or modification (MD)ldentlfl
cation plate RD171-1052-0001, RDI71-1052- 0002,
or RD171-1052-0003 Is to be located and In
stalled as specified In this procedure. Satisfac
tory adhesion of plates will be obtained only !f
the surface area to which the plate will be
applied is properly cleaned of cUrt, grease, or
other contamination and the prepared area is
not touched with the fingers at any time.

1-140. INSTALLING IDENTIFICATION
PLATES. (See figure 1-24.)

WARNING

The follOWing procedure uses tri
chloroethylene or trichloroethane,
which ar~ toxic solvents. Inhalation
~r their vapors 01' prolonged con
tact with the liquids can cause
serious injury or death.

• The follOWing procedure uses
naphtha solvent, whtch is flam
mable and must not be used near
heat, sparks, or open llame. In
halation of Its vapors or prolonged
cont.'1ct with the llquil can cause
serious injury.

a. Using a clean cloth dampened with trichlo
roethylene (MIL-1'-27602), t rich Ioroethane
(Federal Speclftcation 0-1'-620), or naphtha

,.(Federal Specification 1'1'- N-9(j, Type I) thor- I
oughly clean area that identification plate will
contact. Do not allow solvent to dry on the area;
wtpe area, whtle stlll wet, with a clean, dl'Y
cloth.

b. Hemave existing engine identification
plate nDl71-1025-0001 froll1 engine. U"j"g
stencH-cutting setting of a typewriter, transfer
all Information from removed plate to new plate
FUDI71-1025-0001.

Change No.8 - 18 AuguRl 1972 1-5'1
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Figure 1-24. Engine and Modification (MD) Identification Plates

c. Remove existing modification (MD) Identi
fication plate RDI71-1022-0001 from engine.
Using stencil-cutting setting of a typewriter,
enter a K (kit) or P (production) In appllcablc
blocks of new Identification plate
RDI71-1052-0001, RDI71-1052-0002, or
RDI71-1052-0003 (Information to be obtained
from Engine Log Book).

d. Remove protective backing from new
Idenllflcatlon plate by bending plate along spilt
with backing facing out while gently pressing
against spilt with thumbs. Carefully pull back
Ing from plate. Do not touch adhesive on plate
or allow adhesive to become contaminated with
dirt, moisture, or other foreign matter.

1- 58 Change No. 7 - 24 March 1972

e. Immediately after removal of protective
backing, place one edge of Identification plate
on previously prepared surface area. Press
down remainder of plate, being careful to avoid
formation of wrinkles or bubbles. Make certain
that edges and corners are firmly pressed
down. A rubber or plastic roller may be used
to press down platE'. If piate is applied in the
wrong pOSition, Is damaged, or is not firm iy
adh'Jred, It must bt' removed, discarded, and
a new plate Installed.
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Paragraphs 1-141 to 1-152

1-141. AGE-CONTROLLED COMPOyNDS.

1-142. The shelf-life requirements of a com
pound provide the warranty limits of the
compound; not the useful life limits. A
compound can exceed its maximum usable life
before its shelf-life expiration date If the aging
process of the compound has somehow been
accelerated. Conversely, often compounds
under proper storage conditions can be used
over a much longer period than their shelf life
Jimit s Indicate.

1-143. ,ESTING COMPOUNDS FOR USABILITY.

1-144. Simple and inexpensive tests have been
devised to determine the usabili~y of age-
conti oiled compounds In the field. These tests
are designee< to be used when It is Imperative
to use a compound withoul delay when recertifi
cation cannot be immediately confirmed. There
is no limit to the number of times a material
may be tested to determine its usability, unless
stated otherwise. Accepting a compound for
use under the usability test criteria does not,
however, recertify the compound to the original
specification standards. Recertification of
certain compounds, as deemed necessary by
the local Quality Representative, must be
returned to Rocketdyne for analysis and
recertlflcation.

1-145. USABILIT, - OF COMPOUNDS.

1-146. Shelf life of a compound is normally
speclfi ed for a period of time (6 months, 12
months, etc) that starts from the date the com
pound was manufactured. If in the Judgment of
the local Quality Representative the tested
compounds exhibit favorable properties, as
described in the usability t'!sts, lhe compound
should be considerd to be usable and the shelf
life extl'nded to one-half the original shelf fHe,
unless stated otherwise. Fo· example: If the
original shelf life was 12 months, the shelf lifp
can ~e extended an additional six months.
SU~sequent suceessful tests also exlcnd the shelf
life six months (one-half the original shelf life).
Afler a compound has passed the usability test,
lhe Quality Representative fills out a SerViceable
Labcl-Material tag, DD Form 1574, with the
requl red data and attaches It to the compound
container. 'fhe completed tag, which tncludes
the neW shelf life extended time perle', serves
as the official age control document.

1-147. STORAGE ENVIRONMENT AND
CONTAINER CONDITION.

1-148. The storage area and the condition of
the compound containers should be examined
before agitating or opening the container to
determine if the Immediate environment has a
possible effect on the usability of the compound.

1-149. STORAGE ENVIHONMENT. Proper
storage is Imperatl yeo For example, the aging
of many compounds may be minimized by storil'g
the compound in a <32' F environment. How
ever, literature accompanying the compound
may warn against such storage and it must be
determined what storage conditions are
recommended for each compound, and whether
the compounds meet these conditions. U:;ually,
~torage In direct sunlighl, In areas of high heat,
or In an area of fluctuating temperature will
cause detrimental effects on a compound's
usability.

1-150. CONDITION OF CONTAINER. Contain
ers should be kept tightly closed. Loss of
volatile constituents or absorption of moisture
due to incorrectly closed or sealed containers
wlll generally accelerate or inhibit cure prop
erties, decreasing the maximum usable life of
lhe compound. Use caution with questionable
<,ontainers.

1-151. CONDITION OF COMPOUND.

1-152. Before :lgitating or stirring the contents
of a container, open lhe container and determine
lhe general condition of the compound. Follow
l!lg are a few typical examples of what can be
encountered during inspection of the general
condition of compounds. The user must deler
mine which properties mayor may not affecl
the useful life of a compound:

a. ~Inning. Some liqUids develop a partially
cured skin Or Ihin crystallized shell over the
exposed top portion of the liquid in the container.
Sometimes, removing this skin will expose
usable material; other times this skin is cause
for disposing nf the compound. Where litera
ture or usability c I'iterla allow formation of
surface skinning, It must be removed before
stirring or agitating the contalrwr, as follows:

(I) Using a spatula, caref'Jily free edge of
skin from side of container.
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\:1) Carefully 11ft ski., out of conlalner In
as large of piece as posslbl~.

(3) Remove as many remaining smail
pieces as possible.

b. Wet Caking. Fll1ers In certain compounds
are evenly dlsp-'rsed during the manufacturing
process and upon storage seltle .0 form a thick
ma"s at the boltom of the container. The
following steps should be followed to determlne
whether the material \I usable when caking
eXists. If literature notes that caking Or
settling Is a cause for dtsposal, discard
material.

(1) Lower a spatula to bottom of container
and note Viscosity of llIateriai in upper half of
container. Any caking wl1l show up as Increased
viscosity when spatula Is sUrred at boltom of
container and compared to Viscosity of material
In upper half of container. Remove spatula and
inspect it for evidence of caking.

(2) If caking in container Is hard and
cannot be stirred or peuetrated with spatula,
the material has exceeded Its maximum
usability life.

(3) If caking Is firm, but can be stirred,
remix caking with liquId media (supernate) as
outlined in sub steps 4 through 8.

(4) Pour supernate into suitable clean con
tainer, to expose caking in Original container.

(5) Stir and break up caking as much as
possible and pour back a small amount of
supernate into original container.

(G) Try to form a homogene( 1S paste by
mixing small amount of supernate with caking.

(7) Pour another smail amount of super
nate into original container and allaln form a
homogeneous paste. Continue this operation
until all supernate has been added back as eom
pletoly as possible and a homogeneous mIXture
is formed.

(8) If a homogeneous mixture contaIning
few gelled bodies, few undisperscd conglomer
ates, or few coarse partlclp.s carmot be formed,
dispose of material.

1-00 Change No. 7 - 24 MardI 1972

c. Dry Caking. Some fillers may be shipped
separately or in the dry state and are to be
mixed wtth the compound when It is ready for
use. Dry caking of the filler ean be determiner!
as follows:

(1) Remove a small amount of filler from
container to be examined and note c~llldition of
sample as to uniformity, particle size, and
appa rent moisture content.

(2) If filler has not absorbed much mois
ture, break lumps into fairly uniform size with
blunt instrument or mortar and peslie.

(3) If filler has absorbed moIsture, mois
ture can be safely rem oved from most fillers
by placing fliler In dessl~ator or V2~uum drying
filler at apprOXimately 75' F for 24 hours.

(4) If caking cannot be reduced to a usable
matel'!al, discard filler.

d. Gelllng. Ordinarlly, materials that gel
are pourable rubber-based materials that grad
ually change In properties over an extended
period of time. Dete. :illne If material has
gelled as follows:

(1) Lower a spatula into material and ob
serve its qualities to determine if It is abnor
mally thick Or gellatinous.

(2) If material has not fully gelled, gelled
particies may be noted by inserting anel remOVing
spatula and allowing a stream of matel'\al to
flow from it. If gelling is 'letected, discard
material, slnee It wlll generally be a short
time before the maximum usability time Is
exe-eeded.

e. .separation. Two or more liquids In a
homogeneous system may separate upon stand
Ing (sllnilar to caking). Depending on the
materIal, separation mayor may not be cause
for dirlposal. If separation has occurred, try
to reb lend material by careful stirring or
meclmnlcal agitation. If a homogeneous blend
cannot be obtained, dispose of materia\.
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( f. Solidification. Some liquid materials will

eventually cure, crystallize, or solidify in
their containers over an extended period as
evidenced by the presence of a hard solid mass.
The material can generally be considered use-
less if found tn this condition.

g. (ontamination. Contamination or adulter-
ation of a frequently used material can easily
occur and can be recognized by discoloration,
did't, or partial cure. Simple contamination can
be prevented as follows:

(1) Keep containers tightly closed.

(2) Keep pouring spouts and openings clean.

(3) Take samplings with clean utensils.

(4) Do not pour unused material back into
original container.

1-153. PREWEIGHED COMPOUNDS.

1-154. Components of some compounds
(generally in kit form) are prewetghed for
convenience and are to be mixed and used for

one application. Test samples of these pro-
weighed compounds can be made if the following
conditions oyist:

,_, Mixing ratios are known.

b. Eneugll el the component exists for
accurate weighing.

c. Care is taken not to leave containers open
longer than necessary.

d. Material loss is minimized.

Any eo,_talnerthat cannot be resealed, should
be placed in a container that Is sealable. Ifthe

above steps cannot be met or when a kit is small

enough to be expendable, use the whole kit

rather than trying to roseal containers.

1-155, CPR 2028 ISONATE FOAM (THE
UPJOHN CO).

'C1-156. LEADING PAII'I t ULARS.

a. Shelf Life. 3 months.

b. Dcserl ti_. Two-part flexible polyetheL
based polyurethane foam.

c. Type Conlainer. Part A: can; Part B: can.

d. Colo.____r. Part A: water white; Part B:
water white.

e. Consistency. Part A: pourable;
Part B: easily pourable.

1-157. USABILITY T'ES_.

WARNING

The following procedure specifies
polyurethane foam, the components
of which, must not be allowed to con-

tact any part of the body. Face shield
and gloves must be worn by personnel
handling polyurethane foam. Poly-
urethane foam must be mixed and

applied in a well-ventilated axea
since the vapors are extremely
hazardous. Part A in the uncured

condition can react as soon as the

container is opened. In case of con-
tact,the skin or eyes must be
immediately flushed with water for

at least 15 minutes and given medical
attention.

a. Test I. This test determines usability of
uncured foam.

(1) Precondition at 77 ° _5 ° F, curing agent
from a batch known to have demonstrated curing
ability.

(2) Weigh out a 50-100 gram sample of
uncured xoam, and precondition foam at
77 ° +5° F.

(3) Add appropriate amount of precon-
ditioned curing agent to preconditioned uncured

foam sample. Mix thoroughly for one minute.

(4) Allow tim mixture to set for 2 hours at

77 <' :_5° F; then attempt to mix the catalyzed
foam.

(5) If mixture cannot be easily _nkxed,
uncured foam is usable.

(6) If mixture can be easily ntixed, aneured
foam has exceeded its ma×imu]r usability life.
Discard each tested container and additional

containers from same lot number stored under
the same conditions.
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b. Test n. This test determines usablllty 1-160. USABILITY TEST.
of curing agent.

(1) Precondltlon at 77° ±5° F, uncuT.'ed
fO'im from a batch known to have demonatrated
curing ablilty.

(2) Weigh out a 50-100 gram se.mple of
curing agent and precondition at 77° ±5° F.

(3) Add approprlatr.· amount of precon
dUoned uncured foam to preconditioned curing
agent sl,mple. Mix thoroughly for one minute.

(4) Allow the mixture to sct for 2 hours at
77° ±5° F; then attempt to mix the catalyzecl
foam.

(5) If mixture cannot be easlly mixed,
curing agent Is usable.

(6) If mlxf:l1re can be easily mixed, curing
agent has exceeded Its maximum usability Ufe.
Discard eacll tested container, and additional
containers from same lot number stored under
the f,ame conditions.

1-158. CPR 302-1.5 ISONATE FOAM (THE
l'PJOHN CO).

1-159. LEADING PARTICULARS.

a. Shelf Life. 6 months at 70° to 90° F'

b. Description. Two-part polyether rigid
urethane loam,

c. Type Container. Part A: can; Part B:
can.

d. Color. Part A: clear; Part D: brown.

e. Con_S:lstency. Part A: syrup; Part B:
thick, pourable.
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WARNING

The following procedure specifies
urethane foam, the componentll of
which, must not be allowed to con
tact any part of the body. Face
shield and gloves must be worn by
personnel handling urethane foam.
Urethane foam must be mixed and
applied in a well-ventilated area since
the VapOl'S are extremely hll2ardous.
Part A In the uncured condition can
react as soon as the container Is
opened. In case of contacl, the skin
or eyes must be Immediately flushed
with water for at least 15 minutes
and given medical attention.

a. Test r. This test determines usability of
uncured foam.

(1) Precondltton at 77° ±5° F, curing agent
from a batch known to have demonstrated
curing ability.

(2) Weigh out a 50-100 gram sample of
uncured foam, and precondltton foam at
77· .5° F.

(3) Add appropriate amounl of precon
ditioned curing agent to preconditioned uncured
foam sample. Mix thorolighly for one minute.

(4) Allow the mixture to set for 2 hours at
77° .5° F; then attempt to mix the catalyzed
foam.

(5) If mixture cannot be easily mixed,
uncured foam Is usable.

(6) If mixture can be easily mixed, uncured
foam has exceeded Its maximum usability Ufe.
Discard each tested container and ';lddltlonal
containers from same lot number stored under
same conditions.
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b. Test II. ThiS test determines the usahll.ity c. If foam Is not flexible, discard material.
of curing agent.

(I) Precondition at 77' 1.5' F, uncurdd
foam fro in a batch known to have demonF,trated
curing ablllty,

(2) Weigh out a 50-100 gram sa mple of
tolring agent, and preconditlon curl.ng agent at
77' ±5' F.

(3) Add appropriate amount of precon
ditioned uncured foam to pre~ondltionedcuring
agent sample. Mix Ihoroughly for one minute.

(4) Allow the mlxll~re to set for 2 hours at
17' ±5' F; then attempt to mix t' ,catalyzed
foam.

(5) If mlxtur'e cannot be easily mixed,
curing agent 16 usable.

(6) II mixture can be easily mixed, curing
agent has exceeded its maximl!m usabllity life.
Discard each tested container, and addllional
containers from same lot number stored under
same conditions.

1-161. CPR 9811 POLYURETHANE FOAM
(THE UPJOHN CO).

1- 1.62. LEADING PARTICULARS.

a. Shelf Life. indefinite.

b. DeseriptioT'. Polyester-based fle"lole
polj'Urethane foam.

c. Type Container. Buns; none; Sheets:
boxes.

d. Color. Charcoal.

e. Consistency. Solid bun or sheet stock.

1-163. USABILITY TEST.

a. Remove {Pam from box (if applicable) and
~xamine for damage.

b. I( loam shows evidence of d~mage or
contamination, dlscaid material.

d. If foam crumbles when handled, discard
material.

e. If foam show~ "vidence of moisture
absorption, attempt to dry It by squeezing and
placing in an oven at 200' F for 2 hours (longer
if necessary to completely dry material).

f. If foam retains moisture, discard
material.

g. Retain material not rejected in steps b
through 1.

1-164. C-3?8 RTV VITON ELASTOMER
(CONNECTICUT liARD RUBTJER CO).

1-165. L~ADING PARTICULARS.

a. Shelf Life. 6 months.

b. Description. Two-part high temperature,
fuel, and chemical resistant cement.

c. Type Container. Base: can; Curing
agent· can.

d. Color. Base: black; Curing agent:
transparent.

e. Consistency. Base: spreadable paGte;
Curing afCent: pOl'rahle.

1-166. USABlLITY TEST.

WARNING

Vlton elastumer C-328 RTV Is flam
mable and must not be used near heat,
sparks, or open flame. It Is toxic.
Inhalation of Its vapors or prolonged
contact with the euring agent (catalyst)
can cause serious bodily harm. Tn
case of prolonged exposure, imme
diately obt.aln fresh all' and wash skin
with soap and water.

a· Test J.

(I) Remove lids and Check each component.
Each component must be free of skins, lumps.
and coagulation.
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(2) MIX approFlate amounts of components
together. Both components must be capable of
being mIXed together to form a smooth,
uniform compound.

lJ. Test n.
(1) U components are not relected In

Test I, thoroughly condition enough of both
components at 77" ±5" F for a 50-100 gram
sample.

(2) MIX the appropriate amount of curing
agent with sample of the base compo'.Ind.

(3) Apply a thin uniform coating of the
mixture to one surface of a flat, smooth clean,
metal sample of convenient size.

(4) Allow the coated metal sample to cure
at 77" ±5° F for 4 hours.

(5) Touch the coating after curing. U th':!
coating Is tacky, discard the base resin and the
catalyst. If the coating \s not tacky, the base
and catAlyst have not exceeded their maximum
usabl11ty life, and are usable.

1-167. ECI099 ADHESIVE (MINNESOTA
MINING AND MFO).

1-168. LEADING PARTICULARS.

a. ShelC LiJ.~ 6 months.

b. Description. One-part aqheslve.

c. Type Contalne~. Can.

d. Color. Light tan.

e. Cons\stencl' Thin Syrup.

1-169. USABILl'l'Y TEST.

WARNlNG

Adhe~\ve ECI09\! \s flammable and
must not be used near heat, sparks,
or open flame. It Is toxic. Inhala
tion of Its vapors or prolonged
contact With the adhesive can Cause
serious bodily harm. In case of
prolonged exposure, \j,.medlately
obtain fresh all' and 'vuh skIn with
soap and water.
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a. Test I.

(1) Remove lid and check p.dheslve.
Adhe81ve must be free of skins, lumps, and
coagulations.

(2) Apply adhesive to a smooth surface.
Adhesive must fiow In a thin, even coal.

b. Test n.

(1) If adhesive is not rejected In Test I,
apply a thin, even coat of adhesive to each
surface of fiat smooth samples to be bonded
together. (The samples shOUld be of materials
recommended to be bonded by this adhesl Ve and
be flat and smooth. )

(2) Allow adhesive to dry to an agiltes
slvely tacky stage (evidenced by adhering but
not transferring to the finger When touched);
then join surfaces and roll or press firmly to
ensure contact.

(3) If an agresslvely tacky stagl! cannot
be attained or If an effectlve bond cannot be
achieved from two eall'ples joined together,
the adhesive has exceeded Its maximum usablUty
life and must be discarded.

1-170. EC1300 ADHESIVE (MINNESOTA
MINING AND MFG).

1-171. LEADlNG PARTICULARS.

a. Shelf Life. 5 months.

b. Description: One-part adhesive.

c. Type Container. Call.

d. Coloz:. Yellow.

e. Consistency. Thin syrup.
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1-175. USABILITY TEST.

WARNING

Section I

Adhesive EC1300 is flammable and
must not be used near heat, sparks,
or open flame. It is toxic. Inhala
tion of its vapors or prolonged
contact with the adhesive can cause
serious bodily harm. In case of
prolonged exposure, immediately
obtain fresh air and wash skin with
soap and water.

a. Test 1,

(1) Remove lid and check adhesive.
Adhesive nltlst be free of skins, lumps, and
coagulations.

(2) Apply adhesive (0 a smooth surfa~e.

Adhesive must flow In a thin, even coat.

b. Test II.

(1) If adhesive Is not rejected In Test I,
apply a thin, even coat of adhesive to sample
surfaces to be bonded together. (The samples
should be of materials recommended to be
bonded by this adhesive and be flat and snIooth. )

(2) Allow adhesive to dry to an agr,res
slvely tacky stage (evidenced by adhering but
not transferring to the finger when touched);
then join SUI' faces and roll or press fir lllly to
ensure contact.

(3) If an aggresstvely tacky stage cannot
be attained or If an effective bond cannot be
achieved from two samples joinNI together,
the adhesive has exceeded Its maximum
usability life and must be discarded.

1-173. MIL-P-8585 PRIMER.

1-174. LEADING PARTICULARS.

a. ~helf Life. 12 months.

b. DescElption. Zinc chromate primer.

c. Type Container. Can.

d. Colo.!:. Yellow.

e. Consistency. Syrup.

Primer (MIL-P-8585) Is flammable
and must not be used neal' heat,
sparks, 01' open flame. It Is toxic.
Inhalation of its vapors or prolonged
contact with the primer can cause
serious bodily harm. In case of
prolonged exposure, Immediately
obtain fresh all' and wash skin with
soap and water.

a. Remove lid and check primer for separa
tion of components. Separation of components
generally Indicates the primer has exceeded Its
usability Ill!'.

b. II separation has occurred, try to reblend
mixture by carefully stirring or mechanically
agitating the contents.

c. If the primer can be blended into a
homogeneous mixture with little evidence of
coarse particles dispersed throughout, It has
not yet reached Its maximum usablllty life and
Is usable.

d. If a homogeneous blend cannot be obtained,
the primer has exceeded Its maximum usability
life and must be discarded.

1-176. PR-1532 POTTING COMPOUND
(PRODUCTS RESEARCH AND CHEMiCAL,
SEMCO).

1-177. LEADING PARTIC DI,AHS.

a. §hell1.!J.Q.. 6 months.

b. Dese.rlpt~~: Two-part urethane sealant.

c. TypeContalner. Part A; can; Part B:
can.

d. Color. Part A: gray; Part B: white.

e. Conslste.'!SY. Part A: paste; Part B:
spreadable thick paste.
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1-178. USABILITY TEST.

WARNING

Potting com!')und PR-1532 Ie toxic.
Inhalation of Its vapors or contact
with the material can cause serious
bodily harm. It must be used In a
well-ventilated area. In case of
contact J wash Akin with soap and
water.

R-3898-3
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c. Type Container. Part A: can: Part B:
can.

d. Color. Part A: black: Part B: light
amber.

e. Consistency. Part A: thick pourable:
Part B: thick pourable.

1-181. USABILITY TEST.

WARNING
a. Test I.

(1) Remove lids and check eaCd c<,mponent.
Each component must b'l free of skins, lumps,
and coagulations.

(2) Mix appropriate amounts of components
together. Both components must be capable of
being mixed together to form a smooth,
uniform compound.

b. Test II.

(1) If components are not rejected In
'fest I, thoroughly condition E'nough of both
components at 77° ±5° F for a 50-100 gram
sample.

(2) Mix the appropriate amount of curing
agent with sample of base compound.

(3) Allow the mixture to cure at 77° ±5° F
for 4 hours.

(4) If the r.alalyzed compound cannot be
eaally mixed after curing both components are
usable.

(5) If the catalyzcd compound can he ellslly
mixed, either the curing agent or the base
material has exceeded Its usability limit, a~d

eac h romponent must be discarded.

1-179. PR-1553 POTTING COMPOUND
(PHODUCTS RESEAHCH AND CHEMICAL,
SEMCO).

1-18U. I·<:;ADlNG PARTICULARS.

a. Shelf I,!!~. 6 months.

h. DescElptlon. Two-part urethane molding
and potting compound.

1- 60 Chaugo He. 9 .. 9 May 1973

Pottbg compound PR-1553 Is toxic.
Inhalation of Its vapors or contact
with the material can cause serious
bodlly harm. It must be used In a
well-ventilated area. In case of
contact, wash skin with soap and
water.

a. Test I.

(I) Remove lids and check each component.
Each component must be free of skins, lumps,
and coagulations.

(2) Mix appropriate amounts of components
togethe~. Both components must be capable of
be:ng mixed together to form a smooth, uniform
compound.

b. Test II.

(1) H components pass Test I, thoroughly
condition enough of both components at 77° .5° F
for a 50-100 gram sample.

(2) Mix the appropriate amount of cul'lng
agent wllh sample of the base compound.

(3) Allow the mixture to cure at 7'1° .5° F
for 1/2 hour.

(4) H the catalyzed compound cannot be
caslly mixed after curing both components are
usahle.

(5) H the catalyzed compound can be easily
mixed, either Ihe curing agent or the base
Jl1aterla I has exceeded lis usablllty life, and
each component must be discarded.
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1-182. RB0120-017 SEALANT AND ANTISEIZE
DISPERSION (ROCKETDYNE).

1-183. LEADING PARTICULARS.

a. Shelf Life. 2 months.

b. Description. Special sealing and anti-
seize dispersion material.

c. '!l!1Ie Cont..lner. Dispersion, plastic
bottle; b fer solution, vial.

d. ~olot:.. Dispersion, milky white; buIfer,
clear.

e. ~.2.lJslstency. Dispersion, thin, easily
pourable; Llffer, thin, oaslly pourable.

1-184. USABILITY TEST_

a. Mix a sample of dIspersion and bUlf"r
solutlon pe~ Instruelions supplied with the kit;
then check solution. If th~'re are any signs of
coagulation or solidification, the dispersion
and buffer solutlnn have exceeded their maxi
mum usability lifo and must be dlscarued,

b. If contents ~all1lot bo thoroughly dIspersed
by shaking, dispose of solution.

NOTE

This solution has a limited life after
bllffer Is added allClthe 2-mon~h

usability llfe Imposed by the speci
fication must he adhered to.

1-184A. HB0120-034 GASKET SEALANT
(ROCKETDYNE).

1-184B. LEADING PARTICULARS.

a. ill.leH LIf.§., 6 months.

b. Descr!lJtlo~ One- Pal't gasket sealing
compound.

c. :!1P~S_ontal~. Can or bottle.

d. Colo}:. Aluminum.

e. Conslsten~.l' Paste.

1-l84C. USABILITY TEST.

a. Remove lid and check compound for signs
of g~l1lng, lumps, or hard settling.

b. If compound shows signs of gelling, lumps,
or hard settling, try to reblend compound by
carefully stirring or meohanlcally agitating
contents.

c. If compound can be blended lnlo a homo
geneous mixture with little evidence of coarse
particles thro'.lghout, It has not yet reached Its
maximum usability life and Is usable.

d. If a homogeneolus mixture cannot be
obtained, the compounrl has exceeded Its maxi
mum usability life and must be discarded.

1-185. RTV-102 WIIITE SEALANT (OE~'Er:AL

El,ECTRIC),

1-186. LEADING PARTICULARS.

a. §.j1eli Llfe~ 6 months for AB0120-05'1.
12 months for AB0120-013.

b. Specification Hef. AB0120-05'1 Rnd
.--- ABOI20-013.

AB0120 ·057 supersedes ,',B0120-0l3 for f11tllle
pracurem<:lnt. RTV-102 white sealant conform
Ing to speolflcatlon AB0120,·013 may be used
until the supply Is exhausled.

c. Descrlptlon. One-part sllic","" adh()slve.

d. :!'.'!Jl..!':. CO,!1talnel'. Tube.

e. Qator. Whlte.

f. Conslslellcy. Soft, spreadable, thick
pastc.--
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I-IB'I. lISABlLl'l'Y TBST.

a. Rcmovo cap und J elIlove allY cured or
pntially cured adheeivo blocking ur ]Jrell~lll

at tull(' opening.

, WAfIllING

IV}-.t:o .lOalant 'nv·lo? til flmnmahlc
~nd rr.'J6t not bQ ueod r.car he"t.
~pal'ks, or opcn flallH'. It is toxt(~.

lnhalnttou of Its vapo·~ or o~olonl:cd

"'mtact with the sealant CAn cause
a",rlou9 hodily hum1. III caRe of
prul<lngod n""U8Ul'e, immndlately
ohio!" fresh all' 'm,l wash 8'<ln wllh
so:.p &:\(1 water.

H-3B96-3
Volume I

I-IUD. USAnILlTY TEST_

WAIlNING

Hed sealant RTV-I06 19 f1ammilble
and must nol be used nl'ar heat,
sparks, or open flame. It Is loxic.
Inhalatlon of its vapors or probnged
contact with th~ sealant can cause
serious bodily harm. In case of
prolonged expusure, Immediately
obtain fresh aIr and wash skIn with
soap lUld water.

a. Remove cap and remove any cured or
partially cured adhesive bloekinJ\ or present
at tube opp.nlng.

b. SqU06llJ tub,'. H till! adhesive e~llnot be
squeezed out alt"r f""elng 1'1uHf{ed opentng,
':lIJca.rd ndhOlJlve.

". It, wh6n atlempllng to squ,,(,ze out
ad,,(Jsl~e, the (ube Is fJllllelured "I' 1I1ptUl'etl,
,lIse:.r,l adl.nsivo.

d. 11 tilt' ?,dil(HdvC (:<1n he R(lUP(·/.Nl olJl and
lUlnpA ('un ho dptnc~ted other Lhr.n lUlllpn (rom
IIII' Jl1u{qr(lfl or 1M rthd ly uhlf~l~cd openinf~ J

dll.;cal'd rU.tlloHlvn.

". If if\!' udh',rllvo IH not reJeet ..d hy one of
tll< ahnvl' f'tClPH, the aclhf'slve 1~ usable.

l-llili. WI'Y--lOD HIm SI':ALANT (GI';NIOHAL
EJ.ECl'H1C).

1-1P.D. LEADING PAH'l'ICUI..l.RS.

e. (''!.'.!.8IB!.~!:~. SoH, I,pn'adablc, thlel<
paHlc.

1.. 11~ Change No, \1 .. \) May 1.973

b Squeeze tube. If the adhesive cannot he
squeezcrl out alter freeing plugced openillg,
dlRcard adhesive.

e. If, when altemptlng to squeeze out
adhesive, the tube IR punctured or ruptureR,
,t1seard adhesive_

d. If the adhesive cal. be R,!uoezed out and
lumps can he ddecled olher than j'.Imps from
the plugged 01' partially plugged oponlng,
dlslJard adhesIve.

e. rf the adhesive ie not r"j"ded by (me of
the ahove StO))8, the adhetllvo is usablo.

1·191. !lTV-108 ADlmSIYE SEALANT
(GEHF,IlAL ELEC'l'nIC).

1-t92, LEADING PAIlTICUIAIlS.

a. S!lgJf.:d!.!:', 12 nwnthn.

b. DescrIption. One-port allieone adhesive.

e. TYile CO", liner. Tube.

d. Color. 'I'ransparen!.

e. C~Jl.!!~tltency, Soft, spreadable, thick
paate.



1-193. USABIUTY TEST.

WARNING
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1-196. USABllJTY TEST.

WARNING

Section I

Adhesive sealant RTV-I08 is flam
mable and must not be used near
heat, sparks, or opon flame. It Is
toxic. Ir'lalatlon of Its vapors or
prolonged contact with the sealant
can cause serious bodily harm. In
case of prolonged exposure, ,mme
dial ely obtain fresh all' and wash
skin wllh soap and water.

a. Remove cap and remove any cured or
paIllally cUI'ed adhesive blocking 01' present
at tube opening.

b. Squeeze tubc. If the adhesive cannot be
squeezed out after freclnl'( plugged openlnl'(,
tliscard adhesive.

c. If, when attempting to squeeze out
adhl'slvlJ, the tube Is punctured or ruptures,
discard adlwslve.

d. If thl' adhesive can be squeezed out and
lumps can he deteeted other than lumps from
th' plu[.(l'(ed 01' partially plugged opening,
dlsl'ard adlwslve.

('. if lho adhesive Is not reJectcd hy onn III
the ahove stepH, the adlwslve Is usable.

1-194. HTV-615 SILICONE llESIN (ur:;NJmAL
ELECTHlC).

1-19~;, LEADING PARTICULAllS.

a. Shelf Life. (j monlhs.

b. !:J£s,"!.I£tlon. Two-part slllcone potting
and encapsulating compound.

c. Type Contal~. Part A: can; Part B:
can.

d. ~olo..!'. I'art A: clear; Part B: clear.

e. Q.onslstene;y. Part A: easily pourable;
Part Il: pourable.

Silicone resin RTV-615 contains an
alkaline catalyst that may cause burns.
It must not be allowed to contact skin
or clothes. In case of contact, wash
skin with soap and water and treat
Injured area as a burn.

a. Test r. This test determines usability of
uncured silicone rubber.

(1) Precondition at 77 0
j 50 F curing agent

from a batch known to have demonstrated
curing ability.

(2) Weigh out a 50·100 gram sample of
uncured silicone and precondition at 77" ,5" Jo'.

(3) Adcl appropriate amount of conditlOlwd
curlnl'( af(cnl to conditioned uncuI'ed silicone
aample. Mix thorour;hly for ono minute.

(4) Allow the mixture to set for 4 hoors at
'17 0 15° F; then attempt to mix lhe catalyzed
stIlcone.

(5) If mixture cannot be ('aally mixed,
nncut'ed HlllcOlle is uBahle.

(6) If mixture can t,e f'aslly mixed, llllcured
sillcOlw has excelldedlta maximum usahllity
life. Discard each tested container and
additional containers from same lol number
stored under the same conditions.

b. Test II. This test determines usabillty
of curing altent.

(1) Precondition at 77" t 5" F uncured
silicone from a hatch known to have demon
strated curing ablllt.y.

(2) Weigh out a 50·100 gram "ample of
curing agent and precondition at 77° 15" F.

(3) Add approprIate anount of condit loned
uncured alllcone to conditioned curing agent
sample. Mix thoroughly for one minute.
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(4) Allow the mixture to set for 4 hours
at 77° ±5° F; then attempt to mix tl:e catalyzed
slllcolle.

(5) If mixture cannot be easily mlxcd,
curing agent Is usable.

(6) If mixture can be easily mixed, curing
a[ient has exceeded Its maximum usability life.
Discard tested container and addlhonal ,'on
tainers from lhe eame lot number stored under
ti,e same conditions.

1-197. SS-4120 SILICONE PHIMEH (GENEflAl,
ELEC'J IUC).

1-198. LEADING PA!lTlCULAflS.

a. Shelf Life. 6 months. Primer must be
kept scalcd nnd plaeerlln a cool, dark arca
durillg storage.

b. I.lescl'lptl(~~~ SllIcnne prlmcl'.

c. '!:~'pc Container. Bottle.

d. QnJor. Clear.

I-Inn. lJSAIlILI'J'Y'rF.ST.

WAHNIN0

Sillcono prlnlOr SS-4IZ0 10 flam
mable and must not be used near
heat, sparks, or open flame. It Is
toxic. Inhalation of Its vaporo or
prolon!{ed conthct with the primer
can cauac sertous bodily harm. In
case of prolonged exposurf1, 10101"
dtately oblaln freoh all' and wash
skin with aOlll' lllld watf1r.

a. Without shakin!: original contalnor, care
fully pour a small amount of lhe liquid from the
top of baltic Inlo a Clear, clean Inapecllon
containol'.

b. If lhe primer appears to be a clear liquid,
It ca1\ generally be condlrlered not to have
OJCceeded Its maximum usability life.

1-70 Change No.9 - 9 May 1973

c. If the primer appears to be a cloudy
Uquld, or If il appears 10 be cJear but haa
preclpllale suspended or selt:tng out, the
p."lmer has exceederllls maxlwum usabll;iy
Ufe and must be discarded.

1-200. 1200 !lTV Pf!lMER (DOW CORNING
COflP).

1-201. LEADING l'AR'rICULAHS.

a. Shelf Life. 6 rr.onlhs.

b. Speeiflc.:!c~on Het. STOI201W0043.

c. Description. StUcone primer.

d. Type Container. Doltle.

e. QQ!Q!". fled.

f. Consistency. Thin, easily pourable.

1-202. USABIJJTY TEiIT'.

WAllNING

Primer 1200 RTV Is Clammable and
musl not be used noar heal, eparks,
or open name. It Is toxic. Inhala
tion of Its vaporll Or prolon1(ed contact
with primor can causo serious Injury.
In case of prolonf(ecl eXJ1o,~ul'll, 110010
dlately obtain !l'oah all' ami wash skin
with soap and waleI',

a. Without shaklnr, original container, care
fully pour a small amount of the Uqulcl frolll top
of boltlo Inlo a clear, clean Inspection
conlalner.

b. Visually Inspect conlahll'r. If primer
appcars to be a clear or E:Ur,htly "Iouely lICjuld,
1l can generally be ('onsJderorJ nor tl' haV('
excoocled n,l maximum \IfJJlbilily m".

c. If primoI' in ol'lglnal contailwl' or
inspoctlon contaill'!r has a mllky a/Jp"al'lltiCO
or any signs of p"eclpllatlon 0 .. preclpllanl
(other than ~lIghlly cloudy), the primer haB
exceeded Its maximum usability life and must
be discarded.

I'
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1-203. 584 ADHESIVE (COAST PRO-SEAL).

1-204. LEADING PARTICULARS.

a. Shelf Life. 12 months.

b. Description. One-part adhesive.

c. Type Containcr. Can.

d. Color. Tall.

e. COllsistJncy. Thin syrup.

1-205. USABILITY TEST.

WARNING

Adhesl ve 584 is flammable and must
not be used near heat, sparks, or
open flame. It Is toxic. Inhalation
of lts vapors or prolonged contact
with the adhesive can cause serious
bodlly harm. In case of prolonr:ed
exp0sure, Immediately obtain fresh
all' alld wash al'in with soap and
water.

a. Test I.

(1) Remove ltd and check adheBlve.
Adhoslve must b" free of skins, lumps, and
c:oagulations.

(2) Apply adhesive to a smooth surface.
Adhasi ve must flow ill a thin, even coat.

b. Test II.

(1) If adhesive is not rejected In Test I,
apply a thin, even coat of the adhesive to sample
surfaces to be bonded together. (The samples
should be of materials recommended to be
bonded by this adhoslve and be flat and smooth.)

(2) Allow adhesive to dry to an nggres
slvely tacky stage (evidenced by ndherl..~ but
not Iranrfarring to the finger when touched);
then join surfaces and roll or press firmly to
ensure contact.

(3) If an aggressively tacky stage cannot
be attained or If an effective bond cannot be
achieved from two samples joined together,
the adhesive has exceeded Its maximum
usability ltfe and must be discarded.

1-206. 92-018 AEHOSPACE SEALANT (DOW
COHNING CORP).

1-207. LEADING PARTICULARS.

a. Shelf Life, 12 months.

b. Specification Hef. ABOI20-013.

c. !Jescrlptlon. One-part silicone adhesive.

d. Typ_e_~ontalner. Tube or cartridge.

e. Color. mack.

f. Consistency. Sofl, spreadable, thick
paste.

1-208. USABl'JITY TEST.

a. Hel'lOve cap and remove any cured or
partially "tIred adhesive blocking' or present
at cuntainer opening.

h. Squeeze container. If adhesive eannot
be squeezed out after freelnf( plUllf(ed openillf(,
dlseard adhesive.

e. If, when attempting to squeeze out
adhesive, Ihe container Is punctured or rup
tures, discard adhesive.

d. If the adhesive call be squeezed out and
lumps can be detected other than lumps fro. n
the plugged or partially plug'{led openinf(,
discard adhesive.

e. If the adhesivp Is not rejected by one of
the above steps, the adhesive Is usable.
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SECTION II

HANDLING

WARNING

Section II
Pa ragraphs 2- I to 2- 5

TilE FOLLOWING GHOUND SUPPORT EQUIPMENT MUST BE OPEHA'l'ED HY
AUTHORIZED PEH80NNEL TRAINED IN THE USE OF THE EQUIPMENT.

I

G4014, Air Transport Engine Handler
G404 7, Engine Cover
G4048, Thrust Chamber Protective Covel'
G4049, Engine Vertical Installer
G4050, Engine Hotating Sling
G4051, Rm'<11.ble Vertical Engine Dolly

2-1. SCOP~~. This section describes the use
of ('nglne, thrust chamber, and nozzle extension
h:lI .Illng equipment and the preparation of the
en~~lne and thl'UAt chamhor (or maintenance.
In addition lo lhe equipment described In this
section, a 30, DOD-pound monorail or bridge
crane faclllty hoist capable of lifting the
handling equlpmel't wlth the engine installed,
is requirnd, Only the opnrating personnel
IllUst :)e allowerl In the immedl:lte area '.'/hen
equlpnH'nt is suspended,

2-2, ENGlNI'; AND THHUST ClIAMBIm
JIAN..I~:i,]~Q.:J'QUIi)MEN~,-------------

2-3. ENGINE COVER G4047.

2-4, The engine cover, which encloses the
engine during shipping or sturag", lB two
pinee and weatherproof. The COvel' Is
support"d by a lightweight aluminum frame on
the front part of the engine and \'ests directly
on the art end of the engine,

2.5 REMOVING ENGINE COVER G1U47.
(Sec fignre 2-1. )

WARNING

Engino Cover G404'1 must be re
moved/instalied by authorized
personnel trained In the use of the
equipment,

CAUTION

Adequate support of the cover must
be maintained during removal, to
prevent damage to the zipper,

G4052, Engine Handler Sling
G4054, Ellgine V<'rlleal Sllng
G4C58, Engine Handllng Dolly
G4069, Engine Handler
G4080, Nozzle Extension Handline: Fixture
G4081, Nozzle Extension Handling Adapler.--

a. Provide support for enl:ine cover, and
unfastEn straps on ('ach side and at re.lr of
engine at gimbal outrigj;er and at truss pIUl:.
Unzip and remove lower haH of rmglne eove,',

b, Store lower half of engine cover in a
suitable container.

c. Position f~'_clllty hoist above engino.

d. Using a suitable sling, eai'efully inserl
"ling llllde,' upper half of englrw COvel' (betwe('n
fralHQand eovcr).

e. Attach HlIng to facilily holst. Carefully
11ft cover from engine and store wlth lower half
of engine cover.

NOTE

Due to di\ferenees in thc manu
faeturer's installatlon of zippers
on covel'S, the upper and lower
covers must be retained as It Aet.
For future procurement and
rework of covers, the upper and
lower covers have thl! same
serial number.

f. Loosen adjustment boll on back at top
frame at thrust chamber exhaust manifold
flange.
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2-2
FIgure 2-1. Removing and Instailing Engine Cover
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g. Using facility hoist ••upport weight 01
frame. Unstrap frame from engine at the follow
ing place&:

(1) No. 1 ollldizer Inlet

(2\ No. 2 oxidizer Inlet

(3) Thrust c"amber ellhaust manifold

h. C"refully holf t frame away from engine
and lower to floor.

CAUTION

The engine cover Jrames must
be prepared for shipping or
stora~c U3 outlined in steps
i through k; otherwise, damage
to the frames eoule! occur.

J. Disconnect bottom frame fr(Om top frame.
Stow atlaehin!( pins.

j. Invert top fr,wlC and secure on shippln~

crate wl!h metal slr,lps. Use udequate padding
between frume and el'ate to prevent damuge.

CAUTION

I>nglne covel' str,\ps must not be
used to ultaeh the frame to thc'
crate. Damage to the straps may
occur during shipment If the
straps arc used for this purpose .

• Padded supports on the hol!om
Irume must he facing up to plT
vent damage to supports.

I.. Invert holtom frame and secure to top
fl',lIllC. Usc adequate paddIng between frames
to prevent damage.

Change No. 7 - 24 March 1972
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Section II
Paragraphs 2-6 to 2-12

:l-6. INSTALLING ENGINE COVER G4047.
(See figure 2-1.)

a. Using facility hoist, position frame on
engine and strap to engine at the following
points:

(I) No. 1 oxidizer inlet

(2) No. 2 oxidizer Inlet

(3) Thrust chamber exhaust manifold

b. Adjust forward support, as required, to
obtain a good fit between engine and fra,lle.

c. Tighten adjustment bolt located on aCt
support of top frame at thrust chamber exhaust
manifold, unltl snug. Torque jamnut to 160-210
In-lb.

d. If engine cover has not been rclnforced to
prevent chafing, usc l,ressure-sensllive tape
(Federal Specification P1'P-T-60) to secure a
single layer of !/4-lnch-thick Ethafoam (Dow
Chemical Co) around l'ound('d eot'ners of
enginc cover frame, around truss yokes, and
over truss yo'" <tttaching' points at thrust cham
ber exit flange. Add thb protection to any
other engine areas that may cause chafing of
engine cover.

(~. Spread upper half of ell(~ille cover on floor
ov'!r a sullah!e sllng. Allaeh sllnl~ to a hoist.

f. Using hoist, carefully position upper haU
of ml~inc covel' over frame on enginc.

g. Cardully rcmovc sllng from beneath
cover.

h. Position lower half of engine cover bcnc\lth
enghw.

CAUTION

The f,"'ward zipper must be closed
while the aft zippers are open, to
prevent zipper damage when In
stalling covers.

t. Support and zip lower half of engine cover
to upper half of engine cover.

j. Fast"n straps on each side and rear of
engine at gimbal outrigger and at truss plug.

2-7. THRUST CHAMBEH PROTECTIVE
COVER G4048.

2-8. The thrust chlll11ber protective cover pro
tects the thrust chamber tubes from damage.
The covel' must be installed at all times ('XCCl,t
during' an engine !1rin!-{ or when a tesl or main
t~nancc procedure requires its removal.

2-9. HEMOVING THRUST CIlAMBEIl PHO
TECTIVE COVEll G4048. Unfasten buckles and
straps, and remov(' protective cover.

2-10. INSTALLING THHUST CHAMBEH PHD
TECnVE COVEll ('.1048. Po:;ition prote<:live
covers on thrust chambpr as directed by In
structions stamped on cover. Secure buckles
and straps.

2-11. ENGINE nOTATING SLING G4050.

2-12. The engine rotating' sling Is capable of
lifting and rotating either the engine or tI,e
thrust chamber. The sling has six different
load conditions (flh'11,'e 2-2), indicated by a one
lrwh-wlde bl:u:k st"ip on the underHide of the
beam with eOl'l'C'spondlnr, nUrnlWl'B on each ship
of the beam. An instruction plate atta(:hed to
tI)(' cont.rol cable just above the control station
lists tt!e six strip positions and briefly descr!lles
load conditions for each position. Enl(ine
rotatinl~ slings Incorporating' M1)3 changc' IL'tve
COO pounds of ballast >;dded to the forward end
of the beam, a tire bumper Instnlled at the aft
end o( the beam, and seven load-condition strips.
Enghle rotating slings incorpol'Iltlr1l( M1)4 chanl(e,I
incllJde a number el({ht position on the beam for
lImng a vertical engine with actuators attachcd.
An a,'row on the carriage drive bracket Is alined
with numbered strip positions on the beam for
load conditions as follows:

a. Number 1 for lifting and lower-ing thrust
chamber in vertical posltlon.

b. Numbp.r 2 for lifting and lowering engine
In vertical position.

c, Number 3 for attaching or removing sling
from vertical thrust chamber or engine.
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Figurc 2-2. l';nginc Hotaling SUng Load Condition Numbcrcd Strip Positlons

d. Numbcr 4 Cor transporting, UCtlng, and
lowcring sUng.

c. Numbcr 5 (01' altachin!~ and removing sUng
Crom a horizontal thrusl chambcr or cn!:inc.

C. Numbcl' G Cor lifting aod lowcring a thrust
chambcr or cnginc in horizontal po~llIon.

g. Numbcl' 7 Cvr attachin(1 ~Ild ' ching
sling whcrc cnglnc Is In 7-dcgrl'" c,,, cd-down
positlon (cnginc rotating sllnl:s incorporatlng
MD3 change only).

I gA. Numbcr cight COl' lifting a vertical englnc
with actuators attached (engine rotating slings
Incorporating MD4 change).

2-4 Change No, 3 - 18 June 1970

2-13. HEMOV1NG ENGINE ROTATING SLiNG
G4050. (Scc figurc 2-3. )

NOTE

Thc load condition numbprc,d strip
posltlons notcd in this proccdurc
arc uscd Cor inllial positioning oC
thc cnginc rotatlng sling bcam.
Minor adjustmcnts oC thc bcam to
cithC!l' sldc oC a strip position may
be requirC!d to level the load.

a. Lower facl1tty holst hook to rellcvc ten
sion, and position sling carriage to load con
dition No. 3 strip position for engine or thrust
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chamber verllcal position, No. 5 strIp position
for engl~e or thrust chamber horizontal posl
tlon or (nn engine rotating slings Incorporating
MD3 change) No. 7 strip posltlon for engine In
transport attitude; then resume te;\slon on sling.

CAUTION

Step a mus'. be performed prior
to steps b through d, since the
Incorrect lilt point with respect
to tlte center of gravity wlll
cause the sling beam to swIng
toward the engine, possihly
damaging the heat exchanger.

b. Hemove locri-pin that "ecures sling Htrul
collar to stud at sling forward end.

I
c. Remove lockpln that secures sling strut

to adapter 9017823. Hcmove lockpln that
secures adapter to oxidize,' dome clevis, and
stow adapter on sling.

d. Remove lockpins that secure cleVises to
aft lilt arllls of slln".

e. Using faclllty holst, carefully move sling
away from engine or thrust chamber.

f. Make sure Cnl(lnc rotalln" sllnl( is hoisted
to n suffietent hell(hl to allow sllll!: healll to tJl'
pusll10ned to load condillon No.4 strip posHlon
without Illterference.

g. Press sllnl~ control station FOIlWARD or
IH;VEllSE bl,Hon, as appllcable, to position
BUng beam to load condition No. 4 strip positloll.

h. Using facility holst, lower sling to floor,
lind lock sllrll( wheel brakes.

\. Install clevises 011 aft lilt arms, and sll);,'
sUng strut.

NOTE

The faellity holst hook must be
lowered and repositioned as step J
iB performed.

2-6 Change No. 3 - 18 June 1970

J. Press sling control station FORWAHD
button, and posttlon sling carrIage to load con
dllion No. 6 sll'ip position.

k. Disconnect faclllly holst hook from sling
lifting lug, and secure facl1lty holst.

I. Press sling control station REVERSE
buHon, and position sling carr'lage to load con
dition No.4 strip position.

m. Turn off sling faclllly electrical power
source, and di~connect electrical cable from
facUlty power source.

n. Reel In and securc sllng electrical cable,
and In~tall tow bar on sllng.

o. If ,hermal insulation bracketry is Installed,
reinstall assembled colla rs and br~ckets at
turboflump trunnIons. Torque nuts at bracket to
68 17 In-lb. Install washer and trunnion
I\\lt8. Torque trunnion nuts to 825 tID In ).

2-14. INSTALLING ENGINE ROTATING SLING
04050. (Sec figure 2-3.)

NOTE

The lnad condHlolI numbered
st rip posltlons rwted In this
procedure arc used for Initial
posltioninl( of the enl(lne rola
ling sllng beam. Minor adJust
ments of the beam to elther side
of a strip position may be re
qUired to Icvcl the load.

a. Position en"ine rotatllll( sling beneath
facility holst that Is capable of llftln!( 30,000
pound~.

b. Hemove tow bar frolll sling.

c. Conneclllllng clectrlcal cable 10 faclllty
electrical power SOUl'ce (440-voll, 3-phase,
60-cycle, 15-ampere) utlllzing hanrlle
HPE417-002K069D and connector
RPX3l7-912S04A (Crouse-Hinds). Turn fllcllity
electrical power source all.

d. Pl'ess sling control slatlon FORWARD
button, and position sllllg carl'Iage to load
condillon No, 6 Btrlp position.
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b. HeJl\ove lockllins and bushings !I'om gimbal
outrigger clevis and sling leg bracket.

2-16. The engine vertical sling lifts the engine
or thrust chamber in the verlical position. Pro
cedures for using the vertical sling with a thrust
chamber are identical to these procedures ex·
cept that the two stowed s1lng Jinks arc instalied
between the two short cables of the sling lift
ring and the corners of the sling spreader bar.

e. Connect facility hoist hook to sling lifting
lug.

NOTE

The facility hoist hook must be raised
and centered over the sling beam as
step f is performed.

f. Press sling control station REVERSE
butt0n, and position sling carriage to load con
dition No. 4 strip position.

g. Remove sling strut from stowed positiun
on sling.

h. Relbuve clevises from sling aft lift arms.

l. Using faclllty hoist, rai,w sling until sling
beam can be rotated to all positions without in
terference.

J. If thernlal insulation bracket assemblies
are installed un engine, remove outhoard trun
nion Iluts and washers. Hcmovn sorrated col
lars and brackets as assemblies. Hetaln for
reinstallation.

k. If attachln!!, slin!!, to a horl1.Ontai engine or
thrust chamber, press sling control station f'OH
WARD hutton and position sling beam to load
condition No. 5 strip position.

I. If allaching sling to engine in enb'ine
lowered position on slings Incorpnratlng MD3
chanfle, IH'(lSS sling control station FOHWAllD
bullon lUl,1 position sling beam to load condition
No. 7 strip position.

m. If allaching sling to a vertical <Hll:lne or
thrust chamber, press sling control station
REVEHSE hullon, and position sling beam to
load condition No. 3 strip position.

mA. If engine Is to be rotated to horizontal
position, purge oxldlzcr pump seal as outlined
In paragraph 2- 20C.

n. Using faclllty hoist, positlon sling on en
gine or thrust chamber and carefully mate aft
lift arllls with turbopump mount pIns. Headjust
ment of the sling beam may be necessary.

o. Install clevises, securing aft lift arms to
turbopump mount pIns with attaching lockplns.

I p. Attach adapter 9017823 to oxIdizer dome
clevis with lockpln. Secure sling strut '0
adapter with 10cKpln.

q. Reposition 811ng beam, as reqUired, to
mate sling strut collar with stud at sling for
ward end. Secure with attaching lockpin.

2-15. ENGINE VERTICAL SLING 04054.

2-17. REMOVING ENGINE VEHTICAL SLING
Crl064. (Gee figure 2-4. )

a. Using facility hoist, take ull slack on
sling.

e. f(emove lockpin that secures 11ft plate to
a(L'\pter &017823. Hemt>ve lockpin tl~'\t secures
a(L'\ptrr to oxidizer dome clevis, and stow
adapter to sling.

d. SlOWly raIse sling from en!llne.

e. Movr sling away from engine and lower to
position for removal from facility holst.

2·IH. INSTALLING ENGINE VEHTICAL SLING
(;4054. (See figure 2-4.)

a. Attach sling lift ring to facility holst tl.lt
Is capahle of lifting' 30,000 pounds.

b. Position sling over engine.

c. Slowly lower sling so that the 2 brackets
on ends of sllnl( legs mate wIlh ghnhal outrl!mer
clevis.

d. Inslall hushings and lockplns throul:h
matched holes In gImbal outrigger clevlfJ and
sling leg bracket.

e. Positlon sling so that lUI plate matches
attach point at engine oxidizer dome.

f. Attach adapter 9017823 to oxidizer dome
clevis with lockpln. Secure sling lUI plate to
adapter with locllpln.

Change No.3· 18 June 1970 2-7
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I,OCKI'IN

sJ.mG U:O

LIFT
ADJUSTMENT

l.OCKl'lN

1l«----fI\CILlTY HOIST
HOOK

8LlNO

LINKS\:-_-..,~"J

nOA1)AnLE
VF.UIICAI.
lNGJ"".:
DOLLY
('AO~I

l:NGINE n.RTlCAL
SLING G40M

Jo'I·3·1·IIOA

Fi~:ul'e 2-4. Hellloving and Installing Enl:lne Vertical Sling

CAUTION

If sIln!: !lnks ,Ire installed between
the frame and !lft ring when lifting
the engine, mlsallnement of the en
gine and damitge to the !lllks can
result .

g. Using facility hoist, slowly raise engine
or thrust chamber Just enough to determine

correct sHnl: 11ft adjustment. Install 11ft cable
at appropriate hole in 11ft plate for level lift.

2-19. HANDLING ENGINE OR TIIHUST CHAM
BER FOR MAiNTENANCE.

2-20. ThE' engine or thruBt c\lamber Is handled
from the horizontal or vel'tical position and
rotated from or to the hor Izontal or vertical

2-8 Change No.3· 18 June 1970
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position. Engine Rotating Sling G4050 Is used
to handle the engine or thrust chamber In either
the hOrizontal or vertical position and rotate
them to either position. Engine Vertical Sling
G4054 Is used to handle the engine or thrust
chamber In the vertical position. The engine
or thrust chamb~.. may be installed on Engine
Handier 04089, on Engine Handllng Dolly
04058, or on All' Transport Engine Handler
04044 when .naintenanee is performed. All'
Transport Engine Handler 04044 supports the
engine for shipping and for malntenanee. The
engine is in8talled on Hoadable Vertical Enb'ine
Dolly G4051 for Interfaellity trans!,ort only.
Remove engine covers and closures only as
reqUired to perform haodllng and maintenance
tasks. Apply lubricating oil (Feder.ll ~:lpeclfl

cation VV-L-BOO to machined areas of thrust
chamber outriggers, turlJopump mounts, and
Inside bearing surface of lower thrust chamber
lug If 011 was rc..moved during handling.

2-20A. ENGIN~; l'UHGE REQUIHEMENTS.

2-200. The oxidizer pump seal muot be purged
any lime the engine Is rotated from the vertieal
to the horizonlal posillon anJ wbenever tho
engine Is lowered from the engine horlzr'ntal to
the engine lowered posillon. When rotating
engine from verllc".l to horizontal posillon,
purge oxidizer pump seal during rotallon and
for a minimum of 30 mlnuten after rotation.
When lowcrln~ engine frolll onglne horizontal to
engine towel'ed position, maintain purge
throughout lowering procedure.

2-20C. pm~LING OXIDJ~ER PUMI> SEAL.

a. Verify that closures arc removed (rom
nitrogen overhoard and oxidizer overboard
drain llnes.

b. Remove prossure eap from oxidizer pump
s£]al purge interface connect point, and connect
II source of gaseous nitrogen (MIL- p. 27401)
e,wable of supplying 80 }20 pAig.

c. Whon rotating engine from vertical to
horIzontal position, purge oxidizer pump seal
as follows:

(1) Turn on purge before rotating engine.
Verify purge cpCl'atlon and that pressure Is
80 ±20 pslg.

(2) Maintain pur,:e during ongi"e rotation I
and for a minimum of 30 minutes with engine in
horizontal position.

(3) Turn purge off, disconnect gaseous
nitrogen supply, and Install closures on over
board drain Unes and interface conneet point.

d. When lowering engine from engine hori·
zontal to engine lowered posillon, perform
steps a and b.

e. TUl'n on oxidizer pump seal purge before
lowering engine. Vertfy purge operallon and
that pressure Is 80 ±20 pslg.

f. Maintain purge during lowering operatiun.

g. Turn purge off, disconnect gaseous nitro
gen supply, and Install closures on overboard
drain lines &.lId Interface connect point.

2-21. AIR THANSPOHT F:NGINE HANDLEH
04044.

2-22. Thu all' tran'!JJ()rt engin:, handlcr Is used
to soppurt the englno whon it Is transported by
all' or truck and during maintenance.

2-23. HAlSING ENGINE TO ~:NGINE

;IOHIZONTAL POSITION ON AIH THANSl'OHT
ENGINE HANDLlm 04044. (:Joc (lb'lU'C 2-5.)

a. Make cUl'taln thai wheels of handler art!
allned lore and all and thai hrakes are \\nlockoll.

b. Hemove engine covel' as oulltlled In
paragraph 2- 5.

c. Install engine ro!~llng sUng on engine as
outlined In paragraph 2-14.

CAUTION

The engine must not be lifted at this
tim" fJlnce damage to the engine can
result.

d. l'r()ss Bling control slatlon FORWAHD
button, and position sling beam to load condition
No. 6 fJtrlp position.

2-9
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CAUTl()N

J' 1"lg btaccH must r){lt he Jooser~ed 01'

adjusted (;ln~e damage to til(> loml
compensato ' ~prln~ Otl the trus9 eon
resn't.

H-:1896-3
Vr 11U1ne J

~-24. LOWI':hl,,("; I'NGINE TO F:NGINE
LOW!' HI';O POSITION ON Am 'I'RANSPOHT
ENGI:U: HANDLI,:H G1U41. ('lee figure 2- 5. )

a. M"J:e cel tain thal whc.'}il of handler are
aJin~c! [on' ;",(111(t ami lhut brakes arc unl.o<:ked.

e. Loosen turnonr;klos, anti rcnIlY,'C lockpillB
th'lt Be~Ul'e tllrnbuckles to IOVipr attach pol"t on
I,andle\'.

CAlJTION

The ~nglne i,lllRt not be 1,~;....3if~(1 t'iy.h{'l.~

tha" 15 inch_s whjl~ the h~ndl'!r irL1s~

is s?~urcu 1.0 f11(1 fl'anw 5iJnc{~ rlalil~.g(~

to the engine ana p.qnt]Jtnonl Can n>·
Dull,

f. Using facility t"toi'~i. sltJl,vly rU\50 front end
of ongill{;'. Do lHJt exu~ed a rna.;dm 11Jr·' of 1~

inches, ln€aslu'ed al "(l('kcl RlIPlJOr.1 block and
slJ)l'ort hlock.

g. ]\;1 ~ I-n rocket ganpor'L ~)11~r'in; lq BLOCK
LOCATWN ENGINE; HORIZONTAL (a[t posiUoro),

:1. He)()ovt' Rtrut~ fron' .~:;tored pllF,it ion Oil
handlor ;lnd !J!ac"l on Hod:,,:'! ,"uqJpol'l Vlocks in
vodjcd Jlomtion. ~pcure Len Rtf'Ut. to h<wdler
wdh sway bal' w.rllo~jq)iJl.

CA lfrrUil

Th~ fnll wldg'~d of ll\u eligille lilur t
not be ~Hcwe(l tu rt~Rt or: the strutc;
until t! e tUJ'llbUl~kles arc alt',ch"d,

'. 1131116 facility hoist, sluwly lower ""Kino
11'101 811l'l/ur~, blf)C~\Q R\'(~ i:l full contact Wit~1

'lt ruts.

I, t,lta"h 1.Ur"ll\l,'kl,,~ lo o"Jlrllcr upper :Jl(il.d,
POli\! with loclq,j"g.

k. Turquc lurnbuddor. to 60·.'/fl rt-ih and
jur,l nuto to 3,,;.. 400 In,·lh.

I. l"lemov( engine rotating Rllng fiR outlined
In paragraph ?' .. 1:J.

h. Install engine rotati'lg sling on engine as
oul1lned In paragraph 2··14.

bA. Pv,rgo oxidizer pump seal as outlined In I
paragraph 2-20C.
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c. Press sling control station F'ORWAM
button, and posltlon sling carriage to loa'l con
dition No.6 strip position.

CAUTION

The engine and all' transpol't en
gine handler must not be lifted
since damage to the engine ('an
result,

d. Using facility hoist, support weight 01
engine on sling.

CAUTION

Drag braces must not be loosened
or adjusted since damage tf) the
load compensator spring on the
truss can result.

c. Loosen turnbuckles alld rcmove lockpins
that secure turnbuckles tu upper attach point on
h;,ndler.

f. PriOlo to ,ifling engine, stalion a man to
remove right-hand strut; then slowly raise en
gine to clear struts.

g. Remove and stow right-hand strut, left
hand strut, and sway bar.

h. Po"ilion socket support blocl<s to BLOCK
LOCATION ENGINE LOWERED (forward posi
tion) .

i. thing facility I]{'i&\, s)rlwly lowcr engine
onto support blocks.

j. Aline tumbuckles with lower attaeh points
':In handler; secure with lockpins, and torque to
60- 70 It-lb. Torque turnbuckle jamnuls to
310· 460 in-lb.

k. Remove engine rotating sling as outlined
In paragraph 2-13,

l. Instnll engine cover as outlined in para
graph 2· 6.

2- 25. REMOVING l';NGlNE FHOM AIH TT,ANS
POH'I' ENGINE HANDLER G4044. (See figur()
2- 5. )

CAUTION

The engIne must not be removrd
IroOl the air transport engine
handler In allY position other than
the engl",' horizontal position
since da nage to the equipment ca',
result.

NOTE

TIle load condition numbered
strip positions noted In this
procl'dure are used for initial
positi onlng of the engine
lotatlng sling beam. Minor
adjustments of the beam to
eIther ;;ide 01 a st :Ip position
may be required to level the
load,

a. Make certain that wheels of handler are
alined lore and aft alld that bl'llkes ar/J unlocked,

b. H(lIllOVe en[~ine covur as outlined in para
r,raph 2- 5.

c. Install engme rotating sling 011 ongine as
outlined in paragraph 2-14.

d. Halse e,'gine to engIne horizontal position
as olttllned in paragraph 2- 23.

CAUTION

The engine must Itot bc liftcd al
this time since damagf' to tlw
engine can result.

e. Press slinf, cOlltrol station FOllWARD
huttOIl, position sling carl'iagc to load eondition
No. 6 strip position, anrt support weight of en"
gille with sling,

l. Loo&en turobuckles, and remove 10cl\plns
that secure turnhuckles to supporl blocks.

g. Loosen drag hl'ac:c8, and remoVe lockpinH
that se<'1\re draf( braces to support bloet<s.

h. Remove lockpin at r£';\r suppnrt. LOOf;(' II

and remove ficrew th.ll secures tnlHs tn h;HlcUr-r.

j. Prior to performing step k, stati')f1 a man
to re'llove rJght- hand stt'ut when elllline weigl]t
is removcd.

k. Usin({ lacillty hoist, carefully lift 0111,ine,
"wi remove ann stow rlght-haml strll!. HalHe
engine llUti) Gfl~iIH' cleal'~~ Inndlcf J and mc)vc en"
gine aW;iY froll' handl('r.

2 .. 11
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1. Attach a facility hoist and sling that Is ca
pable of llfUng 250 pounds, to truss. Connect
sling to painted llft points on truss.

m. Using facliity holst, support weight of
truss, and disconnect truss compensator linkage
from bottom of thrust chamber exit ring.

n. Remove the 4 bolts that hold yokes to en
gine. Remove truss from engl"le, and remove
yok~s from truss.

NOTE

Steps a through y secure the
handler.

o. Using facility holst, lower truss into
stowed position on handler.

p. Disconnect and secure sling and faclllty
holsl,

q. Install clamps that secure truss to handler.
Install attaching nut On truss compensator l!nk
age.

r. Remove bolts that secure blocks and
clamps on thrust chamber exit flange. Remove
blocks and clamps.

s. Attach clamps to yokes. Stow yokes on
handler.

t. Remove loc:kpin that secures left- haml
strut sway bar to handler. Stow strut and sway
bar.

u. Position socket support blocks to BLOCK
LOCATION ENGINE LOWERED (forward posi
tion) .

v. On engine, loosen support block wedge
scrnw locknut. Back out screw, relieving ten
sion on attaching pin.

w. Remove pins and support block.~ from
gimbal outriggers. Reinstall pins in support
ldocks.

x. Position support blocks in socket support
blocks on handler.

y. Connect dr:lg brac1!s and turnbuckles to
support blocks with attaching pins, and attach
turnbuckles to lower attach points on handler.

2·12

2-26. INSTALLING ENGINE ON AIR TRANS
PORT ENGINE HANDLER G4044. (See figure
2-5. )

CAUTION

The englne must not be Installed on
the all' transport engine handler In
anv position other than the engine
horizontal position since damage to
"quipm ent can result.

NOTE

The load condition numbered stnp
pOSitions noted in this procedure
are used for initial positioning of
the engine rotating sling beam.
Minor adjustmenta of the beam to
either side of a strip position may
ue roquil'ed to level the load.

a. Install engine rotating sling as outlined In
paragraph 2-14.

aA. If engine is to be rotated from vertical I
to horizontal position, purge oxidizer pump seal
as outlined In paragraph 2-20C.

b. Position all' transport engine handler so
that engine can be installed. Make certaIn that
wheels of handler are all ned fore and aft and
that brakes are unlocked.

c. Press sllng control station button as appli
cable, and position sllng b,mm tn load condition
No. 6 strip position.

d. Using facility hoist, lower engine until
truss can be installed on thrust chamber Without
use of special stands.

e. Remove yokes from stowage on air trans
port <'ngine handler.

f. Remove clamps from yokes.

g. Place clamps on thrust chamber exit
flange at the 9, 10, 12, and 13 holes located
above and below centerline of engine. In each
clamp installation, Insert pin without cam, In
hole first. Adjust cam pins to fit remaining
holes.

h. Secure each clamp with a block, and
torque block bolt to 300 ·}25 In-lb.

1. Hemove nut from tru~s compensator JlnY.
age. Hcmove tockplns that ,'eCUI'e trUSH to
handler.
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j. Attach to truss a facility hoist and sling
that is capabl p of lifting 250 pounds. ComH'ct
sling to painted iift points on truss.

k. Using facility tlOist, r('ll1oy(' truss from
l1andlpr. Susprnd trUGS at ,lil end of cngilw.

I. Lstall yokes on truss. and se('ure with
10('kpins.

m. Position trusH 80 that UPP(l!, ends of yokes
can be secured to upp"r clamps on thrust cham
bCl' exit flange. Sccure yokes to clamps with
4 boils. Torqup hoils to 300 ·25 in-lb.

n. S(>(,Ul"C )0\\,('1' PlHl.S of yokps to lower
clamps. adjusting yokp cams as I1cccssat'Y.
Torque bolls to 300 ,25 in-lb.

o. Position truss in a sideways direction
l'ifdativc to :'()kps until n minimum c)earanC'c of
0.25 inch is ohtainpd between ('Hher on(: oi the
yokps and shouldcr of truss. Maintain this
clparancp \I;'he'll mating: truss with handler
(step xl.

p. Insert truss compensator linkage through
hole in thrust chamber exit ring, and install
nut l securing linkag-c to exit ring. Torque nut
to 40- 50 in-lb.

q, Removc support blocks from handler and
install on gimbal outrigl~ers,

r. Torquc support block wcdgc scrcws to
25-40 ft-lb and sccure with nuts, and torque
(wedge screw jamnuts to 100.140 in-lb. )

s. Position socket support blocks to BLOCK
LOCATION ENGINE HORIZONTAL (a[t position).

l. Hemr,ve lefl-hand strut and sway hal' from
stowed position and position in sock"t support
block. Sccure ~way hal' to handler with attarhed
J)i n.

u. Rcmovc right-hand strut froll1 stowcd
position and prfoparp to in.stall as ('n~i!l(> is
lowered.

v. Hemovr pin and scrcw from truss support
on afl end of hand"'r.

NOTE

Installing engine on handler rCT>

quires a minimum of three nwn
to monitor the lowering of the
enginf'.

w. Using facility hoist. po~ition cngin" over
handlPr.

CAUTION

The (Ira.5 braces on ttlP hanctJC'l'
must no! be used for adjusting
till' posit ion of the trus~: o(hcr
wisp, dtltl1a~~e to thp ('(luipmcnt
may DCCJ!'.

x. Makp ccrtalJ1 tllat minimum clt.'arance of
0.25 inch bctwc"n eitl1P.r OIH! of the yokes and
shoulder of truss obtained in step 0 is main
tailH'd: lh('n aUnc phll~ with hole in truss support.
Alinc Icft-hand "tl'ut WIth support hlock: alinc
right- hand strut witli support block and sockel
sunport blork. Slml,'ly lowC'l' t'1l~inc until enghw
cngap's handler. Support weight of cngirw with
sling.

y. Install screw tbat sccorps truss plug in
truss SUppOll. To·r.que screw to 20-40 in-lb and
sccure with atlachcd lockpin. Install safely pin
in truss plug-.

z. Using facility hoist, lower ('ntire weight
of cnginc on handler. Chcrk that truss compen
sator linkalle is in approximately ncutral posi
tion.

aa. Adjust drag braces and attach to support
blocks with locltpins. Torquc drag brace
jamnuts to 75-100 ft-lb.

'lb. Install turnbucklcs bctwcen support blvcks
and upper attach poin'.s on haneller. Torque
turnbueklcs to 60- '10 rt-lb and jamnuts to 340-460
in-lb.

ac. Lower facility hoist to relicve tension.

ad. Press sling eon(r0l station HEVEHSE
hutton, and position sling carria~(' to load con
dition No.5 strip posifion.

CAUTION

Step arl must t'e performcd prior
to step 'Ie; oth"rwise loading at
til{' incorrect lift point (with
rcsp"et to the ~entcr of gravity)
wou1,d swing the slill~ beam
toward thc cngine, causing
pOI}sible damagC' to the heat
pxchangcr.

ae. Hcmove cngine rotating Slinll as outlincd
in paragrClph 2 - 13.
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2-27. ENGINE HANDLER G4069.

2-28. The engine handler is used to support
and move the engine in a horizontal position
within assembly buildings, repair shops, or
hangars during engine buildup and maintenance.
Thc handlE'r accommodates the complet<'
engine, including nozzle extensio~ and gimbal
actuators. The handler is not d(lsi~ned [01'

transporting the l'ngine all anottler vehicle,
When there I s considerable distance betw<'en
points of use, the halldler itself must be trans
portl'd on another vehicle,

2-29. REMOVING ENGINE FROM ENGINE
HANDLER G4069, (8el' figure 2-6,)

NOTE

The load condition numb,,\'ed strip
positions noted in thfs procedure
arc used for initial positionin[( of
the engine rotating slin[( beam,
Minor adjustments of th" beam to
either sidl' of a strip position may
be requ;red to level thE' load.

a, Install engin,· rotating sling on engine as
outlined in paragraph 2-14.

CAUTION
The engine must. not be lifted at this
time since damage to the engine can
result.

b, Press sling control station FOnWAHD
button, and position sling earriage to load con
dition No. 6 slrip position. Support wei ght 0:
en[;ine with sling.

c. l.'Josell guy lllrllbuckle lllltil tension is
relieved.

d, Hemove nuts that secure i\Uy to fittings on
each side of engine, Remove guy.

e. Before performing etep f, station a man
to remove right-hand support wi,e" engine
weight is removed.

f. Using facility holst, c:lrefully lift engin~

until p;n can be remol'ed from thrust chamber
lug and thrust chambpr support el~vis,

g. Using facility hoist, carefully move
engine anrl sllng away from handler.

h. Remove fittings from each side of thrust
chamb~r body.

I. Store all items as ph,carded on handlpl',
Tlghtpn fitting storage bolts firmly.

2-14 Change No. 4 - 8 October 1970

j. Install closure on thrust chamber fitting
pads. Lubricate bolts with lubricant grease
RB0140-012 (Rocketdyne), Apply lubricant
using Method A outlined in section I. Torque •
boits fingertight plus 1/4 turn,

2-30. INS'I ALLING ENGINE ON ENGINE
HANDLER G4069. (See figure 2-6.)

NOTE

The load condition numbered strip
positions noted in this prf)cedu\,e
arc us~d for initial positioning of
the engine rotating sllng beam.
Minor adjustments of the beam to
either side of a stri;, position may
be required to levrJ the load.

a. Instrdl engine rotating sUng en (m~ine as
outlinl'd in paragraph 2- H.

aA. If engine is to be rotated from v~rtical

positiQn to horizontal positlon, purge oxidizer
pump Beal as outlined in paragraph 2-20C.

b, P"sitiorl engine handler so that engine can
be installed.

c. Pre S8 sling control station FORWAHD
bulton, and position sling beam to load condi
tion No. 6 strip position.

d, Using facility hoist, carefully lower
engine until fittings can be installed.

e, Remove closures from thrust chamber
mount pads and install fittings in mount pads.
Cross-torque bolts to 200-270 It-lb.

f. Lnm;c"n rlouhlp lPltH on thrust chamuel' ~up

port cievis, and install front support and brace,
right-hantl support, left-hand support and strut,
and turnbuckle end of guy on handler,

NOTE

To improve alinemc'nt or roil of <'n
gine to handler, handler right-nand
alt support may be adjusted. If
additional adjustment is required,
handler left-hand ~ft support lIlay ',e
adj usted si multane(jusly with its s .rut.

g. Using facility hoist, lower engin" until
pin can be inserted t,) secure thrust cl'amber
lug to thrust chamber sopport cJevin. Raise
and aline clevis to meet lug on frollt (f 1I11'ust
chamber when engine is 10wer('(1.

h, Tighten inner nut flngertight or. thrust
chamber support clevis. Lock inm" nut in
place with oute\' nut.
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Figure 2·6. Removing and Installing Engine on Engine Handler

l. insert guys through Clttings and supports,
and tightcn nuts until snug.

j, Torque guy turnbuckle to 1,700-1,800
In-lb.

k. Lower fadlity hoist hook to rclieve ten
sion, and position sling carriage to load condi
tion No. 5 strip position.

CAUTION

1>lep k must be performed prior
to step I; otherwise, loading at
the incorrect lift point, with
respcct to the center of gravity,
would swing the sllng bcam te liard
the engine, causing possible
damage to thc ileat exchanger.

1. Removc engine rotating sling as outlined
In paragraph 2 -13,

2-31. TOWING INSTRlJCTIONS FOR ENGINE
HANDLER G4069. The engine handler Is de
signed to bc moved over concrete floors and
adjacent concrete ap.'ons within assembly build
ings, repair shopB, or hangars. Maximum
speed for the engine handler is 2-1/2 mlles per
hour, and maximum ramp angle with the engine
Installed is 2 degrees, The handler is nnt de
signed for tr,wsporting the engine on anothcr
vehicle, When there Is a consldel'able distance
between points of usc, the Imndler itself Is to
be transported on another vehicle, The enr,inc
Is transported 011 Air Transp"rt Engine Handler
G4044. The engine handler Is normally pullcd
by the towbar with the engille installed on Ihe
handler; however, the towbar can a\Ro be uSNI
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to push the handtel , if necessary. If a change
of direction is necessary while pushing the
handler with the towbar (with the engine installed
on the hlUidler), the corners of the handler
chassis at the towbar attachment €nct are first
raised and the casters manually turned in the
direction of desired movement before changing
direction.

2-32. ROADADLE VERTICAL ENGINE DOLLY
G4051 AND ENGINE IlANDLIJ-:G DOLLY 04058.

2- 33. The roadable vertical ~ngine dolly is
used to support and transpo':t the engine or the
nozzle extension in a vertical position for rela
tively short distances, such as on site, buileting
to bulleting or test stand, The dolly is not de
signf'd for transporting the engine on another
vehicle. The dolly accommodates the engine
(without the nozzle extensi0n installed) or the
nozzle extension.

2·34. The enginc handling dolly is used to
support and move the engine or thrust chamber
in a vertical position wIthin assembly buildings,
repair shops, or hangars during engine buJldup
or maintenance. The handler Is not designed
for transporting the engine or thrust chamber
on another vehicle. When there is considerable
distance between points of use, the handler must
be transported by another vehicle.

2-35. REMOVING ENGINE FROM ROADABLE
VERTICAL ENGINE DOLLY G4051 I.ND EN
GINE HANDLING DOLLY G4058. The loading
and tiedown requirements of the roadable verti
cal engine dolly and the engine handling dolly
are identical. Procedures outlined in this
paragraph are also applicable when removing
the engine or thrust chamber from the engine
dollies. The engine may be removed using
either the engine rotating sling or engine verti
cal sling. The roadable vertical engine dolly,
with an engine Installed, is shown in figure 2-7.

NOTE

The lo~d condition numbered strip
positions noted in this proeedl1~e

are used for initial positioning of
the engine rotating sling beam.
Minor adjustments of the beam to
either ~Ide of a strip poSH ion may
be required to level the load.

a. Position raadable vertical engine dolly
beneath facility hoist that is capable of lifting
30,000 pounds.

2-16

b. Remove turbopump trUllnlon nuts and
washers. Loosen and remove turbopump mowlt
tledown cables. Reinstall nuts and washers.

c. Loo~en and remove gimb!" strut tiedown
cables that secure engine to dolly. Stow all
eables.

d. Install eng:,," rotating sling or engine ver
tical sll1.r~ on engine as outlined in paragraph
2-14 or ~-18, as. applicable.

NOTE

Procedures for using the vertical
sling with a thrUst chamber are
identical to these procedures, ex
cept that the two stowed sling links
are installed between the two short
cables of the sling lift ring and the
corners of the sling spreader bal'.

e. If engine rotating sling is used, press sling
control station REVERSE button, and position sling
carriage to load condition No. 2 strip position.

eA. If engine is to be rotated to horizontal I
position, purge oxidizer pump seal as outlined
in paragraph 2- 20C.

f. If thermal insulallon bracketry is installed
on engine, reinstall collars and brackets as
a~spmbled at turbopump trunnions. Torque nuts
at braeket to 68 ± 7 in-lb. Install washer lUld
trunnion lIutS. Torque trunnion nuts to 825 ±10
in-ib.

g. Using facility hoist, carefully lift engine
c1eac of dolly.

2- 36. INSTALLING ENGINE ON ROADADLE
VERTICAL ENGINE DOLLY G4051 AND EN
GINE HANDLING DOLLY G4058. The loading
and tledown requirements al'o identical for both
the roadable vertical engine dolly and the engine
handling dolly. Pcocedures outlined in this
paragraph are also applicable when installing tbe
engine or thrust chamber on the engine dollies.
The engine may be installed using either the en
gine rotating sling 01' engine vertical sling. The
roadab!e vertical engine dol.ly, with an engine
installed, is shown in figure 2-7.

NOTE
The load condition numbered strip
positions noted in this procedure
are used for initial positioning of
the engine rotating sling beam.
Minor adjustments of the beam to
either side of a strip position may
be required to leve! the load.
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I' i~ure 2-'1. !lemoving and Installing Engmc on !loadable Vertical Engine /Jolly

a. Install engine rotating sltng (;; engine ver
tical sltng on en!;ine as outlined In paragrap~

2-14 or 2-18, as applteable,

NOTE

Proceclures for using the vertical
"ling wlth a thrusl chamber are
Idenltcal to these procedures, ex
cept that the two stowed sltng links
are Installed between the two short
c:ables of the sltng lift ring and the
corners of the sltng spreader bar.

IJ, If thermal Insulation IJrackeiry Is Installed
on engine, remove outboard trunnion nuts and
washers. Remove serratecl collars and brackets
as assemblies.

c. If engine rotating sltng Is used, raise en
gine until engine can be rotatecl to vertical posi
tion without Interference. Press sling control
st~.tlon REVERSE buUon, ancl posltton sltng
beam to load condition No, 2 strip position.

d. Using facility hoist, position et'gine above
roadable vertical engine dolly with turbopump
facing ait end o! dolly.

e. Using facl1lty holst, slowlyloweranclcente'
engine onto dolly. Make sure thrust Chamber
exit ring evenly contacts dolly shock pads.

f. If engine rotating sling is used, lower
facility holst hook to relieve tension, ~",d
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position sling carriage to load ccndltlon No. 3
strip position.

CAUTION

step f must be performed prior to
step g; otherwise, loading at the
incorrect lift point, with respect
to the center of gravity, would
swing the sling beam toward the
engine, causing possible damage
to the heal exchanger.

g. Remove engine rotating sling as outlined
In paragraph 2-13.

h. If pngine vertical sling Is used, remove
sHng as outlined in paragraph 2-17.

l. Remove turbopump trunnion nuts and
washers. Install 2 turbopump mount tledown
cables bet ween lurbopul11Jl mounl pins and dolly
Iiedown rings. Reinstall nuls and washers, and
tighlen c'lbles until snug.

i. Install gimbal strut tiedown cables on gim
baloutriggers. Tighten cables until snug.

2-36A. TOWING INSTRUCTIONS FOR ROAD
ADLE VERTICAL ENGINE DOLLY G4051, The
roadable vertical engine dolly Is deslgncd to
move the engine or thrust chamber nozzle exten
sion In a vertical attitude for relatively short
distances over graded gr;,vel (or beU"r) roads.
Maximum towing speed for the roadable vertical
engine dolly Is 10 mlles PCI' hour, maximum
ramp angle with engine installed is 5 degrees,
and minimum turning radius is 212 inches
(17-3/4 feetl.

CAlJTION

The steering ge::r must not be
forced when front wheel movement
is restricted or when the tongue
Is against the stop bracket. Dam
age to the steering lie rods and
tongue", ill result.

2-37. TOWING INSTI1UCTIONS FOR ENGINE
HANDLING DOLLY G4056. The engine handling
C:olly Is designed to be moved over concrete
floors and adjacent concret~ aprons within as
sembly buildings, repair shops, or hangars.
Maximum towing speed for the handling dolly
when loaded is 2-1/2 mUes per hour, and maxi
mum unloaded speed Is 5 miles per hour. The
rear casters must be locked In thelrall position
when the dolly Is to be towed. Maximum ramp
angle with engine hlstalled Is 5degrees. When
there Is considerable dlstancp betweenpoints of
use, the unloaded dolly must be transported by
another vehicle. The pnglne handling dolly IS

2-16
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normally pulled by the towbal' with the engine
Installed on the dolly; howevel', a pa~r of clamp
on towing eyee may be used to tow th& dolly, If
necessary. When a change of dlrecllon is nec
essary while using towing eyes, the fom' dolly
casters are first manually turned in the ,Urec
tion (trail position) of desired movement.
2-38. ENGINE VEHTICAL INSTALLER G'1049.

2-39. The engine vertical Installer Is an eltdro
hydraulically operated, self-propelled lifting
and positioning unit. Th~ vertical Installer is
used to position the engine during Installation !r.
and removal from a test stand or a vertical stag".
It is 'lIsa used to position the thrust chamoer
nozzle extension during installation and removal
from a vertical engine. (Foofer to paragraphs
2-55 and 2-56. )

2-40. REMOVING ENGINE FROM ENGINE VEH
TICAL INSTALLER 04049. (See figure 2-8.)

a. Loosen and remove gimbal strut tiedown
cables.

b. Install engine vertical sling on engine as
outlined in paragraph 2-18.

c. Remove turbopump trunnion nuts and
washers. Loosen and remove turbopump mount
Iledown cables. Helnstall nuts and washers, and
stow all cables.

d. If thermal Insulation bracketry is Installed,
reinstall collars and braclcets as assembled at
turbopump trunnions. Torque nuts at bracket
to 68 ,7 in-lb. Install washer and trunnion nuts.
Torque trunnion nute to 825 flO In-lb.

e. lJsing facility hoist, lift en~ine clear of
engine vertlcallnstaller.

2-41. INSTALLING ENGINE ON ENGINE VER
TICAL INSTALLEH G4019. (See figure 2-8.)

a. !nstall engine vertical sling on engine as
outlln~d in paragraph 2-18.

b. Using facility hoist, raise and position
engine above 10:1 thrust chamber ring of engine
verllcallnstaller.

c. Slowly lower engine onto 10:1 thrust
chamber ring. Maintain tbnsion on sling.

d. Remove turbopump trunnion nuts and
washers. Install turbopump mount tledown
cables. Reinstall nuts and washers, and
torqu~ turnbuckles of cables to 40-60 In-lb.

e. If thermal Insulation bracketry is installed
on engine, remove outboard trunnion nuts and
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Fib'Ure 2-8. Hemoving and Installing Engine on Engine Vertical Installer

washers. Remove serrated collars and brackets
as assemblies. Hetain for reinstallation.

f. Hemove er.gine vertical sUng as outlined
in paragraph 2-17.

g. Install gimbal strut tiedown cables, and
torque tUrrlbllckles to 40-60 in-lb.

2-42. !'10Z7.Lr; EXTENSION HANDLING
EQUIPMENT.

2-43. The nozzle extension is held in a rigid
position during rolatlng, shipping, and storing
by N07.zle Extension Handllng f'lxture G1080.
Nozzle Extension lIandllng Adapter G4081 is
used to support the fixture- mounted nozzle ex
tension in a horizontal position during shipping
and storinp.. Engine Handier ::lllng G4052 IS

liS cd to raise or lower the n07.z1e extension in

a vertical position. Engine Vertical Installer
G4049 is used to position the oozzle extension
during removal from and installation on a verti
cal engine.

2-44. ENGINE HANDLER SLING G4052.

2-45. The engine handler sling, adaptable at a
single point to an overhead crane I is used to
lift eHher Air Transport I';nglne Handler
G4044 , with or without the engine installed, 0r

the thrust chamber nozzle extension. When
Ilftlng the air transport engine handler, the
cables with the hooks are hooked to the lifting
eyes on each front corner and on the chassis
just forwarr; or each rear wheel of the hanllier.
When lifting the nozzle extension, the four
cables storec' on the bars al'e COllllceted to the
flange plate and the lifting eyes on the nozzle
extension.
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2-46. NOZZLE EXTENSION HANDLING FIX
TURE 040,,0.

2-47. The nozzle extension handling fixture is
a conical frame structure designed to hold the
nozzle extension in a rigid position during 1'0

t.ating, shipping, and storing. The nozzle ex
tension is lowered uver the handling fixture un
til contact is made wilh shock- mounted support
pads on the base ring of the flxture. Nozzle
sxil pads are adjusted to contact the inner sur
face of the nozzle extension. Adjustable nozzle
flallge struts are extended until tl,e pads contact
the forwar'd flange of the nozzle extension.
Cables secure the flange struts in the extended
position.

2-48. REMOVING NOZZLE EXTENSION FROM
N07.ZLE EXTENSION HANDLING FIXTURE
04080. (See flgure 2-9.)

a. Using a facility hoist capable of lifting
5,000 poundS, suspend Engine Handler Sling
04052 above nozzle extension. Make sure that
nozzle handling cables (short cables) are at
tached to spreader bars.

b. Connect sling cables to 4 lUting lugs near
upper end of extension.

C On nozzle flange struts, tu~n cable ad
justing nut to upper end of screw

d. Remove qUick-release pin from each
nozzle flange strut, 11ft strut until flange pad
clears extcnblon flange, retract strut, and in
stall quick-release pin.

e. Lower each flange strut until strut con
tacts quick· release pin at apex of strut.

f. Rt,move quick-rel<:>lU!<:> pin from each
nozzle exit ntrut adjustment screw. Turn ad
justment screw untll exit strut is in retracted
position. Innlall quick-release pin in adjust
ment screw.

CAUTION

To avoid damage 10 Internal
skins of the nozzle extension,
the extension must be carefully
guided O'ler the fixture.

g. Slowly and carefully raise extension clear
of nozzle extension handling Ilxture.

2-20

2-49. INSTALLING NOZZLE EXTENSION ON
NOZZLE EXTENSION HANDLING FIXTURE
04080 (See figure 2-9.)

a. Place Noz~le Extension Handling Fixture
04080 on a flat, paved surface,

b. Using a facility holst capable of lifting
5,000 puunds, suspend Engine Handler Sling
04052 untll sling spreader bars clear floor.

c. Remove nozzle handling cables (short
cables), which are stored on sling spreader
bars.

d. Attach nozzle handling cables to spreader
bars in place of engine handling cables (long
cables).

e. Connecl cables to 4 lifting lugs III _ upper
end of nozzle extension.

f. Check that nozzle flange struts on fixture
are in retracled position.

g. On no~zle flange struts, turn cable
adjusting nut to upper end of screw.

h. Remove qUick-release pin from apex end
of each nozzle flange strut, Jlft strut until pin
can be inserted through upper hole under strut,
and then lower strut agatnst pin.

I. Temporarily secure forward lifting cable
near pad end or one nozzle flange strut.

NOTE

Securing the cable to the strut
makes the cable accessible after
the nOZZle extension Is installed
on the fixture.

j. llemove quick-release pin from adjustment
screw on nozzle exit strut located to left ar,d
right of fixture zero-degree index point. Turn
adjustment screw until strut Is In neutral po&i
tiOD. Install qUick- release pin.

k. Using procedure in step J, except for re
Installation of qUl"k-release pin, retract 'Ill
remaining nozzle exit struts.

1. Using holst, slowly lift nozzle exlonsion
approximately 7 feet. Suspend extenslor. over
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Figllre 2··9. llemovlng and Insta1lJng Nozzle Extension Oil Nozzle Extension Handling Fixture
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s. Torque each noz"lo flaJ\~;p. «trut cable pr.e
load nut to 35-40 in-lb, 'j'0! 'ill" earh jarnnut to
170-230 in-lb.

CAUTION

To avoid damaging internal skins
of the ""nle extension, the ex
tension must be carefully guided
over the fixture.

m. Slowly and carefUlly lower nozzle exten
sion untll it simultaneously eontacts the 2 neu
tral nO~7,le exit strut pads and the 8 base ring
pads. Allow full weil(ht of nozzle extension to
rest on base ring pads.

n. 11 nozzle extension is out-of-round and gap
betw"en extension and any of the strut pads ex
cel'ds 5 inches, ..eadjust ueutIal pad stmt to
provIde a more concentric placement of exten
slon on fixture.

o. starting with the 2 nozzle exit struts
opposite the 2 neutral struts, turn adjustment
screws until all strut pads llghtiy contact
nozzle extension,

p. Torque adjustment screws on 3 nozzle
exit struts, loeated between and opposite the 2
neulral struts, to 300-450 i... ·lb. Torque
adjuslnwnt screws on rcmaininf( 3 struts to
300-450 in-lb. Install quick-release pins in
adjust ment sere-WS.

'1. HemOVfl q~'l('k ... rpl"~~f' pin from Hdjt1~t ...
ment Gcrew on the 2 neutral nozzle exit struts.
Torque adjn&tment SCTl'W to 300,·450 in .. lb.
Insta II qUick- 1'<' leabc pin.

NOTE

To llnrl the apr,! opriate fJallf~e

hole, the IJange strut must be
moved sidllwaYfi in each clireclJolI
until it 8tOpS. The 8vpropriate
n~nge hole is the hole nearest
the c~nt"r or full travel.

r. Lift each nozzle, lla.nge strut, and remove
quick-release pin, Extend strut untlillange
pad engages ~~tcnslon !lange with alln~ment pin
of pad In appropriate hole in flange, and ITlBert
qUlck-I'elease pin in hole in strut.

2-22

t. Disconnect tal,l", from liftlng lugs, and
remove sling.

2- 50. NOZZLE EXTENSION HANDLfNG
ADAPTER mOBl.

2-51. Th9 nozzle extension handling adapter is
used to support tile flxture-UlOunted nozzle ex
tension III a horizontal position during shipping
and storing. Two facility hoists capable of lift
ing a minimum of 5,000 pounds arc reqUired to
remove ',he fixture-mounted nozzle extension
from the handling adalIter and to rotate it to th'l
vertical pasltlon.

2-52. HEMOVING FlXTUHI::-MOUNTED
NOZZLE EXTENSION FHOM NOZ7.LE lOXTEN
SION HANDLING ADAPTEH 0I0BI. (~~e

figure 2.. 10.)

a. Attach forward lilting cable, on nozzle "x
tension handling fixture to a facility hoist that
is capahle of lilting ~,OOO pounds.

b. Make sure that aft hoist extension on
handling fixture Is in extcnd"d position and Is
secured WIth qulcl,-release pIn,

c. Attach a 3/4-illch sl'arkJe to aft hoist ex··
tension.

d, C'Ollnflrt honk frOlIl scronrl. f(lciJity huist
to "hackle.

e. Using facility hoistR, remuve slack from
forward and aft cables.

f. Back Ollt base ring strIp bolt.

CAUTION

'Ihe loaded fixture must not lie
allowed to rotate from the hori
zontal position since damage
to the aCluipment call result.

g. Remove quick' release plrll) 01 each turn
buckle at fixture hall- joint bracl;ct. Stow tnrn
buckle on bracket vf 1I0?,zle extellsion handling
adapter,
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I'igm'e 2-1l. Hemoving and In6talll'l~ No/.~le Extension lIandlin~ Fixture
(Nozzl~ Exte )s\on Instan",\) on Nov.le Extension Handling Adap\er

h. Loa': " :, ',' '1I1 0 et T-holt that securer;
forwarc. '. l '. I I" to

1. Slo\\.l .: _'.. , j Wling cavia until
lotward suppu·' :' n b.:-a diocngaged. Swing sup
port forward untll er.d rests on floor.

2-53. lNSTALJ,lNG FIXTURE·MOUNTI:n
NOZZLE EXTENSION ON NOZZLE EXTENSION
HANDLING ADAPTEH 04081. (Sec figure 2·10.)

fl. Install nozzle extfl'nsion on nozzle exten
sioll handllll\l lixture (par~graph 2-49).

j. Slowly raise cables until loader! fixture is
approximately 4 feet above floor.

k. Lower aft cable until noz11e extension is
in vertical p0sition.

1. Remove cable hook and shaekle from af\
hoist extension. Hetract extension and secure
wilh quick-release pin.

'I'. SlOWly lower forward lifting cable until
loaded f\xture rests on floor. Disconnect cable
from facility hoist.

h. Connect forward liltin!: cable o[ fixture to
a facility holst that is capable of liflillg 5,000
pounds. Slowly lift loaden fixture approximately
4 feet above floor.

c. F.xtend aft holst extens iOI\ [rom fixture
and secure with quirk-release pin.

d. Attach a 3/4- inch shackl~ to aft hoist ex
tension.

2-23
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e. Connect hook from ~econd facility hoist
to shackle, and slowly lift aft end of fixture un
til nozzl~ ext~nsion is in a hodzontal posItion.

f. On nozzle extension handlinll a(!apter,
dio~ngage fOl"ward support from stored posItion
and swing it forward until end rests on floor,

g. Back out hasc ring stOll bolt.

". Positio" loaded fixture oyer adapter
UJltll hall joints on fixtnre and adapter are
a lined.

i. Slowly IO\V"1" loaded fixture until ball
j(dnts ar(> matrcl. Do llot l"elieve tension Oil

(',~hl('s.

J. On adapter, H\\!ing- fon.....ard support to
v('l'ti('al posHinll. and aHnp hall joints un
Ih.hll'p and adaph'r.

CAUTION

Th" load"d fixtul'(' nll",t not !J('
allowed to rotate from the I"H'i
zOlltal posilion after the hall
Joints arc seatf'd, t-:.ince danlagf>
'll tbe ('C!ulpment C,lI1 reH,dt.

k. SlOWly lower fixtul"" until "II ball Jolntl;
art' IH'oJ)(,l'ly f;valed, Se('uro forward support
haH joillt with T .. holl. Torqu(' ,,"l to 240-aOO
in-lb.

I. H('move lower elld of each turnbuckle
frolll hrackets on a(~\jlter. Attach turnhu('kl~H

t'J fixture hall-joint h!'aeket with qUick-r"lease
pins,

m. Torqu" tnrnlmcklcs to 240-300 In--Ih
and turnbuckll' stopnu!s to 00-120 in-lb.

n. Adjust haHe ring stop holt until it contacts
fixture. Torqu(- stopnut to 360-480 in-lb.

o. Disconnoot hoist cables from aft boist
extension and forward liftiny; cahle. store
forwa I'd lifting cable at forward support of
adapter, and move aft hoist extension in
retracted position and secure with quick
release pin.

2-24

2-54. ENGINE VEHTICAL INSTALLEH G4049.

2·55. HE MOVING NOZZLE EJlTENSlON FliOM
ENGiNE Vl;HTICAL INSTALLEH G4049. (I:"e
figure 2-11.)

a, Disconnect lift ·platform liedown cables
from nozzle t~xt("Jlsion.

b. Using a facility hoist capable of lifting
5,000 pounds, suspend Engine Handler Sling
G4052 aboye nozzle extension. Make S'lre
that no~zlc handlin~ eablcs (s;lOrt cabli,,) aI'''
attached to sling spreader bars.

e. Connect slin~ cables to 4 Jiftinr, lu~s

near upper fHH)Il( nozzle extension.

d. Slowly 11ft noz"l" extenHlon r1~ar of
engine yert.c'li installer.

2 .. 56. INSTALL1NG NOZZLE EXTENSION ON
ENGINE VEHTICAL INSTALLF:H G4049.
(Sec fi/1ure 2 -I t. )

a. HDn-lOve n02Zilc ('xtPllsion from nozzle
extcnsion handlinl: fixtur!' as outlincd in pat'a
~l'aph 2-48.

b. Usin/1 a fadlity hoisl capable of lillln/1
5,000 })tlunds, sUft)lcnd Engin(' lIandlcr Sling
(;4052 abovp nO.lzle extension. Make SUl'C'

thaI no""I" handling cablPs (shot'! cahh'H) ar('
attached to slint: 'Ill'eadel' IJ" rs.

{', Conned slirlf~ cahJ(is Lo -1 lifting Itl~s neal'
UPJ}P.t' C'l1d of nozL:!p extClwjon.

d. Lift and position no~zle pxtension aboye
Pllginc Vl'rl ical installer I and carfloCully lower
Ollto 1lJ:1 J'iJlV- of illsta Ii"r.

e. IknJOv(' handlcr blin!( cabtes, and Install
lift-platform tiedown cab!('s on nozzle pxtension
lifting lugs.
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TEMPERATURE TRANSDUCER INSTALLER AND REMOVER KIT G2038 AND
COMPONENT HANDLING FIXTUHE SET G4068 MUST DE OPERATED BY
AUTHOHIZED PEHSONNEL TH,\INED IN THE USE OF THE EQUIPMENT,
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SJ,;CTION III

COMPONENT REMOVAL AND INSTALLATION

WARNING

ScctlOn III
Paragraphs 3-1 to 3-7

I
3- I, SCOPE, This section contains the
dctailed proccdures for rcmo\'nl and installation
of engine components, parts 01 certain installed
components, and the resulting effects on the
engine. The procedures arc orlCnted for a
single, un installed engine in the vel'tical posi
tion. With the engine in any other posilion,
the procedures may he used only as a guide,
since reqUirements mayor may not apply,

3-2, EFFECTS OF COMPONENT nEINSTf.L
LATION AND HE;PLACEMENl.,

3-3. The scope of component reinstallation and
rt'placement affecting the engine covers a broad
area of data. As a rcsult of maintenance tasks
in this manual, thc clata has heen separated into
fOUl' categ:ori(as: crrects on cn~lne nlinement,
post· maintenance lest requirements, effects on
thcrmal insulation bracket~, and the effects on
engint performance, The data covering effects
of ('omponent reinstallation and replace ..wnt Oil
engine alincmcnt, engine performance, and
therlllal insulation brackets is tabulated in
figure 3- L The post- maintenancc test require
ments nece~sny to restore the integrity of the
enl~ine systerns are tabulated In section IV.
Thc tndivlduat component replacement effects
on engine performance at sea level are con
tained In R-389li-lI, The procedure for
determining the maximum expected performance
deViations for individual engines due to multiple
component replacement is contained In R-3896-1.
Removal and installation procedures for thermal
Insulation brackets are contained In R-3896-6.

3·4. EFFECTS OF COMPONBNT REINSTAL·
LATION AND REPLACEMENT ON ENGINE
ALINEMENT, THERMAL INSULATION
BRACKETS, AND ENGINE PERFORMANCE,

3-5, Figure 3-1 lists the alinementH requircd
following the installation (aI' reconnection) of
engino components and lines. An "X" under an
alinement procedure in one of ihe Alioement
Hequired columns denotes applicability of the
alillement task t" the correspondIng It'lm listed
In the Englnc Components and Lines column.
The components and lines are listed in the samc
sequence as the pro~edurcs appeal' in this scc
llon. The listed alinemcnt tasks cor""spond to
sp()clfic alincment tasks in this s"ction that are
presented as scparate tasks under a sep'lrate
paragraph title lind do not include alincment
tasks that nre an integral part of an Installation
procedure. Two addi tional columns arl~ included
with the alinenwnt tasks to indicate conlponent
replacement effects on thermal insulation
brackets and on engine porformance. A
refercnce Is made to the applicable H-3890
scrh~H I'lanual that contains the detailed
procedure.

3-0. ENGINE SEAL AND ,JOINT DATA.

3-7, Most of the engine system joints and the
data pertalnlllg to the joints (lubrication used,
torque valnes, etc) arc included as part of the
specific componeot removal and installation
procedures. Figures 3-2 lind 3-3, schematics
and legends, provide the location and descrip
tion of each joint, type of joint and sl'al required,
lubricant used and method of application, torque
value appl1ed at joint lasteners or connector,
and a reference to figure 3-2A for type of
protective closure reCOm mended if joint is
disconnected. Specified lubricating procedures
(methods) are outlined in section I. A refer
ence to figure 3-1 Is noted in the legend for
joints where allnement requirements apply.
The schcmatics are zoned, and cach joint is

Change No.7 - 24 March 1972 3-1
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assigned a code number to aid in identification
and cross-reference between ('ach schcmatic
and its legend. The code designation identifies
the type of fluid used at a specific joint and the
location of the Joint. Figure 3- 2A prOVides
recommended protective device data for
component openings. Clean polyethylene bags
or ftlm may be used as temporary closures
(4& hours maximum) to protect open joints.
The data tn figures 3-2 and 3-3 does not
include methods for performing component
removal and installation and is not intended
fOl' use in place of detailed component removal
and instatlation procedures. (For information
concerning the description of the various types
of seals, refer to seal description in R-3996-1. )
Flutd identification used in the legends Is as
follows:

Fluid Identifical10n

~ Code

Oxidizer 0

Fuel F

Hydraulic c,mtrol HC

Exhaust E

Helium II

NItrogen N

3- 2 Change No. 7 - 24 March 1972
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Paragraph _ _ ,€ _ ¢o _ ¢ _ t-- o
I I I I I I I I I I € I

\ _ino_ents_ _ _ °

' lS a_ t9

o =

1. Engine control har-
nesses and cables

2. Flight instrumentation
harnesses and cables

3. Quick-disconnects
and adapters.

4. Flight instrumentation
pressure transducers

5. Turbine inlet manifo!d

temperature transducer

6. Envlromnental temper-
ature transducer

q. No. 2 tuel inlet tem-

perature transducer

8. Primary junction box
O. Oxidizer tlowmeter

10. Heat exchanger check
valve

11. Wrap-around ducts
and hoses

11A. Heat exchanger and
turhopump turbine

12. Heat exchanger and
heat exchanger ducts
and hoses

12A. Igniter fuel supply tube I

1.2B,Engine supply tube

13. Fuel high-pressure
duet spacers and seals

X X X

X x X

. , ,,, ,

(a) Refer to R-3896-I1 for component replacement effects on engine performgnce at sea level.
(b) Re!er to R-3896-6 for thermal insulation brackets removal and lnstallatlo _ procedures,
(g) Refer to paragraph 3-I04A for alinement for igniter fuel supply tube or m,glne supply tube.

X

Figure 3-1. Component Relnstallation and Replacement Effects on Engine Alinement_ Thermal Insulation
Brackets, and Engine Performance (Sheet 1 of g]

Change No. 7 - 24 March 1972 3-2A/3-2B
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(

(

\
k'_ A!ioem onts

\ Required

\
\

\
\

\
\

\
\

E'tgine Componeots \
and Lines

4, Fuel valve to fuel
mamfold or if ice plate

[5. Oxidizer high-pressure
duct spacers Ulld soalfJ

[6. Oxidizer v,'dveto oxi-

dizer dome pressure-
actuated se,'d

17, No. 1 fuel high-
pressure duct

18. No. 2 fuel high-
pressure dttct

t9, No. I oxidizer high-
pressure duet

)_0. No. 2 oxidizer high-

pressure duct

]1. No. 1 fuel v,'dve

t2. No. 2 fuel v,'flve

t3. No. 1 oxtdizm' valve

No. 2 oxidizer valve

Fuel v,"dveposition
transducer_

I!} Refer to R-3896-11 for component replacement effects on engine performance at sea level.Refer to R-3896-6 for thermal insulation brackets removal and installation procedures.
Alinement required if component replaced.

(g) Refer to paragraph 3-104A for alinement for igniter fuel supply tube or engine supply tube.

Fig'ure 3-I, Component Reinstallatinn and Replacement Effects on Engine Alinement, Thermal Insulation
Brackets, and Engine Performance (Sheet 2 of 6)

Change No. 7- 24March 1972 3-3
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Section Ill

Paragraph

, \
k Alinements

\ Required

\
\

\
\

\
\

\
\

Engine Components \
m_d Lines

R-3896-3

Volume I

26. Oxidizer valve position
tra_sducers

27. Oxidizer dome purge
check vMve

27A.Sequence valve

28. Bearing coolant con-
trol valve

29. Bearing coolant con-
trol valve filters

30. Hypergol manifohl

31. Hypergol m,'mlfold
cartridge container

32. tIypergol m_mifold car-
fudge installed switch

32A,Ignltionmonitor valve
cup

33. Engine control vMve

34. Engine and C_xSE
hydraulic supply
cheek valves

15. Engine control
valve filters

15A.Four-way solenoid

]6. Redundant shutdown
valve

17. Thrust OK pressure
switches

a_) Refer to R-3896-11 for component replacement effects on engine performance at sea level.
Refer to R-3896-6 for thermal insulation brackets removal and installation procedures.
Refer to paragraph 3-104A for alinement for igniter fuel supply tube or engine supply tube.

Figure 3-1.

X

(
J

Component l_einslallatlon and Replacement Effects on Engine Alinement, Thermal Insulation

)

3-4

Brackets, and Engine Performance (Sheet 3 of 6)

Change No. 0 - 29 November 1971
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38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

\
\
\

\

R-3896-3 Section II1
Volume I

Engine Components \\ _ _ ®o
Inert prcffll check
valve

Checkout valve

Checkout valve actuator

Gas generator fuel duct

Gas generator oxidizer
duct (duct end)

Gas generator oxidizer
duct (valve end)

C_as generator ball X
valve

Gas generator X

Gas generator ball
valve positio_ switch

Gas generator oxidizer
purge check valve

_lectrical cable sup-
port post

Interface I_anel to oxi-
dizer insulation seal

Interface panel

Gimbal bearing X

(a) Refer to R-3896-11 for component replacement effects on engine performance at sea level.

l(b) Refer to R-38q6-6 for thermal insulation brackets removal and installation procedures,

X

X

X

X X

X

Figure 3-1. Component Reinstallalion and Replacement Effects on Engine Alinement, Thermal Insulation
Brackets, and Engine Performance (Sheet 4 of 6)

Change No, 5 - 8 March 1971 3-5

!



I

Section HI R-3896-3
Volume 1

\ _,_ -I _-_ _ Lt_ _ _Q L_. G_ *-< €_

Paragraph o° ,_ ,_ ,_ o,-4 _, ._ _ ,o © _o r- t-o i I I t I I

\ Allnementsrequlred_ _ _

\

52. Associated engine X X X X X X
cqulpmet_t

_J

_3. Gimbal bearing, c_l-
dlzer dome, and

thrust chamber injector

i4. Gimbal bearing and
oxidizer dome

X X

X X

X

X

i5. Oxidizer dome and
thrust chamber

injector

X X X

56. Oxldizer dome X

57. Thrust ch_nbcr X

injector

X

X x(d)

58. No. 1 fuel inlet elbow

_9. No 2 fuel inlet elbow
(engines incorpo-

rating MDg_ change)

)0. No. 2 fuel inlet elbow
(engines not incorpo=
rating MD9._66change)

H. Turbopump

_IA. Turbopump heater
thermostat

62. Fuel impeller balance
cavity su_ly tube

x (c) x

X (c_ X

x(c) x

X X X X X x X X X X (e}

{a) Refer to R=3896-11 for component rep]acemsnt e/tests on engine performance at sea level.
(b) Refer to R-3896-6 for thermal insulation brackets removal and installation procedures.
(c) Alinement required if component replaced.
{d) Single-engine hot-fire test required.
{e) Componest hot-fire test required.

Figure 3-1. Component Retnstallallon and Replacement Effects on Engine Alinement, Ther:nal Insulation
Brackets, and Engine Performance (Sheet 5 of 6)

3-6 Change No. 6 - 29 November 1971
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f

(
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Paragraph

\
\

\
A11nements

\ Required

\
\
\

\
\

\
\

\

Engine Components \\
and Lines

63. Fuel impeller balance
cavity return hose

63A.Fuel drain manifold

54. Engine variable
orilicos

55, Thrust chamber body (d)

56. Thrust chamber noz-
zle extension(f)

B-3896-3
Volume I

_7. Oxidizer and nitrogen
overboard drain lines [0

58. Fuel overb0_rd
drain lines( f )

_9. Hypergol cartridge (f)

70. Igniters(f)

?1, Igniter harness(f)

12. I_:::_f_ce panel access

73. Thrust chamber _roat
security closure

74. Engine environmental
cover(f)

75. Fuel inlet elbow-to-
interfac_anel insula-
tion boofll)

76. Turbopump oxidizer
htlet

in) Refer to R-3896-11 for component replacement elfects on engine performance at sea level.
,b) Refer to B-3896-6 for thermal insulation brackets removal and installation procedures,
:d) Single-engine hot-fire test required.
:f) Refer to R-3896-11 for component removal and installation procedure,

Section IiI

Fibnare 3-1, Component Reinstallatioa and Replacement E.'lects on Engine Alinement, Thermal Insulation
Brackets, and Engine Performance (Sheet 6 of 6)

!
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° ! 1
\ , A 2 ,,4X 3 /N

Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,
and Pressuri.zation Systems (Sheet 1 of 20)

3-O Change No. 4 - S October 1970
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Lube

and Type, ,
Code Zone Joint Description Metllod Closure [a t

OXIDIZER PROPELLANT FEED SYSTEM

(
\

I

0-I

0-2

0-3

0-3

0-4

0-4

A6

A6

F9

F1

F9

F1

Oxidizer suclion duct to oxidizer I)ump

Oxidizer punm to No. 1 oxidizer high-pressure
duct(C )

Flange on duct
J?re_surc-actua.led seals

Spacm
Flange on pump
):'lange bolts (torque to 1,150-1. 250 in-lb)

No. 1 oxidizer bigh-pressure duct to No. 1 oxidtzer
valve(c)

Flange on duct
Pressure- actuated seals

Spacer
Flange on valve
Flange bolts (torque to 1,150-1,250 in-lb)

No. 2 oxidizer I\igh-pres,sure duct to No. 2
oxidizer t, alve( ej

Flange on duct
Pressnre-aetuated seals

Spacer
Flange on valve

Flange bolts (torque to 1,150-1,250 in-lb)

No. 1 oxidizer valve to thrust chamber oxidizer
_Iome(c)

Flange on valve
Pressnre-act,ated sea!

Flange on dome
Flange bolts (torque to 1,150-1,250 hl-lb)

No 2 _xidizer valve to thrust chamber oxidizer
do me (c)

Flange on valve
Pressure-actuated seal

Flange on dome
Flange bolts (torque _:o 1, 1,_0-.1,250 in°lb)

(b)

None

None

None

NOlle

None

NGne

0-5 A6 No. 2 oxidizer high-pre±_ure duct to gas generator
oxidizer duct (duct end)/C)

Flange on h_gh.-pressarc duck
Orifice plate None

Flange on gas generator duct
Flange bolts (torque to 350 :_10 ln-lb)

.J

(a) See Iigure 3-2A for closure descriptitn and It-3896-4 for attaching hardware.
(b) Customer connection.

(c) See figure 3-1 for alinement requirement.

Figure 3-2.

(b)

A2and4

AF 1
AB

A4

A 2 and 4
AF 1
AB

A4

A 2 and 4
AF 1
AB

A4

A4

Ar 1
A 2 and 4

A4
AFf
A 2 and 4

Cl

AF 1 u:" 2
G or B3

Seal and Joint Schematic for Engine Propellant Feed, tlydraullc Control, F,'haust,
and Pressur_zation Syt_te,ns (Sheet 2 of 20)

Change No. 4 - 8 October 1970 3-9



Section Ill R-3896-3

Volume 1

Lube

and :yprecCode Zo1,.e Joinl Desc:iption Melbod CI (_)

OXIDIZER PROPELLANT FEED SYSTEM (cent)

0-6 B6 Gas generq.tor oxkhzer duct (duct end) to gas
generator ,Jxldizer duet (valve end)

Flange on duct end G or D 3

Orifice plate None AF' l or 2
Seals None AF I

Flange on valve end G or B 4

Flange nuts (torque to 125 25 in-lb)

0-7 B6 Gas generator oxidizer duct (valve end) to _,as....
generator bail valve

Flange on gas generator duct G or D 1
Seal None AF ! or 2

Flange on gas generator ball valve B 1
Flange bolts (torque to 350 .t5 m-lb)

0-8 G6 Oxidizer dome to heat e×changer cheek valve
Flazlgc on oxidizer dome C I
Pressure-actuated seal None AF 2

Flange on check valve (donle end) G or AL l

Flange nuts (torque to 255 :_5 i_-ib)

0-9 E0 Heat exchanger check valve to oxidizer
Howmeter

Flange (check valve to flowmeter) G

Pressure-actuated seal None AF 2

Flange (flow,aeter to check valve) G
Flange nuts (torque to 255 :_5 in-tb)

0-10 E6 Oxidizer flowmeter to heat exchanger oxidizer
Supl_ly hose( c}

Flange on fiowmcter G

I)rcssure-actuated seal None AF 2

Flange on supply Ilose G
Flange bolts (torque to 255 ._5 in-!b)

0-11 C9 Oxidizer supply hose to heat exchanger oxidizer
bypass llo._e(e)

Flange on supply hose F4
Orifice l)!ate None AF 2
Seals None AF ! or 2

Flange on bypass hose G

Fia0ge bolts (torque to ]00 }10 in-l|:,)

0-12 C9 Oxidizer }Jpass hose to GOX duct (heal
exchangel enel)(c)

F1 tr fieon bypass hose G
P*essure-art_*ated seal None AF 2
Flange on GOX duct F4
Flange bglts (torque to lO0 +10 in-llQ

(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware.

(c) See figure 3-1 for alinelnont requirem_e_nt-- ................

Figure ;:-2. Seal and Joint Schematic for Enginc Propellant Feed, Hydraulic Centrol, Exhaust,
and Pressurization Sy._tems (Street 3 of 20)

3-10 Chaage Ne. 4 - g October, 19'10
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Section In

~--

L~~e I ...."..nd Typc (
Method Closure a)

R-3896-3
Volume I

ZoneCode Joint Dcscription
---+--+-----------------+----+------

0-13 C8

OXIDIZER PHOPF.:LIANT FEED SYSTEM (colll)

Oxidi7.cr supply hOf,e to heat cxchanger(c)
Flange on supply hose
Pres~ure-actuatedseal
Flange on hea l exchangcr

None
G
AF 2
C 6

C8 Hent exchanger t9 GOX return duct (heat
excllanger eud)(C)

Flange on heat exchanger
Pressure-actuated seal
Flange on GOX return duct
Flange bolts (torque to 295 ±IO in-Ib)

None
o 6
AF 1
Gar C 9

0-15

C··16

B9

G6

GOX duct (heat exchanger end) to heat exchanger
wrap-around duct(C)

Flangc OIl GOX retl!:n duct
Pressure-actuated seal
Flange on GOX wrap-around duct
Flange nuts (torque to 265 ±10 In-Ib)

Oxidizer dome to thrust chamber injectcr(c)
Flange on oxidizer dome
Gasket
Flange on injector
Inner dome bolts (torque to 685 .,,15 ft-Ib)
Seals (dome bolts)
Plugs (dome bolts) (torque to 105 +5 ft-Ib)
Outer dome bolts (torque to 335 .15 ft-Ib)
Washers

None

None

(e) A
(d) H
(e) A
(,)) A
(e) F

Gar C 10
AF 2
Gar C 10

H I and 2

E 1

I
I

J 1

E 2

(b)
AM

(h)
AM

(b)

(f) K

U6

D7

D1

0-17

,,"-1

F-I

Thrust chamber injcctor to thrust cMmber fuel
inlet manifold(c)

Flange on injector(g)
Seal, upper
Flan~c on fucl manifold(g)

FUF:C. PHOPELLANT FBF.D SYSTEM

Fuel suction duct to No. I fuel ielet elbow
Flange on No. I f'lel Inlet elbow (un! nstalled)

engine)
Fuel suction duct to No.2 iuellnlet elhow

Flange on Nt:. 2 fuol inlet elbow (uninstallcd
engine)

(a) Sec figure 3-2A for closure description and H-3896·1 for attaching hardwarc.
(oJ) Customer conncction.
(c) Sec flg\lre 3-1 for ali nemcnt requlren.cnt
(d) Fluorinated all Krytox 113AZ (flu Pont) or luhricanl grease HB0140-012 (Hooketdyne).
(e) Lubricanl grease HB0140-012 (Hockeldyne).
(f) FSI281 greasc (Dnw Cornlnf, C"rp).
(g) Comprcsscd by outcr dome holts.

---- -_._- -----~----------,----- ----~"..._-----
Figure 3-2. Seal and Joint Schematic for l';nr,ine Propellant Fecd, Hydraulic Control, Exhaust,

and Pressuri7.atlolJ SY:Jtems (Sheot 4 of 2())

Change No.5 - 8 March 1971 3-11



Sectionill R-3896-3
Volume I

Code

F-2

F-2

F-3

F-3

F-4

F-4

Zolte

B6

B6

B0

B6

G7

G3

Joint Description

FUEL PROPELLANT FEED SYSTEM (coat)

No. 1 fuel inlet elbow to fuel pump (e)

Flange on inlet elbow
Seal plate
Flange on fuel pump
Flange bolts (torque to 470 _-lO in-lb)

No. 2 fuel inlet elbow to fuel pump (c)

Flange on inlet elbow
Seal plate
Flange on fuel pump
Flange bolts (torque to 470 ÷10 in-lb)

Fuel pump to No. 1 fuel high-pressure duct (c)
Flange on fuel pump

Seal plate
Spacer
Seat plate
Flange on fuel high-pressure duct
Flange bolts (torque to i, 150-1,250 ft-lb)

Fuel pump to No. 2 fuel high-pressure duct (c)

Flange on fuel pump
Seal plate
_paeor

Seal plate
Flange on fuel high-pressure duct
Flange bolts (torque to 1_ 150-1,250 ft-lb)

No. 1 fuel high-pressure duct to No. 1 fuel
valve(C)

Flange on fuel high-pressure duct
Seal plate

Spacer
Seal/)late
Flange on fuel valve
Flange bolts (torque to 1,150-1,250 ft-lb)

No. 2 fuel high-pressure duct to No. 2 fuel
vatve(C)

Flange on fuel high-pressure duct
Seal plate
Spacer
Seal plate
Flange on fuel valve
Flange bolts (torque to 1,150-1,250 ft,lb)

Lobe

and Type I_
Method Closure'-'

K1
None AF 1

K1

K1
None AF 1

K1

KI

None AF 1
None AB
Nolle AF 1

A I and 4

KI
None AF I

None AB

None AF 1
A 1 and 4

A 1 and 4
None AF 1
None AB

None AF 1

A4

A 1 and 4
N_me AF 1

None AB

None AF 1
A4

(a) See figure 3-2A for closure description and R-3896-4 for attaching, hardware.
(c) See figure 3-1 for alinement requirement.

rFigure 3-2. Seal and Joint Schematic for Eegine Propellant Feed, Hydraulic Control, Exhaust,

\

( )

)

/ )

and Pressurization Systems (Sheet 5 of 20)

;'-12 ' Change No. 4- 8 October 1970



Code

F-5

F-5

F-6

F-7

F-8

F-9

Zone

G7

G3

B5

B5

F7

E5

R-3896-3
Volume I

Joint Description

FUEL PROPELLANT FEED SYSTEM (cont)

No. I fuel. valve to thrust chamber fuel
manifold(c)

Flange on fuel vahe
Orifice plate
Flange on fuel manif01d
Flange bolts (torque to 1,150-1,250 ft-Ib)

No.2 fuel valve to thrust chamber fuel
manifold(c)

Flange on fuel valve
Orifice plate
Flange on fuel manifold
Flange bolts (torque to 1, 150-1, 250 fI.-Ib)

No. 2 fuel high-pressure duct to gas generator
fuel duct

Flange on fuel high-pressure duct
Orihee plate
FI,nge on gas generator fuel duet
Flange bolts (torque to 280 ±10 in-Ib)

Gas generator fuel duct to gas generator ball
valve

Flange on fuel duct
Seal
Flange on ball valve
Flange bolt (torque to 550 dO in-Ib)

No. 1 fuel high-pressure duct to igniter fuel
supply tUbe(c)

Flanp;e on fuel high-pressure duct
O-ring
Spacer
O-ring
Flar.ge on igniter fuel supply tube
Flange bolts (torque to 60 ± 5 in-Ib)

Igniter fuel supply tube to igniter fuel valve (e)
Flange on igniter fuel supply tube
0- rin!;
Spacer
0- ril'g
Flange on Igniter fuel valve
Flange bolts (torque to 60 ±5 in-Ib)

Lube.
anu

Method

None

None

None

None

(e) K
None
(elK

(elK
None
(e) K

Sectio',l III

Tvpe
Clo~ure(a)

A 4
AB
A 3 and 4

}\ 4
AB
A 3 and 4

C 2
AF I
G or C 2

G or B2
AF 1
C 8

F4

AB

Gorl'4

G or F 4

AB

F4

(a) Sec figure 3-2A for closure description and R-3896-4 for attaehing hardware.
k) Sep figure 3-1 for alinemcnt requirement.
(e) Lubricant gre,se RBOI40- 0 12 (Hocketdyne).

Figure 3-2. 3eal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,
and Pressurization Systems (Sheet 6 of 20)

Chan!;e No.4 - 8 October 1970 3-13



Section III R-3896-3

Volume I

Lube

and Type ,, ,
Code Zone Joint Dcmcrlption Method Closure ta/

FUEL PROPELLANT FEED SYSTEM (coat)

F-1O

F-ll

F-12

F-13

F-13

F-14

E6

G6

E7

G6

G6

G6

Hypergol manifold to hypergol manifold outlet
hose

Flange on hypergol manifold
Seal plate
Flange on manifold outlet _.ubc
Flange bolts (torque to 85 _ 5 in-lb)

Hypergol manifold outlet hose to thrust chambel

injector
Flange on manifeld outlet tube
Seal plate
Flange on thrust chamber in!ector
Flange bolts (torque to 85 _5 in-lb)

No. _ fucl hlgh-pressure duct to gimbal supply

plate

Flange on fuel high-pressure duct

Seal plate

Gimbal supply plate

Flange bolts (torque to 60 :L5in-lb)

Prcfitl wrap-around hose to inert prelill check
valve( c )

Flange on prefill wrap-around hose
Seal

Flange on inert prefill check valve
Flange nuts (torque to 100 _10 in-lb)

Inert prefill check valve plate to inert prefill
check valve {prefiIl wrap-around hose nut
installed)

Inert prefill check valve plate
Seal

Flange on inert prefill cheek valve

Flange nuts (torque to 100 _I0 in-lb)

Inert prefill check valve to thrust chamber
fuel manifold

Flange on inert prefiil check valve
Retainer

Packing
Retainer

Flange on fuel manifold
Flange nuts (torque to I00 ÷I0 in-tb)

None

None

(b)

None

None

(e)J
(c)J
(e)J

FI

AFI
GorL5

GorL5

AF I
L 5

C5

(b)
(b)

G
AF1
MI

None
AF 1
M1

G

M1

_'_ See figure 3-2A for closure description and R-3896-4 for attaching hardware.

(b) Customer connection.
(c) See ligure 3-1 for alinement requirement.

(e) Lubricant grease RB0140-012 (Rocketdync).

, t

Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,

)

)

)
and Pressurization Systems (Sheet 7 of 207

1-14 Change No. 4 - 8 October 1970



R-3896-3
Volume I

Section III

Lube
and Type

Code Zone Joint Description Method Closure(a)

FUEL PROPELLANT FEED SYSTEM (cant)

F-15 B4 No.2 fueilnlet elbow to turbopump fuel bleed hose
Flange on fuel inlet elbow L4
Seal plate None AF I
Flange on fuel bleed hose Gar L 4
Flange bolts (torque to 25 ±2 tn-Ib)

F-16 B4 Turbopump fuel bleed hose to No. 2 fuel high-
pressure duct

Flange on fuel bleed hose Gar L 6
Orlflce plate None AB
Flange on fuel high-pressure duct L6
Flange bolts (torque to 25 ±2 in-Ib)

F-17 C6 Bearing coolant control valve to No. I and No. 2
bearings lube feed line

Flange on bearing coolant control valve L6
Seal plate None AF I
Flangts on bearing lube feed line <:. or L 6
Flange bolts (torque to 40-50 in-Ib)

F-18 B6 No. I and No. 2 bearing lube feed tubes to
turhopump

Coupling nut On bearing lube feed line (torque Nonl~ N4
nut to 180- 200 in-Ib)

Ring None
Fitting On turbopump None AJ I

F-19 C6 Turbine bearing lube feed hose to bearing cooiant
control valve

Flange on bearing lube feed hose Gar L 6
Seal plate None AF I
Flange on bearing coolant control valve L4
Flange bolts (torque to 40- 50 in-Ib)

F-20 C6 Turbine bearing support lube feed ho.e to
turbopump manifold

Flange on lube feed hos~ Gar L 6
Flange on turbopump manifold None None
Flange bolts (torque to 40- 50 In-Ib) or flange

nuts (torque to 30-40 in-Ib)

F-21 D6 Turbopump to fuel coolant supply tube
Co~pllng nut 011 leed tube (torque to None N2

330 ±15 in-lb)(h)
FHling on t1lrbopump None AJ 4

(a) Sec figure 3-2A for closure description and R-3896-4 for atta,.hing hardware.
(h) Torque value above prevailing !orque obtained before seating of tube flare. Prevailing torque

must be 24-200 in-lb.

Figure 3-2. Seal and Joint Schemalic br Englr.e Propellant Feed, IIydrauHc Control, EXhaust,
and Pressurization Systems (Sheet 8 of 20)

Chango No. 5 - 8 Mnreh 1971 3-15
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Section III R-3896-3
Volume I

Lube

IZone
and Type ( )

Code Joint Description Method Closure a

FUEL PROPELLANT FEED SYSTEM (cant)

I F-22 C6 Coolant e:Ipply tube to bearing coolant control
valve

Flange on feed tube Gar P I
Seal plate None AF 1
Flange on bearIng coolant control vatve P 1
Flange bolts (torque to 15-20 in-lb)

~'-23 F6 Hypergol manifold to hypergol manifold bleed
adapter

Flange on hypergol manifold F3
Seal plate NonE: AF 1
Flange on adapter F3
Flange bolts (torque to 22 t2 in-Ib)

F-24 F5 Hypergol manifold bleed adapter to hypergol
bleed plug

Flange on adapter F3
Gasket (e)J
Hypergol bleed plug (e' A

F-25 G6 Facility check c:llips switch tube to interface
panel adapter and to thrust OK pressure switch
manifold

Coupllng nut at intrrface panel adapter (torque None N5
to 270-34;' in-Ib) 1)

Coupting nut at manifcld adapter (torque to None N 5
270-345In-Ib)(i)

F-26 G6 Thrust OK pressure switch to thrust chamber
fuel manifold

Flange on pressure switch M3
Orifice plate None AF 1
Flange on fuei manifold M3
Flange boits--l/4-inch (1()I'que to 90 t 10

in-lb)
Flangebolts--3/8-1nch (lorque to 125 flO

in·lu)

F-27 D7 No, 1 fuel inlet elbow plugs
Flange on fuel inlet elbow None
Gasket (e) ,J
Plug--l!8-inch (torque to 10-16 In-Ib) (e) A
Plug--l/4-inch (lorque to 40- 65 In-Ib) (c)A

(a) Sec figure 3-2A for closure description and R-3896-4 for attaching hardware.
(e) Lubricant grease Rn0140-012 (nocketdyne).
(1 ) Torque value above prevailing torque obtained during last one-half tUI'll belore scatlng of tube

flare. Prevallln[( torque must be 5u- 200 In-lb.

FiRure 3- 2. Seal and ,Joint Schematic for Engine Propellant F'eed, Hydraulic Control, EXhaust,
and iJre~surlzalionSystems (Sheet 9 of 20)

3-16 Chanl(e No. 5 - 8 March 1971
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R-3896-3 Section Ill
Volume I

Lube

and Type ta _
Joint Description Method Closure' '

FUEL PROPELLANT FEED SYSTEM (cent)

Code

F-27

F-28

F- 28)

F-29

F-29A

I'l-I

Zone

B4

B6

B6

B6

B6

B9

No. 2 fuel inletelbow plugs
Flange on fuel inlet elbow
Gasket

Plug--I/g-inch (torque to I0-16 in-lb)
Plug--i/4-1nch (torque to 40-65 in-lb)

No. I fuel turbopump outlet to fuel impeller
balance cavity supply tube

Flange en supply tube
Orifice

Flange on turbepump outlet
Flange belts (torque to 50-70 in-lb)

Fuel impeller balance cavity supply tube to fuel

Impeller balance cavity supply inlet

Flange en supply tube
Packing

Flange on turbepump volute

Flange bolts (torque to 170-270 In-lb)

Fuel impeller balance cavity return to fuel

impeller balance cavity return hose

Flange on turbopump volute
Packing

Flange on return hose

Flange bolts (torque to 170-270 in-lb)

Fuel impeller balance cavity return hose to
No. 2 fuel pump inlet

Flange on return hose
Orifice

Flange on fuel pump inlet
Flange bolts (torque to 50-70 in-lb)

HE LIUM SYSTEM

Helium supply wrap-around duct te helium
supply duct (heat exchanger end)(i_)

Flange on wrap-around duct
Seal plate
Flange on supply duet
Flange nuts (torque to 265 +5 tn-lo)

(e)J

None

(e)A

(e) J

(e) J

None

(e)A

None

(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware.
(c) See figure 3-1 for alinement requirement,

(c) Lubricant grease RB0140-012 (Rocketdyne).

None

Gore2
AF 1

02

G or AN 1

M2

M2

G or AN i

OorC4

AF I

M2

GerM6

AF2

GerM6

(
Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,

and Pressurization Systems (Sheet 10 of 20)

Change No. 4 - 80ctcoe; 1970 3-17



Soction III R-3896-3
Volume I

!

Code

H-2

R-3

H-4

H-5

}I-6

tlC-I

, Zone I

B9

B9

B9

BB

B9

C4

,Joint Description

HELIUM SYSTEM (cent)

Helium supply duct (tkeat exchanger end) to
helium bypass hose (c/

Flange on supply duc t
Orifice

Flange on bypass hose
Flange bolts (torque to 100 il0 in-lb)

Helium bypass hose to heli,,m return duct
(heat exchanger end)(c)

Flange ou bypass hose
Seal plate

Flange on return duct
Flange bolts (torque to 100 _10 in-lb)

Helium supply duct (heat exchanger end) to
heat exchanger(c)

Flange on supply duct
Seal plate
Flange on hea_ exchanger
Flange bolts _torque to 110 _10 in-lb)

Heat exchanger to helium rcturn duct Cheat
exchanger end)(c)

Flange on heat exchanger
Seal plate
Flange on return duct
Flange bolts (torque tc 110 _10 in-lb)

Helium return duct (heat exehanEcr end) to
, [c}hclJun:return wrap-around duct

FI_nge on rctuln duct

Seal plate
F'angc on wrap-around duct
Flange nuts (torque to 265 _10 _n-lb}

HYDRAULIC CONTROL SYSTEM

Hydraulic E',pply wrap-around duct to engiqe
control valve ground hydraulic supply hose _c)

Flange on wrap-around duct
Seal plate

Flange on supply hose

None

Lube
and

Method

None

None

None

None

None

Type la _
Closure _

F4
AF 2
G

G

AF 2
F4

GorC 11
AF2
C7

C7
AF 2

G or C II

Got C I0

AFt

Got C I0

G or AM 1
AF I

O, P2 or
F 12(m

Flange nuts (torque to 225 _ 15 ln-lb)

(a) Sce figure 3-2A for closure description and R,-3Bg6-4 for atfaching hardware.
(c) See figure 3-1 for alinement requireroent.

| {m) Closure F 12 nscd with line Installed on engine; closure fasteners torqued to 15-20 tn-lb.

)

)

)
Figure 3-2, Seal anti Joint Schem_}iie h}r Engine, Propellant Feed, Ilydraullc Control, Exhaust,

and Pressurization Syst,._ms (Sheet 11 of 20) )
3-18 Change I,,o.5 - 8 March 1,371



R-3896-3
Volume I

Code

HC-2

HC-3

HC-4

HC- 5

HC-6

Zone

D4

D4

D3

D4

D4

Joint Description

HYDRAULIC CONTROL ,SYSTEM (cent)

Engine control valve ground hydraulic supply hose
to GSE hydraulic supply check valve_ )

Flange on supply hose
Seal plate
Flange on check valve
Flange nuts (torque to 85,5 ln-lb)

GSE hy_traulic supply check valve to engine
control valve

Flange on check valve
Retainer

Packing
Retainer

Flange on engine control valve
Flange bolts (torque to 80-100 in-lb)

No. 2 fuel high-pressure duct to engine control
valve supply tube( c )

Flange on high-pressure duct
O- ring
Spacer
O-ring
Flange on supply tube
Flange bolts (torque to 85,5 in..lb)

Engine control valve supply tpl_e to engine
hydraulic supply check valvelCJ

Flange on supply tube
O-ring
Spacer
O- ring
Flange on check valve
Flange bolts (torque to 85 35 ln-lb)

Engine hydraulic supply check valve to engine
control valve

Flange on check valve
Retainer

Packing
Retainer

Flange on engine control valve
Flange bolts (torque to 80-100 ln-lb)

Lube
and

Method

None

(j) M
(j)M
(j)M

(el K
None

(elK

(e)K
None
(elK

(j) M

(a) See figure 3-2A for closure description and R-3896-4 for attaching hardware.
(c) See figure %1 for alinement requirement.

. (el Lubricant grease RE0140-012 (Rocketdyne).
(j) Hydraulic fJ,Hd (MIL-H-560fi),

Section Ill

Type , ,
Closure _a;

lorL8
AF 1
L8

Q1

Q1

F4

AB

GorF4

G or L 8

AB

L8

Q1

Q1

Figure 3-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,
and Pressurization Systems (Sheet 12 of 20)

Cha_gc No. 7 - 24 March 1972 3-19



Section ITI R-3896-3
Volume I

Code

HC-7

HC-7

HC-8

NC-8

HC-9

Hc 9

Zolle

D4

D4

D4

D4

G9

G1

Joint Description

HYDRAULIC CONTROL ,SYSTEM (cent)

Engine control valve to propellant valves close
tube(c) (Engines not incorporating MD9.66 change)

Flange on engine control valve

Seal plate
Adapter
Seal plate
Flange on close tube
Flange bolts (torque to 60 +5 in-lb)

Engine control valve to propellant valves close

tube(c) (Engines incorporating MD9_66 change)
Flange on engine control valve
Seal plate
Flange on close tube
Flange bnlts (torque to 85 _'5 ln-lb)

Engipq control valve to propellant valves open
tubek c) (Engines not incorporating MD9._6 change)

Flange on engine control valve

Seal plate
Adapter

Seal plate
Flange on open tube
Flange bolts (torque to 60 _ 5 in-lb)

Engine control valve to propellant valves open
tube(C) (Engines incorporating MD_96 change)

Flange on engine control valve
Seal plate
France on open tube

Flange bolts (torque to 85 _5 In-lb)

Propebnnt valves open tube to No. 1 oxidizer
valve(C)

Flange on open tube

Orifice plate
Flange on oxidizer valve
Flange bolts (torque to 46 :_3 in-lb)

Propellant valves open tube to No. 2 oxidizer
valve(C)

Flange on open tube
Orifice p;atc
Flange on oxidizer valve
Flange bolts (to_'quo to 46 _.3 ln-lb)

Lube

and

Method

None

None

None

None

None

None
None

None

None

None

c loTsYuPree(a)

F4
AF 1

AB
AF 1
GorF4

F4
AF1
GorF4

F4

AF 1
AB
AF I
Gor F 4

F4

AFI

GorF4

GorL 1
AF 2

L1

GorL1

AF 2
L J

(a) See figure 3-2A for closure description and R-3896_4 for attachi])g hardware.
(c) See figure 3-1 for alinement requirement.

Figure 5-2. Seal and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,
and Pressurization Systems (Sheet 13 of 207

)
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R-3896-3 SectionIll
VolumeI

(

(

Code

HCg- 1

IIC- 10

HC- 10

HC-II

}IC- 11

Zone

G1

G9

G1

G8

G3

Joint Description

HYDRAULIC CONTROL SYSTEM (cent)

Propellant valves open tube to No. 2 oxidizer
valve( c )

Flange on open tube
Seal plate
Flange on oxidizer valve
Flange bolts (torque to 30 _3 in- lb)

Propellant valves close tube to No. 1 oxidizer
valve(C)

Flange on close tube

Seal plate
Flange on oxidizer valve
Flange bolts (torque to 85 _5 in-lb)

Propqll,ant valves close tube to No. 2 oxidizer
valvetC)

Flange on close tube
Seal plate

Flange on oxidizer valve
Flange bolts (torque to 85 ±5 in-lb)

Propellant valves close tube to No. 1 fuel
valve(C)

Flange on close tube
Seal

Flange on fuel w,,ve
Flange bolts (torque to 36 :_3 in-lb)

Propellant valves alose tun,, ',* No. 2 fuel
valve( c )

Flange on close tube
Seal

Flange on fuel valve

Flange bolts (torque to 30 +3 in-lb)

None

Lube
and

Method

None

None

None

None

HC-12 C5 Propellant valves close tube to gas generator
close tube( c )

Flange on propellant valves close tube
Seal plate None

Flange on gas generator close tube
Flange nuts (torque to 36 :_3 in-lb)

IlC-13 B5 Gas generator close tube to gas generator(c)
Flange on close tube

Seal plate None

Flange on gas generator
Flan_e bolts (torque to 36 _3 tn-lb)

(a) See figure 3-2A [or closure description and R-3896-4 for attaching hardware.
(c) See figure 3-1 for alinement requirement.

GorL6
AF1
L3

GorL6
AF 1
L5

GorL 6
AF 1

L5

GorL5
AF 1

L7

GorL5
AF 1
L7

G or L 6

AF 1
G or L 6

G or L 6
AF 1
L6

Figure 3=2. Seal ,and Joint Schematic for Engine Propellant Feed, Hydraohc Control, Exhaust,
and Pressurization Systems (Sheet 14 of 20)
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SectionHI

Code

HC - 14

He-15

HC-16

HC _ 17

HC-18

HC-19

HC-20

Zone

G)

G9

G9

B5

E5

E0

G8

R-3896-3

Vohnne f

Joint Description

HYDRAULIC CONTROL SYSTEM (cent)

No. 2 oxidizer valve sequence valve to sequence
valve line

Flange on sequence valve

Seal plate

Flange on sequence valve line

Flange bolts (torque to 36 ±3 in-lb)

Sequence valve line to No. 1 oxidizer valve

sequence valv¢'(e)

Flange on sequence valve line
Seal plate
Flange on sequence valve

Flange bolts (torque to 30 ±3 in-lb)

No. 1 oxidizer valve to gas generator _,)en
tube(C )

Flange on oxidizer valve
Seal plate

Flange on gas generator open tube
Flange bolts (torque to 36 _3 in-lb)

Gas generator open tube to gas generator (c)

Flange on open tube

Orifice plate

Flange on gas generator
Flange bolts (torque to 85 15 in-lb)

Propellant valves open tube to ignition monitor
valve( c )

Flange on open tube
Seal plate

Flange 6a ignition mouitor valve
Flange bolts (torque lo 85 _5 in-lb)

Ignition mon)tgr valve to No, l fuel valve el)on
control tube (c)

Flange or. ignition monitor valve
Seal plate

Flange on open control tube
Flange bolts (torque to 36 _3 in-lb)

No. I fuel valve open control tube to No, 1 fuel
valve(C>

Flange on open control b,be
Orifice plate
Flange on fuel valve
Flange bolts (torque to 36 a3 in-lb)

Lube

and

Method

None

Nolle

None

None

None

None

Nt)n_

,, ,,,

L3
AF 1

Gor L 6

G or L 6

AF I
L3

L3
AF I

GorL7

GorR2

AF 2
R1

GorL5
AF1
L5

L6
AF 1
G orI, 6

OorL7
AF2
L7

)

(a_ See figure 3-2A for closure description and /i-3896-4 for att_tching hardware.
(c) See figure 3-1 for alineme,t requirement.

Figure 3-2. Seal and Joint Sehwnalic for Engine Propellant Feed, Hydraulic Control, Exhaust,
and Pcessurization Systems (Sheet 15 of 20)
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(

R-3896-3

Volume I

Section Ill

Code

HCf21

tIC-22

I{C-23

llC-24

FIC-_5

IIC-26

E5

G3

G5

E5

E5

B2

,loint l)escrlption

HYDRAULIC CONTROL SYSTEM (coat)

Ignition inon}t,_rvalve to No, 2 fuel valve open
control tube Lc;

Flange on ignition monitor valve

Seal plate
Elaage on Ol_en eo_trol tube
Flangf, bolts (torque to 36 i3 in-lb)

NO. 2 luol valve open control tube to No. 2 fuel
valve (c)

Flange oil open control tube
Oriflce plate

Flange on fuel valve

Flange bolts (torque to 36 ,t3 tu.lb)

Tbrust chamber fuel manifold to ignilion m(mito_
valve sense tube(c)

Fhmge ,m fuel manifold
Seal plate

Flange on sense tube
Flang(, nuts (torque to 52 _5 in-lb)

lgnltloq n]onitor valve so.,lse tube to Ignition
_, v" ,(c)monit_ • atve -

Fla, nve ellsense tube
Relaincr

O- ring
ll.eiainer

Flange on iguition monitor valve

Flange bolts (I,,rqueto 75 45 in-lb)

Ignition i||oIlJtot valve to ignifion monitor rely,,,
return line

Flange on igaitiolL monitor valve
Seal phtte
l_'la,lK(2 (}u retura line

Flange bolls (torque to 46 _3 in-lb)

Ignilion maturer valve return IHle to actuator
refill II lill(

lYl,mge on _gnition monitor valve returtl line
Seal p.ate
Flasg,_ on ac, lualor return line
Flange bolts (torque to 46 i3 irl-lb}

I Lube

mid
Method

Nelle

NOlle

Nene

(el J
(el j
(e) j

None

Nolle

r * r.

.,.I Yl)'_ (a)
k_ IO SU I'e

L6
.AF 1

t/or L6

Gor 1,7
AF2
L7

L 6

AF1
GorL6

G or L I

AD 2

L2
AF 1
O or L 2

G or L 2
AF 1

L2

(a) St.e figure 3-2A for chlsure dc'sel' )l;t)n t i¢1 R-38_..-4 for aItaching h'u'dware.
((') See figlwe 3-1 for alinement ,'eqllirement.
(e) I,ubri('lmt glease 1(1]0140-012 (qocketdyne).

Fi,%t,'e 3-',,L SO and Joint Schematic fo,' I:?.nglnc Protlellant l'eed_ IIydlaulic Cunhol, _,xhau;,t'"• ,
[,nd PresaurJzation Systems (Shect 16 of 20)
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SectionIII

Code

HC-?7

11C-28

HC-29

HC-30

ItC-31

HC- 32

Zone

C4

B2

B3

C2

B3

B4

R-3896-3

Volunle I

Lube

and Tyi.'e , ,
Joint De._Je eiption Method Closure %a)

HYDRAULIC CONTROL SYSTEM (cent)

Engine control valve to system return line

Flange on engine control valve

Seal plate
Flange on system rct,_rn line
Flange bolts (torque to 200 _5 ln-lb)

Systesl return line to actuator return line

Flaoge on system return line

Seal plate
Fla,ge on actuator rettwn line
Flange nuts (torque to 85 _5 in-lb)

Checkout valve to actuator return line

Flange on checkout valve

Seal plate
Flange on actuator retu,'n line

Flange bolls (torque to I85 _5 in-lb)

Actuator return lille to actuator returlt line
cover

Flange on return line (No. 1 side)

Seal plate
Cover

Attach nuts (torque to 160 ±5 in-lb)

Flunge on return lille(No. 2 side)

Seal plate
Cover

Flaage nuts (torque to 160 45 in-lh)

Checkout valve ,o cbeckout valve engine return
hosl •

Flange on checkout valve
Seal plate
Flange on return bose
Flange bolts (torque to 185 _ 5 hl-lb)

Checkout valve engine rehlrn hose to No. 2 tool
inlet elbow

Flange on retarn hose

Seal plate
Flange .n {uel inlet elbow
Flange bolts (torque to 180 _,10 in-lb)

NOlle

None

Nolle

None

None

None

None

M1

AF 1
G or M 1

GerM1
AF 1

GerM1

II 1
AF i

G ¢,r G 12

OorC3
AF 1

GorC3
AF I

B1
AF l
G

G
AF 1

B1

)

(a) See Hgure 3..2A _or closure descril)_i_m and R-3B96-4 for attacbing hartlv/arb.

Figure 3-2. Seal and,h_iat Schenmtic for Engine Propellant Feed, llydraulic Control, _.;xhausI,
anti Pressurization Systems (Sheet 17 of 20)

)
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(
Code

HC-33

11C-34

h,.- 35

HC-36

HC-37

ITC-.38

Zone

C3

C1

C,t

D2

C2

C4

It-3896-3 Section III
Volume I

Lube

,')nd Type , ,
Joint Description Method Closure laj

HYDRAULIC CONTROL SYSTEM (cent)

Checkout valve to checkout valve ground return
hose

Flange on checkout valve
Seal plate
Flange on return hose
Flange bolts (torque to 75 _ 5 in-lb)

Cileckoot valve ground return hose to hydraulic

1etnrn wrap-around duct
Flange all return hose

Seal

Flange on wrap-aroand duct
Fhmge nuts (torque to 80 k5 in-lb)

Engine control valve [o redundant shutdown supply
line

Couplin_ mlt on supply lille (torque to 180-230
in-lb)tK)

Fitting ell engine control valve

Redundant shutdown supply line to redundant shut-
down valve

Flange on supply line
Seal plate
Flange on redundant shutdown wllve
Flange botts (torque to 90 a 5 in-lb)

Redundant shutdown valve to redundant shutdown
valve override lhle

Flange on redundant shutdown valve
Seal plate
Flange on override line
Flange bolts (torque to 90 _ 5 ln-lb)

Redundant shutdown override line to engine
control valve

Coupling nut on override line (torque to
270-345 in- lb) (1)

Fitting on engine control w_lve

Nolle

NoDe

Nolle

Nolle

.qoae

None

Nune

None

C3
AF 1
G

G, It 2, or II
[[ 13 (n) I

AF 1
G or M 7

N1

h,l 1

G or S 1

AFI
S1

T1
AF 1
GorT1

N2

AJ 2

(a) See figure 3-2A for closure description and R-3896-4 ,'or attaching hardware.

(k) Torque value above l)revailing torque obtained during last one-bali turn of coupling nut before
sealing of tube flare. Prevailing torque must be 35-300 in-lb.

(l) Torque value above prevailing torque obtained during last one- lmlf turn of coupling nut before
seating of tube flare. Prewdlingtorque must be 35-200 in-lb.

(n) Clnsur(, I( 13 used with hose instfilled on engine; closure fasteners torqued to 15-20 in-lb.

Figure 3-2, Seal and ,:otnt Schemniic for Engine I)rol)ellanf i"eed, Ilydraulic Control, Exhaust,
and l_ressnrizuil(m S.vslems (Sheet 18 of 20_

Change No. 5 - 3 Mr_,rch 1971 3.24A



Section III R-3896-3
Volume I

Code

E-I

E-2

E-3M

E-4M

E- 5M

ZOlle

C5

C5

C6

C6

D6

Lube

and Tyl)c , ,
Joint Description Method Closure(a I

gXHAUST SYSTEM
[

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

Flange on gas generator ball valve

Seal plate
Flange on gas generator injector
Flange bolts (torque to 150_ 170 in-lb)

Gas generator ball valve (fuel) to housing tee and
housing tee to gas generator injector(c)

Flange on gas generator ball valve
Retainer (2 reqd)
O- riug/packing (2 reqd)
ttousing
Rotaiae r

O- ring/p_ eking

Flange on gas geucr_tor iniect_r

Fhmge nuts (torque fingertigld)

IGas senerator combustor to turbine nmnifold
lnletle)

Flange on gas generator eombustor
Seal plate
Flange on turbine manifold inlet
Flange bolls (torque to 930 _10 m-lb)

Turbine to heat exchanger
Flange on turbine
Pressure-actuated seal

Flange on heat exchanger
Flange nuts (torque to 135 +5 ln-lb)

Heat exchanger tc exhaust manifold (cl

Flange on heat e_changer
Pressure-actuated seal

Flange on exhaust manifold
Flange nuts (torque to 135 ÷5 in-lb)

Nolle

(f) J
(f) J

(f) J
(f) J

Non(, _

None

None

D2

AF 1
DI

AD 3

Vl

W1
AF 1
X1

Y1
AF 1

Y1

Zl

AFI
Z2

_- See figure 3 -2A for e!osure descrlplion antl R~3896-4 for attaching hardware.
(c) See figure 3-1 for alinement requirement,

(f) FS1281 grease (Dew Cornlng Corp).

--'Figure 3-2. Seal and Joint Schematic for Engine PrOpellant Feed, tlydraulie Control, Exhaust, "

and Pressurization Systems (Sheet 19 el 20)

)

)

)

)
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R-3896-3 SectionIII
Volume I

Lobe

anti Type ,
Code Zone Joint Description Method Closure _a)

EXHAUST SYSTEM (cont)

( E-6

E-7

E-8

H6

C6

H6

Thrust chprpber to thrust chamber nozzle
extensiontC/

Flange on thrust chamber
Asbestos seal

Flange on nozzle extension
Flange nuts (torque to 120 _5 in-lb)

Gas generator igniter ports
Washer

Plug (torque to 6q0-650 in-lb)

Nozzle extension igniter ports
Plug (torque fingertight)

None

None

None

ia) gee f_gure 3-2A for closuce description and R-3896-4 for attaching hardware.
(c) See figure 3-1 for alinement requirement.

AC I

None

AA2
AA 1

Figure 3-2.
Sent and Joint Schematic for Engine Propellant Feed, Hydraulic Control, Exhaust,

and Pressurization Systems (Sheet 20 of 20)

(

(
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Sccti_)n Ill 1_.-3896- 3
Volunlo I

©
I }tX20C97_17 4 1_206J5-11

Ifu('li (oxidizer)

2 I_20G97.19 5 [_20_40-11
h_hll/t'l) flu(,]}

3 1_206_7.23

(rurll

'[ 'il'l I_

O
1 IL_ 20607
2- ILX20_%8 I

3 IL_20607- 31

4 i_.X20_OT- 61

I YPf C

O
1 1_20610-211
2 ILX20610-22t

3 RX20610-241

4 ILX20645_II

5 11_2026_-]71

6 I_K395*q40_0-931

7 1¢K395-44060-021
ILX20510-281

9 It.X20610-371
10 IL_395-10002-011

12 ItX20_10-301

13-11K39_-41010-011

TypF' 1)

I" 1_20605- I I

2 IU_20G05

3 |_20605-41

'[ YI>_ I'.

C5 )
I RK325-100_I-QI1

2 ITX20825- 41

1YI)F, F

I 1_20(,17

ILX20C,6(J

3 HX20_G0-(3
4 [{X20G73_4 t
5 BN395- 10004

-021

6 I¢.K.395.10004

7 1_2961 _

8 101201_32- 11

10 1_":206_,f
12 P.X2066[_- 65

12-H_395-i4001-021

TYP): t_

PC'I,YE I BY] [',HE BAG

TYPE II

I IIX20_97-13

2 [tK393. 10021

TYPE .I

Q
I r_x20695

TYPE K

o 4

I I_3q2- 44(11(,

Figure 3-2A. Engine I_rotoctlve Closures (Hheet 1 of 3)

FI-3-1-}4_[_

.)
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R-3896-3 Section IH

Volumc I

FYPE L

I {O_206_0-9 5- IO[20660-45 I_ IO_20045 5_ RK395-10023-051

2- ILX20_60-27 6- ILX20660-5_ ?_}LX20}{10- Ill 6-RK395- t0023-021

3_ JOg20660-29 7- ILX20600-65 3 RX20810-16| 7- ILK395- I0023

4 RX_0B60-33 8 RX206G0-6T a ILK395-100Z3-011

TYPR O

{ IO;20blO-3] 3 10_20808 21

2 {¢}_395-10031-05{ 4 ItK3_5-100_l

I YPL N

! RD265.2001-0002 B J_D265-2001-C(,f_)
2 RD265-200t-0_03 7 1ti1265-2001-0020
3- RD265-2001-0004 8 RD285-200|-0010

4- RD2BS-200]-6005 9_I(D265-2001-0012
5 1_D265-200{-0000 {0 RD265-2001-0010

'TYPE p

'['yp_J Q TYPE 1_5_I HK2091 l

I to<2o?aa-21 2 _F39f01241LKIOO{
I IIK395-10011

2 _395- ttO0|-Ol {

TYDV H {YPL J TYPE U

i S'I3950117RK[,O01 { i_07{']-41

I ¥PF 'A'

] ILX9.0601

"I'YPlJ

I ICX206 {3

TYPE Z

I ]_2L 842

2 _1_20_

FYI'_: V

@
I l_20633-, _

TYPF Y

I HX206,I{

>
TYt'k s.9

}'1-3 l- 150A

Fifo,re 3.,2A, _;ingine Protective Closures (Sheet 2 oi 3)

Changc No. 4 • 80ct_ O'lO 3-24E



SectionIII It.-389(i-3
VolunieI

1 Y PE AO

{ I{K39%1003_-011

TyJIF Al-'

IOl,Yi, lllVlr;_EI1A(, t_,__/_['- { -" )

.i._J'--- vol w. Hivl.r-:N_._A(,

PYPI" AD

Q
I ITK395-I0042

-011

2 RK395-I0042

3 I_?0603-II

{ IIK395- 10000

PYI+L A r

@
I I_I)2r>5-_I 0- 0004

2 [_D205- 501 _-0003

3 RD265-5016-0020

4 I{D2_5- _16-0000

5 III)2GS- 501 _-00{0

6 KI)265 501C.0012

7 RD265- 5016- 0OIG

FY_E ^1,

©
1 IU_395-10001

TYPE AM

! RK395- {6024

[Y I'_:AO

_o..,V
KI,021 I ,_r3gs0153 IIiQ,0,)I

F'igt,_e 3-2A, Enl_ine Ilrulecllve Closures (Sheet 3 of 3)

TYPL AE

I 11X20123

TVP{] All

%
1 ILg20730

TvI'F AI_

©
2 7+4

3 .]3_

S.q V, IIITE

VE'ql)O[I

NI.'M [_E IIS

TYPE AN

I RX20867

t 1-3-1-151ll

)

i)

)
/

>

)
3-341' ,7'li;_,igeNo. 5 - 8 March 1971
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V _ V

I-'llE L
DP_A IN
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A_
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OVERBOARD OV_ ,1BOARD
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NO. t FUEL
VALVE
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Figure 3-3. Seal and Joint Sehc



R-3896-3 c , •Jectl) _ III
Volume I

I)ILA ]N

i_ -A_l •

C

D

E

F

G

Figure 3-3. Seal and Joint Schematic for Engine Purge andOverhoardl)taiu Systems
(Sheet 1 of 18)
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Section III R-3896-3
Volume I

i,iii

Lube

and Type (,_
Code Zone ,foint Description Method Closure'"'

OXIDIZER PURGE AND DRAIN SYSTEM

0-1

0-2

0-3

0-4

0-5

0-6

0-6

A9

H6

E7

C5

D7

F8

F2

Oxidizer dome purge wrap-around hose to No. 1
oxidizer valve dome purge llne_Ct

Flange on wrap-around hose
Seal plate
Flange on dome purge line
Flange nuts (torque to 75 _5 tn-tb)

No. I oxidizer valve dome purge lir'.eto oxidizer
overboard drain tube

Coupling nut elldrain tube (torque to !35.-185

in-lb)

Adapter on purge line

Oxidizer overboard drain tube to tee

Coupling nut on drain tube (toniue to 135-185

in-lb)
Tee

Gas generator bali valve to gas generator ball
valve shaft oxidizer seal vent tube

Fitting on gag generator ball valve
Coupling nut on seal vent tube (torque to

135-185 in=lb)

Gas generator ball valve shaft oxidizer seal
vent tube to tee

Coupling nut on seal vent tube (to,'queto
_35-185 in- lb)

Tee

No. 1 oxidizer valve to No.
actuator rod seal vent tube

Fitting on oxidizer valve

Coupling nut on vent tube
135-185 in-lb)

I oxidi ;er '_alve

(torque to

No. 2 uridizer valve to No,

actuator rod seal vent tube

Fitting on oxidizer valve

Coupling nut on vent tube
135- 185 In-lb)

2 ox_dizol valve

(torque to

Nolle

(b)G

(b)A

(b)G

(b) A
]

(b) A
(b) (;

(t_) G

(b)A

(b) A
(b) G

GorL5

AI; i
GorL5

1_6

AE

N6

AJ 2

AJ l
N3

N3

AJ I

AJ 1

N3

AJ 1

N3

(a) See figure 3:._,_ for closure description and

(b) Lubricant grea._e RB0140-012 (Rocketdyne).
(e) See figure 3--1 for alinement req_li,'_ment.

R-3896-4 for attaching hardware.

Figure 3-3, Seal and Joint Schematic for Engine Purge and Overboard Draiu Systems
(Sheet 2 of 18)

3-24tt Change No. 4 - 8 October 197e



H-3896-3
Volumc 1

Seetion ll!

~. - rLube
and Typc '\

Cod() Zone Juint DeSCl'lllllOn Method Closure (, )

OXIDIZEH l'UHGE AND DHAII' SYSTEM (cont)

0-7 D7 No, 1 oxidizer valve actuator rod seal VCllt tube
to tec

Couplillg lIut 011 vClIllubc (torque to 135-185 (b) G N 3
ill-lb)

Tee (b) A AJ 1

0-8 D4 No, 2 OXHlizol' valve actuator "t\ 1 seal vent tube
to union I

Coupling nul 011 vent tube (lorquc to 135-185 (b) G N3
in-lb)

Union (il) A A.J 1

0-9 D4 Fnioll to oxidize l' velll OVcrilOH ;'d draill tube
Union (b) A AJ 1
Coupling 11,'1 on draill tube (torqll(, to (b) G N 3

1:\0-180 in- Ih)

0-10 D7 Oxidi7.lJr veIlt uverhoard drain tube tu t{,f~

CoujJli,,~ nul on drain lubp (torque to (b) G N3
135-185 in-lb)

Tee (il) A AJ 1

0··11 D7 Tcc to oYidiwr ovcrboard draill tuhe (2 placcs)
Tec (il) A AJ 2
Couplillg nut on drain tube (lorque to (b) G N 5

450- 525 in-Ib)

0-12 £7 Tee to oxidizer overboard drain tube
Tcc (il) A AJ 2
CoujJling nul on draill tube (torque to (b) G N 5

450-525 in-lb)

0-13 E7 Oxidizer overboa"d drain lube to oXlrlizer over- iboard drain line
ICoupling nul on drain tube (torquc to (h) G N5

450-525 in-lb)
Filting on drain line (b) A AJ 2

0-14 Aa 1 urhopurnn lo oxidizer drain tubc1

Fitlin2: on t~rhopump (il) A A,I3
Coupling nul on drain tube (t" ..qul' (" (h) G N7

500125 in-Hl)
I

:'l S~c figure 3-2A for (')osure de~cripOun and H-3896·1 for allaehil1~ hardware.
(b) Lubricant Rrease HnOI40··012 (H()c1'~tdync).

-~~_._-_.--------- ---_.- -
Figure 3-3, Spa} and .Join" Sl'hcm~tic ror Engine l'ur~(' and OverlJou,'d J)rain S}'stell1s

(Shert 3 of 18)
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S"ctlOn III

Code

0-15

H- 3896- 3
Volume I

Zone I .Joint Description

IOXlDIZEH PURGf; AND DRAIN SYSTE~1 (cant)

A6 Oxidtzer drain tube to oxidizer seal vent tube
Coupling nut on drain tube (torque to

1,500-1,800 in-Ib)
Fitting on vent tube

Lube
and

Method

(b) G

(b) A

Type ('l)
Closure'

N'I

AJ 3

0-16

0-17

F-I

~'-1

D7

G7

B7

B4

Oxidizer seal vent tube 10 oxlditcr ovcl'board
drain line

Flaege on s~<ol Jent tubc
Pressure-actuated seal
Flange on overbo~rd drain line
~'Iauge nuts (torque til 45 t2 in··lb)

o.xidizer overboard drain line to oxidizer OVer
board drain line

Flange on overboard drain line
t'rpO:;;f>t1 r(~-H('tllatf'.'rl f-;pf\ l
Flange on overboa;d drain li.:c
Flange nuts (torque to 36 ,2 in-Ib)

FUEL PUHGE ANI> DRAIN SYSTEM

No, 1 fuel inlet elbow drain quick-disconnect
Mounting b03S

Seal plate
Flanged adaple I' (torque bolts 10 40·· 50 in··lb)
Relainer
Packing
Hetainer
Flange on quick-disconnect (lorque bolts to

40- 50 in-Ib)
Cap (torque to 70·· 75 ft-lb)

No.2 fuei inlet elbow drain quick-disconnect
Mounting boss
Seal plale
F'langcd adapter (torque bolts to 40- 50 tn-Ib)
Retainer
Packing
Hetaincr
Flange on qUick-disconncc'. (lorque bolts to

40-[·0In-lli)
Cap (lorque to 70·· 75 ft-lb)

None

None

None

(b) J
(b) .J
(b) J

None

(b) J
(b) .J
(b) .J

I
I

G or F 10
AF 1
G M F 10

G or f 10
AF I
G or F 10

o 1
AF 1
AK 3

o 1
AF 1
AK3

WSee fi;mre 3-2A lor closure description and R-:'B96-4 for attaching hardware.
(b) Lubdc"nt greas'J RB0140-0t2 (Rocketrlyne).

._------- --"'-'---
Seal and .Joint Schematic f01' r~\lgine l'urg:n and Ovcrooarfl Drain Systcmr.

(Sheel Ij of 18)
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H-3896-3
V"I ume I

Section III

pH 'a)
UfO ~

I

2

IJuhe
anll Ty

Code Zone Joint Description Melhod CloB---
FUEL PURGE AND DHAIN SYSTEM (coni)

F-2 C5 Gas generator ball valve (uel drain qulcl{-dlsconne<:l
Mounting boss F 6
Gasl{et (bP
Threaded adapter (t'nque to 220 ±10 In-Ib) N5
Gasket (b) J
Body (torqne to 220 t 10 In-Ib) (b)A AJ 4
Cap (torquc tu 220 ±10 i~-lb)

F·· 3 C6 Preservative Inlu! qulck-dlseolll\l1ct
~'l\\llge on bearing coolant. conlrol valve AG
RelahlCr (b),J
O-ring (b) .J
Hetainel' (b) J
F'lange on quick- disconnect AI\: 2
Flange bolls (torque 1040- 50 In-Ib)
Cap (torque to 30-40 (t- ill)

~'-4 ~5 Ignition monltor valve conlrol pori quick-disconnect
Flange on ignition monitor valve L 1
Retainer (Il) J
O-ring (ll) J
Retainer (Il) J
Flange on qutck-dlseonnect AK
Flange bolts (torque to 75 ,.5 In-Ib)
cap (torque to 30- 40 £t-II»

F-5 E5 Hypergol manifold drain qulck-disc'mnect
I"lange on hypergol manifold F 8
HelaineI' (b) J
O-ring (b) .J
Retainer (b) ,j

l~lange all quick-disconnect AK 1
I<'lange bolts (torque to 2'1- 30 in-Ib)
Cap (tol'<::ne to 30-40 £t-Ib)

F-B F5 Hypergol manifold purge quick-disconnect
Flange on hypergol manifold F ~
Retainer ib) J
O-ring (b) J
Retainer (b) J
Flange on quick-disconnecl AK 2
Flange bolts (Iorllue tu 72··68 in-Ib)
C~tp (torque to 30.. 40 f1-lll)

(a) Sec iiiiirc3-2A for closure descrlptim', and R-3896-4 (or attaching hardware.
(b) J,ubricanl grease RBOI40-01;'. (Rocketdyne).

Figure a-3. Seal and Joint Schematic for Engine Purge and Overboard Drain Systems
(Sheel 5 of 18)

Change No.4 - 8 October 1970 3-24L



SectIOn III H·38eU-3
VUhllllC 1

Cl\d~ :lone Joi nt neS(' l'lpt 1011

Lube
and Type.,

Method CIOSU1'C(')

em:L l'UHGE AND DIlAIN SYSTEM «:onl)

~'-7 F'I No, I fuel hl\lh·prcsflUl'e ducl drain qnick
disconnecl

Flanl>c 011 illel high-pl'cssllre dnct
Hcfajncl'
O· rinp;
Hetaillel'
~'langc 011 qUlck-disconnecl
FlanHc bolls (tOlque to 43 ,13 in-Ib)
Call (torque to 30-40 fl-Ib)

04
(b) ,J
(Il) .1
(t, ).J

AK 2

F·e GO No. 1 rlwl valvo lJltq~o quick-discolllwct
~~la1H~C on hwl vntvf'
Hetalner
l'acluull
lletailwl'
FI.Hlg" on CJ nick- dlsconn~cl
Flangc holts (lorque to 35.2 in-Ih)
Cap (torque to 30-40 H-Ibl

I. ·1
III i ,I
(il) ,I
(b) ,J

AK 2

F'., e G3 No.2 luel valve purge quick-disconnect
Flange on fuol valve
netaln~l'

Packing
Het.'llner
i"!llllf(C on qnick-disconnocl
Flangc bolts (torque to 35 ~2 in-Ib)
Cap (torquc to 30-40 ft-lb)

1.4
(b) .1
(b) J
(b) .1

AK 2

F-9 GO No. I fucl manifold inlet drain quick··disconnect
Mounting boss
Hetaincr
Paek!ng
Hetaincr
Adapler (torque l",lts to '1515 Ill-Ib)
Gasket
QUIck-disconnect (torque io 135115in-Ib)
Cap (torque to 30-40 fl··lb)

F 0
(b) J
(b) J
(b) ,J

N 5
(b) ,J
(b) A AJ 4

~' 0
(b) A
(h) .J
(bl ..

N 5
(h).J
(b) A AJ 4

G5F·9 No. 2 fnel nmnHold inlet drain quick-disconnect
Mounting boss
Retain(!I'
Packing
Retainer
Adapter (lorque bolts to 75 ,5 in-Ib)
Gasket
Q\\ick..disconnect (torque to 135 +15 in-ill)
Cap (torque to 30-40 fl-Ib)

(ajseerrgul7C-:3-2A for closure description and R-3890-4 fm' attaching hardware.
(bl Lubricant grcase R130140-012 (Roeketdyne),

Figure 3~3. Seai and Joint Schcmatic for Engine Purge and Overboard Drain Systems
(Shect 6 of 18)
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11-3896-3
Volume I

-

ILube
and

Code Zone Joint Description Method-
FUEl, PURGE AND DRAIN tiYSTEM (':Ollt)

1>-10 U5 Gas ~el\Crat()r ball valve to gns t-{cnel'lltfJl' lJ~\1l

valve aclualo" fuol soal vout tube
FHlln" on actuatol' (b) A
Coupling nut on vont tube (torque to (b)(;

135,185 in-lb)

1"-11 115 Gas [!;enerator ball valv,) actuator fuel seal vent
tllbe to tUl\

Coupllnl~ nut on vent tube (torque to (Il) G
135-105 ill-Ibl

Tue (b) A

F-l~ C5 GaR l~(\IWr~ltOl' ball valve to gas ~ell('rato\' baIL
va Ive shaft fupl sea I vent tube

Fitting all ball valve (Ii) A
Coupling nut on Vlmt tube (tol'que to (Il) G

135-1851n-lll)

F'-13 D5 Gas genomtor ball valve shaft fuel semi vent
tUbe to tee

Coupling nut on vent tube (torque to (b) G
135-165In-lb)

Teo (I,)) A

\'-14 B5 Teo 10 gas l~enerator fuel SNtl vents tube
'rcc (I,)) A
CouplJng nut on vents tube (torqlle to (b) G

270-345 in-Ib)

F-15 B4 Gas generator fuel seal vents tube to unton
Coupling nut Oil vents tube (torque to (b) G

270··345 in-Ib)
Union (b) A

F-16 134 Union to gas genoratol' fuol seal vonts tube
Union (b) A
Coupling nut on vents tube (torque to (b) G

270-345 in-Ib)

F-17 F2 Gas generator fuel seal vents tube to tee

I
Coupling nut on vents tube (torque to (b) G

270-345 in-lb)
Tee (II) A

(a) sO(, figure 3-2A for clof'ure deserlption and R-3006-4 fOl' attaching hardware.
(b) Lubrica~t grease RB0140-012 (Rocl·:ctclyne).

S"CllOn 1IJ

Typo .,
Closure (. )

AJ 1
N 3

N3

AJ 1

AJ 1
N 3

N3

AJ 1

i\J 4
N 5

N5

AJ 1

AJ 4
N 5

N 5

A.J 4

Figure 3-3. Seal and .Jo!.tt Schematic for Enr;ine Purge and Overboard Drain Systems
(Sheet 7 of 16)

Change No.4 - 8 October 1970 3-24N



Secllon m H-339G-3
V')!ume I

-- -- .
Lube
and Type

Code Zone Joinl Description I\lPlhod C100;ure (a)
-

FUEL PURGE AND DRAIN S);'STEM (cont)

F-IO C2 Clumkout valv£' to "'lOckout valve "ctua~or vent
fuel oV"rbollrd drain tulle

Fitting on checkout valve (ll) A A.T 4
Coupling nut on drain tUbe (torque to (b) G N 5

270-345 in-Ill)

F-19 }4'2 Chec!,out valvo actuator vent fuel uverbmlrd
dl'ain tube to c "ORS

Coupling nut Oil dralll tube (torqll" to (b) G N 5
270-315 Ill-Ill)

CroAA (b) A A./4

F-20 £2 H<'dundant ohutdown valve to engine control
valve oVdrride dmln tube

Fitting on redundant shutdown valve (b) A AJ I
Coupling nut on drain tube (torque to (b) G N3

135·185 in-Ill)

F-21 F2 Engine control valve override drain tube to too
Coupling nut on drain tube (torque 10 (b) G N 3

135-185 In-Ib)
Tee (b) A AJ I

F-22 E5 Ignition monitor vnlve to Ignition monitor
valve drain tube

Fitting on Ignition monitor valve (u) A AJ 4
Coupling nut on drain tube (torque to (b) G N 5

270-345111-lb)

F-23 F6 Ignition monitor valve drain tube to tee
Coupling nut on drain tube (torque 10 (b) G N 5

270-345In-Ib)
Tee (b) A AJ 4

F-24 E5 Tgn!t"r fuel valve to igniter fuel valve vent
overboard drain tube

Fitting on ignite I' fuel valve (b) A AJ4
Coupling IIUt all drain tube (torque to (b) G N 5

270·345 in-Ib)

F-25 F6 Igniter fuel valve vent overboard drain
h1be (0 teC'

Coupling nut on clrain tube ((orque to (b) G N 5
270-345 in-Ib)

Tee (b) A AJ 4

(a) Sec rlgure 3-2A for Closui'e descriplioll and R-3890-4 feJl' attachlnl( hardware.
(b) Lubricant grease RI30140-0I2 (Rocketdync).

Figure 3-3. Seal and ,Joint Schematic for Engine Purge and Overboa..d Drain Systems
(Sheet 8 of 18)

;

I
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C..>de

R-389G-3
Volum~ I

z,",L """"..,,,"<0"

I Fm:!. PURGE AND DRAIN SYS'fEM (conI)

F'8 No. 1 oxi<h~~r valve to No. 1 (,xidizp.r valv~

actuator seal fuel <u'h.in tube
Fitting on oxlclizol' valve
Coupling nut on drain tube (torquo to

1:15-185 In-Ill)

Lube
nllo

Method

(b) A
(b) G

Section 11l

Type (
Closure ~)

AJ 1
N 3

1'-27 1'9 No. I oxidizer valve actuator seal fue, drain
luue to tce

(.oupllng nul Oil d..ain tuue (torque 10 (Il) G N 3
130-185 in-lu)

Tt"!c (b)A AJ I

~'-28 08 No. 1 oxidizer valvo 10 No. I oxidizel' valve
shaft seal fuel ,h'ain tube

Fittll1g on oxidizer valve (b)A AJ 1
Couplln[( nut on drain (·.lbe (lorque to

135-185 in-lb)

1'-29 09 No. 1 oxidizer valve shall seal fllel drain
tube to tee

Coupling nllt on drain tube (torque 10 (b)O N 3
135-185In-Ib)

Tee (b)A AJ 1

}<'- 30 09 Tc<' to No. 1 oxidizer valve fuel overboard
d,'aln tube

Tee (blA AJ 4
Coupling nut on drain tube (lorqlle to (b)G N 5

270-345In-Ib)

1'-31 G8 No. 1 oxidizer valve fuel ovol'board drain
tube to tee

Coupling nut on dram luue (torque to (b)G N 5
270-345 in-jll)

Tee (b)A AJ 4

1'-32 08 No, 1 fuel valve tl> No. 1 fuel valve position
transducer vcnt drain tubc

Fitting on fuel valve (b)A AJ 1
Coupling nut on drain tube (torrlue to (b)G N 3

135-185In-Ib)

1'-33 G8 Ho. 1 fuel valV(' pusitiun tnLlwduccl' vent
(l.,'aln tube to tee

Coupling nut on dt"ain tube (torque to (b)G N 3
135-185In-Ib)

Tee (b)A AJ 1

) {ii)Seeftgur'"li-=2A for closure description and R-3896-4 for attaching hardware.
(b) Lubricant grease RB0140-012 (Rocketdync).

Figure 3.. 3. Seal and Joint Schematic for Engine PUl'ge and Overboard Drain Systems
(Sheet 9 of 18)
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Section 11l H··3896·3
Volume 1

..~-- ----
Lube
and Type

Code Zone JUlnt Duscription Method Closllrll(a)--- ----
FUEl, I'UflOE AND DHAIN SYSTEM (cant)

F' .. 34 08 Tee to Cud oVl'rboard drain tube (No. 1 side)
Tee (b) A M2
Conpllng nut on d"ain tube (torquo to (b) 0 NO

450- 525 In··jb)

10'·35 FO FLl(>1 overboard (!l'ain tube to toe (No. 1 hi de)
COUplill!( nut on d"ain tube (tOl'qU" to (b)G N 6

450·525 in-Ill)
Tee (b) A A.12

10'·36 10'6 Toe to fuel overboard drain tube
Tcc (b) A AS 5
Coupling nut on drain tube (torque to (b) G N 8

650- '150 in-Ib)

F-37 1"3 FC)1 overboard drain tube to lee
Coupling nut on drain tube (torque La (h) (; No

650· 750 ill-Ib)
Teo (J)A AJ 5

10'-38 }r .. 2 No. 2 oXidizer valve to No. 2 oxldl~er valve
actuator seal fuel drain tube

Fitting on oxidizer valve (o)A J'aJ 1
Coupling nut on drain tube (torque to (b) G N3

135-11151n-Ib)

10'- 39 PI No. 2 uxidizel' valve actuator seal fuel drain
tube to tee

Coupling nut On drain tube (torque to (Il) 0 N3
135-185In-lb)

Tee (b) A AJ 1

10' - 40 G2 No.2 oxidizol' valve to No. 2 oxidizer val VI,

shaft seal fue I drain tube
Flttin~ 0" oxldizel' valve (ti) A AJ 1
Coupling nut on uraln tube (torque to (b) G N3

135-185In-Ib)

F-41 01 No. 2 oxidizer valve shaft seal fuel drain
tube to tee

Coupling nut on drain tube (torque to (b) G N3
135-1851n-Ib)

'ft'e (b)A AJ 1

WSee TiG'ure 3:2'A lor closure description and R- 38116-4 for attaching hardwaro.
(b) Lubrlm\nt ((l'cl!se RB0110··012 (ltocketdyne).

FigUl'9 3-:1. Seal and .Joint Sehematle for Engine Purge and Overboard Drain Systems
(Sheet lu vf 18)

3-24R Change No, 4 • 8 Oetoher 19'10



---------._-_..._--------._.
)

H-3896-3 Section III
Volume I_._- ._-- ._-----

Lube
and Type "

Code Zone .Joint Desel'iptlOll Metbod Clo~ure(' )

FUgl, :PUHGI'.: AND DHAIN :;YSTEM (c'JIlt)

F-42 Gl Tee to No. 2 oxidi2.l~r valve fuel ovcrlwal'd drair.
tube

Tee (b) A A.J 4
Coupling nut on drain tube (torque to (b) G N 5

270-34[; in-Ib)

~'-43 .'3 No, 2 oxidizer valve fuel overbuard drain
tube to tec

I (b) UCoupling nut on drain tube (turque to N 5
~'1O-345 ill-Ib)

Tee (b) A A.J 4

F·4,1 U3 No, 2 fuel valve to No, 2 fuel valve pOIHtion
tnmsduccr vent drain. tube

F'itt1lll~ on [uel valvo (b) A AJ 1
Couplinl, nut on drain tube (torque to (b) G N 3

130-18(i in-lil)

F-45 F3 No, 2 fuel valve pusttion trallsducer vent drain
lube to tee

Coupling nut on drain tube (torque to (b) G N3
13S-185In-Ib)

Tee (b) A A.T 1

F-46 F3 Tee to fuel ovcrboard drain tube (No, 2 side)
Tee (b) A AJ 2
Couphng nut 011 drain tube (torque to (b) G N 6

450-525 in-Ib)

F-47 F3 ~-uel overboard drain tube to tee
Coupling nut on drain tube (teH'quo to (b) U N6

,150- 525 in-Ib)
Tee (il)A A.I 2

F-48 F3 Tee to fuel ovel"lwill'd drain lube
'llee (b)A A.I 6
Coupling nut on drain tube (torque to (b)G N9

900-1,100 In-Ib)

F-49 F2 Fuel overboard drain tube to cross
Coupling nut on drain tube (torque to (b) (; N9

900-1,100 In-Ill)
Cross (b)A AJ 6

'lui See flgun:-3-2A for closure c11)scl'iplion and R-3896-,j for attachinl> hardware.
(h) Lubricant grease RBO.l4lJ·OI2 (Rocketdyne), -_ ..__._--

i'lgure 3-3, Seal and Joint Schematic for li:nglne Purge and Overboard Drain Syslems
(Sheet 11 of 18)
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S~cllon III It-3BOO-3
Yulull'" I

Code Zone Joint Descl'illtloll

1.uhe
and

Method
Type (a)

t:losun,

FUEL PURGE AND DRAIN SYSTEM (cont)

F- 50 F2 Tee to fuel overboard drain tube
Tee
Coupling nut on drain tube (torque to

450- 525 In-Ih)

(h) A
(b) G

AJ 2
N 6

F-5l 1'2 I"uel overboard dl'aln tube to cross
Coupling nut on drain tube (torque to

450- 525 in-Ih)
Cross

(b) G

(1)) A

Nfl

A.J 2

Jo'-52 F2 Cross to fuol overboard drain tube
Cross
Couplin~ nut on drll in tubo (torque to

1,200-1,400 in-Ib)

(b) A
(b) G

AJ 5
N 10

F'-53 02 1"uol overboard drain tube to fuel overboal'd
drain linl~

Coupling nut on drain tube (torque to
1,200-1,400 In' lb)

Fitting on drain Uno

(b) G

(b) A

N 10

AJ 5

F-fJ4 02 Fuel overboard drain Hne to fuel overboard
dmtn line

Flange on dm in line
Seal plate
Flange on drain line
Flani~c nuts (t<ll'que to ~O i2 In-Ib)

None
G or F 5
AF 1
G or F 5

F_55(d 1\5 Turbopump to No.2 bearing lube drain Ii lC

Fitting on turbopull1p
Coupling nut on dratn line (torqu(' tn

450·,525 in-IIJ)(iO)

A,J 5
:r;a

F- 50(d DO No, 2 bearing lub" drain IllIe to fuel d"ain
manifold

Flange OJl drain line
Seal plate
Fbnge on drain manifold
}i'lange bolts (torque to 45 ;2 In-Ib)

NOlle

G or 1" 11
Af'l
G or F 11

AJ 5
N8

None
NOllO

Turbor,ump to No, 1 bear:nc lube drain tube
~'ittin(~ on turbojlump
Couplll1(( lIut on drain tube (torque to

'150- 525 in-Ib)(e)

WSeCfli0rC-"3-2A fOJ' closure description and H-3GOG-4 for attachlott hllrUlyare.
(b) Lubl'icant grease RIJ0140-012 (Hod,etdyno).
(d) Engines not incorporating M0145 change,
(e) Torque abcve running torque obTained during last one- half turn of coupliJlg nut before seati.n(t of

tube flare. Hunning torque must be 200- 000 in-lb.

Figui:e 3-3. - SeUi and-Jolnt-SchcmatlCfor Enginc'-'p""u-r-g-e-a'nd Ovcrboa.rdDra\;Bystems-
(Sheet 12 of 18)
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[t-:J896-3 SecU"n III
VolUlne I

--- ----_.
Lube
and TYIJl~ a

Codo :lone Joint Description Ml?lhod Closure(, )

F'UF.L l'UHGE AND DRAIN SYST~.M (conI)

F- 58(d) HI' No. I beal'ing lube drain tub" (0 ru(·l drain
III :lIl1 fto Id

lo'lal\~e u11 drain tube G 01" F 11
Se:ll plate NOlie AF I
Flan~e on drai n manifold Gorl'll
Fl:\I\!~e hoHN (torque t,) 45 t2 in··lb)

p~n9 Dr, TlillJopump to pl'imary fuel seal drain tllue
BO (No. 2 SId,,)

Flltlnl( on turbopulllp (b) A A,12
COUplinl( nut on dl',lin tubo (tor4uO to (b) G NO

,j50-S:l5 in-Ib)

F-OO DG IPrimal"Y fu('1 seal druln lube (No, 2 side) to
139 fuel drain manifold

Coullling lIut all drain lube (torque to (b) G NO
450- 525 in-Ib)

Filling 011 drain manifold (b) A A.12

F-Ol FIG ',l.'urbojlulllp to primary fuel soal drain tubo
D9 (No. 1 side)

Fitlillg all turbopump (b) A AJ 2
Coupling nut on dralll lube (torque to (b) G N6

450- 525 in-Ib)

F·02 DO l'rillla,'y fuel seal drain tube (No. 1 slcte) to
flil fuel dm!1I malllfuid

Coupling nut on drain tube (mrque to ~)) G NO
450-52511\-lb)

FItting 011 drain mallifold (b) A AJ 2

F-03(1) D5 Turbopump to fuel inlet seal drain tub('
Fltllng- on lUrbo!>ull1p (b) A AJ 2
Coupling nut on clraln tube (torque to (I.» G N6

450-025 in-Ib)

F_64(d) n6 Fuel In let seal dl'aln tubu (No, 2 side) to
fuel drain manifold

Coupling nut on drain lube (torq'l" to (b) G N6
450- 525 in- tb)

Fitting on ell'ain manifold (b)A AJ 2

(a) See figure 3:2A for ('\osure description and R-3B9G-4 for altaehlng hardware.
(b) Luhricant grease HB0140-012 (Hocketdyne).
(e1) lo:ngint!s not incorporating MD!j~ challge,

._-----_. ---
F'igure 3- 3. Seal and Joint Schemattc for Ellginc Purge and Overboard Drain System6

(Shoet 13 of 18)
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Section HI R-369S-3
Vol ume I

-----.,.---,--------------- --_._. -_. ----

Code Zone Joint Description

Lube
and ',ype (

Methud Clusurf) a)

FUEL PURGE AND DHAIN SYSTEM (cont)

1"-65 B~

BO
Turbopump to fuel Inlet seal drain tube
(No, 1 side)

Fitting o~ turbopump

Coupling nnt on drain tut""(d)
(torque to ·150.. 525 in-Ib)
(torque to 270-345 in-Ib)

(b) A

(b) G

AJ 2
AJ 4
NO
N 5

F··B6 B6
139

F\I(,l inlet seal drain tube (No.1 si,le) to fuel
draill Illanifold

Couplillg nut on drain tUbe(d)
(tOl'qU(! to 450·,525 in-lb)
(t<,,'qut' to 270-345 in-Ib)

Fittil\[( Oil d\'ain manifold

(b) G

(h) A

A.I 2
AJ 4

N 6
N5

1'-67 B6
B9

Turbopump to turbine bca,'!ng lube dm!n hose
Flange on tUl'bopump
Seal plate
F langc' on drain hose
F'lang" bolls (torque to 35 ±2 in-ItJ)

None
L7
AF I
G 01" L 4

F-68 BO
C9

'rur\line bf'llring lulle drain hose to fuel draIn
manifold

Flannc Ull dl'~lin hose
Seal plate
1'.... 1an[';'0 011 drain manifold
Flanl,e bolts (torque to 45 i2 ill-lb)

None
G 01' L 7
AI' 1
L7

N2

F 5
AF 1
G OJ' F 5

F5
AI' 1

None

Nont>

DO
C9

))6
C9

F-69A

Fuel dmin nmnlfold to fuel overboard drain
line

Flange on drain manifold
Seal plate
Flange on (hain line
Flange holts (torCjue to 'j5 ±2 in-Ib)

ICover plate on fuel drain manifold
Flanl:e on drain manifold
SeRI plate
Covel' plate (torque boltS to 45 ±2 in-lb)

F··70 H5 Thrust chamber dl'aln plugs (4 places)
H6 Dmin port

Gasket None
Adapter
K-~eal None
Drain plug (torque to 10 ~2 fl-tb)

See filiure 3-2A for e!osure description and H-3896-4 for attaching hardware.
Lubricant p;rease RB0140-012 (Hocketdyne),
gngines not incorporating MD145 chanl(c.

F-69

Figllre 3-3. Se~1 and Joint Schematic for Engine Purge and Overboard Drain Systems
(Sheet 14 of 18)

3-24V Change No.4 - a Octoller 1970



H-3696-3
Volume I

Section PI

Luhe
fdld Typo"

Method Closure (. )Cod" ZOIl'~ Joillt Doseript ion
--------+--------------·----------'r----+------

NITHOGF:N l'UHGE AND DHAIN SYSn~M

N-I

N-2

N-3

N-4

N-o

N-6

F'9

114

1"2

I

116

No. 1 oxiolz('l' valve dolU(' )JlIl'H:C tulw to No,
nXl<lIzcr d(H\H~ puq~e cheek \'~llv(l

Flange on puq~e tube
Ol'lficc plato
Flnngc on ch(lck valve
Flail!:" nuls (torquo 10 36 ,3 Ill-Ib)

No, 1 oxidizer domo PUI'~o cllOelt valY<' to No,
oxidizer valve

Flan~e on dwek v'llvo
Seal plate
Flange on oxldi.lo.l' valve
Flall~e bolts (tol~lue (() 110··130 ill-lh)

No. 1 oxidize! valve dome pUJ'g(' tube to Nu, 2
oxidizer dome pur~e lillI'

Flange on purge tuh~

Seal plate
Flung'.' on ptU'fjH l~ne

Flan~l' nuts (lol'que 10 :16 ,3 Ill-Ib)

No. 2 ox,dlzol' valve dome pUI'ge line to No. 2
oxidize I' dOlll(' P\ll'~" eher.!'- vul Ve

Flange on pUl'[:o lille
Orifice platt)
F'lallgc on eh\~ck vulvo
Flallgn nuts (to\'(jUl' to 36 1.3 in· Ill)

No. :>. oxidi'l.C'l' valve dome pUl'go check valve to
No. 2 oxidizeI' valve

Il'lange 011 ('hf eli. valve
Soal plate
l"hngo on oxidlzel' val\'p,
Flnnc;e holts (foNUl) to 110-130 in-Ill)

No. J oxidiZ(l1' vni'.'c dOnlo purge liul.:! ttl gas
generator oxidizor l)Ul'gL tube

Flange on purge Line
Soal phifeR (2 )'e4d)
Manifolc' flanp.;o
Attach c'uls (torquo to 75 to in-Ib)

None

NOlle

NOHt'

None

NOlle

Non{!

G 01' L 0
AF 2
L6

AD I
A1" I
03

1I or L 8
AP 1
G 01' l. B

G Dr L G
Ale 2
L (;

AD 1
A1" 1
03

Gor/'7
A1" 1
F7

\aY--;ij;;r,'llr:iirc3-"2A for clos" c'e 'lescr .<plion and !t- 389 6.. <1 1'01' attaehi nr. hnrdwlI re .

FtgUl"p 3.. 3. Sr~al ,HId .Joint Schematic for ~:;n{~iHn Purge and OVOl'bOnl'd Drain Systems
(Sheet 1 fj of IU)

Chall[(c No, 4 - 8 October 1970



SeellOll 1Il \l. 'l89ti··;J
Vtuultle I

Lube
and

Method'!oint Df'~"W .cir>tioH_.----_._--------_._-_._._---Code

-_.'--. ····-·--1---···--··_··_--

Zoae I
Nl"f'HOGEN l'UHGE AND DHAIN :;YSTE:~I (coni)

N "-, C5 G:l~ l~("nefatOl' o;..itliz('r pnrgo tube to pl1rge check
valv,"'

lo'lan{\e 011 [lurgo tube
Seat J,late
Flnnge on check \'alv(~

F'lanlo{c nntH (torque to 100,,5 in· Ill)

Nonc
(f 01' L (,
AI" I
G or r 4

1'1-8 C5 PUlp;e d",,,k valve to g'as IrL'lIlJl'ator ball valve
Flan:~f~ on dIL'd" valve
Seu 1 pIa te
FllllIge on 0,,11 ,'alve
FI1li1gn lluls (lul'qu,' [0 45 15 in··lb)

None
li or AI~ 1
Al" 1
AI<: I

N· 9 '('urbop,II111> OXlfU1,er 8l'n.l purge wrap··~~round ho~w

to p\.1lnp :-if~all1Ut·~~u line
].j'laugu 011 wrap-al'ound hOHr'
St'al plale
Flange on purge line
Flungo lllils (torque to 75 i 5 lll-lh)

None
G ur L 6
AI" 1
G or L 6

N-IO A5 ])ump seal PUl'!;C line to o>.:llUZrl' pUnl]) sei:ll puree
lulle (pUllljl ,,,,,J)

Flange en pur((,! hne
Seal plate
pl];mp,e on purge tube
~'lnnge nuts (torque 10 26,3 ill-Ib)

None
Gor L 6
AI" J
GOl'L6

N-ll A5 Pump sen I pllrge lube (pump end) (0 lurllopump
.'ln nl!,e on purge tube
Seal plnte
.'\anp;o on IUI'bopump
Flange nuls (tOI'<]u" to 36 ±3 ill-Ill)

None
G or M Ii
AF 1
M 5

A5 Turbopump to nitrogen purge overboard ,h'a",
tulle (2 places)

Fi tting on lurbopump
Coupling nul on drain tube (torque to

270-3451n-Ib)

(b) A
(b) G

AJ 4
N5

N-13 B8 Nitrogen purge overbJarrl drain luhe lu lee
Couplinil nut on drain tube (tor<]ue 10

270-345 in· Ill)
'ree

(b) G

(b) A

N 5

AJ 4

'a)SeeUg,;rc"i1-:2A for elosul'e dcsc:riptlon and H-3896-4 for attacbing hnrdwaro.
(b) Lllbricant grense RB0140-012 (Rocketdyne).
---::--_._------_..._---_._-----_.. --:---"._---::---:--:-=--:-."..-_.

Figure 3· 3. Seal and Joint Schematlc for EngIne Purge and Ovcrboarrl Drain Syslcms
(Shcet 16 of 18)

3-24X Change No. 4 - 8 Odobe!' 1970



I

H-3896-3 SCCtiol' III
VolulIH! I

---_......~-----_._- -~ ......--...............

Lube
and 1'ype

Code Zone Joint Description Method Closurc(a)
-----_. ---- ____• __________ •• ~ .. o-,- -----_. ---

NlTHOCmN PUHGl, AND DRAIN SlCSTEM (cod)

N··14 A6 Turbopumr, 10 nitrogen purge overboard drain
tuhe

Filting on turbc.jJump (b; A A,T 2
Coup lin" nut on dr:.lln tuLe (tor..jue to (b) G N6

4CO- 525 In-Ill)

N-15 D~ NitruQ;en purge overboHr<1 dl'al
:. tuhLl to tee

COUplHlg out or. dra'll tube (torque to (b) 0 !" B
450- 525,,,-11»

Tee (b) A A.J2

N-IO DS Tee to Jdtrogcrl Pl.(l'l~(! o\'erLoal'd un.tin lube
'1'pe (b) A A.I2
Coupling nul Oil dr~in (nbe (torque to (b) G 'N 6

450- 520 In-Ib)

N-l'( G7 Nitrogell puq(e overboard lin,!n tube t"
nitrotj(l'1l pm-ge overboard drain ttltlO

Coupling "ilt on drain tube (torque to (b) (, N6
450- 525 in-II»

~'itting' ou drain tube (b) A AJ 2

N·,18 84 COCOOII purge w"up-around t",se to purge tube
Flange Oil wrall-around h')se G or L 4
Seal plate None A~' I
F [ange ..<II pur~e (,Ibe G or L 4
Flanf(p lIuts (torque to 75 .5 lll-Ib)

N-19 1;;4 Ji'.11·g'(~ tlJbe to ('(Jcoon purg(J tuhp.
~. '~!:lgP OU purge tuhp. G or l. 4
O\'l.l ~FJ pInta None AF 2
l'''lan~~e on cocopn purge tube G or L 1
Flange nul~ (torque to 38 i3 in-lb)

N,20 G5 COCOOII purge tu;,e to tee
Coupling nett 011 (lurge tube (torque to (tI) G N8

700- 800 j II-It.) f)
Tee (b) A A.15

N-21 05 '['ee to cornon purge lube (2 plaees)
'Tee (b) A AJ 5
COlJjlllng nllt on 111"1(0 tube (t.,rque to (b) G N8

700- 800 ill-Ill)

(a) See llgure 3::zA Cor c1os',re d~!lcrlplioll lind H.. 389t1·-4 Cor .,ttaching hardware.
(") Lubricant grense Rl10140-012 (Rockeldyne).
(f) AbO\'e maximum recorded rtllUilng torque,

._--------
Figure 3-3. Soal and.lolnt Schematic for }~ngin(~ Purgo and OV,)rbflard Drain System~

(Sheet 17 oC 16)

Changu Nn. 4 - 8 Octoher 19'(0 3.. 25



Section III
Paragraphs 3-7A to 3-13

Code Zone I

HC-I ]33

HC-2 D3

HC-$ Cl

R-3896-2
Volume I

Joint Descriptlon

Lube

and
Method

,,_,

HYDRAULIC CONTROL PURGE AND DRA:N SYSq'EM

Checkout valve engine return hose drain quick-
disconnect

Flange on return hose
Retainer (b) J
O-ring (b)J

Retainer (b)J

Flange oa quick-disconnect
Flange nut (torque to 45 :r5 in-lb)

Engine et_ntrolvalve supply tube draln qulck,-
diseormect

Flange on supply tube
Retainer {b)J
O= ring OJ) J
Retainer (b)J

Flange on quiek- discern}set

Flange bolt (torque to 80 :_5i_-Ib)

Actuator returrtline drain quick-disconnect

Flange on l_elvrnline

Retainer (b)J

O- ring (b);)
Retainer (b)J

l_lange on quick-disconnect
Flange nuts ((orq.o to 45 :_5 in-.lb)

(it) See fJ.gur_ 3-?A for closure description and 11-3896~4 for attaching hardware.
(b) Lubricant grease It[KU40-012 (}locketdy,e).

G

AK 2

AH I

AK 2

G or L 4

AK 2

)

)

Figure 3-3. Seal and Joint Schematic for Engine Purffe and Overboard Drain ,_;ysiema
(Sheet IB o) 1[_)

3-7A, ENGINE LINES SUPPORTS,uCLAMPP2LS. L
NJ) BISU7F,/.,',

3-7_. Certain engine lines supports, clamps,
anti brackets are t'm}uded in tile specific com-
ponent removal and installation procedures in
this aeeikm. Fi_ul'e _--3-I contains the It)ca-
tions, arrangements, sad torque values b)r
this hardware. The seal a,d ioh,t tu[ormation

in paragraph 3-3 may be used In conjunction
_,itI_ this information for removing and install-
ing various engine lines that are not covered by
or within specific procedures In this seclion,
The sat¢_ty, contamim)ticm and damage proven-
tion, torquing, and safetywirlng r,,qutrements
outlined tu sottish I ,_re nppIleable.

3- O, L_S_.'I__u_LEET_AT_IOQN_AHO PUI_G)" PO_JLT'

l'I,Uf) AND SEAL I_E_IJ II_J:_MEN_I)_.

3-9. Tile porl locaibm, plu_.% _md seal require-
ments Ior all numbered ports, including Dmse
m) longer vsed for instrumentation purposes,
are listed In figure 3-3A. Specified lubricating

pro)reduces (methods)are outlined In section I.

3-20 ChangeNo. 5- 8 March 1971

3-. I0...s.t:AI.L_.QNJT___OR__II,Jp_2OIUt_p!,UG..AJqD_
SEAL I tE OU_IJtF,__Iv!EN Tfi.z

_-!1. The port loeat!on) pI,J_, and seal require-
ment:J for .qeal monitoring ports are listed In

figure 3-3B. 8'I)eelIied lubricating procedures |
(methods) are _mtltocd In section I, I

3.. 12. IA_plQK_Cj.A_tg2.1_NS..I_AJ_L_rN(.,.EI.E_C-
TRICAL llARNESSES AND CA]3LES.

3.. [3. Tile following procedures outline th_

removal and installation or replacement of

eleetrleal harnesses and cahles. Paragraphs
3.-14 and 3-15 outline the procedures for dis-

connecting and connecting electrical connectors
to pre_ent damage to plugs, receptacles, and
harnesses, including torque values and accept-

ance criteria and datoage limits for plugs. (See
fig,ret_ 3-4 and 3-5.) I'ar_graphs 3-16and
3- t7 oatliae the procedures h._r disconnecting

and connecting electrical plugs to flight instru-
mentation tran_ d, tcers. (See li_*re 3-6. )



1_.- 389 6- 3 Section HI

Volume I
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k

,/

t

12

TIzu_e ,-3-1. _;xgLne Lines Supports, Clmup% and Draeket_ (Shoet 1 (,f8)

Chm'_e No. | - 10 AUgUSt J960
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Section M R- 3896- 3
Volume I

•f_'f .I- FgJ

4

-'74' \",W _
<'<;_'-d_- "_) e'_-/',.

9

_._ 8-101N-LI_

NOTE

ALl, 'll')|lC, ll.i_] VALIJF,$ A_F IN INCII- POUND_.

t I-3- l.l:ltt

)
_J

)

.)

Figure 3.3oi. Engine Lines Supports, Cla_xlps,and Brack_,ts(Sheet2 of 8)

3-26B ChanlleNo. 1 - 18 August I_69



R- 3896-3 Section111
Volume. I

(
\

I0 11 _. 12

13 14

,1

15

17 18

8 lh .N-LB

Figure 3-,3-1.

ALL T(._I_Q|J_ VALUES Al_, IN I'_ICH-F()UNDS.

F|-3-1- l'19

Engine l,i,|esSupports. Clamps, and Brackets (Sheet3 of 0)

Ch,_nge No, I - 18 Augttst 1069 3-26C



Section Ill R- 389_ 3
Volume I

Figure 3-.3-J.. EJ_lllne l,i,es Supports, Cl_mps, and Brackets (Sheet 4 of 8)

Change No. 1 - 18 August 1909

I_'1.3.1-13_



R-. 3896-3 Sectic}n 13.I
Volunlc I

(

,

t

a_

N20

u______J.

21

_22

®@

23

24

_ _- _I..5. -.,_'__, -,.

25

Figure 3-3-1. B_ginc Lines Supports, Clamps, ai,d t'_rackets (Sheet 5 of 8)

Cllange No. I - ltt Augtt._t 1969 3-261,]



SectionIn R-. 3996- 3
Volume I

26 27

I

_® 28 29

W
30

_ /Ii_OVE IIUNNING "IuRQI E ()F NI. T
ALL IURQt E VAI,I ES AIL[-] IN INf'tI-I_UNI_S,

3-26F

I l-;l,l-llI_

Figl_re 3-3-1, Engine I.tm'_ Supportt_, Clamp_, g.nd Bracket_ (Sheet 6 of 8)

Chm_ge No. I -III Auguv, t 1969
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R-3096-3 See tiol_ lil[
Volume I

,

(

/

: _"_' 33, 34

Finite 3-3-1.

t I-'J. 1-17_ i

Engine l_nes Supports) Clamps, aud Bracke).8 (Sheet 7 of 8)

ChAnge No. ] - 18 Atigtlst 1969 3-,26(]



Section I[I R-3896-3
Volun_e I
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Torqae
Tap Description Fitting Seal Lubncan~ (in-lb) Location

PF2b-1 No. 1 fuel pump AN314-4JL (a) RD2S2- 3001-0004 (b) RBOI40-{l12 40-65 ~.jo. 1 fuel high-pressure
dise!1arge duct

PF2a-2 ~o. 2 fuel pump (Fla::ge) No. 2 ~u€l high-pressure
discharge duct

PF2b-2 No. Z fuel pump A:"314-4JL (a) RD26Z-3001-0004 (b) RB0140-012 40-65 No. Z fuel high-9ressure
discharge duct

PF3Ol-l No. 1 fuel valve &'i614- 4JL(a) MS29 51:'- 04(b) RBOHO-Ol2 125 I5 No. 1 fuel high-pressure
inlet duct

PF3a-2 No. 2 f~el valve ANSI4- 4.JL(a) MS29512-04(b) RB0140-01Z 100 =5 So. 2 fuel high-p!'essure
inlet duct

CFta Fue1 ma.nifold AN814-4JL(a) RE26l-3004-0004(c)(d) RB0140-012 85.5 Thrust chamber body

CFlb(e) • :\8" ,..- (a\ RE261-3004-0004(c)(d) 85 ±5
<::::

Fuel manifold RB0140-012 Thrust chamber body 0 ,
..""1], ~':t- tJL

~ ""0::""

A:"814- 4.JL(a) {~\'d' 85.5
3«>

CFlc FIle; manifold RE261-3004-0004 -,I / RBOHO-Ol2 Thrust chamber body "';~

-w
CFld Fuel ma..'lifold (Fl:.\nge) Thrust chamber body

('J KF6a-l No. 1 fuel pump (Flange) No. 1 fuel pump inlet
~ inlet elbow;;l

'"" AN814-4JL (a) RD232-3001-0004\b)~ KF6b-l No. 1 fuel pU'Ilp RB0140-012 ~O-65 No. 1 fuel pUr.lp inlet
? inlet elbow
.".

AN814-4JL{a) RE261-J004- 0004(c)(d)• CF2a Fuel injection RB0140-012 85 =5 Thrust cha::'ber body

'"0 CF2b(~)
f.,..'1

RE261- 3004- 0004(c){d)
" Fuel injection AN81·1-4·JL'-.t., RBOl40-012 a5 ::5 Thrust chamber body
~

g. (a) Lubricate (~Iethod A).
'" (b) Lubricate {?~Ie:hcdJ)."- (~) Interchat'-lieable with l2100CR4.
'" I.., (d) Lubricate (Method RI with fluorinated oil Krytux 14SAZ (Du Pont) .e

(e) Engines not L~ccr?orating )"lD140 change. '"
I '""~.., Figure 3-3A . lnstru~entatlon and Purge Port Requirements (Sheet I of 8) 0, ;;l

", -.., --



"" u.>,
<">N Torque ..,

'" 'lap Description Fitt"n;; Seal Lubricant (in-Ib)
...

.Loca.tion ...
c

AN814-4,TL(a) RE261-3004-0004 (c)(d) '"
~ CF2c FUt:: ~ injechon RB0140-012 85 ±5 'fhl"',",st chamber body I l::
"

....
go

KF6b-2(f) No. 2 fuel pump AN8l-i-4ia ) RD26~- 3001-0004(b) RB0140-0:2 40-65 2 fuel pump L'llet::l No.
""<"> inlet elbow
Z

AN614- 4J1. (a) RE261- 3004-0004(c)? P02b-l No. 1 oXIdizer RB0140-012 ~O ,,10 No. 1 oxidizer high-... pump dlscharge pressure duct
I

'"0 P02a-2 No. 2 oxidizer (Flange) No. 2 oxidizer high.-.., pump d:is charge presslJ.re du:=.t...go
AN814-4JL (a) RE261-3004-0004 (c)'" P02b-2 No. 2 oxidizer RB0140-012 SO ,,10 No~ 2 oxidizer high-....

.... pump discharge pressure duct
<0
~

A));814-4JL(a<' RE261-3004 -0004 (c)
0

P03-1 RB0140-012No. 1 oxidizer 90 ±10 No. 1 oxidizer high-
valve inlet pressure duct

'0 ) RE261- 3004- 0004(c)
<:::I

P03-2 No. 2 oxidizer AN814-4JL\~ RB0140-012 90 ±10 No. 2 oxidizer high- 0 ,
... ""valve inlet pressure duct " '""''''~ '"

208029(a) RE261- 3004- 0004(c)(g)
'" ,

C03j Oxidizer injec- RB0140-012 85 if Oxidizer dome .... ""
tion

C03b(e) Oxidizer injec- AN814- 4""1. (a) RE261- 30C4-0004(c)(g) RB0140-012 85 ,,5 Oxidizer dQme
tion

C03e Cxi~.iz~l' L"jec- AN614-4JL(a) RE 251-3004-0004(c)(g) RB0140-012 8S ,5 OXidizer dom e
tion

COlb-l No. 1 0xidizer AN814-4JL(a) RE261- 3004-0004(c)(g) RB0140-C12 85 =5 OXidizer dome
dome inlet

(a) Lubricate (Method A).
(b) Lubricate (lVlethod J).
(c) L'ltercha'lgeab!e with 12100CR4.

I(d) Lubricate (Method R) with n"orinated oil Krytox 143AZ (Du Pont).
(e) Engines not incorporating MD140 change.
(!) Engines not incorporating ~ID146 change.

I(g) Lubricate (Method R) with fluorinated oil Krytox 143AZ CDu Pont) or lubricant grease RB0140-012 (Rocketdyne).

Fi~Jre 3- 3Aw Instrunlentation and Purge Port Requirenlents (Sheet 2 of 8)



Turque
Tap Description Fitting Seal Lubricaat (in-lb) Location

COlb-2 No. 2 oxidizer AN814-4JL (a) RE26l-S004-0004(c )(g) RB0140-0l2 85 ±5 O:d.dizer dome I
dome inlet

COla Combustion AN814-4JL(a) RE261- SOO4-1004(h)(j) CSA 85 ±5 Thrust chamber injector
chamber

CGlb Combustion AN8l4-4JL (al RE261-3004-1004 (h) C5A 135 ±5 Thrust chamber injector
chamber

CGlc(i) Combustion AN814-4JL(a) RE261-3004-1004(h)(j ) CSA 85,s Thrust chamber L'ljecior I
chamber

CGld Combustion AN8l4-4JL (a) RE261-3004-1004(.'l) C5A 135 oS Thrust chamber injector
chamber

GFI Gas generator AN814-4JL(a) EUD262-3001-0004(b) RB014o-0l2 40-65 Gas generator fue~ cluct
fuel inlet <;::tl

0 ,
TG4a Turbine mani- (Flange) Turbine manifold -""Co:-

M",

fold inlet "a>It I

AN814-4JL(a) RE261- 3004-1004(h)
- <0

T("rib Turbine mani- C5A 21:0-276 Turbine manifold
fold inlet

(')

AN3l4-4JL (a) RE261-3004-1004(h)§ TG5a Turbine outlet CSA 135 ±5 Heat exchanger

"" ( ,
RE251-3004-1004(h)" TG5b Turbil1e outlet A!1!814-4.JL,aj C5A 135 ±5 Heat exchangerZ

0
OOla(e) RE2 e1- 30()'1-1004 (r.)... Gas generator RD273-5003- CSA 200-240 Gas generator injector

I -:hamber 0004(a)
0:> (al Lubricate (Method A). I0
r> (b) Lubricate (.Method J).
~

(c} Interchangeable with 12100CR4.g.
" (e) Engines not incorporating MDliQ change..,

I... (g) Lubricate (Method R) with fluorinated oil Krytox 14JAZ (Du Pont) or lubrica.'lt grease RB0140-012 (Rocketdyne).

'" (h) Interchangeable with 121COAA4...,
'" (i) Engines not incorporating MDll7 char.ge. t~

(j) Lubricate (Method R) with Brayco 777 hydrauliC fluid (Bray Oil Co). I
co
"-o'

"" Figure 3-3A. Instrumentation and Purge Port Requirements (Sheet 3 of 8) ",
'" -co :::



<A ;:n,
'"'"" Torque n

0 ~

Tap Desc~ption F:tting Seal t ul1ricallt (L"l-lb) Location -0
'"

AN814-4JL (a) RE261-3004-1004 (h) -n GGlb GJ.s generabr Cs.lI. 135 ±5 Gas generaior injector t:I
::r ch:lmber
'"" RE2S1-3004-1004 (hl
.... C-Glc Gas generator RD27:l- 6003- C5A 200-240 Gas generator injector
Z chamber (,004(~)
0

a.
GG2a ANa14-4JL (a) RE261-3004-1004(h), Gas generato.t" C.iA 135 ±5 Gas ger..Brator injector..,

chamber
'"a: 'hI
<: GG2b T"rbin" manHold RD273- 6003- R£261-3004-1004\ , C5A 200-240 Gas generator combustor
" 0004\2.)S
::r

AN814-4JL (a) 'b''".., PFI0 'ruel impellr~ RD2 62- 3001-0004\ , RB0140-012 40-65 TUIbopump fllel volute- balance cavlt"J'"...-NB4(e) AN814-4JL(a) RD262-~OOI-0004(bjEngine control RB0140-012 40-65 System return line
system return <::c

0 ,
ml7(e) AN814-4JL(a) RD252- 3001-00G4(b) - «-

Ignition monitor RB0140-012 40-65 No. 1 fuel valve open
,,~

3«>
va lve outlet control tube ",Ol,-...

!F2 igm.ter fuel ANi'l14-4;:;L(a) RD262- 3001-0004(b) RB0140-012 40-35 Hypergol manifold
valve inlet

!FS Byperl;l)l con- AN814-4ia ) RD262-3001-0004 (b) RB0140-012 40-65 H)1,,,rgol manifold
tai!ler inlet

HH3c Heat exchanger AN814-4JL(a) 12100CL4 RB0140-012 SO ±5 Helium return duct I
hellam outlet

HE4 Heat exchar.ger A:I>'a14-4JL(a) 12100CM RB0140-0.2 80 ",5 HeU~m return duct I
helium outlet

(a) Vlbricate (Method A).
(b) LubricatE' (Method J).
(c) !nterCh2.!lgeable wi~h 12100CR4.
(e) Engines not incorporating' MOHO cn·mge.
(h) Intercl1anbeable with 1210()AA4.

Fig-...:re 3- 3A. Ins,rlmentation and Purge Port Req 'irements (Sheet 4 of 8)



Fig-cre S-3A. LTJ.stru.m~"tationand Purge Port Requireme~1.ts (Sheet 5 of 8)

Ll!hricate (Method A).
Lubricate (Method J).
Interchangeable with 12100CR4.
Engines not incorporati.r.g :1ID140 change.
Lubricate (Method R) with fluorinated oil K:-ytox 143AZ (Da Pont) or lubrica....t grease RB0140-0l2 (Rocketdyne).

Torque
Description Fitting Seal Lubrlcant (in-lb) LocatlOn

Heat e",<::t:a~e. RD26S- 3004- RE261-3004-0004 (c) RBOH.O·C12 i80 :10 Heat eX~hanger check
oxidize:- inlet 2002{a l valve

Heat excha.l1ger RD265-S00"- RE251- 3004-0004 (c) RB0140-012 180 :10 Heat "xchanger check
oxic:ize,. inlet 2011~(a) \-a!ve

Beat exeha..'1G~r RD2oS-30l7- !tD261-3005-1004 RE0140·012 ..35 :10 COX dud

IGOX outlet 0004(a)

Heat cYchanger RD265~3017- !UD261-3C05-i004 RB0140- 'i12 135 :010 GOX duct
GOX cutl~t OC04(ai

No. ! bearil-:.g A..~814- 3JL(a \ MS"Cl5' -. 03{b) RB0140-C12 30-40 Turbopump• 40.... "'-

No. '3 ~~:'~:~;
'a \ ~.1S29512-03{b) RB014C-012 35 ±5ANB.l4.- SJL\ , Turbopump

Turbi..'1e be~ :i;;,Z AN81~-s.;L\a) 12120CR3 RBOl ..O-Oi2 70 :5 Turoopump <::l
0 ,

'a 1 RE261-3004-0004(c)(g) - to>Oxidizer mani!old ANSl4-~JL\ • RBC140-012 85 :5 Oxidizer dome c: ""3""
208029(a) RE261- 3004-000';(c)(gl

ClI'"•
Oxidizer in!€c- RB0140-012 85 :5 Oy.idizer dome - to>

tien
(.-. ,

RE261-3004-0004(c )ig)Oxid.:z",:;!' injec.- 20802S'~' RB0140-D12 85 :5 OxidIzer dome
tion

, \
RE261-S004-0004 (c)(g)Oxidizer injec- 208029 la, RB0140-0l2 85 :5 Oxidizer dome

tion

Combustion cham- (Fla.....ge) Thrust chamber mjectorDer
Turbine outlet (Flange) Heat exchanger

LS2

COSh

LS3
I '

C02c,e)

E04c

E03

H02

Tap

LS!

HOle

•..
'" CGle
2:
~ TGSe
~=-,m \a)

'"S ('b)
:; tc}
;:: (e)

(g)



"" CI>, "... Torqup !l..
Description Fitti.~g ~a1 Lubricant (in-Th) Location -Tap 0

:::

PF2c_l(f) No. 1 fl1e I pu:np ANS!4-4JL(aj },1S29512-G4(b) RB0140-012 40-65 No~ 1 f~c! high-pressure Sn
". disc: ..arge duct
"" A.'iS14-4JL(Al MS29512-04(b)"" PF2d-l No. 1 iue! pump RB0140-012 40-65 No. 1 fuel high-press:Ire'"Z discharge dlJ~t
?... PFZc-2 No.2 luel pump .<I.N614 _'" (a) MS2S512-D4(b) RB014v-012 40-65 No. 2 fuel high-pressure_~ _ 'hI..Ll
I

discharge duct
'"0

A."S14-4JL(a) lUD262-3001-0004(b) 40-65r> NRZb Engine centrol RB0140-012 Propellant valves close-0 closing tubeC"

'"... M1814- 4JL(a) RD262- 3001-0004(b)... NH:Jb Engine control RB014G-G12 40-65 Propellant valves open
'"-> opening tube
<:>

C' AN814-4JL(a) RD262-3001-0004(b)N11Sa 11 Common hy- RB0140-012 40-65 Actu:.ttor return li..,e
~Ta·J.lic. return <::c

0 ,
AS814_4JL(al RD26Z-3001-0004(b) -'"NHSb COlllmon hy- RB0140-012 40-6~ Actuator rebrr. !ine ~ ~

S Ci)
draulic return ",0>,

-",

NB:E.-e Common ily- (Flang'?) Actuator return line
draulic return.

KF7a-l No. 1 fuel pump AN814-4J(a) RD252-3COI-G004 (b) RB0140-012 40-65 No. 1 fuel pump inlet
inlet elbow

KF6d-2 No. 2 fuel pump ANS14-4JL (al RD262-3001-0004 (b) RB0140-012 40-65 No. 2 fuel pump inl..t
inlet elbow

KF~~ ?(f) No. 2 fue! pump A...'lS14-4J(a) FlDZ6Z-3001-00Q4(b) RB0140-012 40-65 No. 2 fuel pump inletI(L- ....

inlet elbow

GGld Gas ~nerator (Flange) Gas generator injector
ch2.IDo.;e::-

(a.) Lubricate (Met.1J.od A). I(0) Lu!>r;cate (Method J).
(f) Enpnes not incorporating MD146 change.
(', Engines not inco:-pcratln5: ?-.ID177 cha.'1ge.-,

Figure 3-3A .. L-J.st.'"U.!Ol€n:atioa alJ.d Pur;;e Port Requirements (S::e"t 6 of 8) I



Torque
Tap Descriiltion Fitting Sea! Lubricant (in-!b) Location

GF2a Gas genc:rator RD273- 6003- RE261- 3004-100';'(h) RBOHO-012 200-240 Gas generat'Jr injector
fuel injection OCD.;.(a)

GF2b Gas ger.erator RD273-€003- Jtg25l-3004-1004 Chj RB014C-012 200-240 Gas generater injector
fiJe1 injectiun 0004(a)

G02a Gas generator A."\814-4JL(a) RZ201-3004-00C4(c) RB0140-012 aO-30 Gas generator injector
oxidizer injectim::.

C-<l2b(e) Gas generator A.NSI4-4.JL(a) RZ~6I-30~-0004(c) RB0140-0l2 80-90 Gas generutor injector
oxidizer injectio~

GOln Gas ;;enerator A....814- 4JLCa) Fjg261-~004-0004.(e) RB0140-012 240-276 Gas gener:<tor oxidizer
oxidizer irJet duct (valve end)

GOlb Gas generator &'<814- 4JLCa} RE26l- 3004-0004(e: RBOl40-012 240-276 Gas ~enerator oxidizer
oxidizer inlet duct <::ll

0 ,
MS29512-04(b) -'"NHDa Ground hydrau- RD265-3004- RB014v-0~2 125 ~5 Hydraulic supply wrap- ':ex>

3'"
lic supply 200z(a) around duct ",,,,,

-",

H05(e) Heat exchanger RD2~5-3017- FlB261-3005-1004(e) P-B0140-012 135 =10 GOX duct I~ GOX outlet 0004 a)
~

'" AN814-4JL(a) RE261-3004- 0004(c)"" HF.2c Heat exchanger RBOI40-0!2 SO ,,5 Helium supply ducttil

:c.: helium inlet
0

'" LEla OAidizer PU!llp (F!allge) Soaring coolaut centrol
bear.ng jet vah'e

'""" A.'l"8l4-4JL (a) RD26~-3001-0004(b)Z LElb C>.:idizer pump RB0140-012 40-65 Bearing coob.nt control
0 bearing jet .-alve<
,~

:; (a) L~~cate {Method A)4
0"

'" (b) Lubricate (Method J)...
(c) Interc!1angeable with 1210CCR4.-~ (e) Engln~s not inccrpo:-ating MDliQ change...,- (h) Interchangeable with 121{jOA...~4. ""'f::

"~
Fig'.!1'e 3-3A. L'lstrumen:anon and Purge Port Requireme:lts (Sheet 7 of 8) -

'" ", '"
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(,0
I......

!"ubticantTap Description Flt\ing Seal

"
P02e-l(i) No. 1 oxidizer ft...N814-4JL(;;) RE251-3G04-GOO4[c) RB0140-012

~ pump disc.harge

" A.:.'iS14--lJL(a) RE261-3004-0004 (C)
<"<

P02d-l RB0140-012" No. i o:-tid.iz':!r
Z purnp discharge
?

A~Sl4-{JL(a)
, \..,

POilc-2 No. 2 o~dJ.zer R"'?~< ~(l04 0004\c, P.30140-012...&;,1 .......... -.... -

'"
pump discharge...

~.\
i!:: POTc Cxidizer pump ANBSi-4J A.>;SZ9-4J'''-· RB0140-012
'"'"' seal caYi~y

'"::l"
AN~'4-4JT (a) ruD252-3COl.aOQ4(b}n'... :tuna Ccn.rol system RB014~-012e • 0... ....... supply'" ,. \

RD262-3001-(\004 (b)(n \Nillb Control SYSt~ A.'ii814-4.JL'''' RB0140-012
sUi',:ly

!>n8 Coot!'ol sjst~m .~'\814-43L(:e.) RD262-3001-C004 (b) RBOt40-012
oVl;lrride supply

GG2c Gas generato=- RD273-~C3- RE~61-:>OO4-l004(n) C5A
e!l.al::lber OOll4(a) , .

iU>261-3004-0004(c)G05 Gas generator A.1'Ii814-.:.iJL"aJ P.B0140-C12
modizer inle:

Purge lA, OXidizer dome A.><814-8.JL(a) ") RBC140-C12RE261-3G04-0COa\J.
IB,2A,2B purge

I~)
RE251- 3ih."4-001Z(m)No. S Oxidizer dome Al'814-l2J"L ,~ P.B0140-012

PURGE, p"~rge

No.4
:?URG:S:

'""Torque ,.,
~

(in-lb) Location o'
"-90 =10 No. 1 oxidizer high- ::l

pressure duct

SO ±10 No. 1 oxidize:" high-
pressure d~ct

90 ±to No. 2 oxidizer nigh-
pressure duct

135-185 Turbopurnp

4e-55 Engi::e control valve I

40-65 Englne control valve I
<:::::

4~-65 Re<!lL,eant shutdown 0 ,-'"'valve override hose
:: 00

'" '"- '"" ,220,20 Gas g.enerator combustor -'"
2.40 :10 Gas generator baH \.9:11ve

350 :15 C>:idizer dome

S60 :120 Qxidi zer dome

{a} 'Lubricate {M-ethod A).
(b) Lubricate (z...Iethod J).

{

C
f
')} Interchangeable With l210CCR4.

Engines not i'Ccarpcratin~ :-~ID146 change.
h) L?1tel'changeaole with 12HJ.OAA-;:
~Jd Lubricate (M~thodG).
(1). Interchangeable with 12100CR6.
}rn) Lflte""chartgeable with 12100CR12.
~..:.:n:..)~A;.1:.:i;:o::......:a..:b;.i"::._::.a:.:l.::.:te:.:rn::.,:;;;:;t.::e..::\:::1:::S..:2::.9..:5::.t:.2-_0:.4::...o(a=g::._e::..::.c:::o:.::n:.:tr:..o:.l:.:l~:._C:.·::.). -

Fig'~re 3-3A. Inst:umen~tionand Purge Pert Reqc:irements (Sheet 8 0: 8)



it··38GB-:!
Volume 1

S~ction 1II

Port LoeatloJl----
Thrust chamber combusllon
chamb~r pl'essl!re trans
ducer (tap COle) (011 trans
dvee,. adajJterl

Plug and meedor(a)

AN814-2JL(h) RE2Bl-3004-1 002(c)

1>111;: TOl'ljue
(In-lb)

100-120

'I'hru"t ('hambcr combustion
chamhflr Pl'csBuro trulIH"
ducer (lap COle) (on Injector
fla IIlIe)

AN814-~,J.,(h) HE261 ..3004-1 002 (e )(d)

No. t and No. 2 oxl,lIz"I'
val'{e~ to (lxldlu,r dome
(0/1 d(\m~ fln/1!:e~)

Henl cxchanr;pr checl, valve
10 oxidize·!' dome (, I (~01llC

flanl:e)

P !'elm liquid leve} delectol'
(on lu,,1 manlfoJd)tl )

Il,'at eX(~halll:el' to exhaust
manifold (on nxhaual Il.a~llolt\)

No. I and No.2 I,wl Inlet
cll)oWH to fllo\ puror. Inleta
(on (,!bow IIa n"oa)

AN814-2,JJ,(e)

AN8)4-2J(C)

HE261-3004 -OOO~(fHg) '10 t5

HE261-:IDD4-0002 (fH,,) 70 1"5

1tl'201-3004 -0002 (f)(II) '10 j 5

rU;261-:HlO4-1 D02(c)( d) '{O ;i S

HD262-3001-0002 (j) I D··) 0

Fupl /Iump Olltlot 10 No.
111"1 high-I'I"'asuro duct
(on pllmp Ih,nlle)

LI··15

Fllc! pump olltlol to No.2
lue! hl!~h-IJl'eS9UI'oduet
(on pllmp flanl:o 1

ANllL4-2JI,(11) 11-1.5

No. I luel 1,lel'-l'rCS8l1ro
(lIwt (on PUlll)) end flanfio
and valvo fJnd flaIlg'o)
(~ r"qcl)

MS901,i-02(o) MS29512· 02(]) 75 ±5

Ilafp!ywtre with [ncone! Lodmlr.! MS208lJ5N a((,')' lorq,111I1:, "" i1jJjJllcahlu.
LUbrtcate (Method A) with lhread cOll1jJoUl'd C-5A (r'ult l'roduela).
Inlon;IHltl'(cabJ e with 121 DDAA2.
LUbricate (Method R) with F',ray"" '/77 hydraulic 1I111c1 ({ll'ny Oil Co).
LUhrlcate (Method A) with "JIJI'lcutlt I-lrcasc nOD140-012 (ltoeJretdyn(!).
Inlf:rchangoable with 12100CH2.
LlIhr\('ate (Method It) wHh fluorInated oll K.ytox l43A:l (1)u POllt) or lubl"icant greaso
IUl014D-012 (ROlJketdyno).
Lul)j·teatc (Method R) with fluorinated 011 Krytox 143AZ (/Ju Pont).
Engines 1I0t tncorporatlng MDt23 changc.
Lubrlct\te (Method J) wl\h lUbrIcant grousv HB0140-012 (Roek"tdyne).

_.._---
(a)
(Il)
((; )
(d)
(e)
(()
(g)

(h)
(I)
(j)_._-,-

F'lgure 3·3 B. Seal Monltorlnr~ Port llcqull'Oments (i:lhcet. 1 of :j)

Change No.6 - 2G NOVf'llllJel' 1971 3 ..34A!3-3413



R-389<l-3
Volume I

Seclton J[J

,-----------------------------------
Plug Torque

lin-Ih)

7:3 i 5

35 ±~)

50 i [)

10- J 0

10.. 16

'10 ,.5

85·95

10·11; ft·lI>

HE2Ul-:lO04-0002(f)

Soal

1\1829512-020)

[U;261-3 004- 0002(f)

H~:201-3004.. 0002 (0

m:2111 .. :1004 -0002 (I)

Port ,'"ocalton Plug and BlcfJdcr(a)-------,------_..:.--
No. ~ fur,l high-llres6uro duct MS9015-02(e)
(on pump end flange and ~alve

cnd flange) (2 reqd)

No.2 {uc·l high-pressure duct AN814-2JL(e)
to ((a" generator fuel duct
(at orifice)

O~idlzer sue/Ion duct to AN814-2JL(ll)
lllddizer pUlnp

~f·l. 1 and No, 20xldlzel' llIJ205-3012-00IJl (0)
pu mJl discharge to oxidizer
high-pl'cns\ll'o <lucia (on
pnmp lIanr:e)

No.2 oXldlzH ,JUmp ontlet ANB14-2JL(e)
pressul'" lI'ansducer (tap
1'020-2) (on No.2 high-
presfluro duct)

No. 2 oxldlzel' hlgh-prcssul'o ANU14-2Jr.(e)
dllcl (0 l~aR I(cn'H';ltor oxldlzel'
dllct (dUl'l ond) (HI down-
fjlrl!um orlflcc')

No.1 and No. :1 oxlcllzQI' high- AN814-2.r(e)
pr'cHsuro duc!u 10 oxidizer
valvelJ (011 oxldl?Cr vulvt,
tlnnl~OfJ)

Ga!l gl'lllJrat(Il' chnmlHJI' MS9015-02(t')
prosflurn trallutht<'cl' (tap
GGl <I) (on v,u'J IJOIwl'atol'
I"Joolor)

1I0at oxchan(;fJl' elwell valvo MS\IOl~I-Ol,(o)
to 0)(1<111.01' flOW1YI'Jler (on
!low fOr-tel' fIalllto)

Heat exchallgCJr oltlJlzr-r M89015,.02(0)
flowmeter 10 heat oX<:!lllnl:el'
oltldl~.m' eu! "'ly hOllo (on
flowmeter ••ang!:)

ibnl Safoty'wirewith Incnnol luckwlre MS20995N aft!>!' lorquln((, liB applicable.
( Lubl'icate (Method A) with thread eOllljlound C-5A (Felt I'r()(hwtll).
(c) Intorchangeable With 12100AA2.
(e) Lubricate (Method A) with lubricant gl'oasp- RD0140·012 (Rocketdynll).
(C) Interchangeable with 121 OOClt2.
(j) Lubrlcate (Method J) with lubl'lcant gr.oase HBOHO,·012 (Ro('la.tdynn).--.._...._._----_.._..~-

l"lgure 3~38. Seal Monltorlnr; Pori HequlrClmmts (Shoet 2 of 3)

Clllwge No.6- 29 November 1971 3-:W



Section III H-3890-3
Vohlll\p I

,----
Plug Tonluc

(in-Ill)

70 ±5

SnalPlug alld Bleeder(a)._---_._----_.----------
ANB14 -2.n,('·) HE201-3U04- t 002(<:)

Pod Locatioll

Ileat ex('hantlCl' oxidizer
supply hose io heat exchanger
(on heat (')<dmnger)

--,---

Heal "xChaJl!(el' GOX duet
(heat •.,.xchrtnll"r n'HI) to ilcat
(,xchanger (on hcmt ('XC hanger )

HF:2G1-3001 ..1002«') 70,5

Ilnliulll supply duct (heat
('xchanger end) at he'at
exnhallr.er

HE201··3 004-1 002(<:)

Helium returll duct (hent
axchanll"r end) at heat
eXc1ln/l~er

70 ~5

Turuiue to hoat exchangor
(on heal e)(chnn~~or fJan~w)

AN814-2JL\b) IlI>21J!-301J1-I002(c) '10 t5

Turl'!lIp oullet J,rcilRure
trn',~du('('r (tap '/'05c) (all
heat CXdlall[(Cl')

ANfIl4-2,rL(h) HE2Gl-3ll01-1 002(.,) 7{) i5

(a) :-la(ptywll'c w\lil lneonol lo"kwlrc MS20ll95N afler torqullll:, liS al'pllcubl".
(Il) Lul>rlcall' (Method A) with thn'ad "om pound C-(jA (Jo'elt 1'l'Odu('(8).
(c) Illterchall~cahlewith 12100Ar\2.
(0) Lubricate (M~tho(1 A) with luhl'l"ant gl"ca~o HBO\<lO-1)12 (Hoeketrlyne) •._--

FI(~ll"C a-31l. ileal Mon(((JI·!/II\ Port J.lcl\ull'cnH!nt~ (Shl,,,t 3 of 3)
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R-3890-3
Volume 1

Section 111
Paragraph" 3-14 to 3·15

3-14, DISCONNECTING EJ,ECTIUCAL CON
NECTORS. To prevent corroijion and other
types of damage to electrical connectors and
hal'llesses or <:abl.,s, thlb procedure hlUSt be fol
lowed when discOJmectlllg elcctl'ical COllIlectOl'll
othel' than those connected to fli;:ht Instrumen
tation tr,msducers, For P1',w!)(lure concerning
(lisconnectlon of electrical plugs from trans
dllel'r", re[er 10 paragraph 3.16,

WARNlNG

Dlsc0ruwclil1f-' clectr,ical COntLOctors
wlthout turning off the POWN SOUl ce
can cause arcing, !'E'sulting In serio
OU:i injul'Y to porHonnel and dama{-,c
to equipment.

a, Malle sure electrical power source is
hu'ned rAf,

b, Removc enough hames:l Bupport clamps
to allow comwetor to be dlscollIlec'ied without
slralnlnR har'Hlss,

c. SUd" protecllve boo I hack on Imrnc'ls.
GUl cl11d reUiovo lockw ire.

d, Uulnf{ appropl'lal~ wr,,'lIch, !oo,lcn und back
off coupliJlg nut until nut cnn Ill' turned by hand.

CAITTI0N

The bcnd I'adlu>l of the IHIl'IWSS llIust
llover Iw Icss thm, '1110 t1111011 tho Ollt
oldo diamctm' of tit 0 hal'JWIlIl; nthc1'
wiso, damar{o to tho harnellEJ mm 1'0
sult.

e. Grasp und cat'efurty jluIJ COllll0ctor fJlrulght
away from rcc()ptacJe, Do nol twlat ,,1' turn
cOllne('\or8, 01' pult or bund IHU'UCIIS beyolld a
I"md radius of lcos th:m une tlnws outsldo ,Hulll
oler oJ harness.

f, InEltall prot',cllve dusl caps Oil all dlseoll
neeted conneclors, DUBI cnp ""qUIt'Crlll'llts, by'
cOI'Jwetor rnfercnco dfJ.!:ilf{lHllioJl number I al'e
lIBtl'd In H-3606-4,

g. 1'Ol'qUC dust cops to applicable lorque
value, TJusl-cap torque j·eqUl.romenls, by con
noclor number, arc listed in fl,~re 3-1.

:1 ·15, CONNECTING ELEC'!RICAL CONNEC·
TOllS. This fll'ueel1uro must be r, continuuus
operation. H a delay in completion Is en
countered, all openingll must be capped and the
eomplde proc~dure repeated startilll( with
st~p a, This procedure must he [ollow",1 when
connecting electrical COl1llPctors other lhalt thos('
COlUl"cterl to flight illslr'lm"ntation transducers.
FOl' procedur<l concerning co/Uwction of ol,'e
tricuJ plugs to h'aI1Sduco!'s, refer to paragraph
:L.. :7.

ThlH llrOc()dnrc llpplies to o1ectrlcl11
cool1eetol's of cny.inc harnessos.
Only step fl lind Bulwteps 1, 2, and
3 apply to elecl"lcal connectors that
are an integral pari of lin engine
COltlpOnlJl\!.

a, flClllOVc\ protective dual eaps, and Inspect
conneetors fOl' tho followhl/;:

(I) !o'Ol'fJlgn partlclos, dust, (llrt, moisture,
01' lubricallt 'M cOlltac:! phlS, (lorkctIJ, or lrwcl'ts.
Clcan cOlllwelol'S as ouillned In scellon 1, if
l1ecesHary.

NOT[~

Since luhricant may have tho app,mr
anc" of lOoialllI'e. tlw 8nbfJlano"
111USt 1)(1 eXamhlfJd carefully.

(2) Hent pin contads. l'jn contacls lhnt
arc not bnnt mol'(! than 20 degl'CN] £l'om C()lu\ec ..
tor axill mn,y bo rcpnlrod, (Sec flgul'c :J. :i. )
(Hefer to 11-3096-3, Volume J.I, for (·lcctdeal
harness repair informallon.) Hopln"c hm'lwss
If pin conl:wts m'e bt'nt more than 20 rler,I'I'''S
from coltlleel01' IIxls.

(3) PhI '~(l!ltn(~la wIth mOl'e Ihan OnO b,m(l,
re,(ardlcsa of Hllf,ulal'lty uf ench bend, are llot
acceptable. (Soe Jl[lUre 3-5.) flepillce harlless
If pill contact contains mal'!! than onl' bead.

(4) Bent or miSflllned female socket COil··
taets are not accept.able. Replaco hal'llcas If
socket contacts aro damaged.

(5) E:xt'mdod or recessed pin contacts that
exceed llmlts speclfled In flguro 3-5. floplace
hal'llees if Ilmlts aro exceeded.
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Section

u. ,, , . ,,

Connector Torque(a)

Rl)l No. (/n-lb) Description

JIB 155..185 Interface panel
II J19 90-115 h_terfaee panel

J20 130-165 Interface panel
J 100 90- I15 Interface panel
J101 130-165 /d_terfae(: panel
Ji02 100-125 Interface p_mcl
J103 100-125 lateri'_ce panel

.1104 90-115 Interface panel
J106, , 90-115 lnterfacn panel
J140_,b, _ 60-80 Interface panel
a 14l(h,l 155-185 h_erface pm_el

J142 40-50 Interlace panel
5143(h) U5-145 Interface p,'ulel

J174 40-50 Inte, r race panel
J470 130-165 Interface panel
Jr00 fi0- i O0 Interface panel

I)30 60-80 Ch(._ckeut valve
I)35(c) 40-50 Prehll level detector

P43, P,t4 40-50 Gas generalor igniter
t'45, 1)46 40-50 Turbine e.xhautti l_011ter
P47 100-125 ;nlerconnect to itiniters

(J47)
1_50 (d) 40-50 l_edmtdmli shutdowll

valve

PSl 40-50 ]_ngine eontroJ w_Ivo
start sol enoid

1)52 30-40 l_qgine control valve

stop solenoid
P53 40-50 G_ts I;cneraior b_dl

v,n.lve position switch

l"56 40-50 itype,'gol eartrldgo-
installed switch

IJ70 60-80 No. t oxidizer v_flve
position transducer

P71 60-90 No. 2 oxidizer valve

ilosltiontr,'tnsducer

P73 40..50 No. 1 thrust OKpres-
:;uro switch

(a) Torque is applicable

R-3896-3
Volume I

Coenector

RDI No.

I:_3(1)

P74

I_75(e)

PT_i

P77

P'18

1_,/6(f)

1'85, P86

P_t'l , I*88
P108

PlO9

Pll0

Pill

P112

Pl13

])114

PlI5

Pl16

Pl17

1'118

Torque('t),

(in-lb)

40-50

40-50

40-50

60-,80

60.-t_O

40-50

,10-50

30-40
30-40
60-100

130-105

100-125

130..165

115.-145

I00-125

90-I15

100-125

40-50

40-50

40-50

Descrlpt ion

No. 2 thrust OK p,'os-
sure switch

No. 3 thrust OK pros-
sure 6witch

Turbopump interface
(,i75)

No. 1 [)tel valve posi-
tion transducer

No, 2 fuel wive posi-
Lion transducer

No. 2 thrust OK pres-
sure switch

No. 1 thrust OK pr_,s..
sure switch

Turbopurnp heater N,,. l
Turbopump heater No. 2
Primary i_u';t_ _tmenta..

)ion junction box
Prin_ary instrumenta-

tion Junction be×

Prim:try Instrumenta-
tion Junction box

Primary Lnstrnmenta-
t_on junction box

l)ril_ary Instrumenta-

tion Junction box

Primary instrumenta-
tion junction bo)¢

t*rirnill'y ll_trtimenl_-
tlon j,lection box

lr)rJnlury iris) runleot_t-
tinl_ junelior bo×

l_'uol pump inlet No. 1
(KFTa-1)

Oxidizer pump dis-
charge No. 2 (PO2a-2)

Oxidizer pump bearing
Jet (l.Bla)

for dust e.'lps if coml)onont Is to be stored or shipped. For servicing mr
maintenance, install dust caps (tngerlight.

(I)) Engln'm not incorporatlnF_ MD96 change

(e) l,_ngine,J not Incorporating MD.11__33or MDll..d. change

(d) Engines incorporating IdI).l._! or M1)IL4 chmlge
(ej Ellghles not lnOOrl)orattug MD2.2 or MD.62 oh:urge

if) Engines Incorporating MDI5'I oz' MI_5_. change

_Flguro_:4.=TorqiteR'equlremeats tot 1,;leetrical Connectors and Dust Caps (Sheet 1 of 2)

)

)
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R-3890=3
Volume

Conne_to r Torque (a) Commctor

RI)I No, (tn-lb) , Description RDI No,

(OG1d)
P120 40-50 Fuel pump discharge P148

No. 2 (PF2a-2)
P121 40-{i0 Turbine outlet (TGSe) P151
1'122 40.-50 Common hydraulic

return (NHSc) P152
Pl23 40-50 Cnmbusliou chamber

(OGle) ]71,55
.P128 30-40 Engine control valve

stop snlennid and ]715ll
engine cutoff signal
to vehicle (J128) P159

P120 _ej 90- 115 InterConnect to prefill
level detector (J129) P160

PI30 40-50 Tsrbopump interface
(J130) P161

]7132 ,10-50 Heat excllanger LOX ]7162
Inlet flow No. I
(FI6) P103

P134 30-40 BearingNn, t (LSJ)
1",135('_) 30-40 Engine envh'onmental P104

(CGTi)
]7137 30-40 Turbine inlet manifold P165

(TG4_)
I']38 30-40 Engine envlronmetal P166

(CGTI)
]?175 (h) 40-50 Turbopump thermostat P184
P230 40-50 Turbopump RPM No, 1

(T1) l'ZS_
P450 30-40 Igniter harness _Jhiold

(,1450) ]7180

P187...... (h,
AUXILIARY INSrROMENTATION ,_YSIEM

P146 100-125 AtLxillary lnstrumentao
lion Junction box

Section iII

Tnrque (a)

(in- lb) Desc riptinn

80-100 Auxiliary instruments-

155-185

155-185

t00. 125 .

40-50

40-50

40-50

40-50

40-50
40_50

40-50

40-50

40-50 '

40-50

30-40

30,.40

30-40

30-40

ties Junction box
Auxiliary instrument3.-

tlon Junction box
Auxiliary lnstrumenta_

tlon junetlon box
Auxiliary instruments-

lion junction box
Fuel pump discharge

Nn. 1 (PF2a-l)
Engine eontrnl openi.ng

(NH3a)
Oxidizer pump discharge

No. l (PO2a-t)
Engine controlclnsing

(NH2a)
Turbine outlet (TG5e)
Oxidizer pump seal

cavity (PO7a)
Heat exch,'mger helium

outlet (HH3a)
Heat exeh,'uzger helluuz
inlet(HH2a)

floate_chang_Jroxi-
dizer inlet(ItOib)

Heat e_tchanger GOX
outlet (HO4a)

Fuel pump ialet No. 2
(KF0a-2)

Iieat exchanger oxidizer
inlet (ltOla)

tieat exch'mger GOX
outlet(HO4b)

Heat exchanger h(,_llum
outlet(HH3b)

(a_c_'_i_'s ap'_'eable for dust caps it component la to be stored or shipped.
matrLtenanco,installdust caps flngertlght,

(b) Eng'ams not incorporatingMD96 change

(e) F, Itg!nes not hmnrporatlng MD_2"_or MD6_2 change
(g) Engines incorporatingMDl08"_nge

(h) Engines incorporating MD._/'or MD0._2change

Figure 8-4. Torque Requlrementa for I_lectric_lors--_nd _uS_-Caps (Sii0et2 of 2)

For servicingor
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Section m R-3896-3
Volume I

ffi nIM~NSWNAlo l,unTS t<m 11}..(lAOE VlNS IN l:lHl':I,r.SlZES 12, 14, HI, AND l':llJ1ROUCH 36
2 DlMfNSIONAL IJMITS rOR 12·f.jAG~ A..\O It}·GAOK PINS 111 SH~:r.L SlZl:R St.. lOS, ICJSL, l~B,

1-18, ANn 168
Fl.:i.1.90,------,--

P\l 0,:181 TO.03!) lXCIf
10:.:1 .O,~l J

'tQ,030
PI,UG I:!l 0 OlH _0,0<12 meH-

"""<I<""""",,~ ~ .._- I:,1 -.:- I
'l~m~: :Jl n. Itt

~> J,JL~~~,
l~.....__ . _c\!·

em,!)' LI ~G <V :c!
~UT-~

-'-'.' --~-~

PIN CONTACTS

5OC~£'f C()N1'AC'I'S

CAUTION

'rho (OJ'que valull of tim plug coupHnl!.
nut must not ho cllc"cdod, !Ilncn
oYertorquln!( ('an damagn thl' (·loe··
tJ'lcal conlloctOl'6.

• After a sl'cClnd torquo of tho coup
ling nut and eafotywlre lnlll:lllatlon,
no additional torquln[l roust be Jllll'
formcd, slnllo damag(' to the plug
sealing gasket can ,'('SIIIt.

g. Torque plug ",,"pHng nut t(. IIppll<:able
torque value. TOl'quo rcqulromontll. by conncr.
tor number, are Hated In figure 3-4. After a
minimum ot 30 m;nutos, rotorque plug coupling
nut te required torque vulue.

t. Turn <:ouPlllll, nut hy hand andllloyo plug
forwnrd toward I'cceptado unlll plug and l'{JCCp"
l'lele are COl'l'octly mated. If coupling /lut callnot
bc turned hy hand, remOVE' connector and I'cchcck
pin allmmlcnt.

CAUTION

A plastic, wooden, or other 110nnbl'a
ding tool must bo usod to remove the
f(ilfJkot to avoid damaging tho
cOlinector •

(7) Rc,tatlol1al movement of tI'" connector
lldall!E'!' with !'ospect to the harness al'mor hr'lld
Is acceptable tf the ha"noss mects n I'eslslmlce
test of O. I ohm maximum betwecn the connector
lldapter and tho harnollll armor bratd. Strain
/llUllt not be "pJlJlecl hetwcE'1I the connectol'
adllptor nnd Ihc a.r/llOl' braid to determlnc con
noctor rolatlon.

b. [('place plug gasket (between plug shell lind
eoupllllff nut). (See ftgure 3-5.) Oaskut require
ments o"e lIst.ed by conncctor numbcr In
n- 3890-4. Apply a thin coat of FS1281 gl'l'aao
(Dow (;ornlng Corp). uslllfJ Method ,J ollillnod In
Ancllon r, to gasket hefOl'o Installatlon.

WAHNING

COllljll'08Elod IlaR muet not be uBcd
tor drying or c10lwlng \mless cllec
ltve chip guarding Is uSl'd and per
BOllal protection oqulpmcnt Is worn.

c. Immediately be(ore connoctlng connoctor,
clcan plug and receptacle by blOWing wllh a
regulated source or low-prossure (loas than 30
pslg) gaseOlls nltl'ogen (MIL-l'-27401) 01' clean,
dry all' cOntOI mlng to the cleanness and humIdity
requlrcments of MIl..P- 27401.

d. Apply s, thIn coat of FSl201 grease (Dow
Corning Corp), using Method A outllnod IT.
section I, to threads of reccptacle before

3-40 Change No.9- 9 May 1973 ,

Flg-ul'e 3- 5. I)-ullage l.1mllR and Allowable Hepalrs for E1eclrl~al Plugs

I
(5A) 'I'ii\'nlshed pins. Clean plna as out- ~ollnoctlng plug. no not allow lubrIcant to contact

!tned l.n section I. pillS, BockfltCi I or In/Jorts, Hemovo oxcess r,reane
(6) DallHlgedthl'cads, corroded sockets, and with a clean, !tnt-(ree cloth.

crackecl, IIp!tl or punctul'cd conllector Inscrta. CAUTION
Hl'place Imrness If any o( Iheao condiliolls exle!.

'l'he harnollB bend r,llliuB 'nuHt IIcver
he losp than olle limes the outulde
dlamotel' of the hal'lIellsj otlwrwlue ,
damage to the harness r.an result.

e. Carefully mat!' plllfl and reccptaclo, I.eep
Ing plug lind I'cccptacle facoR parallel aMI key
ways a!tncd. Do not 1"'lId, hl'eak, 01' damage
contact phw 0" soc:keta. Attempt to maIntain a
bend radlns of nol less than 5 ttmes outside
dlamcter of harness wherever possible. Dend
radl\ls must not I,e I,,/]s than ono timcol outsld(!
dlanwter of harness.



R-3890-3 Section III
Volume I Paragraphs 3-16 to 3-17

t,

h..qafetywlre coupling nut, and slide protec-
tive be)st over eomieetor.

i. Install harness support clamps.

j. If an electrical connector appears is be
loose even though the connector is torqued and
safet:,wired, the acceptance criteria and di_po-
,,_itior. are as fullows:

(1) A loo_e colmeetor is defined as one in
which the coupling nut can be turued by hand in
the tightening direction one-quarter turn or
more •

(2) If a connector is round to be loose, the
connector must he disconaecled as outlined In

paragraph 3-l,t and the plug gasket replaced as
outlined In this procedure and eoueector re-
torqued,

3-16. DISCONNECTING ELECTRICAl, PLUG
FROM FLff]IIT YNSTRHMENTATION PRESSURI._'
TI.'.ANSD[JCEI_S, (See figure 3-0. )

a. Make _tll'e electrical power source is
turned off.

WARNING

lily, concocting electric:'tl connectors
without turning off the power source
carl cause arcing, remtltlng Ill serf
()us injury to personnel and damage
to equipment.

b. Rel]love cnot, l:h _uaracss support clampt_ to
al]ow harness electrical plug to be disconnecled
from tr'tllF, dneer wilhout straining harness.

CAUTION

Whendiscoancctlng the electrlcatplug
from the gas generator chamherpres-
sure transducer (PJ.19) or thrust chamber
combustion chamber pressure transducer
(P123), the transducer must be dis°
(:oa_leeted or loo,,_ened from its re-

siloeilve attach bracket or adallterprlor
to dtscommctlngthe plug, topreveat possi-
ble da mage te the h:_,rness or transducer.

c. Remove harness s,lpport clamp (1).

d. C\lt and remeve loekwlre and remove
transducer insulator, tf installed.

e. Ustag apl)roprlate wrench, looseu and back
off coupling nut until nut can be turned by hand.

CAUTION

The bend radius of the Imrness must
never be less thalx one times tile out-
_dde diameter of the harness; otherwise
damage to tile lmrness can result.

f. Grasp and carefully pull plug straight away
from h'mmdueer receptacle. Do nc_t twist or
turn plug, or pull or bend harness beyoad a bend
radius of less than one times outside diameter
of harness.

g. Lift harness from cradle of its respective
harness support block (3) and remove clamp (2)
from harness.

h. Install protective dust caps. faint cap re-
qulremeats_ by connector reference desi_o¢_atlon
numher, are listed in R-3896-4.

i. Torque dust caps to applicable torque value.
Dust cap torque requirements, by comleclor
number, are listed in figure 3-4.

3-1't. CONNECTING ELECTIiICAL PLUG TO
FLIGIIT INSTRUMENTATION PRESSURE

TRANSDUCL,]RS. (See figure 3-6. ) This proce-
dure must be a continuous operation. If a delay
hi completion is eaeotmtered, all openings must
be capped and tile complete procedure repeated,
starting with step a.

a. llem(mc protective duct capt,, and tuspecl'
commetors [or tile Io]lowhlg:

(1) Foreign particles, dust, dirt, moisture,
or hnbrlcant oa contact pins, sockets, m' inserts.
Clean connectors as outlined in section I_ if
uecesflary.

NOTE

Since lubricant may have the appear-
ance of moisture, tile sul)otanee
must be examined earofuJ.ly.

(2) Bent pin contacts. Pin contacts that
are not bent more then 20 degrees from cenm_c°
t_r axis may he repaired. (See figure 3-5.)
(Refnr to R-3890-3, Volume 11, for eleclrtcal
harness repair tnformalioa.) Replace hars_e'J_
ff pin contacts are boat more qmn 20 degree8
from commctor axis.

(3) Pin contacts with more thma one bend,
regardless of a_]gularlty of each bend, are not
aecopt_fille. (See figure 3-5. ) Replace harness
if pin contact eoatalns more titml one bend.

3-41



SectionIII R-3896-3
Volume I

(4) Bent or mlsalined female socket con-
tacts are not acceptable. Replace harness if
socket contacts are damaged.

(5) Extended or recessed pin contacts that
exceed limits specified in figure 3-5. Replace
harness if limits are exceeded.

(SA) Tarnished pins. Clean pins as out-
llltedin sectionI.

(6) Damaged threads, corroded socketsj
and cracked, splitor Imnctured coneector
inserts. Replace harness if any of these condl-
tioJls exist.

(7) Rohttlon_,l movement of the connector
adapter with respect to the I_arness armor braid
is acceptable if the harness meets a resistance
test of 0. I ohm maximum between the connector
adapter and the harness armor braid. Strain
must sot be applied between the connector
ad_pter and the armor braid to determine eon-
ucctor rotation.

CAUTION

A plastic, wooden, or other non-
abrading tool must be used to re-
move the gasket to avoid damaging
the connector.

b. Replace plug gasket (between plug _aoll
_nd coupling nut). (See figure 3-5.) Gar, Ket re-
qulremcuio are ltt._,tod by connector number in
R.3896-4, Apply a this coat of FS1281 g,.ease
(D(_w Cornlng Corp)_ ustng Method J outlined !n
section I, to gasket before loetallatlon.

c. Immediately before connecting connector,
ch,au lflUff and transducer receptacle by blowing
with a red,flared source of low-pressure (50-10{}
pslg) gaseous nitrogen (MIL-P-27401) or clean,
dry air conforming to the cleanness and humid-
iiy requirements of MIL-P-27401.

d. Apply a thincoat of FS1281 grease (Dew

Corniug Corp), using Method A outlined in
section [, to ti_reads of receptacle before con-
nesting plug. Do not allow lubricant to contact
pinS, sockets, or inserts. I_enloveexcess
grease with a cinan_ lint-free cloth.

CAUTION

Wlmn connecting the instrumentation
harness to the gas generator cham-
ber preosure transducer (PI19) or
tl_rust chamber combustion chamber

pressure transducer (P123)_ the
transducer must be disconnected or

loosened from itsattachbracket or

adapter prior toconnecting the har-
nesej to prevent damage to the
harness or transducer,

The i_¢trness bend radius must
never be less than one times the
outside diameter of the harness;

otherwise, drayage to the harness
can result.

e. Carefully mate plug and transducer recep-
tacle, keepin? plug and receptacle faces parallel
and keyways alined. Do not bend, break, or
damage contact pins or sockets. Attempt to
maintain a bend radius oI not less than 5 times
outside di.-_meter of harness wherever possible.
Bend radius must never be less than one times
outside diameter of harness.

f. Turn coupling nut by hand and move plug
forward toward receptacle until plug and recep-
tacle are correctly mated. If coupling zmt can-
not be turued by hand, t'emovs plug and recheck
pin alinement.

L. Torque plug coupling nutto applicable
tr,rque value. Torque requirements, by connec-
tor number, are listed in figure 3-4, After a
minimum of 30 minutes_ retorque plug coupling
nut to required torque valuc.

CAUTION

Tim torque wflue of the pl,_g caupllng
nut nlust not be excccded_ since
overtorqutng can damage the elec-
tricalconnectors.

@ After a second torque of tim coup-
ling nut and s'Metywtre tnst:Hlatton,
no additional torquing must be per-
formed, since ¢hmago to the plug
sealing gasket can result.

h. If applicable,cross-torque nuts that_e-
cure transducer Pll9 or P123 to 125 _10 In-lb

after harness plug ts fully mated and torqued.

i, f,oosen bolts tl_t secure harness support
block (_ figure 3-0) to its bracket enough to
allow free movement of block for proper aline-
ment ofharness with trassducer.

J. Install clamp (_) oo harness_ and place
h_'ness in cradle of its respective tmrness sup-
port block (3).

/

)
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R-3896- 3 Section Iil

Volume I Paragraphs 3-69 to 3-71

6) boss. Torque union to 55-80 Ineh_pounds.

_a fetywlre union.

v. On engines incorporating MDI41 change,
lubricate boR (7) with a thin coatinff"b']fluori-

nated lubricant RB0140-010 (Rocketdyne) and

installnew seals (8, 2), elbow (9),sJtd bolt

(7). Torque bolt to 55-80 inch-pound_. Maxi-

mum acceptable tiltunder head of bolt must

not exceed 0.020 inch. Safetywire bolt.

w. Installsupport (3), with transducer and

tube (1)attached oa du_i (6), using 5 bolts and

washers. Torque boils to 22 ±5 inch-pounds.

Safetywire bolts,

x. Connect tube (i) to union (4) or elbow (9).

Torque tube coupling nut to 160 ±i0 .fnch-pounde.

Safetywire eoupUng nut.

y. Recunnoct any clamps or parts discon-

nected dur.'egremoval of duct (6).

z. Refer to sectiun IV for posi-nlaintenanee

test equirements.

3-69. tlg2.20X_IZEIt RfOH-PRt:S_O2_

I:)UCT(RIGID). (See figure3-19.)

3.,70. Equipment required for removing or

installingNo. 2 oxidlzcr high-pressure duct
.onslsts of oxidizer line adapter 9025434, lift

fixture 0024921- 11, and iurbepump support

strut 9025193 from (;olnponent Handling Fixture
Set G4O6fi.

3-71. REMOVAL.

CAUTION

Protective closures, outllncd in

tt-3899-4, must be installedas soon

as possible after au engine jointor
connection ls disconnected, to pre-
vent contamination,

a. Observe contamiaatlon prevention re-

quirements outlined in section I.

b. Remove thermal lnsalntion bracketry, as
necessary, to remove No. 2 oxidizer high-
pressure duct. Refer to R+3896-9 for thermal
insulation bracket remuval instructions.

c. Disconnect tube (I)from elbow (23).

Remove and discard seal (2).

d. Remove 2 bolts and washers that attach

brackets (3) to duct (6).

e. Remove 5 bolts and washers that attach

support (4) to duct (6).

f. Remove transducer (5), support (4),
brackets (3), and tube (I) as an assembly.

g. Remove 8 bolts ,and washers that attach
llfie(7) to boss (1O). Rema.,e seals (8) and

orifice plate (9).

h. Remove 4 bolts and washers that attach
tulle (11)to duct (6). Remove seal (12).

1. Remove 2 hulls and washers that attach

bracket (13) tt_ ;_a_'bopump oxidizer volute (20).

J. Itemove 4 bolts und washers that attach
tube (14) and armored llqrness (15) to bracket

(16).

k. Remove 5 bolts and washers that attach

bracket (16) t_ duct (6), Remove bracket.

1.._mtall adapter 9025434 on duct (6).

m. Using lift-Uxture lift point, position and
install lift-fixture 9094921-11 on adnpt_r.

u. Connect hoist lmok to proper lift point on
lift- fixture.

o. hmiall strut 9025193 between turbopump
and oxidizer dome.

p. Remove bolts and washers that attach duct
(6) to No, 2 main oxidizer valve a_d turhopump
oxidizer w)lute.

CAUTION

Seats (17), spacers (19), duct main

oxidizer valve, uad iurbopun_p t)xi-
dizer volute sealing surfaces must
be protected when removing duct (6).

q. Using hoist, renmve duct (6) from elq,_mc

and place on prepared surfer's. Disconnect
hoist and ltft-flxl,v_J 9024921-11, and remove

adapter 9025433 h'om duct.

r. On engines F-2017 through F-2063, if
duct (6) is to be replaced, remove bolt (21),
seals (32), and fitting (23).

Change No. 1 - 7 March 1968 3-42A



SectlonIf! R-3UPt_-3
Volume ]

_._ w _.! w,

16 14 15

I'L

I LOX pump oat let tube
2 Seal
3 Bracket
4 Transducer LOX pump o_dlet fla_g_

support
5 Transducer

6 No. 2 oxadizerhigh-pressure duct
'I Oxldi_,er_esd high-pressure dl]cte_tdline
8 Seal

9 Orlileeplate
10 No, g hlgh-pre3sure nxldl_erdoctboss
!I No. 2 pressore LOX pump outletflanged

tubo
12 _netru,_ent_tlon pre38urs..acluated_eal

FJgnr_ 3-19.

13 t_o.2 DOX pomp harness discharge flange
bracket

1.4 No, 2 main oxidizer w_.tve dome purge line
15 Armored harness

16 Support bracket
I? Preosure-actnsted seal

18 Rigld-ductoxidizerspacer
19 No. 2 main o×Idlzervalve

20 No. 2 turbopump oxidizervcdute flange
gl B,)lt
22 SeaL
23 Fitting
24 Plug_,
2'_ Seal

rlo, 2 Oxidizer Hlgh.Pret/_ur0IAtct(R!gJd_

3,.4_,B Change No, 1 - ? March ]_58



R-3896.-3 Section III

Volume I Paragraph 3-72

(

(

s. On englne_, F-2084 through F-2072, if
duct (6) ts to be replaced, remove plug (24)
and seal (25).

3-72. INSTALLATION,

CAUTION

Closures must not be removed uuttl

immediately prior to making appli-
cable commctious.

• When multiple fasteners are used
at joints, the applicable torque and

_xfetywirlng methods outlined in
s(ctlon I must be used.

a, Observe contaminatlon T,reventlon re-
quirements outlined in section I,

b. If duct (6) is being retnst_flled, proceed
to step e.

c. On engines F-2017 through F-2063, it
duet (6) is being replaced, tnspec_ new seals
(22) for nicks and scratches that might impair
seating function. Lubricate bolt (21) with
fluorinated lubricm_t RB0140-010 (I._ecketdyne).
Install new seals (22), fitting (23). and bolt (21)
in duct (6). Torque bolt to 55-80 inch-pounds,

Safetywire bolt.

d. On engines F-20G4 through F-20_,2, if
duct (6) Is being replaced, inspect new ueal (25)

for nick_ ml(l scratches that might irapair seul-
tng function. Lubricate plug (24) with fluorinated
lubricant RB0140-010 (Rocketdyne). Install
new seal (25) and plug (24) in duct (0). Torque

bolt to 55-80 inch-pounds. Safetywlre plug.

e. Inspect sealing surfaces of duct (6), mat*l
oxidizer valve (19), turbopump oxidizer volute

flange (20), new seals (17), and spacers (18)

for nicks and scr_!ches that might impair seal-
Ing flmctton.

f. Install adapter 902534 on duct (6).

g. Using lift-fixture lift point, position and
install lilt-fixture 9024921-11 c_ adapter.

h. Connect hoist hook to proper llftpoint o,)

lift-fixture. Using imlet, |;lace duct, (6) in in.-
stallntton position.

t. Using bolts, washers, and nuts, install
seals (17), spacers (18), bracket (13), and duct
(6). Torque bolts that connect duct to main

oxidizer valve to 1, 150 to 1_ 250 |nch-pounds.
$afetywire bolts. Torque nuts that connect duct
to turbopump oxidizer volute to 1,150 to 1,250
inch-pounds. Minimum and maxtraum torques
required to turn bolt through locking feature of
nut must be 15 and 300 tnch.-pounds respectively.

8afotywire 2 bolts that attach bracket (13) o_ly.

j. Disconnect v.,d remove strut 9025193 from

between turbopump and oxidiz.er dome.

k. blstall bracket (16) using 5 bolts and
washers. Torque bolts to 75 :_5 inch-pounds.
S',ffetywir e bolts.

1. Install clamps that attach line (14) and
armored harness (15) to bracket (16).

m. Inspect sealing cur[aces of new seal (12),
tube (11), and duct (6) boss for nicks and

scratches that might impair sealing function.

n. Using new seal (12), attach tube (11) to
duct (6) with 4 bolts and washers. Torque bolts

to 70 ±5 inch-pounds. Safetywtre bolts.

o. Inspect scaling surfaces of duct boss (10),
orifice plate (9), and lind (7) for nicks and
scratches that mtgi_t impair sealing function.

p. Using new seals (8), attach line (7) to duct
boss (10) with 8 bolts and washers. Torque
bolts to 350 _:10 inch-pounds. Safetywire and
seal bolts.

q. Install transducer (5) and bracket (4)
using 5 bolts and washers. Torque bolts to
22 _5 Inch-pounds. Safetvwlre bolts.

r. Using new sesl (2:, connect tube (1) to

elbow (23). Torqt, e tube coupling nut to 160 ±10
Inch-pounds. 8afetywlre coupling nut.

Change No. I - 7 March 1958 3-42C/3-42D
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CA1)TION

'£he position of haruess sttpport
block (3) must not be aJlowed to

chm++ge while torquint,, the bolts.

1¢. Install harness -_upport clamp (i). Torque
be)is that secure clamp (l) b) h:trlless support
block (3) to 45 _+5 in-lb. 8a/_tywire bolttJ.

1. Aliue Imrne_s with tfamJdacer t) 7 adjt.'+ating
harness _upport block (3) so that no strain is

applied to ha,t'ucss or transducer; _+heli torque
bolts that secure support block to 70 _.,+iin-lb,

I m. hlshdl transducerJnsulator andsafoLywJr(,,
if applicable. See figm'e 3-6 for typical safety.,
wiring method used on tr0,nsduccr is,_;ult_tors."

u. ins/all harnes_ support clamps,

o, If _m electrical plug to a _ran,_:ducerappcar_
it) be loose _,ycu (hough the plug is torqued and

sa{etywixed, tl,e acceptance criteria _md dlspo_i-
lion are as follows:

(1) /s lo_se fdug ia defined an one in whieh

Om coupIin[_ nut c,m be turned by hm;d in the
lJg_(_)aiil_ c_it' ectlDD. Olle. q11L_l'(itl' (l_rl| or Illo],'e.

(2) _( a pJug J+Jfcmnd to be hmsJ+_, the plug
mast be disconnected, aa ouLline,'i in paragraph
3_16, m_d the plug gasket replaced, as outlined

In thia procedure m_d contractor retorqued.

I \ }' [ HI+M},P_ l +`*I'll 'k _ _';' /._,

/
X e-+_,aj- I .1/'..+ j ' .-...

3_ _"'l'I /

_1} I( ._ I MLN I' t, --,Il.,, IS -NI-j 1
PPOHF l+l,O( K

'_ll)['%T []R++_ gt+1

I I'(I*I+ At,]

_,'_f FjTy_OI_INfi X?I ['iT()/) _OR

['P_ _ 's$l)I'r I:R D, SI'I h'ro P+_ € r YI,Z: _ [ )

:'1 3 I _3A

Index Name aed

No. AttachJng Parts Part Number Qaa.tity

1 tlarness support 703002 1

clamp
Bolt RD111-4008-3405 2
Waal|er RDI53-5002-00d4 2

2 Clamp RE12%2002*0010 1

Index Name and

No. Attaching Parts Part Number fdmntlty

llarness support +103001 1
block

Bolt RDIll-4011-6423 2
Washer RD) 53-1002-0004 2
Washer HD153-5002-0004 2
Nut tU)114-8005-1004 2

Figure 3-6. Electrical Plug Consection to Flight Instrumentation Pressure Tranod.cers (Typical)

3-43
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Section m _-389G-3

Paragraph 3-18 Volume I

:_-18, HAltNESS AND CABLE INSTALLATION

BEQUIHEMENTS, The following steps outlb_e
the essential requirement_ that are applicable

when installing _ny electrical hm'ness or cable.

a. tf installing a replacement harnen_ or
cable, vex'if,," that harness or cable prelns_alla-
tton lcJts otitlined in section I have been
performed,

b. Position harness on engine, routing earl..
sue braaehc_ is respective connect points.
Check breakout molds for proper location.

c. Wherever possible, conaecl electrical

connecters to theix respective coenterparts as
outlined lu paragraph 3-15, prior to hmto.lling

harness support clamps, to prevent possible
preloafling of connectors. II instrumentation
ha,'ness Is Ills "ialled, connect harnes:_ to h'a_s-

ducers (ff applicable) as ouilin_.d in paragraph
3-1'1.

d. hmtall haJraess support clamps, makh_g
sure no excessive strain Is applied to harness.
Tighten support clamp screws stffftcion0y to
prevent harness InovelllOn| within clamp, yet
not damag'e harness. Clamps, lip to and i_clud-

lag three sizeq smaller or larger thall those
_peeflted, may be substituted when it is neces-.

anry to ensure proper clamping. Typical har-
n.e_s support clamp instMlati,ms are shown ]]1
f !brtlr e 3-7.

N O TE

Dlstmlce between harness .qupporl
chimps must not exceed 16 inches.

e. Position clamps to obtain m,qxtmum seVe-
ralise between harne_,ne_ aivJ adJoinim,* surfaces.

AdditionM clamps and spacers may be added be-
tween hi_rnesses or cables to obtain proper
clearance. When additional clamps are used,
they must be inst'|Ucd between adJ_vent har-
nesses or c,'d_le_, and not to other components.
The folh)whlg clamp assembly of proper size
must be treed: clamp BEI27-2005-XYOfX, screw
AN520ClO, _esher LDI5:J-0010-0007, end nut
NAS_79C3W. Acceptable t.learaeces arc as
fol __ws:

(l) A l[8-inch elearmlce must be maintahled

between harnsns eJId all tubing.

3-44 Chan_e No. 6 - $9 November 1971

"<:2-7._ j=l

RE 12? -2004 - XXXX _ _,.

TWO I_v_A_?-2_'_I-X_, C_,AMPS MWT BE I_STAI.I,_D
gACK-'rO_BACK, gO LDIS_.O010.]{XXX W/_S'_E|t I_E-

B eAC Kj_T .._,-'_" [____J W_q]ER

O.r_, REI_'_. $004-X_XX A_TD ONE RI_I|'/-_005-XXNX,
CL,AM_I MI_T DK rH_'/AI,I,_,D etrl.t_._pi,Y._rrYt,E,
_)15_.O010._UKJ¢_ WASHER RFJG_UIRED UNDF2R _lUr,

TWO eg127..3004 -XKXX bdql) ONE R$ 127-2095-XXXX.
NO I*D)S3-1_I0-X_X W/_HER [{[QUII_,ED,

B, ACI<'E_ -----"'_'-_r__.. LDI53-0010-XX ', W_:qEE

t)_¢_, RgliI-_0_4,XX]fg A._ID OSE Rgl_? %00$-X/KXX
WF1H SPACER, I_)iS_-O010.]L_S_ WAb_ER RI.,'QIJ/RED
UNDER _UT.

_ lIE 127- 20Ol- XXY_K WA_dEB_) -

ONE REI2'_J,..5_4. ]L/CXX AND OI'_E HEI_?-Zr])] -XX.W_
WITII 2dcD w['faotli" 8PACEII, tDI_3-0OI0*XX_X
W._aER a_ED b34DSe tinT,

(,o _EelFORCINQ W_lgfl SUPPLIKD _, PM_i Or
REI2't 2¢_04-XXXX CLAMP FI-A- I, 5q

_m

Figure 3-7. Typ}cal El_ctr$eal tlarne:_s

Clamping Installations

I

i

I • j
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Paragraphs 3-19 to 3-23

(2) Harnesses must not be allowed to come

late direct contact with any component that con-
tains hot gas, other than the normal harness

electrical plug connection to a compone_d used
in the hot-gas system, hadireet contact, such

as contact with a harnesn support clamp attaeh_.,d
to a hot-gas compoaelat, i_ acceptable.

(3) llarnessen must not be _.llowed [o con-

tact any surface with a shaxp edge (less than
0.12 iJu;h radius).

(4) Harnesses may touch all other surfaces,
including other harnesses, except those listed.

3--19. ENGINE CONTROL }tARNESSES AND
CABLES.

3-20. The _ollowing procedm'es outline the z'e-
_r. w_d and reinslallation and/or replacement of
engine control harnesses mid cables.

3-21. Jl8 AND J20 IIARNI_SS,

3_22. RJ_MOVING Jl8 AND J'20 HARNESS.

(See £1gure 3-8. )

a. Make sure that electrieM power source
is htrned off.

WARNING

Disconnecting or connecting olectri-

cat connectors without turning off
the power source can cause eJectri-

cexl arcing between ce,umctors, re-

uultlng in serious injury or death to
persozmel and damage to equipment.

b. I)isco_mectelectrical interface receptacles
J18 (2) mad J2O (2) from interface p._mel.

c. Where necessary, remove eeough harness
support clamps to ,'allow electrical connectors
to be dlscolmeeted without strain to harness.

d. Disconnect electrical plug P30 (3) from
checkout v,-tlve, plugs Phl (4) and P52 (5) from
engine c.ontrol wdve, plug '275 (6) from thermo-
stat -quppnri bracket, plug tv16 (7) frmn No. 2

thrust OK pressure ,'nvitch (redestgn,_ted No. 1
switch on enghma incorporating MD157 or
MDL58 change), m_d ph,g 10128 (8) f_:kTm bracket
at tht'ust chamber as outlined in paragraph 3-14,

e. Romeve remaining harness support clamps,
nnd c-'trofully remove harness (1) froltl ,,ngine,

f. hlstall protective dust caps on electrical
plugs and receptacles, fAtal-cap requirements,

by connector rtfference deslgltation number, are
listed in R-3896-'i.

g. For servicing or malnteaaucs, instah dust

caps f_egertight on electrical connectors, if
harness is to be stored or shipped, torque dust
caps on electrical connectors. Dust-cap torque
requirements, by connector number, are listed
in fig_we 3-4.

h. If harness is to be transported to "l repair

area or stored, wrap h;u'ness with eusMoning
material to prevent possible damage. Wrap each
individual electrical connector with cushioning
material to prevent damage to commctors or
other parts of halness.

3-23. INSTALLING J18 AND J20 HARNESS.
(See figure 3-8.)

a, Observe harness inst_dlatlon requirements
outlined in paragraph 3-10.

b. Position harness on engine, routing varl-
oua branches to respective connect points.

Check breakout molds for propt,r Ioc'ttioa.

c, Connect electrical plugs P30 (3), Phl (4),
P52 (5), P'15 (6), P78 ('l), mid P128 (8), as out-

lined bl paragraph 3-15, to Iheir respective
counterp,,rts prior to bmtalling harness support
clamps, to prevent }_ossiblepreloading of con-
uoc[ors,

d. Connect eleelrical interface receptacles
J18 (2) mid J20 (2) to interface panel. Install 4
attach bolts loe_ed toward centerline of h, rbo-

pump from s_t side of interface panel. Torque
nuts to 70:_5 In-lb.

e. Install harness support clamp assemblies
(9) through (30) (clamp assemblies (26) through

(30) are applicable to engines _€_ incorporating
MDL_ ch*ml_e), starting with clamp assembly
(9) and working toward electrical ph|g P30 (3),
making sure us excessive strain is applied is

harness. Tighten harness support clamp
screws suHiclenfly te prevent harness move-
mnnt within clamp, yet not damage harness.

Change No. 6 - 29 November 1971 3*45
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Figure ,.']-8, ,.)'J0 and J20 Hai'ness (Sheet 1 of 3)
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Index Nam
NO.

1 JIB
harness

2 Electric
terlace
facle J1

2 Electrk
terface
tacle J2

Bvli
Washe
Washe
Nut

3 Electric

P30

Boot
4 Electric

P51

5
P52

Boot
6 E1e,

P75
Boot

7 Ele,
P78

Boot
8 Eleetri,

P128
Boot

9 Clamp ;

Clamp

C1am};
S3row

Wa._her

Nut

10 Clamp a.,

CL_mp
Screw
Washer
Nut

11 Clamp Ds

Clamp

Clamp
Screw

Spacer
Washer
Nut

12 Clamp as
Clamp
8crew

Washer
NtI_

27
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30

FI-3-I-76

Index Name and

No, Attachil_g Parts Part No. Qvantity

1 J18 and J20 502944 1
harness

2 Electrical in- 703937-111 1

terrace recep.-
tacle J18

2 Electrical in- 703937-91 1

terface recep-
tacle J20

_olt RDl14-4011-6414 8
Washer rcD153- 5002-0004 8
Washer RD153-1002-0904 8
Nut RDl11-8003-1004 8

3 Electrical plug 502935-171 1
P30

Boot 19-5i)1743 -,1 1

4 Electrical phlg 502937o71
V51 1

Boot 19-501745-2 I

5 Electrical plug 502937-41 I
P52

Boot 19-501745-2 l

6 Electrical plug 502935-11t 1
P75

Boot 19-501743-3 1

7 ElectrIcal plug 502935-91 1
P78

Boot 19-501743-3 l

8 Electrtzal ph,g 502935..41 1
P128

Boot 19-501743-2 1

9 Clnmp assembly

Clamp RE127-2004-0012 1

f:Jamp RE12q-?,O05-O0J 2 1
Screw AN520CIORI0 l
Washer I,D153-0010..0007 1
Nut NAS679C3W 1

10 Cla rap assembly

CL_mp [IE12'I-2004-0014 1
Screw AN520C IOR10 l
Y,'aEqler LD153-0010-0007 1

Nut NAS679C3W 1

lI Clamp assembly

12

Clamp RE127-2004-0012 1
Clamp RE127-.2005-001 i I
Screw AN520CIOR18 1

Spacer NAS43DD3-24 I
Washer LDI53-.O010-0007 1
Nut NAS679C3W I

Clamp assembly
Clamp RE127-2004-0012 1
Screw AN520C 10R l0 1

Washer LD153-0010-0007 l

Nut NAS679C3W 1

Index Name and

No. Attaching Parts

13 Clamp assembly
Clamp
Screw
Wanher
Nut

14 Clamp assembly
Clamp
Clamp
Clamp
_erew

Nut

15 Clamp assembly

Clamp

Clamp

Clamp
Screw

Spacer
Washer
Nut

16 Clamp assembly
Clamp

Clamp

Clqmp
Screw

Washer
Nut

17 Clamp assembly
Clamp

Clamp
Clamp
Screw

Washex
Nut

18 Clamp assembly
Clnmp
Clamp

Washer

Nut

19 Clamp assembly
Clamp
Clamp
Screw

Washer
Nl_t

20 Clamp assembly

Cketmp
Clamp
Screw

8pacer
Nut

l%rt No. Quantib/

RE127-2004-0009 1
AN520CI 0R10 1
LD153..0010-0007 1

NAS679C3W l

RE127.-2004-0009 l
RE127-2004-0012 1
RE127-2005-0008 1
AN520C10RI2 1
NAS679CSW 1

RE127-2001-0045 1

REI27 -2004-0012
RE127-2005-0012 2
AN520CIOR26 i

NAS43DD3-48 1
LD153-0010-0007 1
NASG79C3W ]

RE127-2001-0045 1
RE127-2004-0012 1

RE127-2005_0012 1
AN520CIORI2 1
I,b153-00!0-0007 I
NAS6_gc3w 1

RE127 -2001-0045 1
RE127-2004.-0015 1
RE127-2005-001] 1
AN520CIOR]2 I

LD153 -0010-0007 1
NAS679C3W l

RE127°2001-0045 1
RE127-2004-0007 i

AN520C1.0RlO 1

LDI53-0010-.000'I 1
NAST'/gC3W 1

RE127-2094-0007 1
RE127°2005-0015 1
AN520C]0R8 1

LD153-0010-0007 1
NA8579C3W 1

RE127-2004-00ll 1
RE127-2,004-0013 i
AN520CIOR22 1

NAS42DD3-40 I

NAS679C3W 1

Quantity

1

1

14 8
14 8

8
}04 8

1

1

1
1
1

1

1

t
1

I
1

1

1
1
1
1
1

]
1
1
1

l

l
1

1
I

1



Quantity

]

14 8
04 8

04 8
04 8

1

h_dex Name and

No. Attaching Parts Part No. Quantity

13 clamp assembly
Clamp RE127-2004-0009 i

Screw AN520CIORI0 I

Washer LD153-0010-0007 I

Nut NAS679C3W 1

14 Clamp assembly

Clamp RE127-2004-0009 l
Clamp RE 127-2004-001.2 1
Clamp RE127-2005-0008 J
Screw AN520CIOR12 1

Nut NAS6'I9C3W 1
15 Clamp assembly

Clamp REI27u2001-0045 I

Clamp RE127-2004-0012 1
Clamp RE12'/-2005-0012 2
Screw AN520C10R26 I

,qpaeer NAS43DD,q-48 1
Washer LD153-0010-0007 I

Nut NAS679C3W i

16 Clamp assembly
Clamp RE127.-2001-0045 I

Clamp RE127-2004-0012 I

Clamp RE127 -2005-0012 I
Screw AN520CIOR12 1

Washer LD153-0010-.000'l 1
Nut NAS679C3W I

17 Clamp assembly

Clamp RE127-2001-0045 I
Clamp RE12'/-2004-0015 1
Clamp RE12V-2005-0011 I
Screw AN520C10R12 1

Washer LD153-0010..0007 1
Nut NA8679C3W i

it_ Clamp assembly

Clamp RE127-2001-0045 1

Clamp RE127..2004-0007 1
Sere# AN520Cl 0RI0 I

Washer I,D153-0010-0007 1
Nat NAS679C3W I

19 Clamp assembly

Clamp RE127+2004--0007 l
Chtmp RE].27-,2005-0015 1
Screw ANS20C10RB 1
Washer LD153 -0010-0007 1
Nut NAS679C3W 1

20 Clamp a s.c-embly

Clamp RE12'I-2004-0011 l

Clamp RE] 2'/-2004-0013 I

Screw AN520CIOJq22 1

Spacer NAS431)D3..49 1
Nut NAS6V9C3W 1

m . _

Index Name and

No, Attaching Parts Part No. Quantity

21 Clamp assembly
Clamp RE127-2004-0011 1
Clamp RE127-2005-0007 1
Screw _,N520C 10R10 1
Washer LD153- 00_ _..0007 ]

Nut NAS679C3W 1

22 Clamp assembly
Clamp RE 127- 2004-0011 1
Screw AN520C10R22 1
Spacer NA543DD3*40 1
Washer LD153-0010-0007 1
Nut N_q679C3W 1

23 Clamp assembly
Clamp RE127- 2004_0011 2
Screw AN520C 10RI0 1
Nut NAS679C3W 1

24 Clamp assembly
Clamp RE127-2004-0011 1
Clamp 1"tE127- 200_-0012 1
Screw AN520CIORI0 1
Nut NAS679C3W I

25 Clamp assembly
Clamp RE127-2004-0008 I
Clamp R.E127- 2004-0009 1
Clamp RE127- 2005-0012 1
Screw AN520C 10RI4 1
Nut NAS679C3W I

26 Clamp assembly

Clamp Rli', 127- 2004- 0008 1
tamp RE12'/- 2004-0009 1

Screw /,/{520C i,_II12 I
Nut N_&_679C3W I

27 Clamp assembly
_clamp RE127- 2004.-0009 I

reW AN520C10R10 1
Washer LD] 53- 0010-0007 l
Nut N-dS67tJC 3W 1

28 Clamp assembly
Clamp RE_27- 2004-0018 1
Clamp I/E 127- 2005--0012 I
Screw AN__,0C 101¢10 I
Washer LD153~ 0010.- 0007 l
Nut NAS679C3W 1

29 Clamp assembly
Clamp RE127- 2004_0008 I
Clamp RF127-2005-0008 1
Screw ANf20C10RId 1
W_sher LD153-.0010-0007 1
Nut NAS679C3W 1

30 Clamp assembly
Cl;unp RE127-2004-0008 l
Clamp RE127- 2004-0009 1
Screw AN520C10R12 1
Nut N_c]679C3W I
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VoluJne I Paxagraphs :}-24 to 3-28
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3-24. J19 HARNESS.

3-25. REMOVING Jl9 HARNESS (See fJ_re
3-9.)

a. Make sure thai electrical power source
is turned off.

WAIINING

Discolmecting or connecthng electrl-

cal connectors without turning off

the power source can cause electri-

cal arcing between connectors, re-

sulting in serious injury or death to

personnel and damage to equipment.

b, Disconnect electrical interface receptacle

J19 (2) from interface panel.

c. Discomlect electrical ph,gs PS0 (3) from
redundant shutdown valve, and P56 (4) from hy-

pergol manifold, as outlined inparagraph 3-l,i.

d, Remove harness support clamp assemblies
(5) through (20), m_d carefully remove harness

(i) from engine.

e. Install protective dust caps on electrical
plugs and receptacle. Dust-cap requirements,
by connector reference designation number,
arc listed in R-3896-4.

f. For servicing or maintenaace, insts|ldust
caps fingertight on electrical connectors. It'

|mrncss is to be etored or whipped, torque dust
caps on electrical co_meetor_. ]:hint-cat, torque
requirements, by connecter number, ure listed
in figure 3-4.

g. If harness i8 to be transported to a repair
area or stored, wrap harness with cushioning
m',de"ial to prevent possible damage. Wrap
e_tch b_dividual electrical connector with eush-

lolling material to prevent damage to com_cctors

or oilier parts of tmxne_,s.

3-26. INSTALLING'J19 HARNESS. (See figure
3-,_.)

a. Observe harness installation requirements
outlined in paragraph 3-18.

b. Position harness on engine, routing clec-
tric_tl cmmectors to hypergoJ ma_ffold and re-
duJ_dant shutdown valve coJmect poiuts. Check

breakout mold for proper location.

c. Connect electrical plugs P50 (8) and P50
(4) a_ outlined in paragraph 3-15 to rcdundm]t

shutdown valve _nd hypergol ma, filold to prevent
possible preloading el connectors.

d. Connect clcctr|cal interface receptacle
J19 (2) to interface pm_el. Torque nuts to
70 i5 in-lb,

e. Install harness support clamp assemblies
(5) tllrough (20) s_.arting with c]amp closest to

(;enter of harness and working toward receptacle
_/ld connectors. Make sure ao excessive strain

is applied to harness. Tighten harness support
clamp screws sufficiently to prevent h_rness
movemen_ within c|,,mp, yet not damage harness.

3-2'1. J142 CABLE.

3-28. llFMOVING J142 CABLE. (See figure
3-I0.)

a. blake sure that electrical power source is
_rned elf.

WAI_NING

Discommcting or conlleetlpg electri-
cal connectors without turning off

the power source can cause electri-
ca| arcing between commctors, re-
suiting in serious Injury or death [o

personnel and damage to equipment,

b. Disconnect electrical hRerfac,, receptacle
J142 (2) from interface panel.

c, Discommct electrical plug P73 (3) from

No. 1 thrust OK pressure switch (redesiguated
No. 2 switch on e_lgines incorporating MDl._57 or
Mr)158 change), as outlined in paragraph 3-14.

d. I(emove cable support clamp assemblies
(4) tlmough (7). On engines not incorporating
MDgfl_ change, remove clamp assemblies (5)
through (9). C,'u'efully remove cable (1) from
engine.
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R-3896-3 Section Ill
Volume [

Index Name and Index Name and

No. Attaching Parts Part No. Quantity No. Attaching Parts Part No. Quantity

i 502948-11 1 10A

2 70393%51 1

(
J19 harness
Electrical

interface re-

ceptacle J19
Bolt RD111-4011-6414 4
Washer ILD153-5002-0004 4
Washer 13D153-1002-0004 4
Nut RD114-8003-1004 4

3 Electrical 502937-91 1

p)ug P50
P,oot 19-501745-3 1

4 Electrical 502937-91 1

plug P56
Boot 19- G01745-3 I

5 Clamp assembly
Clamp RE127-2004-0009 1
Clamp RE127-2004-0015 1
Clamp RE127-2005-0009 1
Screw AN520C10R12 1
Nut NAS679CSW

6 Cramp assembly
Clamp RE127-2001-0026 1
Clamp RE127-2004-0015 1
Clamp RE127_2005-0009 1
Screw AN520CIOR24 1

Spacer NAS43DD3-48 1
Washer LD153-0010-0007 I

Nut NAS679C3W 1

7 Clamp assembly
Clamp RE127-2004-0009 1
Clamp RE127-2005-0015 I
Screw AN520C10R10 1
Washer LDt53-0010-0007 1
Nut NAS679C3W 1

8 Clamp assembly

CLamp RE127-2001-0026 1
Clamp RE127-2004-0009 1

Clamp RE127-2005-0015 1
Screw AN520CIORI2 1

Washer LD153-0010-0007 1
Nut NAS679C3W I

9 Clamp assembly

Clamp REI2q-2004-00O9 1
Ciamp RE127-2005-0015 1
Screw AN520C 10RI2 1

Washer LD153-0010-0907 1
Nut NAS679C3W I

I0 Clamp assembly

Clamp RE127-2004-0009 1
Screw AN520CIORI0 I

Washer LD153-0010-0007 1
Nut NAS679 CSW 1

Clamp assembly

Clamp

Clamp

Clamp
Screw

Nut

11 Clamp assembly

C Ln..lp
Screw
Washer
Nut

12 Clamp assembly
Clamp
Clamp
Screw
Nut

13 Clamp assembly
Clamp

Clamp
Screw

Spacer
Washer
Nut

14 Clamp assembly
Clamp
C lamp
Screw
Washer
Nut

15 Clamp assembly

Clamp
Screw

Washer

Nut

16 Clamp a:_ _etnbly
Clamp
Clamp
S_;rew

Spacer
Washer

Nut

lq Clamp assembly

Clamp

Clamp
Screw

Nut

18 Clamp assembly

Clamp
C lamp
Screw
Nut

RE127-2004-0012 1
RE127_2004-0014 1

RE127-2005-0009 1
AN520C10R12 1
NASG79CSW 1

RE127-2004-0009 1
AN520C10RI0 1

I_)153-0010-0007 1
NAS679C3W 1

RE127-2004-0008 1

RE127-2004-0009 1
AN520CIORI0 1
NAS679C3W 1

RE127-2001-0008 1

RE127-2004-0098 1
AN520C10R14 1
NAS43DD3-24 I
LD153-0010-0007 1
NAS679C3W 1

RE127-2001-0006 l
RE127-2004-0009 1
AN520C1OR10 1
IA3153-0010-9007 1
NAS679C3W 1

RE127-2004-0009 1
AN520C10R10 1
LDI53-00IO-f1007 1

NAS699C3W 1

RE]27-200]-0008 1
RE127-2004-0009 1
/hN520C 10R17 1
NASd3HTS-24 1
LDI53-0010-0007 I
NAS679CSW I

RE127-2004-0009 1

RE127-2004-0012 1
AN520C 1ORI0 1
NAS679C3W 1

RE127-2004.0009 1
RE127_2004-0010 1
AN520CIOR10 1
NA_679C3W 1

Figure 3-9. J19 Ha_rtess (Sheet 2 of 3)
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Paragraphs 3-29 to 3,.31 Volume I

Index Name and

No. Attaching Parts Part NO. Qu_mtity

19 Clamp assembly
Clamp RE127-2001-0008 1
Clamp HE127-20D4-0009 1

Screw AN520CIORI6 1
Spacer NAS43DD3-24 1

Washer LD_ 53-0010-0007 1
Nut NAS679C3W i

20 Ctanlp assembly
Clamp HE)27-2001-0010 )
Clamp RE127-2U04-0009 1
Screw AN520CIOR16 1
Spacer NAS43DD3-24 1
Washer LD153-0010-0007 1

Nut NAS679C3W 1
!

Figure 3-9. J19 Harness (Sheet 3 of 3)

e. Install protective dust caps on electrical
plug and receptacle. Dust-cap requirements,
by connector reference designation nnmber, are
listed in I{-3896-4.

f. For servicing or maintenance, inqtaH dust
caps fingertlghton clectrlcal connechws. ]f

cable is to be stored or shipped, torque dust
caps on electrical cmmectors. Dust-cap torque
requirements, by connector number, are iisted
in figure 3-4.

g. If cable is to be trmlsported to a repair

area or stored, wrap cable wit], cashionlng
material to prevent possible damage. Wrap
each individual electrical connector with cush-

ioning material te prevent damage to connectors
or other pm'ts of cable.

3-29. INSTALLING J142 CABLE. (See figure
3-10.)

a. Observe harness Installation requirenlents
outlined hiparagraph 3-18.

b. Position cable on engine, routing electri-
ca_l connector to connect point at No. 1 thrust

OK pressure switch (redeslgnated ]No. 2 witch

on engines incorporating MD15_' or MDI58.
change).

c. Temporarily co)meet electrical plug P73
(3) flngertlght to thrust OK pressure switch as

outlined tn paragraph 3-15 to prevent possible
preloading of commctor,

d. Connect eleetric.'fl latin'face receptacle
,//42 (2) to interface panel. Torque nuts to
70 :L5in-lb.

e. Install cable support clamp assemblies (d)
thcough (7), starting wilh clamp assembly (4) ant'

working toward electrical plug P73 (3), making
sure no excessive sh sin is applied to cable.
On engines not incorporating MD96 eh,'mge, in-

stall c,'dfle support clamp assemblies (5) throu,_,h
(9), starling with clamp assembly (8) and work-
ing toward electrical plug P73 (3), making sure

no cxeessiw* strain is applied to cable. Tighten
cable support clamp screws sufficiently to pre-
vent movement within clamp yet not damage
cable.

3-30. J174 CABLE.

3-31. REMOVING J174 CABLE, (See figure
3-ll.)

a. Make sure that electrical power source is
hlrned off.

WARNING

Discolmecting or connecting electri-

cal connectors without turning off
tile power source Call cause electri-

cal arcing between conncctorsp re-
sulting in serious Injury or death to

personnel ,'rod damage to eqldpment.

b. Disconnect electrical interface receptacle
J174 (2) from interface pmml.

c. Disconnect electric_d plug P74 (3) from
No. 3 thrust OK pressure switch.

d. Remove harness support clamp assemblies
(4) and (5), and carefully remove cable (1) from
engine.

e. blstall protective dust caps on electrical
plug and receptacle. Dust-cap requirements,

by connector reference designation number, are
listed in R-3896-4.

f. For servicing or maintenance, ti]st,'dl dust
caps flngertight ellelectrical connectors, ff

cable is to by .qtored or chipped, torque dust

caps on electrical com_ector,,. Dust-cap torque
requirement, by connector number, are listed
in figure 3-4.
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Section lll R-3896-3

Paragrapi_s 3-32 to 3-34 Vohune I

hxdex Name and ]hldex NAmo and

No. AttAching Pa"ts Part No. Quantity No. Attaching Parts Part No. Quantity

1 502949 1 6
2 703937-141 1

J142 cable
Electrical
interlace re-

ceptacle J142
Bolts
Washer

Washer
Nut

Eh,ctrieal

plug I)73
Boot

3

4

5

RDl11-4011-6417 3
R D153- 5002--0004 3
RD153-!002-0004 3
R Dl14-8003-1004 3

50293%91 I
1!)-501745-3 I

Clamp assembly
Clamp ITE127-2004-0009
&:row AN520CIOR10

Washer I ,D153- 0010- 0007
Nut NAS679C3W
BrAcket RI)127-9001-1220
13oil RD111-4010.,6409
Washer RDI53- 5002-0004

Chunp asseml)ly
Clamp RE127-200,t-0009
Clamp R E 12'/-2005-0009
Screw AN520Cl OR i0
Washer 1,1)153-.0010-0007
Nut

i

l

t

I
1
1
1

1
l
1
1

NAS679C3W l• • __J

Figm'e 3-10, Jl42 Cable (Sheet 2 of 2)

ClAmp assembly
Clamp RE127-2001-0018 I
Clamp RE127-2004-0009 1
Screw AN52CC10H12 1

Washer I,D153-0010-0007 1
Nut NAS679C3 W 1

7 Clamp assembly
Clamp RE127-2001-0026 1

(2lamp RE127-2004..0009 I
Lerew AN520C I01_12 l

Wat_l,cr I,I)153-0D10-0007 1

Nut NA._6'i_C3 W :

8 Clamp aqsembly
Chimp RE127 -2004-0009 1
Clamp HE127-20b,l-0010 1
Screw AN520C 101tl2 1
Nut NAS679C3 W t

9 Clamp a_setnbly
Clamp liE127-2b04-0009 1
,";crew AN520CIORI0 1

Washer LD153- 0010-0007 1
Nut NAS679C3W l

g. if cable is to be transported to a repair
area or stored, wrap cable with cushioning
material to prevent possible damage. Wrap
each indivi(hml electrical connector with cush-

ionh._ material to prevent danmge to connectors
or other lmrt_J of cable,

3-32. tN_I_AI[,I,1NG JlT,t CABLE. (See figure 3-1L)

a. Observe cable installation requirements
outlined in paragraph 3- 18.

b. Position cable on engine, routing electri-
cal connector to connect point At NO. 3 thrust
OK pressure switch.

e. Connect e!ectrica[ plug P74 (3), to No. 3

thrust pressure switch as outlined in paragraph
3-15 to prevent possible preloadlng of connector.

d. Connect electrical interface receptacle
J174 (2) to interface panel. Torque nuts to
70 _b in-lb,

e. Install cable support clamp assemblies (4)
and (5), making sure no excessive strain is ap-
plied to cable. Tighten cable support clamp
screws sufflcientl) to prevent movement within
clamp, yet not damage cable.

3-33. .JSO0 /IAItNESS.

3-34. IIE'MOVING ,1800 tlARNESS. (See
figure 3-12. )

a. Make sure that electrical power source is
turned oft.

WARNING

Dtscomumting or connecting electri-
cal connectors without turning off
the power source can cause electri-

cal arcing between coenectors, re-

salting lu serious injury or death to

personnel and damage to equipmeAt.

b, Disconnect electrical interface receptacle
JS00 (8) from interface panel.

c. Disconnect electrical plugs P85 (3), P86
(4), P87 (5), and P88 (6) from towel' connector

pro:el at turbopump as outlined in paragraph 3-14.

d, Remove harness ._upport clamp assemblies
(7), (8), and (9), and carefully remove harness
(1) from engine.

%

)

)
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SectionIlI R-3806-3
Paragraphs 3-35 to 3-40 Volume I

Index Name anti

No. Attaching Parts Part No. Quantity

1 J174 cable 502847

2 Electrical In- 703937-131
terrace re-

ceptacle J174
Bolt RDlll-4011-6414

Washer RD153-5002-000,l
Washer RD153- 1002 -0004
Nut RD I 14- ,_0O3- | 004

3 Electrical

plug t)74 502937-91
Boot [9-501745-3

Index Name and

No. Attaching Parts Part No. (_laj_tity

1 4 Chuup assembly
1 Clamp RE127-200.1- 0009 l

Clamp RE127-200,i-0013 l
Clamp RE127-2005-0009 I

d Sc row AN 520C 10R 12 1

4 Nut NAS{U9C3W I

,i 5 Clamp assembly
4 Clamp RE127-2001-0026 1

Clamp RE127-200.t-0009 l
1 Screw AN520C 10R12 1
1 Washer LD153- 0010-0007 1

Nut NAS679C3W 1

J174 Cable (Shoot 2 el 2)

,,,, ,,, , ,

Fil_re 3-1 l,

e. Imp[all I)rotechve dlist caps on electrical
plugs and receptacle. Dust-cap requirements,
by cor.noctor reference de_i_plation numher, are
listed in R-3896-4,

f. Fur servieiP,g or mainteilance, install dust
('ap._ l'h_t_erttght on electrical connectors, If

harness is to be stored or .'+hipped. torque dust

caps on electrical ctmnectora, Dust-cap torque
requirem,,nts, l)yc/)inmcter nt.tlllhel'_are listed
In hgure 3-4.

g. It harness is to be transported to a rt:pah'
area er stored, wrap hal'iie_s with Cll_lhieellllt_
iilaterlR[ to prevent posallile damagc.. Wrap
each hidividual electrical connector with el[sit-
toning materi_fl to preveilt dalllah_O t,,) coancctocu
or ether parts of harllOtl,_t,

3-35. INSTALLING iS00 HARNESS, (See fig-
ure 3-12. )

a, Observe liaruess Installationrequlrements
outlined in parat4raph 3-18.

b, Position harness on engine, routing elee--
tricut comiectors to respective connect points
on lower connect l)_iel at turbopump, Check
bre;ukout mold for proper location.

c. Cotmeet electric,'fl plugs P85 (3), P86 (4),
P07 (5), and P(t0 (0), a_'_ outlined in paragraph
3-1b, to their respective electrical receptacles
ou lower conneetor Imnel, to prevent possible
prelo;tding of connectors.

d. Connect electrical Interface receplacle
iS00 (2) to interface panel. Chc_.k that c_,nnec-

[or ears of receptacle 5800 are positioned llar-
ailel with laiterface panel. Torque nuts te
'70 ._5 in-lb.

e. |nsiall harness support Clanlp a:¢scmbllt.*s
(7), (8)> slid (9), ni.RRtil V st[re lie excessive strain

is applied to hart, .iS, Tighten hai'ne_s sappurt
clamp screws sufficiently to prevent harness
movement within clamp, yet not dalnage harness.

3-30. FI,IGHT INSTIllJMENTA.I:I,O.}[

H..ARNES.7_E__S...A.N.D _CA p__Ll_ ._E N OI N E S INCOII-

3-37. The following procedures outline the re-
moval and reins[citation or replaecrnent of the
flighf instrumentation electrical harnesses _tnd

cables. These procedures are applicable to an

engine confib, uratlon incorporating MD.9_6_chwlge.

:l-38. J100, J10l, J102, AND,I103 CABI,ES.

3-39. Because of the simplified conflbqtratlon
of interconnect cables J100, J101, Jl02, anti

Jl03 between the interface pmmI and the prhnary
junction box, the renmva2 and installation proce-
dures for these cables are combined into one
procedure.

3-40. REMOVING Jl00, J10t, J102, AND
J103 CABLES. (See figure 3-13.)

a. MaJ_e sure thai electrical power scarce is
tie'nedoff.

-)

)
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Section Ill R-3896-3

Paa,agraph 3-41 Volume I

lude× Name and

No. Attacldng l%rts Part No. Quantity

I JS00 harness 50_043 I

2 Electrical in- 703937-II I

terrace re-

ceptacle J800
Bolt RDIII_4011-6414 4

Washer RD153-5002-0004 4
Washer HD153- I002-0004 4

Nut RD114-8003- I004 4
3 Electrical 502935-31

plug P85
Boot 19..501743-2 1

4 Electrical 502935-31 1

plug P86
Bout 19-501743-2 1

5 Electrical 502935-11 1

plug P87
}'_oot 19-5_I743-1 I

6 Electrical 502935-11 1

plug P88
Boot 19,.50; 743- I I

r,, , , ,,,,, , , ,, ,

I,'lgurc 3-12. J800 Barne..m

Index Name and

No. Atlaehhtg Paris Part No. Quantity

7 Clamp assembly
Clamp RE127-200,i-0012 I
Clamp _tE127-2004-0014 I

Spacer NAS43BD3-14 l
Sc_',_.w AN520C10R16 1

Nut NAS679C3W 1

8 Clamp assembly

Clamp RE127-2004-0010 1
Clamp F(E127-200,t-O01,t 1
Clamp REI27-2005-0010 1
Screw AN520C 10H 14 l

Nut NAS679C3V/ 1

9 Clamp assembly

Clamp RE127-2004-0007 2
Clamp RE127-2004..0012 1
Clamp RE 127-2005-0007 2
Clamp RE127..2905.-0012 1
Screw AN520C10R30 1

Spacer NAS43003- 40 1
Nut NAS579C3W 1

(Sheet 2 of 2)

WARNING

Diseonnecling or eoJmecting olectrl-

cml connectors witJmut turning off
th,_.power source can ca,me electri-

cal arcing bt,(woell coallec{ors, re-
mdting in serious i_]ury or death to
personnel and damage io equipment.

b. if Jl0t) (1) or J103 (10) cable Is to be r_,-

n_oved, relrtov(} cable support clalnp assembly
(13), if inst_dled. (Clamp assembly is not re-

quired for relnstallatton. )

c. Disconnect applicable electrical hatvrfaee
receptacle J100 (2), Jr01 (5), J102 (8), or
J103 (11), from interface panel.

f. For servicing or nmintenance, im._t_l (last
caps fingeriight on electrical tom,cetera, l)ust
cap torque requircmeats, by eoanector number,
are listed in f|tr.ure 3-4.

g. If cable is to be transported to a repair
area or is to be stored, wrap cable with cush-
ioning materl_fl Jo prevent possible damage.
Wr_)p each individual electrical comleetor with
cushlolflng material to prevent damage to con.-
hectors or other parts of the treble.

3-4l. ].NSTALLING J100, Jl0l, ,1102, AND
J102 CABLES. (See figure 3.-13. )

a. Observe cable Inst,xllation requirements
outlined In paragraph 3-18,

d. Disconnect applicable electric_Q plug,
1)/08 (3), Pl0O (6), Pl10 (9), or P115 (12),

from prmu_ry junction box, as outlined in para-
graph 3-14, and carefully ten:eve applicable
cable from engine.

e. b_.,_t_ll protectlv, "lust caps on electrical
plugs and receptacles. Dust cap requirements,
by cooaector re_erence designation number, are
]i_tcd in R-3896-4.

b. Position cable ca eagh_e, routing applicable
electrical eom_celora to their respective compeer
points at interface panel and primary junction
b_'c,

c, Connect applicable electrical plug P108 (3),
P109 (6),Pll0 (9),or Pl15 (12),ftageriigbt as

outlined in paregr_]ph 3-15, to pyima2,y junction

box to prevent possible preloadtng of commctor.

)

)
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8,11
PLACE.q

lridcx Naulc and

No. Att_).chljt]]_, Part,.; Part No.

1 J100 cable 704530
2 Electrical inter- 703937-21

face receptacle
Jl¢O

Belt RDI] 1-401 I- 041_I
Washer RDIb3-1002-0004
Washer AS- 30 (a)
Nut RD114- 8003-1004

3 Etectrlc:d plug 502935-211
P108

Boot 19- 501743- 5
4 Jl0[ cable 704529
5 Electrical inter.-703937-I01

face rcceptacle
J101

Bolt
Seater
Washer
Washer
Nut

6 Electrical plug
_I09

Boot

RD] 11-4011-0423
RD152-0003- 0001
RD153-I002-0004
RD153- 5002- 0004
RDI14- 8003-1004
50293"/-611

19--704105-1

(a) AnJllo Supply and Mfg

Quantity

1
1

4
4
4
4
1

1
1
1

3 12
1

Index Name attd

Nu. Attaching Parts

J102 ca!_lc 704539ELectrical inter- 703937-71

_tc0_2 r ecept ac le
Bolt
Washer
Washer
Nut

9 Electrical plug
Pll0

Boot
l0 J103 cable
11

F'I.3 I -(llA

Part No, Quarttity_

t

RD111-4011-6414 3
RD153-I002-0004 3
RD153-5002..0004 3
RDI14-8003-1004 3

502935-351 I

19-501743-7 1
704527 1

1Electrical inter- 703937-61
face veccptacle
J103

Bolt RI,)111-4011-0414 3
Washer ltDt53- t002.-0004 3
Washer 111)153- 5002- 0004
Nut RDl14-8003-1004 '_

Electrical plug 502935-.34l 1
PII5

Boot 19- 501743..7 1
1

Co, [hmtington }"ark, Calif.

Figuxc 3-13. J10O, J101, J102, and JI03 Cables

90257
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Volume 1

d, Connect uppllcnhle Interiae~ receptacle,
J100 (2), JIOI (5). ,1102 (8). or J103 (11), to
interfaCe panel. TeJl'que nuts to '10 ; 5 In-lb.

e. Torque anel saietywil'e electrical plug at
primary jlUlCtlon box as outlined in paragralJh
3-15.

3-42. JI04 HARNESS.

3-43. REMOVING J104 HAllNESS. (See figurll
3·1·1.)

u. Make sure that electrical pow,'r source
is turncd off.

WAHNlNG

D1SCOIlllt!ctin[: 01' connecting electri
cal COllllllctOl'S W!UlOut tnrnlnr, off ihlJ
power uourco can ca-.Ilw clfJct:rical
arcing heiwec'n connectors, result
ing in scriou~ injury 01' death to pel'
e'1m",1 and chunage to <,qulpmenl.

b. J)!sconn~cl electrical interface reccptacle
.1104 (2) Itom inter'face panel.

c. Die,'onnect .'l.'c:trlc:al plugs P130 (3) 'lS

outlined in p:' .'agruph 3.14. at turbopullIp lower
connector nanel, fwd phIl: 1'132 (4) at oxidizcr
flow meter.

d. HeJllovo hal'll08H SUppOl't clamp assembliN;
(5) thl'UU[(h (10), mul "areflllly remDve hamesa
(1) from c>lIglnc.

e. 111sl,\11 pl'oteetive dmlt l:apfJ on el;,etr'cal
pIUI:S and receptacle. Dust-(:ap rcqulremclI!c;,
by connector relnen"e designation 1lI1mber, a 1'(

liuted in R-38U6-4.

f. l~or sC1'viclH~~ (H' mailltcnancc, iJlshdl (lLwt
caps f1ngcrlight on elcetrical cOllllee!ors. Dusl
cap torque requirements, by co)ulCclor number,
'!.l·0 listed in figure 3-4.

g. 11 harness is to be transportod to a repair
IIl'ea or storad, wrap h:u'ness with cllHhionlng"
matarlal to prevent poosil.>le damage. Wrap
each I",H'1idual llicctrical connector WWI cush
ioning material to prevent damage to conncc,IOl'S
Clr other partu of Ihe harneSS.

3-60

3-44. INSTAl,LING J104 llAllNESS, (See fig
ure 3-14. )

a. Observe harness Installation requirements
outlined In paragraph 3-18.

b, Posltloll harness on engine. routing elcc
trlcal plugs to their respective connecl pollnts at
turbopuJnp lower conncctor panol and oxlcliLer
fiowml'ter. Chcd( breakout wold for propel'
locution.

C. COlllICCI elec:tdcal pIngs PI30 (3) and
PIn (4) flngerllf(h! as Dull ined in paral5raph
3-15 to lurtJopllmp lower connecto)' panel and
oxidizer flowmeter 10 prevent possible "reload
ing of connector,).

d. ComlC,ct eloctl'lcnl Intt'rIace roceptad"
J 104 (2) (0 Interface panel. TOl'quo mita to
'10 ±5 In-lb.

t'. Ins\all l,urlless support clamp assembli""
(5) through (10), slal'tJll(( with clamp :lHsl'mbly
(fJ) ;lnd working toward "ltJct!'ical phl[~a 1'130
and 1'132, m"):ln!': sure nO (>:'(c(!sSive strain ie
applit'd to h:u'ncsn. 'fi((hten harness support
daml) /le",'il'S sufficiently to pl'ev(lnt harness
)lwvl1Jnont wiUlin clnmp, yet not d..... n.lagl~ hal'nc~s.

f. 'l'orq1le and "afdyv'ire el"et,·1t'aJ plugI'
Pl30 (3) and 1'132 (4) as "oOmed ill parap',lph
3-15,

3-45, ,1106 lIARNESS.

3 .. 46. HE~10VJNG ,rl0B llAHNESS. (See II!I'u'e
3-15. )

a. Make SU1'(' t1~lt electrical !)o\\,el' ,It)l)l'ce is
turned off.

WAflNJ.tW

DjHcomW(Jtin~~ or com'h!(·tin~ electri
cal connectors without turnlnl( orf
the power source can cause electri
cal [It'cin~ between ('Onneetol'S, re
sultin~ in serious injury or death to
pHsol1lwl and damuge to r,cluiplllell!.

h. On ellf(ineH not ineorporat'.ng l\,IXl_~ el~'lIIgc,

c1isconned c]c'ctrical interface receptacle ,1104
(2) from tnlerIace pancl.

c. Oil ellglnN; Incorporalinr, MOB.? change,
cUsconneet electrical interlace receptacle .1104
(~) frolll Jnterface pant'1.
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Section Ill R-3896-3

Paragr_.ph 3-47 Volume I

Index Name .'rod htdex Name al_d

No. Attaching Parts Part No. Qmmttty No. Attaching Paris Part No. Quantity

71 J104 harness 704533 1

2 Electrical inter- 703937-31 1

face receptacle
J104

Bolt RD11_-4011-6414 4
Washer RD153-1002-0004 4
Washer 1lD153-5002-0004 4
Nu_ RD114-8003-1004 4

Clamp assembly

Clamp
Clamp
Chimp
C lamp
Screw

Spacer
Nut

3 Eh:cttucal plug 502935- 131 1
PI30

Boot 19.. 501743-3 1

4 Electrical plug 502_)35-91 1
P132

Bo(_t 1!t- 501743- 3 1

5 Clamp assembly

8 Clamp assembly
Clamp
Clamp
Clamp
Screw
Nut

9 Clamp assembly

Clamp HE 127- 2004- 0012
C lamp R E 127- 2004 - Of)14
Screw AN520C10R16

Spacer NAS43DD3- 24
Nut NASO79C3W

Clamp assembly
C ht mp RI'."127- 2004-. ()010
Clamp RE 127-2004-0014

Clamp RE 12% 2005- 0010
Screw ANb20C10R14
Nut N._'q679C3W

1
1
1

1
l

10
l
1

1

1
1

Clamp
Clamp

Clamp

S('.rcw
Nut

Clan,p as,_cmbly
clamp
Clamt_

C lamp
Screw

_acer

Washer
Rut

RE127-2004-0007 2
RE127- 2004..0012 I
RE 127--2005-0007 2

RE127- 2005-0012 I
AN520CIOR30 I
NAS43DD3-40 l
NAS679C3W 1

Htq127-2004-000_ 1
RE127-2004-0009 1
RE127-2005-0012 l
AN520C10R14 1
NAS879C3W l

RE 127-20I)4-0012 1
rtE 127- 2d0.1_ 01)09 1
RE127-2005-0008 1

AN520CIOR12 1
NAS679CaW

REI27-2t)01-0045 1

RE127-2004-0012 t
RE127-2(POS_O012 2

AN520C] 0R26 I

NAS,t3DD3..48 I
LD153-0010-0007 1
NAS579C3W I

Figure 3-14, J10,1 IIarness (Sheet 2 el 2)

d. Di_('onnect electrical plugs P134 (4), as

outlined in paragraph 3-14, at turbopuml) upper
com_ector panel, P137 (5) at boss on turbine
mantfnld, and P136 (6) at CC, TI trmmduccr

merest bracket located on primary tube and out-
rigger mount shell.

e. C_ enghw:.,, not incorporating MD_87 ch.'mge,
remove h,'u'neos,supportclamp assemblles (7)

a.nd (8), and on engines incorporating MDS'_/
change, clamp assemblies (9) and (10).

h. For ae,'vlcingor mamtenmtce, iust_tlldust

caps flngcrtlght on elcctric;d commctors. Dust-
cap torque requirements, by connector number,
are listed hi figure 3-4,

1. 1_ harness *s to be transported to a repair

area or stored, wrad harued._3 with cushioning
material to prevent possible damage. Wrap
ea;.'h individual electrical colmeetor with cush-

i_ming material to prevent damage to connectors
or other parts of harness.

L Remove remaininF, harness support clamp
assembllet_ (11) through (23), and carefully re-
move harness (1) from engine.

g. [nshdl protective dust caps on electric'_l
plugs and receptacle° Dust-cap requirements,
by connector reference designadoa numbcr,
,'u'e listed in R-3898-4.

3-47. INSTALLING J106 ttARNESS. (See fig*
tu'e 3-15. )

a. Ob8erve harness Itmtsllatiourequir(,ments

outlined in paragraph 3-18.

)
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Section III R-3896-3

Volume I

!

Index Name and

No. Attaching Parts
• ii i ii ii i i i ii

1 J10G harness
2 Electrical inter-

face receptacle
J106

Cover

Bolt
Washer

Spacer
Bolt
Washer

Washer
Nut

3 Electrical plug
P134

Boot

4 Electrical plug
P137
Boot

5 Electrical plug
P138

Boot

0 Clamp assembly
Clamp
Screw
Washer

Nut

7 Clamp assembly
Clamp
Clamp
Screw

Washer
Washer
Nat

8 Clamp assemoly

Clamp
Screw
Washer
Nut

9 Clamp assembly
Clamp
Screw

Washer

Nut

10 Clamp assembly

Clamp

Clamp
Screw
Washer

Nut

Part No. Quantity

704534-11 1
703937-41 1

702746 1

llDl11-4011-6416 4
RI)153-5002-0004 4

702747 l
HDl11-4011-6416 3
IID153-I002-0004 6
RI)153-5002-0004 3
RDII4-S005-1004 3

502935-41 l

19-501743-2 1
502937-631(a) 1

19-501745-3 1
502937-031 1

19-501745-3 1

HE127-2000-0015 (b) I
AN520CIORI2 I

LD153-0010-0007 l

NAS079C3W I

RE127-2004-0010 (b) 1
1_E127-2005-0009(b) 1

ANS20C10I_I6 1

LD153-0010-0007 1
LD15q-0010-0008 1
NAS679C3W 1

I{E127-2004-0009 3
AN520C10R10 3
LD153-0010-0007 3
NAS070C3W 3

RE127-2004-0009 1
AN520C10R10 1

LD153-0010-0007 1
NAS6'I�C3W 1

RE127-2004-0009 1
RE127-2005-0009 I

AN520CIORI0 1
LD153-0010-0007 1
NAS679C3W 1

Index Name and

No. Attaching Parts Part No. Quantity

11 Clamp assembly

Clamp RE127-2004-0012 1
Clamp RE127-2005-0009 1
Screw AN520C10R10 1
Washer LD153-0010-0007 1

Nut NA_679C3W 1

12 Clamp assembly
Clamp RE127-2004-0009 1
Clamp ltE127-2005-0009 1

Clamp RD127-7003-0001 1 I
Spacer NAS43 DD3-16 I

Nut NAS679C3W 1
13 Clamp assembly

Clamp RE127-2004-0009 2
Clamp I_E127-2005-0012 2
Screw AN520CIOB30 1

Spacer NAS43DD3-64 1
Washer LD153-0010-0007 1
Nut NASG79C3W 1

14 Clamp assembly
Clamp RE127-2004-0009 2
Clamp HE t72-2005-0012 2
Screw AN520CIOR30 I
Spacer NAS43I)D3-64 1

Washer LD153-0010-0007 1
Nut NAS679C3W 1

15 Clamp assembly
Clamp l:lElZY-2004-0009 1
Clamp I{E127-2005-0012 1
Screw AN520C10R10 l
Washer LD153-0010-0007 1

Nut NAS6_9C3W 1
16 Clamp assembly

Clamp RE127-2004-0009 1
Screw AN520C10R8 1
Washer LD153-0010-0007 1

- - Nut NAS079C3W 1
17(b)Clamp assembly

Clamp RE 127 -2004 -0026
Screw AN52OCIORI0
Washer I,D153- 0010- 0007

Nut NAS079C3W
18(b)Clamp assembly

Clamp RE127-2004-0021
Screw AN520C101_ 10
Washer LD153-0010-0007
Nut NAS079C3W

(a) Engines not incorporating MDlq6 change
(b) Enghles Incorporating MD170 chm_ge

Figure 3-15. Jl06Harness (Sheet 4 of 5)
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R-3896-3 Section HI
Volume I Paragraphs 3-48 to 3-49

Index Name and £udex Ham.. _ and

No. Attaching Parts Part No, Quantity No, Attaching Parts Part No. Quantity

19

20

Clamp assembly
Clamp
Clamp
Screw
Spacer
Washer
Nut

Clamp assembly
Oamp
Clamp
Sci'ew

Spacer
!kaenher
Nut

RE127-2C94-0012 1
HE127-2005-0009 1
AN520CI0tI16 l
NAS43DD3-16 !
LD153-0010-000 _, 1
NAS679C3W 1

RE127-2004-00i5 1
RE127-2005-0009 1
AN520CIORI6 :.
N/_'_43DD_ -18 I

LD153-0010-0007 l
NAS679C3W I

21 Clamp assembly
Clamp RE127-2004-0009 1
Screw AN520C10R8 1
Washer LD153-0010-0007 t
Nat NAS679C3W 1

22 Clamp assembly
Clamp RE127-2001-0043 1
Clamp ItE172-2004..0009 1
Screw _520CIOIt10 1
Washer I,D153-0010-0007 1
Nut NAS679_ W 1

Fit_mre 3-15. 3106 Harness (Sheet 5 of 5)

b. Po_ition haznes8 on engine, routing elec-
trical plugs to their respective connect points
at turbepump upper connector panel, turbine
manifold, and CGTI transducer mount bracket.
Check breakout molds for proper location.

c. Connect electr'.cM plugs P134 (4) at turbo-
pump upper eor.nectol panel, P137 (5) at hess
or: turbi_.e maaifolcl, and P138 (6) at CGT1 trans-
ducer mount bracket located on prtma,'y _he and
outriggc.r mount shell fingertlght aS outlined in
paragraph 3,-15 to prevent possible proloadtng
ofeommctors.

d. On engines not incorporating MDS.7. change,
connect electrical interface receptacle J106 (2)
to inlerface panel. Torque nuts to 70 _.5 in-.lb.

e. On engP_es incorporating MDS_7.ch_mge,
connect eleclrical receptacle J106 (3) to inter-
face panel. Torque bolls that secure cover at
forward side of panel aud nut_ that secure
spacer at e;t side of t_anel to 85 _5 in-lb.

t. l_siall n;irness support clamp assemblies
(11) through (_3), sL'_ritvg with clamp assemb!y
closest '.o center of harnes,_ and working toward
receptacle and plugs. Make sure no excessive
strain is applied to harness. Tighten harness
supporl clamp screws mffflclently to prevent
harness movement within c'amp, yet not dam-
3ge harness.

3-48. Plll HARNESS.

3-49. tlEMOVING Plll HAH._]ESS. (See fit,hare
3-16.)

a. Make sure that electrical power source is
turned off.

WARNING

Dlseo.mectingor connectingelectri-

cal connectors withouthwning off
the power source can cause electri-
cal arcing between connector:_, re-
sulting in serious injury el death to
personnel _nd damage to equipment.

b. To facilitate removal of harue:_s, discon-
nect primary junction box support harnes.u sup-
port blaeket (8) from primaa'y/auxUiary ]unction
box struts m, pport m_d allow harness bundle to
drop free.

CAUTION

Before discomlecttng electrica/plug'_
PI19 (6) and P123 (7), the transducers
must be dls,'onnected or loosened

from their respective attach bracket
or adapter prier to disconnecting the
harness to prevent damage to the
harness or transducers.

g. Torque and _afetyc¢ire electrical plugs
P134 (4), P137 (5), _nd P138 (6) as outlined in
paragraph 3-15.

c. Disconnect eiectrtal plug Plll (2), as out-
lined in paragraph 3-14, from primary Junction
box.
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Section Ill R-3896-3
Paragraph 3-50 Volume I

d. Disconnect electricalplugs PI16 (3),
Pl17 (4),Pll8 (5),Pll9 (6),and P123 (7),as
outlinedin paragraph 3_16, from theirrespec-
tive transducers.

e, Before removing harness suppol't clamp

assembly (9), note position of clamp assembly
(9) in zelation to its distance from pmmary
Junction box.

NOTE

If the harness is to be replaced, noting
the location of this clamp assembly
is important, as it will _aeilitate i-ira
reinsh'tllation of the new harness.

f. Remove harness support clamp assembly
(9) from harness support bracket (8), and retain
b racket for reinslal] aiion.

g, R,_move remaining harness suppol t clamp
assemblies (I0) through (28), and carefully re-
move harness from engine.

It. Install protective dust caps on electrical
plugs. Dust-cap requirements, by connector
rcferen¢.e designation number, are listed in
R--389_-4.

i. For servicing or maintenmme, install dust
caps fingertight on electrical connectors. Dust-
cap torque requirements, by connector nul'nher,
are listed in figure 3-4.

j. If harness is in be trmmported to a repair
area or stored, wrap harness v_!th cushioning
nmterial to prevent possible clomage, Wrap
each hldlvldual electrical connector with cush-
ioning material to prevent damage in connectors
or other parts of harness.

3-50. INSTALLING Pill tIA.RNESS. (See fig-
ure 3-16. )

a. Observe harness installation requirements
outlined in paragraph 3-10.

b, PosittoJ1 harness on enginep ]'outing elec-
trical plugs to their respective connect points
at primal'y jtmction b_x and transducers.
Check breakout molds for proper location.

e. Connect electricaJplug Pill (2) (as out-
l_ed in paragraph 3-15) toprlmary junelionbox.
Torque_nd s_felywtre plug, as dUff/ned in par-
agraph 3-15,

CAUTION

Before connecting electric_ plugs
Pll9 (6) and P123 (7) to their respec-
tiTe trm_ducers, transducers must
be discmmected or loosened h, om

their respective attach bracket or
adapter prior to conaehting the her..
hess, to prevent damage to the har-
ness or transducers.

d. Connect electrical plugs PII6 (3), Pl17
(4), _118 (5), Pll9 (6), '-rod P123 (q), as outlined
in paragraphs 3-15 and 3-17. Torque and safety-
wire plugs, as outlined in paragraph 3-15.

e. Cross-torque nuts that secure gas gener-
ator chamber pressure transducer (PllP) and
thrust chamber combustion chamber pressure
transducer (P123) to 125 _:I0In-lb,

f. Locate harness support clamp assembly(9)
on harness in relation to its distance from pri*
mary junction hox, as noted during removal o(
harness.

NOTE

The position of this clamp assembly ia
imporb-mt, as its location dir_ctly a_-
feels the correct location of ti_e other
clamp assemblies.

g. Install harness support clamp assembly (9)
on primary JunctiOnbox support harness support
bracket (8), which was removed as part of har-
ness removal.. Tighten harness sapport cl_.mp
screws sufficientiy to prevent harness movement
within clamp, yet not damage harness.

h. Connect primary junction box support har-
ness support bracket (8) to primary/auxiliary
junction box struts support. Torque nuts to
125 ±5 in-lb.

i. Install remaining h_rness 8"apport clamp
assemblies (10) through (28), starting with clamp
assembly closest to center of har.'._ss and work-
ing toward clarnp assembly (9) and electrical
plugs. Make sure tie excessive strain is applied
to harness. 'rigl_tea harness support clamp
screws sufficiently to prevent harness movement
within clamp, yet not damage hi, mess.

-)
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27_ 28

Index Name alld

No. Attaehimg Parts

1 Plll harnc:_a

2 Electrical plug
Pill
Boot

3 I';lcct flea) plug
P116

Harness aup-
port clamp
B -_ckct
Bc (
Washer

Harness grip-

port block
Clamp
Bolt
Washer
Washer
Nut

4 Electrical plug
Pl17

Harness sup-
l)trrt clamp
Bolt
Wa_,her

port block
Clamp
Bolt
Wa,_her
Washer
Nut

b l_l_ctrleal plug
Pl18

_arness _up-
port clamp
Bolt
Washer

Four- way
v_klvo
Control line
block
Clamp
Bolt
Washer
Washer
Hut

6 Electr_eal plug
PIt9

I-larTtess _ttlp-
port clamp
Bolt
Washer



Index N_meand
No. AttzchingParts Part No. Quantity

1 Pill harness 704528 1
2 Electrical plug 502935-48J 1

Pill
Boot 19-501743-9

3 Electrical plug 704476 1
Pl16

Harness sup_
port clamp
B ' "teket
Bct
Washer

I_arzless 8HI)-

port block
Clamp
Bolt
Washer
Washer
Nut

703002 1

MS9102-33 1
RD111-4008-3405 2
RD153-5002-0004 2
703001 1

RE127-2001-00]0 1
RDIII-4011-6423 2

RD153-I002-0004 2
RD153-5002..0004 2
RDl14-8005-1004 2

14 Electrical pLug 704476-2l
Pl17

Harness sup-

port clamp
Bolt
Washer

Hal';less sup-
port |)lock
Clamp
Boll
Wa:;hor

Wssher
Nut

703002 1

RDIII-4008-3405 2

RD153-5002..0004 2

703001 1

RE127-2002- 0010 1
RDIII-4011-6423 2

RDI53- I002-0004 2
RD153.- 5002- OO04 2
lIDll4- 8005- 1004 2

15 Electrical pl".g 704476
Pll8

l.larne_s sup_
port clamp
Bolt
Washer

Four- way
valw;
Control line
block

Clamp
Bolt
Washer
Washer
Nut

7030(12 1

RD111-4008.3405 2
RD153-5002-0004 2
703017 1

RE127-2002-00_0 1
RD111-4011-6417 2
RD153-1002- 0004 2

/},D153.-5002- 000,1 2
RDl14-8005-1004 2

Electrical plug 502937-601 I
Pil9

tlarness sup- 7039_5 1
port clamp
Bolt BI)111-4008-_405 2
Washer RD153- 5002-0004 2

Index Name and
No, Altaehi_tg I_rts

II

13

Harness sup-

port block
Clamp
Bolt
Washer
Washer
Nut

7 Electrical plug
P123

tlarness strp-
port clamp
Bolt
Washer

ltarness sup-
port block
Champ
Bolt
Washer
Washer
Nut

8 Primary jmm-
lieu box support
harness sup-
port bracket

Bolt
Washer
Washer
Nut

9 Clamp r.s'_mnbly
C lamp
Clamp
Screw
Spacer

l0 Clamp assembly
Clamp
Clamp
Screw
Nut

Clamp assembly
Clamp
Screw
Nut

12 Clamp asaembly
C L_mp
Clamp
Screw

Washer
Nut

Clamp assembly
Clamp
Clamp
Screw
Washer
Nut

Part No. Quantity

703911 1

RE127- 2002-0006 1
RD111-4011-6423 2
RD153- I002_0004 2

RD153- SOO2-00O4 2
R0114-8005-1004 2

704476 I

703002 1

A0111-4008-3405 2
RD153-5002-0004 2
703001 1

RE127- 2002-0010 1
RDI II-4011-6425 2
RD153- I002..0004 2
HD153- 5002-.0004 2
RI)ll4- 8005-1004 2

703902 l

Rr)ll 1-4011-6422 2
RD153-1002-0004 2
RDI53- 5002-0004 2

IH)114-8005- t004

REI27- 2004-0015 1
RE127-.2005-0018 1

AN520CIOR18 J
NAS43DD3--24 1

REt27-2004-00] 5 I

RE127-2004-0018 I
AN520CIORI0 I

NASTV9C3W 1

RE127-2004-0015 2
AN520C 10RI0 1
NAS679C3W 1

RE127-2004- 0016 1
RE127-_,005-0014 1
I_N520CIORI2 1
LD153- 0010- 000'i I

NA_S79C3W 1

RE127-.2004- 0012 1
RE127-2005_0018 1
AN520C10RI2 1
LD153-0010-0007 I
NAS079C3W 1

Index Name and

No. Attaching ]Parts Part Nil

14 Clamp assembly
Clamp RE 127 - 2(
Clamp RE!27-2(
Screw AN
Washer
Nut NA_6790:

15 Clamp assembly
Clamp RE127- 2(
Clamp IIE12% 2(
Clamp R1,]127- 2(
Screw AN52001{
Nut Iq &.$679C',

16 Clamp assembly
Clamp RE127-2C
Clamp RE127- 2¢
Screw AN5200

Nut NAS079(

17 Clamp a_sembly
Clamp RE127_21
Clamp
Screw AN520CI(

Washer I,D153-0(3
Nut NAS6790:

18 Clamp assembly
Clamp RE127- 20
Screw AN520CIt

_paccr

Washer LDI53-00

Nut NA.$679C_
19 Clamp assembly

Clamp R1_:127- 20
Clamp RE127-20
Sc row AN 52001 C
Spacer NAS43DD_
Washer LDI53-00
Nut NA8079C3

20 Clamp assembly
Clamp RE127-29_
Clamp RE127-201
Screw AN520CI0

Spacer NAS43DD_
Washe, r LD153. 00
Nut

21 Clamp assembly
Clamp RE127-20(
Screw AN520C I0
Nut NAS67903

22 Clamp assembly
Clamp ItE12"(- 201
Clamp RE127-2q
Screw
Washer iD153- 001
Nut NAS679q

Figure



trt Nv,

27.-2002-0006
II-4011-6423

153-1002-0004
153-5002-0004
114-8005-1004
76

002

111-4008-3405
i53-5002-0004
001

127-2002-00!0
111-4011-G425
t53-1002-0004

53-b002-0004
14-8005-1004

ba

II-4011-6422
53-100_-0004

i53-5302~000_
i14_8005-_004

27-2004-0015
27-2005-0018
20C10RI_
43DD3-24

27-2004-0015
27-2004-0018
20CIORI0
679C3W

27-2004-0015
20C10R10
679C3W

27-2004.00!6

27-2005-0014
20Cl0Rl2
53-.0010_0007

679C3W

Z7-2004-0012
L27-2005-0018
_20CIORI2
153-0010-0001
;679C3W

Quantity

1 J4

1
2
2

2
1

1

2 16
2
1

1
2 17
2
2
2
1

18

2
2
2
2

19
1
1
l
1

1
1 20
1
1

2
1
1

21
1
1
I
1 22
1

I
J
1
I

,,1 ----L--

Index Name and

No. Attaching Is+arts Part No.

R-3896-3 Section llI
Volume I

Quanhty

Jndex N_nle aqd

No, Attaching Paris Part No. ._._uantii?_y

Clamp assembly
Clamp RE127-2004-0012 I
Clamp RE127-2005-0015 I
Screw AN520CIOR12 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

Clamp assembly

Clamp RE127-2004-0012 l
Clamp RE127- 2004-.0014 I

Clamp RE 127.-2005-0009 1
Screw AN520CIORI2 1
Nut NAS679C3W 1

Clamp assembly

Clamp RE127-2004-0012 I

Clamp RE127-2004-0015 I
Screw AN520C I0Rl2 l

Nut NA5679C3W 1
Clamp a_sembly
Clamp RE127-2004-0012 l

Clamp REI2% 2005-0014 1
Screw AN52OCIORI0 1
Washer LD153. 0010-0007 I
Nut NAS679C3W 1

Clamp assembly
Clamp RE127-2004-0014 I
Screw AN520C10R20 1

Spacer NAS4$DD$_48 1
Washer LD153-0010-0007 1
Nut NAS579C 3W 1

Clamp assembly
Clamp RE]27- 2004- _)015 l

Clamp RE127-2095-0009 1
Screw AN520CIORI6 1

Spacer NAS43DD3-16 l
Washer L1)153.0010..0097 1
Nut NAS679C3W 1

Clamp assembly
Clamp BE127-2004-0012 1
C 1,_mp RE127- 2005-0009 1
Screw AN520CIOR16 1

Spacer NAS43DD3- |6 1
Washer LD153-0010-0007 ]
Nut NAS679C3W l

Clamp assembly
Clamp RE127- 2004-0012 2
Screw AN520C 10RI2 1
Nut NA,S6'I9C3W i

C lamp assembly

Clamp
Clamp
Screw
Washer
Nut

23 Clamp assembly
Clamp RE127-2004-0009 2

Clamp RE127-2005-0012 2
Screw AN_20C10R30 1

Spacer N_43DD2- 64 1
Washer LD153- 0010-0007 1
Nut NAS_'IOC3W 1

24 Clamp assembly
Clamp REJ 27..2004-0009 2
Clamp RE12%2005-0012 2
Screw AN520CIOR30 I

Spacer NAS_3DD3-64 1
Washer LD153-00]0-0007 I
Nut NP_S679C3W 1

25 Chunp assembly
Clamp RE127-2004-0012 1
Clamp flI/127- 7003-0001 !
Spacer NAS43DD3- 16 1
Nut NAS679C3W 1

26 Ciamp assembly
Clamp RE127-2004--0012 1
Clamp RE127-2005-0009 1
Screw AN520C 1ORI0 1

Wa.,_he r LDJ 53-0010-0007 1
Nut NAS679C3W 1

27 CJar_p assembly
Clamp RE127- 200,t- 0912 1
Screw AN520CIORI0 1
Washer LD153-0010-0007 1
Nut NASG79C3W 1

28 Cl,'wapassembly
Clamp RE]27-2004-0012 1
Screw AN520CJ 0RY0 1
Spacer NA_4SDD3-40 l
Washer l.J)153-0010-0007 1
Nut NAS679C3W 1

RE127-2004-0009 1
RE12%2005-0012 1
ANS20CI 0RI0 1
[_153-0010-0007 1
NAS6'I9C3W 1

Figure 3.,lS, Plll Harness (Shee_,3 of 3)
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Section III

Paragraphs 3--51 to 3-53
R-3896-3
Vol'ame I

3-51. Pl12HARNESS

3-52. REMOVING Pl12 IiARNESS. (See

/'gure 3- lq. )

a. Make sure that electrical power source
is turned off.

WARNING

Disconnecting or connecting electri-

cal connectors without turning off tim
power source call cause electrical

arcing between COllnectorsj resulltng
in serious injury or death to person-
ael and damage to equipment.

b. To facilitate removal of harnes.'_, discon-
nect primary junction box support harness sup-
port bracket (6) from primary/auxiliary junction
box struts support and allow harness bundle to

drop free.

c. Disconnect electrical plug PI12 (2) as
-utlined in paragraph 3-14 from primary junc-
tion box.

d. Discormeci electrical plugs P120 (3),
P121 (4), and P122 {5) as outlined in paragraph
3-16 from their respective transducer,,_.

e. Before removing harness ._upport clamp

assemMy (7), note position of clamp assembly
(7) in relation to its di,_itav.ce from primary
junction box.

NOTE

If the harness is O>be "eplaced, noting
the location of this clamp assembly is
important, as it _,111 f_.ilitate the re=
installation of the new harness.

f. Remove harne._s suppr_rt clamp assembly
(7) from harness support bracket (6), and re-
tain bracket _or reinstallatlon.

g. Remove remaining harlless support clamp
assemblies (8) through {23) and carefully re-
move harness from eui0ne.

h, It)stall protective dust caps on electrical

plugs, Dust-cap requirements, by connector
reference designation number, are listed in
R=3896..4.

i, For servicing or maintenance, install dust

caps fingertight on electrical connectors, Dust-
cap requirements, by counector number, are
listed in fi_u'e 3-4.

j. If hat'[less is to be transported to a rcpatc
area or is to be stored, wrap harnc;_s with

cushioning material to prevent possible damage.
Wrap each individual electrical connector with
euslfioniug material to prevent damage to con -
nectors or other parts of harne:_s.

3-53. 1N_]TALI,ING PI12 IIARNESS. (See

ligure 3- 17. )

a. Observe harness installutlo,] requirements

outlined in paragraph 3-lB.

b. Positlon harness on engine, routing elec-

trical plug.s to their respective connect points
_i p,"in,ary JUnction boy, ,u]d transducers. Check
breakout molds for proper location.

e. Connect electrical plug Pl12 (2) to
primary junction box tingertight as outlined in
paragrapil 3-15,

d, Connect electrical phlgs P120(9), .P12I
(4), and Pl12 (5) :h_gertight as outlined in psra-
gr'tph_ 3-15 and 3-17 to their respective trans-
dqlcet's.

c. Locate harness support claml) assembly
(7) os harness in relation to its distance from

primary junction box, as noted during removal
of harness

NOTE

The position of tills clamp assembly
Is lmporhtrtt, as its locatioa directly
,affects the correct lo('atlon of the

other clamp assemblies.

f. n,,_'_all h_rness support clamp aesembly
(7) on prtma.y Junction box support harne,_,;

support bracket (6) that was removed as part of
harness removal. Tighten harness support
clamp screw sufficiently to prevent harness

movement within clamp and yet net damage
harness.

g, Connect primary junctiov, box ,uupport har-
ness support bracket (6) to prJmary/au×iliary

\

junction box struts supporL Torque nuts to ; }
125 _5 in-lb, /
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R-3896-3
Volumc I

Index Name and

, No, .Art aching _Pa_,_ Part No. Quantity

1 Pl12 harness 704526 1

2 Electrical plug 502935-42J 1
Pl12

Boot 19- 501743- 8 1

3 Electrical plug 704470 1

4

P120

Harness sup-

port clump
Bolt
Washer

Harness sap-
port block
Clamp
Bolt
Wasbex

Washer
Nut

703002 1

RDl11-4008-3405 2
RD153-5002-0004 2
703001 1

REI27-2001-0010 1

RDl11-4011-6423 2
RD153-1002-0004 2
RD1_3-5002-0004 2

RD114-8005-1004 2

Electrical plug 704476 1
PI21

Harness sup- 703002 1
port clamp
Bolt RDlll-a008-3405 2
Washer RD153-5002-0004 2

}larnesstrans- 704503 1

ducer support
Clamp RE127-2002-0010 1
Bolt RDLI1-4009-0614 2
Washer RD153-1002-0006 2
Washer RD153_ 5002-0006 2
Nut RDLI4-8005-1006 2

5 FAectrical plug 704476 1
P122

Harness sup- 703002 1
port clamp
Clamp RE177-2002-0010 I
Bolt RDIII-4008-3405 2
Washer RD153- 5002-0004 2

Harness sup- 703001 1
port block
Bolt RDl11-4011-6423 2
Washer RD153-1002-0004 2
Washer RD153- 5002-0004 2
Nut RD114-8005- I004 2

6 Primary 703902 I
junction
box support
harness sup-
part bracket

Bolt HDI11-4011-6422 2
Washer RD153-1002-0004 2
Washer RD153-5002-0004 2
Nut RD114-8005-1004 2

Figure 3-17.

Section HI

w

Index Name and

No. Attaching Parts Part No. Quantity

7 Clamp assembly
Clamp RE127-2004-0015 1
Clamp RE 127- 200._-0018 1
Screw AN520CIORI6 1

Spacer NAS43DD3- 24 1

8 Clamp assembly

Clamp RE127-2004-0017 1
Clamp RE127-2005_0015 l
Screw AN520CIORI2 1

Washer LD153-0010-0007 ]
Nut NAS679C3W 1

9 Clamp assembly

Clamp RE127-2004-0018 1
Clamp lRE127-2005- 0015 1
Screw AN520C101_10 1

Washer LD153-0010-0007 ]
Nut NAS679C3W 1

I0 Clamp assembly

Clamp RE127-2004-0016 1
Clamp RE127-2005-0017 1
Screw AN520C10R12 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

Ii Clamp assembly

Clamp RE127-2004-0016 i
Clamp IrE127-2005- 0013 1
Screw AN520CIORI2 1
Washer LD153- 0010- 0007 I

Nut NAS679C3W 1
12 Clamp assembly

Clamp RE127-2004-0012 1
Clamp RE127-2004-0013 1
Screw AN520CIORI0 1

Nut N/_679C3W l

I3 Clump assembly
Clamp RE127-2004-0015 1

Clamp RE127-2005-0012 1
Screw AN520CIORI0 1
Wsslmr LD153-0010-0007 1
Nut Nt_q679C3W 1

14 Clamp assembly
Clamp RE127-2004-0012 1
Screw AN520CIORI2 1

Washer LD153-0010-0007 1
Nut NAS679C3W 1

13 Clamp assembly
Clamp RE127-2001-0045 I

Clamp RE127-2004-0015 1
Clamp RE127-2005-0011 1
Screw AN520C10R12 l
Washer LD153-0010-0007 1
Nut NAS679C3W 1

m.J ,° ,,,,

P112 Harness (Sheet 3 of 4)
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Section II1 R-3896-3

Paragraphs 3-5,_ to 3_55 Volume I

Index Name and

No. _ttaching Parts

16 Clamp assembly
Clamp
Clamp
Clamp
Screw
Washer
Nut

17 Clamp assembly

Clamp
Clamp
Clamp
Screw

Spacer
Washer
Nut

18 Clamp assembly
Clamp
Clamp
Screw

Washer
Nut

19 Clamp assembly
Clamp
Screw
Washer
Nut

Part No. Quantity

RE127-2001-0045 1
REI27-2U04-0012 1
RE127..2005-0019 1
AN520C10R12 1
LD153-0010-0007 1
NAS679C3W 1

RE127..2001-0045 1
RE127-2004..0012 1
RE127-2005-0012 2

AN520C10R26 1
NAS43I)D3-d8 1

LD153-0010-0007 1
NAS679C3W 1

R_127-2001-0045 1
RE127-2004-0012 1
AN520C10R10 l
LD153-0010-0007 1
NAS679C3W I

ITE127-2004-0012 1
AN520CIOR10 1
LD153-0010-0007 1
N_679C3W 1

Figure 3-17.

, ,,,.m,

Index Name and

No. Attaching Parts Part NO. Quantity

20 Clamp assembly
Clamp RE127-2004-0012 1
Screw AN520CIOR10 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

21 Clamp assembly

Clamp RE127-2004-0011 2
Screw AN520C10R10 l
Nut NAS679C3W 1

22 Clamp assembly

Clamp RE127-.2004-0011 I

Clamp RE127-2004-0012 1
Screw AN520C10R16 1

Nut NAS6"IgC3W 1

23 Clamp assembly
Clamp RE127-2001-0008 l
Clamp RE127-2004_0012 1
Screw AN520C10R10 1
Nut NAS679C3W 1
Wasller Ll)153-0010-0007 1

Pl12 tlarness (Sheet 4 of 4)

h. Install remaining harness support clamp
assemblies (8) through (23), starting with clamp

assembly closest t._ center of harness and
working toward junction box and electrical plugs.
Make rowe no excensice strain is applied tohar-

ness. Tighten harness support clamp screws
sulfieiently to prevent harness movcm,mt within

('.lamp and yet not damage harness.

i. Torque and safctywire electrica) plugs
P112 (2), Pl20 (3), P121 (4), and P122 (5) as

outlined In paragraph 3-15.

3-54. PII3HARNESS,

3-55. REMOVING Pl13 ItARNESS. (See
figure 3-18. )

a. Make sure that electrical power source
is turned off.

WARNING

Disconnecting or connecting electri-
cal con,rectors without turning off the

power s,mrce can cause electrical
arcing between commctors, resulting
in serious Injury or death to person-
sol and damage to equipment.

b. To facilitate removal of harness, discon-

nect primary junction box support harness sup-
port bracket (6)from primary/a_miliary junction
box struts support and allow harness bundle to
drop free.

c. Disconnect electrical plug Pl13 (2), as

outlined in paragraph 3-14, from primary
junction box.

d. Disconnect electrical plugs P53 (3), P70
(4), and P76 (5), as outlined in paragraph 3-14,
from gas goner/tier, No. 1 oxidizer valve, and
No. 1 fuel valve.

e. Before removing harness support clamp
assembly (7), note position of clamp assembly
(7) in relation to its distance from primary

jmmtion box.

NOTE

If the harness In to be replaced, not-
ing the location of this clamp assem-
bly is important, as it will facilitate
the reinstallation of the new harness.

3-76
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R-389g-3 Section lit

Volume I Paragraph 3-56

f. Remove harness support clamp assembly

(7)from ilarness _upport bracket (6), and re-
tain bracket for reinstallation,

g. Remove remaining harness support
clamp assemblies (8) through (21), and care-

fully remove llarness frem engine.

I1. Install protective dust caps oll elect,.ical
plugs. Dust-cap requirements, by connector
reference designation number, are listed in
R-3896-4.

i. l_br servicing or maintenance, lrJstall
dust caps fingertight on electrical connectors.
Dust-cap requirements, by connector number,
are listed in ligmre 3-4.

j. If harness is to be transported to a re-

pair area or is to be stored, wrap harness with
cushioniag material to prevent possible damage.
Wrap each individual electrical connector with

cushioning material to prevent damage to con-
nectors or other parts of harness.

3-56. INSTALLING Pll3 HARNESS. (See

figure 3-18. )

a. Observe harness installation require-
meats outlined in paragraph 3-18.

b. Position harness on engine, routing

electrical plugs to their respective connect
points at primary junction box, gas generator,
No. 1 oxidizer valve, and No. 1 fuel valve.
Check breakout molds for proper location.

c. Connect electrical plug Pll3 (2) to
primary junction box fingertight as outlined
in paragraph 3-15.

d. Ctmaect electrical plugs P53 (3), P70 (4),

and P76 (5) fingertight as outlined in paragraph
3-15 to gas generator, No. 1 oxidizer valve,
and No. 1 fuel valve.

e. Locate harness support clamp assembly
(_/) on harness in relation to its distance from

primary junction box, as noted during removal
of harness.

NOTE

The position of this clamp assembly
is important, as its location directly
"affects the correct locatiou of the

other clamp assemblies.

f. Install harness support clamp assembly
(7) on primary junction box support harness
support bracket (6) which was removed as part

of harness removal. Tighten harness support
clamp screw sulficieatly to prevent harness

movement within clamp and yet not damage
t_arness.

g. Connect primary junction box support
harness support bracket (6) to primary/

auxiliary junction box struts support. Torque
nuts to 125 _5 in-lb.

h, Install remaining harness support clamp
assemblies (8) through (21), starting with

clamp assembly closest to center of harness
and working toward junction box and electrical
plugs. Make sure no excessive strain is ap-
plied to harness. Tighten harness support
clamp screws sufficieptly to prevent harness
movement within clamp and yet not damage
harness.

i. Torque and safetywlre electrical plugs
PII3 (2), P53 (3), PT0 (4), and P76 (5) as

outlined in paragraph 3-15.

/'
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Figure 3-18, Pl13 Harnes_l (Sheet 1 of 3)
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Section III R-3BgB-3
Volume I

w r

Index Name and
No. Attaching Parts Part No. Quantity

2 Eloctrlcalplug 502q36-341 1
Pl13

Boot 19-501743-7 1

3 Electrlealplug 502937-91 I
P53

Boot 19-,501745-3 I

4 Eleetriealplug 502935-171 I
P70

Boot 19-501743-4 1
5 Eleetrlcalplug 502937-171 I

P76
Boot 19-501745-4 1

6 Primary june- 703902
tion box sup-
port harness
support bracket

Bolt tU,)llI-4011- 6422 2
Washer RD153-1002-0004 2
Washer RD153-5002-0004 2
Nut RD114-B005-1004 2

7 Clamp assembly
Clamp RE127-2004-0015 1
Clamp RE127-2005-0016 1
Screw AN520C10R16 1

8 Clamp assembly
Clamp RE127-2004-0015 2
Screw AN520C10R10 1
Nut NASB79C3W 1

9 Clamp assembly
Clamp RE127-2004-0009 1

Clamp RE127-2905-0015 1
Screw AN520CIORI0 1
Washer LD163-0010_0007 1
Nut NAS679C3W 1

10 Clamp as,_emhlt/
Clamp RE127-,2004-0016 1
Clamp RE127-2005-0014 1
Screw AN520C10RI2 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

11 CJamp assembly
Clamp BE127-2004-0012 1
Clamp RE127-2005-0019 1
Screw AN520CIOR12 1
Washer LD153-0010-0007 1
Nut NASB79C3W 1

12 Clamp assembly
Clamp RE127-2004-0012 1
Clamp RE127-2004-0014 1
Clamp R1_127-2005-0009 1
Screw AN520CIORI2 1
Nut NAS679C3W l

Index Name and
_'lo, Attaching P_:rts Part No, Quantity

13 Clamp assembly

Clarap RE127-2004-0012 1
Cl_.mp RE127-2004-0015 1
Screw ANS20C10R12 1
Nut NASO79C3W 1

14 Clamp assembly

Clamp RE12'I-2004-0016 1
Screw AN520C10R12 1
Washer LD153-0010-0007 1
Nut NAS679C3W I

15 Clamp assembly

Clamp RE127-2004_0016 I
Clamp REI27-2005-0009 1
Screw AN520C10R12 1
Washer LD153_0010-0007 1
Nut NAS679C3W 1

16 Clamp assembly
Cl_mp RE127-2091-0000 I
Clamp RI'H27- 2004- 0013 1
Screw AN52OCJOR18 1
_pacer NAS43DD3..32 1
Washer LD153-0010-0007 1
l'iut NAS079C3W 1

17 Clamp 3ssembly

Clamp RE127-2004-0013 1
Screw AN520C10RI0 1
Waoher LD153-0010-0007 1
Nut NAS579C3W l

18 Clamp assembly
Clamp RE127-2004-0013 1
3crew AN520CIORI0 1
Washer LD153-0010-0007 1
Nut NA3_79C3W 1

19 Clamp assembly
Clamp RJg127-2004-0011 2
Screw AN520CIOR10 2
Washer LD' 53-0010-.0007 2
Nut NAS679C3W 2

20 Clamp assembly

Clamp RE127-2004-0011 1
Screw AN520CIORI0 1
Washer LD153-O010-d007 1
Nut NT,_79C3W 1

21 Clamp assembly
Clar-,_ RE127-2001-0006 I

Clamp RE127-2004-0011 1
Screw AN520C10R18 1

• S_)acer NAS43DD3- 32 t
Washer LD153-0010_0097 I
Nut NAS679C3W I

Figure 3-18. Pl13 Balness (Sheet 3 of 3)

)
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R-.3896-3 Section lit

Volume I Paragraphs 3-57 to 3-59

3-57. Pl14 tIARNESS.

3-58. REMOVING P114 IIARNESS. fSee
figure 3-19. )

a. Make sure that electrical pc,vet source
is turned off.

WARNING

Disconnecting or cmmeeting electri-
cal connectors without turning off the
power source can cause electrical

arcing between connectors, resulting

in serious injury or death to person-
nel and damage to equipment.

b. To facilitateremoval of harness, disc(m-

sect primary junction box support harness ::up-

port bracket (6) from primary/auxiliary junction
box struts support and allow harness bundle to
drop free.

e. Disconnect electrical plug Pl14 (2)_ as
outlined in paragraph 3-]4, from primary
junction box.

d. Disconnect electrical plugs P71 (3), and
P77 (4), as outlined in paragraph 3-14, from
No. 2 oxidizer valve and No. 2 fuel valve.

e. Disconnect electrical receptacle J128 (5)
from thrust chamber nmunt bracket.

f. Before rmnoving harness support clamp
assembly (7), note position of clamp ,_ssembly
(7) in relation to its distance from primary
junction box.

NOTE

If the harness is to be replaced, noting
the location of this clamp assembly is
itnportant, as it will facilitate the re-
installation of thf" new harness.

g. Remove harness support clamp assembly
(7) from harness support bracket (6), and re-
tain bracket for reinstallation.

h. Remove remaining harness support clamp

assemblies (8) through (18), and carefully re-
move harness from engine.

i. Installprotective dust caps on elertrlcal

plugs, l_Jst-cap requl_'ements, by connector
reference designati,Jn uumber, are listed in
R-3896.4.

J. For servicing or maintenance, install
dust caps ftngorttgh[ on electrical connectors.

Dust-cap requirements, by connector number,
are listed in fi_,ntre 3-4,

k. I/harness t_. Pc be transported to a relrlir
area or stored, wrap ,mrness with cufl]lloning

material to prevent possible damage. Wrap
each in.tivJdual elcctri(:al connector with cush-

ioning material to prevent ,'amage to con,rectors
or other parts of haru_2ss.

3-59. INSTALLING PI14 IIARNESS. (See
fig'ure 3-19. )

a. Observe harness installation requirements
outlined in paragraph 3-18.

b. Position hart_ess on engine, routing elec-
trical plugs and receptacle to their respective
comaeci points at primary junction box, No. 2
oxidizer valve, No. 2 fuel valve, and thrust
chamber mount bracket. Check breakout molds
for proper location,

e- Connect electrical l|lugPll4(2)to primary
junction box fingertighl as otltlined ill paragraph
3-15.

d. Connect electrical plugs PTl (3)and P77
(_)fingertight, as outhnod in poragraph 3-15, to
No. 2 oxidizer valve and No. 2 fuel valve.

e. Con,ler:t electrical receptacle J128 (5)to
thrust chamber mount bracket. Torque nuts to
10-12 ln-lb.

f. I,ocate harness support clamp assembly
(7) on harness in .,'elation to its distance from

primary junction box, as noted during removal
of harness.

NOTE

The pc,silionof clamp assembly (7)

is important, since its location di-

rectly affects tim correct location

of the other clamp assemblies.

g. Install harness support clamp assembly

(7) on primary junt_tion box support harness sup-
p,._rt bracket (6)that was removed as part of hat-

,less removal. Tighten harness support cl._mp
screw mfffieientlyto prevent harness movement

within clamp and yet not damage harness.

h. Connect primary ]unction box support llar-
ness support bracket (6)to primary/auxiliary
junction box struts support. Torque nuts to
125 _5 iu-lb.

i. Install remaining L,trness support clamp
assemblies (8)through (18), starting with clamp
ass('rbly closest to center of harness and work-

ing toward junction box ;,lid electrical pluffs
Make, sure no excessive strain is applied to har-
ness. Tighten harness support clamp screws
sufficiently to prevent harness movement within

clamp and yet not damage h;wness.

J. Torqae and s_fetywire electrical plugs
Pl14 (_), P71 (3), and P77 (4) as outlined in
paragraph 3-15.

3-81

___,_ ......................



Section Ill R-3896-3
Volume I

_,,,, ,, ,

3-82

,,,,, ,, , i i,,

Figure 3-]9,

Change No. 3 - 18 June 1970

,,,,,i ,

I'll4Har_css (Sheet 1 of 3)

F I._t. 1-671_

)

)



,

/
I

I,

R-3898-8 Section IlI
Volume I

/
FI 4t • I -Sf,/t

Ftg,ure 3-19. Pl14 Harness (Sheet 2 ot 3)

3-83



Secti_m HI R-3896-3

Volume I

I_I':]€._ Name and

N_b, Attaching Parts Part No. Qnantity

I Pl14 harness 7045q2 I

2 Elcctrlcal plug 502935-301 I
Pl14

Boot 19.-._01743-6 1

3 Electrical plug 502935.471 I
P71

Boot 19-501743-4 1
4 Electrical plug 502935-171 1

P77

Boot 19-501743-4 1

5 Electrical re- 502936-41 1

ceptaclc J128

Boot 19-501743-12 I

Screw AN515C4R7 4

Washer LDI53-0010-0001 4
Nut NAS679C04W 4

6 Primaryjuno- 703902 1

lion box sup-
port harness
suppo,'t bracket

BoR RDl11-4011-6422 2
Washer RDI53- I002-0004 2
Washer RD153-5002-0004 2

Nut RD114..8005-1004 2

7 Clamp assen:bly

Clamp RE127-2004-0015 I

Clamp RE127-2005-0016 1

Screw AN520C 10RI 6 l

8 Clamp assembiy

Clamp RE127-2004-0017 1
Clamp RE127-2005-0015 1
Screw AN520C10R12 1
Washer LD153-0010-0007 1
Nut NAS679C3W I

9 Clampassembly
Clamp RB127-2004-0018 1
Clamp RE127-2005-0015 1
Screw AN520C10R10 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

I0 Clamp assembly
Clamp RE127.-2004-0016 1
Clamp RE127-2005-0017 1
Screw AN520C] 0R12 7
W_sher LD153-0010_0007 l

Nut NAS679C3W 1

11 Clamp assembly
Clamp RE127-2004-0016 l
Clan,p REI27-2005-0013 1
Screw AN520C10RI2 1
Wa_her Ll)153-0010-0007 1

Nnt IqAS679CaW 1

m

Index
No.

12 Clamp assembly

Clamp RE127-2004-0015 1
Clamp RE127-2005-0012 1
Screw AN520CIORI0 I

Washer LD153-0010-0007 1
Nvt NAS679C3W 1

13 Clamp assembly
Clamp RE127-2004-0011 1
Clamp RE127-2004-0013 1
Screw AN520C 10R22 1

Spacer NAS43DD3- 40 1
Nut NAS679CaW I

14 Clamp assembly

Clamp RE127- 2004..0913 I

Screw AN520C10RI0 1
Washer LD153-0010-0007 1
Nut NAS679C3W 1

15 Clamp assembly
Clamp R_; 127- _:004- 0913 1
Screw AN520C_ 9R10 1
Washer LD15._. O010-0007 1
Nut NAS679C3W 1

16 (;lamp assembly
Clamp RE127-2004-0011 2

Screw AN520CIORI0 1
Washer LD153..0010-0097 1
Nut N &'B679C3W I

17 Clamp assembly

Name artd

Attaching Parts Part No. Quantity

16

Clamp REI?7-20O4-0Oll(. , 1
Clamp RE 127- 2001- 0,0Q2 d)) 1

/}crew AN520C1OR10_ aJ 1
Screw AN52OC10Rl_/b/ 1
Spacer NAS43DDa- 24_ J 1

Washer LD153- 0010-0007 1
Nut NAS6'I9C3W 1

Clamp aasembly
Clamp Rf_127-2001- 0006 1
Clamp RE127..2004- O011 1
Screw AN520C 10R16 J
Spacer NAS43DD 3- 24 1
Washer LD153-O010-O007 1

Nut NAS679C3W 1
19 Clamp assembly

Clamp

Clamp
Screw
Screw

Spacer

Washer
Nut

ttE127-2004-0011, 1
RE127"2001- 0002 (b) 1

AN520CIOR8 (a) I
AN520C 10R16 (b) 1

NAS43DD3- 24 (b) I
LD153-O010-O007 I
NAS679C3W 1

_gt"_e--a a---o-('_ncorporating MDI62 or MDI63 change
(b) Engines incvrp:)rating MD162'_'_'MD163-d[_hnge

Figure 3-19, P/14 llarness (Sheet 3 of 3)
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Paragraphs 3-80 to 3-62

| 3-60. (_..UICK-I)ISCONNECT$ ANT] AI)APTF,1TS.

3-_1. This procedure contains instructions for
| hmtalling quick-.discommct8 and adapters.

Flgnlro 3-20 shows tile vsrlovs quick-disconnect
installations for both the flanged and threaded

| type o1 quick-disconnects and adapters, Lnca-
tion_ type, lubrie[mt, seal data, and torque
requirements for quick-disconnects are listed

in figure 3-21. The lubrican! us,_din this pro..

ecdure is lubricant grease RB0140-012

(Rocketdyae). Specllied lubricating procedures
(methods} ax'e outlined In section I.

3- 62. INSTALLING FI,AN(. i'.:O. T i' PE QU ICK-
DISCONNECTS ANI) ADAPTER_. (_qee figure |
3-20. )

a. For quick-disconnects installed with a
flanged adapter_ install adapter with seal plates.
Torque attach bolts to applicable torque value,
and sa.fetywtre. Torque requirements for
adapter attach bolts are hsted in figure 2-21,

'rlIRP,ADEI} TYPE QI_(:K D_CONbrECT DISTAI,LED OY MOtIIcr [_O

BO85 WY[II THREADE_ Ol_ FIJ_HGED TYPE A')APTER_

FI-3-1.$TA

Figure 3-20. Qhdck-Disconnects and Adapters

Change No, 5 - 8 March 1971 3-8:')



Quick-Discoanec_
IA'_rt Number Seal

Loe_tion NA5-260079- Type Seals Lubrication Adapter Torque
Quick-Disconnect

Body Torque Cap Torque (a)

No. 1 and -T3 Flanged O-ring (b)
No. 2 fuel in- RD262-4006-0121
let elbow Retainer
_sJr_ MS28774- 023

No. I and -T2 Flanged O-ring (b)
No. 2 fuel RD262-4696-0018

high-pressure Retainer
duct drains MS28774- 018

No. 1 and -TI Threaded Gasket (b)
No, 2 fl:.e' RD262-3001-0006

mani/old L_et O-ring
drains RD262-4006-012!

Retainer
MS 28774-121

No. ! _-ad -T7 Flanged O,-ring (b)
No. 2 RD262--4006-00!8
fuel valve Retainer

purge MS28774-018

Bearing coo _mnt -T6 Flanged O-ring _b)
control valve RD262,4006_001 _
preservative Retainer
ir/et MS28774-018

Engine control -T2 Fla._:ged O-ring 03)
valve s_gp!y R:" 262-4006-0018

tube drain Retainer
MS28774-018

Checkout valve -T2 Flanged O-ring (b)
engine return RD262-4006-0018
hose drain Retainer

MS28774- 018

Fianged-type

adapter. Torque
attach bolts to

40-50 in-lb.

Flanged-_'pe
adapter. Torque
attach boles to

75 *.5in-lb.

Torque attach
bolts to 40-50

in-lb.

Torque attach
bolts to 43 *3
in- lb.

'b
135 _-15 in-lb_ )

Torque attach
bolts to 35 *-2
in-lb.

Torque attach
bolts to 40-50

in-Ib.

Torque aRach
bolts to 80 ±5
in-lb•

Torque attach
bolts to 45 =5
in-lb.

(a) When removLu_ or , i,; ,,'. _.r_ta,,mg_mck-dascormect cap, quick-dlscom_ect body must not be a'Aowed to turn.
Co) Use lubricant %'_ease RB0140-012 (F,ocketdyne) on seals and/or threads.

70-75 R-ib

30-40 [t-lb

30-40 ft-!b

30-40 ft-lb

g{. *30-40 ,=-_b

30-40 ft-tb

30-40 ft-lb

Figure 3-21. Requirements for Inst_,AlingQuick-Disconnects (Sheet 1 of 2)



Quick-Discoanect
Part Number Seal Quick-Disconnect

Loca_on NA5-260079- Ty_e Seals Lubrication Adapter Torque Body Torque Cap Torque (a)

Ae_hlator re- -T2 Flanged O-ring (b) Torque attach 30-40 ft-_b
turn _ RD262-4006-0018 boils to 45 ±5

chain Retainer in-lb.
M._8774- 018

Hyper_'ol -T4 Flanged O-ring (b) Torque attach
manifold RD262-4006-0012 boils to 2'/-33

drs.in Retainer .in-lb.
MS28774= _12

H_erg_l -T7 Fi_u_ged O-ring (b) Torque a_.ach
manifold RD262-4006-0018 bolts to 72-88

purge Retainer i_-Ib.
MS28774- 018

Igni_on -T2 Flanged O-ring (b) Torque attach

monitor RD262-4006-0018 bolts to 75 ±5
valve drain Retainer L-lb.

MS28774-018

Gas genera- 308206 Threaded Gasket (b) 220 ±10 in-lb 220 ±IG in-lb
tot ball valve RD262-3001-0004
fuel drain Gasket

RD262-3001-0006

'(_) When remo',_n_ or installingquick-disconnect cap, quick-discormect body must not be allowed to tare..

(b) Use lubricant grease RB0140-012 (Rocketdyne) on seals and./or threads.

30-40 ft-lb

30-40 ft-lb

30-40 ft-lb

220 ±10 in-
lb

!

I

i

=_

Figure 3-21, Requirements for InstallingQuick-DlsconnecLs (Sheet 2 of 2"_
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Section HI R.3896-3

Paragraphs 3-63 to 3-66 Vctume I

b. Lubric.'tte (Method J ) quick-disconnect
O-ring and install quick-disconnect body with
O-ring and retainersLo mounting boss or

flanged adapter. Torque attach bolts to appli-
cable torque value, and safetywire. Torque
requirements for quick-disconnect attach bolts
are listed in figure 3-21.

c. Install cap on quick-disconnect body and
torque to applicable torque value. Torque re-
quirements for quick-disconnect caps are listed
in figure 3-21.

3..63. INS'[',_LLING TIIREADED-TY1)E QUICK*
DISCONNECTS AND ADAPTERS. (See figure
3-20.)

a. For quick-dis.onnects installed with a
threaded adapter, lubricate (Mettled A) adapter.
Lubricate (Method J) gasket, and install
adapter with gasket into port. Torque adapter
to applicable torque value. Torque require-
meats for threaded adapters are listed in
figure 3-21.

CAUTION

Overtorque applied to a threaded
adapter can result in damage to
parts.

b. For quick-disconpects installed with a
flanged adapter, lubricate (Method J ) adapter
gasket, and install adapter with gasket on
mounting boss. Torque adapter attach bolts
to applicable torque value, and safetywire.
Torque reqeirements tor adapter attach bolts
are listed in figure 3-21,

CAUTION

When iustalling the qaick-disconnect
body into a threaded adapter, counter-
torque must be applivd tothe adapter,
¢,r damage to parts can result.

c. Lubricate (Method A) quick-disconnect.
Lubricate (Method J ) gasket. Install quick-
disconnect body with gasket on adapter. Torque
quick-disconnect body to applicable torque.
Torque requirements for qvlck-discouneets
are listed in figure 3-21.

d. Installcap on quick-disconnect body and
torque to applicable value. Torque requlrv-
meatq for quick-disconnect caps are listed in
figure 3-21.

3-64, FLIGIIT IN,_PRUYiENTATtON PRES-
SURE TtLkNSDUCERS,

3-,55. I_EMOVING FLIGHT INSTRUMENTATION
PRESSURE TRANSDUCERS. (See figure 3-22.)

a. Observe safety, and contamination and
damage prevention requirements outlined in
section L

CAUTION

When removing gas generator cham-
ber pressure transducer Pl19 or
thrust chamber combustion chamber
pressers transducer 1)123, the trans-
ducer must be disconnected or
loosened from the bracket or adapter
prior to disconnecting tim harness, to
prevent damage to the harness or
transducer.

b. Disconnect transducer harness plug us
outlined in paragraph 3-16.

c. Remove transducer (1) and seal (2).

3-66. INSTALLING FLIGHT INSTRIIMEh"TA-

TION PRESSURE TRANSDUCERS. (Seefigure
3-22,)

a. If tnstalli,'tg a replacement transducer, |
verify that _.ransduce,- prelnstallatinn test out- Ilined in section I Ires been performed.

aA. Observe safety, and contamination and
damage prevention requirements outlined in
section I.

CAUTION

When installing gas generator cham_
ber pressure trangducer 1)119 or
thrust chamber combustion cham-
ber pressure transducer 1)123, the
transducer must remain loose until

after the I_arness plug is fully mated
and torqued to prevent damage to
harness and transducer.

b. Install transducer (1) and seal plate (2) to
adapter or tube. Position traueducer to match
keyway of harness _flug. Cross-torque fasteners
for applicable tnst'dlation using torquing pro-
cedars outltncd in seethm I as follows: trans-
ducer bolted to adapter, 45 _5 ln-lb; transducer
bolted through adapter, bracket, and tube
flange, 70 _5 in-ll b except gas generator chain.-
her pressure tran:tduccr 1'119 and tbrust cham-
ber t:ombusllou chamber pressure tr_msducer
P123, which are torqued to 125 ±10 in-lb.

)
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t

I 2 2

'_t .J

BOLTFD FO ADAPTFe

I 2

[ti)l,_ i n THIlOU(a[ A|IAPl F'H

! 2
/

IIOL'Fb I) "I'IIIfOL(Itl lJIIdlI.'KET AND rL;ltf'

1YIqCAI, IIIAN_4I)Lt, I FI INSTAl LATIONS

FI-3-1-01

1 Transducer 2 Seal

Figure 3-22, Flight Instrulnentation
Pres;luro Transducers

c. Connect electrical plug of instrumentation
harness using method outlined in paragraph 3.-17.

d. If applicable, cross-torque nuts that se-
cure P119 and P123 _o 125 _i0 in-lb after instru-

inentatlon harness phlg Is fully mated and torqued.

e. Refer to section IV for post-roahttenance
test requirements.

3-67. FLIGHT INSTRUMENTATION TEMPER-
AT U ICE, TRANSDUCERS.

3..68. TURBINE INLET MANIFOLD TEMPER-

ATURE TRANSDUCER.

3-69. 'this procedure is applicable to engines

incorporating MD149. change and not Incorpo-
rating MD176 change.

3-70. REMOVING TURBINE INLET MANIFOLD

TEMPERATURE TRANSDUCER, (See figure
3-?3. )

a. Observe safety, and contamination and

damage prevention req,Mremonts outlined in
section I,

b. Remove boot (1), and disconnect connector
P137 (2) using method outlined tn paragraph
3-14.

c, Remove tr_loselucer mounting bolts <_nd
nuts.

CAUTION

Step dts performed only to free the
transducer in the buss. No attempt
shall be made to free the transducer

from the boss by continuously rotor-
tag the transducer because damage
to the copper rings will result.

d, Free transducer (3) by rotating transducer

a few degrees in mounting boss using a suitable
open-end wrench on transducer flange.

e, Remove transducer (3, using installer
and remover kit G2036, el' equivalent, as
follows:

(1) Position strap of tool on underside of

transducer mounting boss with roll phm of strap
in boss mounting holes,

(2) Place guide el tool on face of mounting

boss, and install two .qcrews Ihrough guide Into
strap, Tighten screws vnttl strap anti guide
coine in contact with mounting bess,

NOTE

A floating action is required between
the strap, the g_lide, and the inS,lot-
log boss.

3-89
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COPPEH
RiNGS

SHQf;

~~/-PILOT

AI

]

·1RANSt){JCER
MOUNTING
Il00S

5THAP.J
TR.A~{SDUCF.J,

"'OUN rINGROSS ___

------...

C Lt"r'{lum;;

IC";'l
SHAFT---.~ "HOE INsrALLER AND

INSTALJ"BR ANn nJ<':MOVER TOOL-
REMQVF:R TOOJ.--'-"-

FI·3~l~8A- . ..,..... •. ...;...;.•.:.-1

1 Boot :j Transdu~(>r

2 Connector 4 Seal•.._. . --L._.....::..-.....::.:.::.:..- _ ,-_._-
Figure 3-23. Turbine Inlet Manifold Temperature Transducer

(3) Adjust control kncll and shoe of tool
until shc£' ;s mated with tr~n8ducel' e1<wtrJ.cal
I'CC~pt~ ele. fiJlly scre'v shoo of tool onto
electrical l'ec~pt~cl" 'If transducer.

(4) 'I'l!:hten two screws tha.! IJecure gUide
of tooJ to atr~p.

(5) Turn control knob counterclockwJse,
and pull tranuducer (3) free of mountlllg hoss.

f. Remove se~l (4) lind disconnect trl1l1sducer
from trlOl. Installl'rotectlve cal'
ftD265-6002-300? on tranHdllcer electrIcal
receptacle.
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,

g.

boss.
Disengage tool from transducer metalling

h. Return removed transducer to Rocketdyne.

NOTE

Once a transducer has been removed

for any reason, the copper rings must
be re-formed before reiostallation,
since the diameter of the copper rings
has been reduced to a point where an

interference fit is the mounting boss
cannot be mainhtined.

3-7l. INSTAI,IJNG TURBINE INLET MANI-

FOLD TEMPERATURE TRANSDIICER, (See
f.gure 3-23. )

I a. If installing a replacement transduecr_

verify that transducer prelnsl:dlatton test out-
lined in section I Ires been performed.

aA. Observe safety, and contamination and
damage prcventio'] requirements outlined in
section 1.

b. If engine has been hot fired, clean carbon
from transducer mounting boss. Clean bore

using reamer from kit 62038. Use care to pre-
vent remov,'d of parent material

e. Make st:re transducer is in a serviceable

condition and copper rings have been re-formed.

NOTE

Transducers that have been refur-

bished and have had the copper
rings re-farmed may exhibit miw_r

imp_ rfections in the copper rings
due to reswaging of the copper.

These minor imperfections due to
reswagtng are considered accept-
able.

d. Install transducer using installer and

remover kit G2038, or equivalent, as h)llows:

(1) Fnlly screw pilot into shoe of tool.

(2) Position strap of tool on underside of

transducer mounting boss with roll pins in boss
mounting holes.

(3) Place g, lde of leol on fi_ce of rnountit_g
boss and install two ND112-0001-05] 1 _crews

through guide into strap. Tighten screws until
strap and guide come in contact with mounting
boss.

NOTE

A floating action is required between
the strap, the guide, and the mount-
ing boss.

(4) Turn control kuob of tool clockwise and

insert pilot into mounting boss as far as it will
go. (Pilot will be inserted approximately I. 25
incites into boss. ) Do )tot overtorque control
knob.

CAUTION

The gntide must be free to float,
allowing it to seek ,'txlnl alinement
with the boss.

(5) Tivhten 2 screws securing guide of
tool to strap.

(6) Turn contrt)l knob counterclockwise,
and pull free of mounting boss; then disconnect
pilot from tool.

(7) l_'ully screw transducer electrical re-

ceptacle into shoe of tool. Make sure recep-
tacle keyway is positioned for subsequent con-
nectiag of connector (2),

(8) Placc seal (4) on transducer stem.

(9) Turn control knob clockwise, and

gently insert transducer Into mount€rig boss,
visually checking copper ring fit into boss.
Press transducer into place until seal (4) and

transducer (3) are flush with mounting boss face.

{10) DLseonnect and remove tool.

e. Secure transducer to mounting boss as
follow;_:

(1) Closs-torque bolts to 130 :_5 In-lb,

(2) ,_lter all bolts ar2 torqued to 130 _5

in-lb, devroase torque on each bolt to 50 _5
in-lb; then final-torque bolts to 70 _5 in-lb.

L Connect eo'mector (2)a_ outlined In para-
g_'aph 3-15.

g. Refer to section ]V for post-maintenance
test requirements.
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3-72. ENVItCONMENTAL TEMPERATURE

TRANSDUCER.

3-73. The environmental temperature trans-

ducer is located on the No. I aide of the engine
and is attached to a bracket on the aft tooling
ring of the thrust chamber.

3-74, REMOVING ENVIRONMENTAL TEM-
PE I_'_TUR E TRANSDUCER.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section I.

b. Disconnect connector from transducer

using procedure outlined in paragraph 3-1.4.

c. Remove transducer from bracket,

3-75. INSTALLING ENVII_ON'MENTAL 'rEM-
PEILa.TURE TRANSDUCER.

I a. If installing a replacement, transducer,
verify that transducer preinntallation test out-
lined In section I has been performed.

aA. Observe safety, and contamination and
damage prevention requirem_nts outlined in
section I.

b. InstsJltransducer in bracket with recep-
tacle positioned to match keyway of harness
connector. Cross-torque nuts to 70 _5 in-lb.

c. Install connector using procedure outlined
In paragraph 3-15.

d, Refer to section IV for post-maintenance

test requirements.

3-75A. OXIDIZER PUMP BEARING TEMPER-
ATURE TRANSDUCER NO. 1.

3-75B. Tile transducer is located on the turbo-

pump. The electrical receptacle (J134) of the
transducer is attacbed to the upper connector
panel on the No, 1 side of the turbopump.

3-75C. REMOVING OXIDIZER PUI_IP BEAR-
ING TEMPERATURE TRANSDUCEI,I NO. 1.

a. Observe Safety, and emdaminntion and
damage ]._rever, tlon reqtlirmuents outlined in
section I.

aA. Note position of kcyWay of receptacle
,}134, and disconnect receptacle from panel.

b. Disconnect transducer at probe and by

unscrewing transducer retainer, remove
transducer and packing.

3-75_. INSTALLING OXIDIZER PUMP BEAR-
ING TEMPEILa.TURE TRANSDUCER NO. 1.

a. If Installing a replacement transducer,

verify that transducer preinstallation tests
outlim:d in section I have been performed.

aA. Observe safety, mid contamination and
damage prevention requirements outlined in
section I.

aB, Lubricate (Method J) packing with
lubricant grease RB0140-012 (Rocketdyra) and
install packing on re*airier of transducer.

aC. Iest_ll probe end of transducer in pump

housing; then position transducer receptacle at
panel to locate keyway in required position.

b. Torque retainer to 80-90 in-lb.

c. Attach receptacle xt panel and install lug
at attsching screw. To,'que nuts to 3.5 to 4.5
in-lb.

3-76. TEMPERATURE TRANSDUCERS
(ENGINES NOT [NCOI_PORATING MD96
CHANGE).

3-77. This procedu':e applies to the following
flight instrumentation temperature transducers:

a. No. 2 luel pump inlet temperature
transducer located on No. 2 fuel inlet elbow.

b, Heat exchanger oxidizer itflet temperature
transducer located en heat exchanger check
vnlve.

e. Heat exchanger OOX outlet tempelature
transducer located oh heat oxrhal_ger C,OX duct
(heat exchanger end).

d, Heat exchanger heltmn outlet temperature

transducer located on heat exchanger helium
return duct (heat exchanger end).

)
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:l-78. HEMOVING TEMPrmATURE THANS
DUCEHS (ENGINES NO'I' INCORPORATING
MDOG CHANGE).

a. Observe sr.fely, and contamlnallon and
damage prevention requIrement, outlined In
section I.

b. Disconnect connector from transduc~r

using I,rocedure olltllned In paral:raph 3-14.

c. Remove Iran3duce.r and Sllal.

3-79. INSTALLING TEMPEHATVRE TRANS
DUCERS (ENGINES NOT INCORPORA'riNG
MD96 CHANGE).

I a. If Installing a replacement trnn,iducer,
verify that tr:l.l1sducer prelnstaUatlon test
outlined In aectlon I hus been perforn,ed.

aA. Observe safety, and contamination and
damage prevention requirEments outlined In
aectlon I.

b. Install seal and transducor with Irans
ducel' positioned to match keyway of connector.
Cross-torque bolts to 45 i5 In-lb. Safetywlre
bolts.

c. Install connector using' proce(~ure oulllned
In paragraph 3-15.

d. Refer to seclion IV for post-maintenance
test requirements.

3-80. !'RIMAIIY ,TUNCTIQN_~

3-81. REMOVING PRIMARY JUNC'l'ION BOX.
(Soe figure 3-24. )

a. Ohserve safety. and contamination and
damage prevontlon reqUirements outllncd In
section I.

b. DIL,connect connectors as outllnt'd In
paragral)h 3-14.

c. Remuve utruts (1). Do not disturb
adjusted lengths ot struts.

d. Disconnect lunctlon holt (2) y1"o:l::l lUi'bo
pump flange.

•

Section III
Parllgraphs 3-7& to 3·fn
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Section m
Parap,"l'aphs 3-82 to 3-85

d. Install connectors as outlined in para
graph 3-15.

e· Refer to section IV for post-maintenance
test l'cquirements.

3-83. OXlD;Z~~R FLOWMET~;n,.

3-84. REMO' ING OXJDI7.Ell FLOWMETF.R.
(See ftgure 3-25. )

a. Observe Hl<fety, and contanllnation and
damal:c prevention requlrenwnts OUl1hlOd in
section I.

b. 811do boot (1) bacy. from lJlug' (2), and dls
connel~t ph'l; as outlined in l'aragrapt: 3-14.

c. Remove atlachlng ilnr<lware, and carefully
remove 8eal5 (3, 4) and fiowmetel' (5).

:i-85. INSTALLING OXIDIZER FLOWMETEH.
(See ft[IIll'(' 3-25.)

a. If instalhnl( a replac~ment flowmeter, I
vorlfy thaI flownwter pl'elnslallllllon test out
lined In scellon I has been performed.

ngure 3-24. Primary Junction Box

3-82. INtlTALLING PRIMARY JUNCTION
BOX. (See figure 3-24. )

I a. If Installlnt\ a replacement junction box,
verify that junction box preinstallation lests
outlined in 6;lcllon , have heen performed.

aA. Obscrve safely, and contamlzlatlon and
damage preventlon requlrernenta outlined In
section J.

h. Altach junction box (2) to turbopump
flange. Torque bolts to 70 :1.5 In-lb. Safety
wire bolts.

c. Install struts (1). Torque nuts to 150 ±10
In-lb. 1f strut lengths require adjusting, torque
chc(:knuls to 100 ±5 In-lb. Safetywlre check
nuls.

aA. Observe safety, and contnnllnallon a.ld
dnmage prevlmllon requlrementH outllnod In
section J.

WARNING

The \lse of contaminated parts In a
Ilquid oxyr,en 01' indirect liqUid oxy
ge:l system can cause an explosion
resulllng In injury to personnal :md
damag'c to i\quipment.

If Ihe fl.owmeter has been SUbjected
to solvent cleaning, the flowmeter
mllst be Inspected for residual chlo
Ilnate solvent as outl\n,~d In se<:llon
I. Residual solvents Within the
flowmeter can cause corrosion.

b. Make sure parts art, ('1n:ln for use In
liquid oxygen service.
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r. Refcl' to section IV for post-maIntenance
test requiremenh,.

c. Carefully install seals (3, 4) and flowmetel'
(5). Make sure transdu\~er Is positioned to
allow conncctor (2) to be cOllnected.

5

1 ./

6~
~.~

d. Dlscom"'ct f1an>:es, awl remove seals
(8, 9) "nd valve (10).

f'I-3-1-79

""---II1'.:A'r EXCHANGJo.H
OXJIJIZf:n.su ,'PI.y
HOOf. (IH:t'1

4 Seal
5 Oxlr::z('\'

flowmeter

Oxldl?er Flowmeter

Root
Plug
Seal

Figure 3-25.

d. Cross-torque nuts to 255 Jb In-Ib using
torque melhod outlined III section I.

e. Cormect plug (2) as outlined Itl paragraph
3·15.

1.- ,__

--Figure 3-26. Heat Exchanger Check Valve

(a) Engines not Incorporating MDil! change

3-86. !!~AT EXCHANGER <;~.!LVA~

3-87. REMOVING HEAT EXCHANGER CHECK
VALV1~. (See f1gul'c 3··26.)

a. Observe safety, and contamination and
damagt' prevt'ntlon requirements outlinellin
sedion 1.

b. On engines not Incorporating MD96 challge,
remove transducer (1), seal (2), tube (3), and
seal (4).

c. lwmove cover (6) and, if necessllry,
rem'lYe liners (7).
3-94

1 Traqsducer(a)
2 sealla())
3 Tube a
4 Seal (a)
5 Block

Fl-3-1-<l5A

6 Cover
7 LIners
8 Sen!
9 Seal

10 Check valve

(
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Section !II
Paragl'apl,~ 3-88 10 3-91

3-88. INSTALLING m:AT ~~XCllANGb;R

CIIECK VALVE. (8c,c figure 3-26.)

a. Obscrvc safcty, and contaminallon and
damage prevcnllon requirements oullined in
soclion r.

WAIlNING

The use of contamlnatcd parts in a
liquid oxygen 01' Indirect llquld (lxy
(len syslem call rause an explosion
rcsultil11: in Injury (0 pcrsonnel and
damage to cquipment.

CAUTION

If Ihe heat cxctmoger check valvc
has bcen sUbJectcd to solvent eleun
lng, the valve ml'.st be inspected
for residual halogcnated Bolvenls
as outlined tn scctton I. Hesldual
solvcnts within tho heat exehanltcr
check valve cnn cause corrosion.

b. Mal(e sure that Imrts arc cleanod for
Ilqutd oxygen servlcl' and that covers arc not
removed unttl parts arc ready for InstlilIalton.

c. Install liners (7), If necessary, and posl
Uon check valv,~ (10) In place using senls (8, 9).
Cross-torque nuts to 255 ±5 in-Ib using torque
method outlined In secllon I.

d, If necessary, adjust blollk (5) to valve
(10). 'rorquc nuts to 12515 tn-lb.

c, Install cover (6), and ,'ross-(orquc bolls
to 1212 In-Ill using torque Illl·thod ouWncd In
acollon I.

NOTE

steps f through i apply to engines
not IncOl'),'lol'atlnf, MD96 changc.

f, In8tll1l seal (4) and tube (3).

g, Install selll (2) and transducer (1).

h. Cross-torque bolls fOl' lube (3) and trans
ducer (1) to 45 15 In-Ib using torque method
outlined in secllon 1.

\, Safetywll'c all bolls not sccurcd by nuts,
using mcthod oullined In sccllon I.

J, Hcfor to /:Iecllon IV fOl' posl-lnalntcnance
tcsll'cqulrCllllcnls.

3-90. Tools requlrcd con~tst of alluemoul tool
'I'-50412:l1 and SU;lJl0rl T-5046440, 01' equivalent.

3-D!. HEIVlOVrNG WTlAP-AHOUNlJ DUCTS
AND J[OS~;S. (Scc f1[(ure 3-2'1. ,

a, Ohserve safety, aud contamination and
damage !lrevcnllon requircments outllnec.lln
secllon I.

aA. Disassemble the following thermal lusn
latton brackets, as required, to provide clear
ance for I'omovlng wl'ap-aruund duets, Hefer
to R- 3896-6.

(1) I!ellum supply, helium relurn, and
GOX wrap-nl'ouud ducts: hracket 145188 and
tie rod 145305.

(2~ HydraUlic supply and :,ydraul!c return
wrap-nround ducts: bracket 145290,

~:AUTlON

Extreme care must be used when
rcmovlng the b'1mhal jointed ducts.
Thc unatlached lmde nlust be sup
portcd ~o prevent damage to the
gimbal jolnt.s and bmlded sections.

b. Hel1'love covers (2, 4, 6, 9) or cover (15)
and cUps (16, 17), 5S necessary. to removc
duct or duets.

c. Homove support (uol '1'·5046440, and dls
connecl applicablc ducts or hOSCB at engine
connection.
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3-92, INSTALLING WMP-AROUND DUCTS
AND HOSES,

a. ObBol've safely, and contamlnallon and
damaRe preventlon requlrcments outlined In
sectton r.

CAUTION

Extl'Cmll care must be usp,d when
Installinl,( the t~imbal jolntecl ducts.
The unattached ends must be DU1'
ported to provent damav,o to tho
gimbals and braided sectIons.

b. Instnllpac\ K2297-2 In eradle of existing
ong!uc brackel for duct (1).

c. Install ducl (1) and Sllcure to engine line
using seal 400)349, 6 b"\ts fWllI-4011-6527,
6 washers RDI53-5002-0005, 6 washers
RDI53-1002-0005, and 6 nuls 00114-8005-1005.
1'orque !Iuts lo 20515 In-lb.

d. Install pad K2397-11ln cover 651298 (2).
Install cover and secure with 4 bolts
IlDllI-I009-0417 and 4 washers
LD153-00I3-0002. 'I'orque bolts 10 35 ±2
In-lb. Safetywh'e bolts.

e. Inslallpad K2297-0 In cradle of exlstlng
engine brackel for hellulIl relurn duel (3).

C. Install duel (3) and S"CUl'e to engine line
using seal 406350 (eng-lnes not Incorporallng
MDI87 change) or seal 409895 (engines Incor
porating MD187 change) and 8 bolts
RDllI-40U=m7, 8 washerll RDI53-5002-0005,
8 washers ItDI53-I002-0005, and 8 nuts
RD114-8005·1005. Torque nuts to 265 ±IO In-lb.

3-96 Change No. 5 - B March 1971

g. Instnll pad K2297-6 tn covor 651206 (oj).
Install cover and secure with 4 bolts
RD111··I009-041'/ and 4 washcl's
LDI(;3-0013-0002. Torque bolts to 3512
In-lb. Safetywlrc bolts.

h. Il1st~lI pad K22!l7-6 In crnclle of cXislln{(
enb'ine bracl<ot for GOX retul'n duct (5).

l. Install duct (5) and SCCIIl'(' to cn((!nc ILIO

usin{( 8t'al 406350 (en(f.nes not Incorpor;,tI'l{(
MD186 changc) or soal 409895 (onr:lnes Incor
pt,riiffilg MDIS6 change) and 0 bolts
HDI11-4011=65"27, 0 washers IlD153-5002-0005,
8 washers HDI53-I002-0005. and 8 nuts
HD114-8005-1005. Torque nuts 10205 ;IOh.-Ib.

j. Inutall support tool T-5046440, or equiva
lent, to support duct (1, 3, 5).
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VIEW B.B
Fl-:J,·I-t04

1 lIelium supply wrap-around duct
2 Cover
3 lIelium return wrap-around duct
4 Cover
5 GOX wrap-around duct
6 Cover
7 Hydraulic supply Wl ap-around duct
B Cover
9 Cover

10 lIydraulic return wrap-around duct
11 Oxidizer dome purge wI'ap-around hose
12 'furbopull1p oxi<Uzer seal purl~e wrap-

around hose
13 PreCm wrap-around hose
14 COCOOll pUI'ge wrap-aroulld hose
15 Cover
16 Clip
17 Clip

F'igure 3-27. Wrap-Around Ducts and lIoses
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\
k. Installpad K2297-6 In cover 651296 (6),

Installcovet'and secure with 4 botts

RDIII-I009-0417 and 4 waslaers

| LD153..0013..0902. Toz_ue bolts to 35 12 in-lb.

Safetywire bolts.

I, Installpad K2297-4 In cradle of existing
engine Lracket.

m. Installduet (7) and secure to engine llne

using seal 19-.406232-19, 4 bolts
RDIII-4010-6418, and 4 washers

|IID153-5002-6004. Torque bolts to 80:t51n-lb,

Safetywire bolts.

n. Secure duct to engine bracket using 3
bolts RD111-4008-0508 and 3 "¢_ashers

RD153-5002-0005. Torque bolts to 90 e5 in-lb.
Safetywlre bolts.

o. Tnstall cover 651292 (8) using seal
19-409759-3, 8 bolts RDl11-4010-6519, and

8 washers RD153-5002-OO05. Torque bolts to29.5 _15 in-lb. Safetywtre bolts.

p. Install pad K2292-4 in cover 651297 (9).
Installcover and secure with 4 bolts

RD111-.I009..0417 and 4 washers

[[LD153-0015-0002. Torque bolts to 35,2 in-lb.

Safetywlre bolts.

q. Install pad K2297-4 in cradle of existing
engine bracket.

r. Install hydraulic return duet (10) and

secure to engine line using seal 19-406338-2,
6 bolts RDIl1_4011-6_28, 6 washers

RD153- 5002-0004, 6 wast,era RD153- 1002-0004,
and6nuts ItDl14-8005_IO04. Torque nuts to
125 +5 in-lb.

s. Installpad K2297-4 in covet' 651297 (9).
Installcover ancl secure with 4 bolts
ITDI11-I009-0417 and 4 washers

| LD153-0013-0002. Torque bolts to 35 J2 in-lb.

Safetywlre botts.

t. Installsupport tool T-5040440, or equiva-lent, to support unattached ends of lines (11

through 14) as lines are installed.

u. Install hose (11) and secure to engine
line using seal 19-400532-15, 4 bolts

| RDIII-I010-6424, 4 washers LD153-0013.-0002,
4 washers RD153-I002-0004, and 4 nuts
RDI14-8003-I004. Torque nuts to 7,5 -_5 in-lb.

v. Install bose (12) and secure to engine line
using seal 19-406332-15, 4 bolts

| RDIl1-1010-6424, 4 washers LD153-0013-0002,
4 washers RD183-I002-0004, and 4 nuts

RDl14-8003-1004. Torque nuts to 76.45 In-lb.

3-98 Change No. 3 - 18 June 1970

w. Remove cover at prcfilI check valve lo-

cated on fuel inlet manifold (No. I side) and )
in,stalli_ose (13) using cxlstlng seal antl cover
alhtching hardware, consisting (,f seal

19-408751-1, boltsRD111-1010-6427, washers
RD153- 5002-0004 and RI)153- 1002-0004, and
nutsRDl14-8005-1004. Torque nuts to 10O:tl0
in- lb.

x. Install hose (14) and secure to engine line
using seal 19-406332-25, 4 belts

RDI11-1010-6424, 4 washers LD153-0013-0002, |
4 washers IID153-1002-0004, and 4 nuts

RDI14-8003-I004. Torque nuts €o 75_Sin-lb.

y. Install 2 clamps I:E127-2003-0006 nn([ 2

clamps RE127-2O03-0O10 on hoses (II, 12, 13)
in preparation for instaitatLon of cover (15).

z. Install cover 651578 (15) using 5 bolts
RDI I1- 1009-0414 and 5 washers

LD153-0013-0002. Torque bolts to 20 _2 in-lb. |
Safetywire bolts.

aa. Install clips 308437 (16) and 308649 (17)
using 2 screws AN520C10R18, 2 screws

AN520C10R14_ 8 washers LD153-0010-0008,
and 4 nuts NAS679C3W. Alternately torque
nuts for each clip to 5 (_5, -0) in-lb.

' L

ab. Check alinement of wrap-around duets _ )
(paragraph 3-93),

ae. Reinstall applicable thermal Insulation |
brackets removed in paragraph 3-91. Refer to IR-3896-6.

3-93. CHECI_[NG AIJNEIVIENT OF WILAp-
AROUND DUCTS.

3-94. This procedure verities proper position-

ing of hyclraulic and pressurization system
wrap-around ducts. Tools required consist of
alinement tool T-5041333.

a. Install alinement tool T-5041233 on No. 1

actuator end of gimbal bearir, g shaft, Make sure
that conical aUnement pin is in shaft counter-

sink, rectangular key is in shaft locking plug,
m_d tool magnet is pressed firmly against end
of shaft.

b. Look through tool sight glass and, keeping
sight glass fore and aft hairlines alined, verify
that yoke-to-retaining pin-centers of ducts
(7, 10, figure 3-27) are between hairlines of
sight glass. If pin centers are outside of hair-

lines, adjust lines laterally as outlined in pars..
graph 5-95. Make sure lines are seated in ( )



(

(
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cradles of hydraulic customer-connect duets
support bracket. If ducts are n,,t seated, adjust
duets vertically as outlined In paragraph 3-96.

c. Install alinement tool T-5041233 to side

opposite No. 1 actuator end of gtmbal bearing
shaft. Make sure conical alinement pie is in
shalt countersink, rectangular key is In shalt
locking plug, and tool magnet is pressed against
end ofshMt.

d. Look throughtonisightglass and, keeping

sightglassfore and afthalrlixm.,_alined,verily
thatyoke-to-retaining-pincenters ofducts (I.

3, 5, figure 3-27)are between h;tirlines of sight
glass. If pin centers are outside of hairlines,
laterally adjust duets outlined in paragraph
3-97. Make sure ducts are seated in cradles

Section Ill
Paragraph 3-95

of heat exch:lsger custome,'-conn_ct bracket. If
ducts are not seated, vertic._ily adjusl ducts as
outlined in paragraph 3-98.

3-95. LATERAL ADJUSTMENT OF IIYDRAU-
l,IC WRAP-.AltOUND DUCTS. This procedure
adjusts the hydraulic wrap-around ducts to
aline the piu centers of the hydraulic duct glmbal
sections within the hairltues of alinement tool
T-5041233, (See figure 3-28.)

a, Loosen attaching bolts of brackets (1, 2)
and support (3).

b. Loosenboltslhat secure wrap-arouud duct
covers at hyd,,aullc customer-connectduel sup-
port bracket.

c. LoosenforwardJolntsufduets, If connected,|
and aline ducts until pin centers of duct gimbals
are within hairlines of alinement tool T-5041233,

RETURN

B
-F

..--3

rD .
hi _ , /<,,,,' %_.."_ V,l,WA-A ,s,,:.

! T / \-

)

_m ,, ,,,,,, ,

1 Bracket

Flgvr_ 3-28.

F1-3-1-105

2 Bracket 3 Support

AdjustingHydraulle Wrap'LAround--I_ct-_-----
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Section m
.Paragraphs 3- 96 to ~- 97

I d. Torque !astenerF 'It forward joints of
dacta, Ii connected.

e. T"rque nuts that IJecure IJrack~ts (1, 2)
to 110 dO In-lb.

R-3006-3
Yol~'me I

pin centers of the PI'cssurlzatlon duct gimbal
sectlJns within the halrllnes of the allnement
tool '1'-5041233. (See figure 3-29.)

NOTE

•

d, Loosen prossurizatlon duct dome bracket
covers. Aline ~Imbal joint pin centers of ducts
within halrllncs of allnement tool; then torque [
fasteners at forwal'd joints of ducts, If connected,
and torque bolts for duct covers at dome support
brackets to 34 ±3 In-lb.

!, Torque nuts that ~ecure support (3) to
00 ±5 In-lb.

[l. Tol'qu" wrap-around ducl cover bolts to
35 t2 in-lb.

3-96. YEHTICAI, ADJUSTMENT O~' IIYDTlAU
lolC WIlAP-AROUND DUCTS. Thl '1 pro~edure

positlons the hydra'illr. wI'ap-arollnd ducts in
the cradles of the support bracket Ill' adjusting
the ducts In the engine y-axis. (Sec figure
3-28.)

a. l.oosen clamp and cover that secure
engine supply and tcturn ducts to brackets
(1, 2).

b. Loosen bolts that secure support (3) to
duct.

I c. Loosen forward jolnls of ducts, If con
nected.

d. Loosen covers that secure wrap-around
ducts to hydraullc customer- coruwct duct
support bl'acket.

e. Adjust location of engine ducts (y-axis)
untll wrap-around ducts seat In cradle of sup
port bracket.

f. Make sure gl mbal joint pin conterS are
ali ned within hairlines of altnement tool
"-5041233.

I g. Torque fastenerS at forward Joints of
ducts, if connected.

h. 'l'orque cover bolts to 35 ±2 In-lb.

I. Torque COVIll' bolts to support (3) to
30 ;,2 In-Ih.

j. Torque nut that secures clamp for duct ('I)
to 40 ±5 in-lb.

3-07. LA'rERAL ADJUSTMENT OF PRESSUR
IZATION WRAP-AROUND DUCTS. This proce
dure adjusts the proBsul'ization ducts to aline

The pres~urlzatlon duels (1, 3, 5,
flguro 3-27) aro adjusted simultane
ously sln~e they arc supported by
one hracket.

a. Disconnect bracket (I, figure 3- 29) (l'om
support (2),

Non;

P l'essul'izalion ducls must not he
disconnected from bracket.

b. Loosen bolts that secure bracket (3) to
snpport.

c. Loosen (orward joints of ducts, If con
nected.

e. Torque nuts that secUI,c bracket (3) to
support to 130 ±10 In-lb,

r. Disconnoct blocle (4) and Hopport (5).

g. Loosen strap (6) and bracket (7); then
move support (2) to aline with brad:et (1).

NOTE

Bracket (1) and pressurization duct
gimbal joints must not be removed,

h. Secure bracket (1) to support (2) by
torquing nutl3 to 100 "10 In-lb.

I. Adjust block (4) along duct, and torque
nuts to 125 ±IO in-lb. 'ronlue cover bolts to
12 ;,2 In-Ib,

j. Adjust sUllJlort (5) to hose, and torque
nuts to 125 ;,10 In-lb.

I

(
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1 Bracket

2 Support
3 Bracket
4 Block

Figure ,%29.

Section III

Paragraphs 3-99 to 3-98C

5 S.,l[)por t
6 Strap
7 Bracket

Adjusting Pressuri;',ation

F1,3-I-I06

Wrap-Around _.wts

3-98. VEIITICAL ADJUSTMENt[ OF PFtESSURI-

ZATION WIIAP-AROUND DUCTS. This pro-
cedure position.,_ tile pressurization ducts in the
cradles of the heat exchanger ducts supi_rt

bracket by "uljusting the ducts ill tile enLdne
y-axis. (See Ill,rare 3-29.)

a. Looses 2 covers tbal secure boat eXCll_3.11gof
ducts to brackets on No. 2 side of engine,

b. Loosen 3 covers that secure ducts to heat
exchanger ducts support bracket,

c. Make ,_ure forward joints of ducts are
Scour0.

d. Adjust ducts longitudinally to seat in
cradles of boat exclmager (luct,_ SUl)port bracket,
and torque bolts o{ 3 covers to 35 _2 in-lb. Pin
centers of gimbals must remain in the alined
position, as determined with alinement tool
T-5041233.

e. Torque bolts of 2 covers that secure heat
exchanger duets to brackets on No, 2 side of

engine to 25 _5 in-lb. Safetywlre bolts.

3-98A. IlEAl' EXCHANGER AND TURBOPUMP
TURBINE,

3,-98B. This procedure disconnects and con-

nects tile heat exclrangor at the turbopump
turbine to permit use of tile torque bar on the
second-stage turbine wheel during turbopump
maintenance.

3-98C. DISCONNECTING IIEAT EXCHANGER

FROM TURBOPUMP TURBINE, (Sea fiffttre
3-30.)

a. Observe sa[ety, and contamination and
danl.':tgo pr0velltion requirements outlined in
section I.

b. Disconacct ho,_e (1) and remove seal
plato (2).

c. It static firing instrumentation is Installed,
remove tube (3) and seals (4),

Ch,'u_ge No. 5 - 8 March 1971 3-10OA
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d. j\Ieabure Hnd record exteJlsioll of heat
exchanger lines lrom a Ilxed point adj;,eent 10
cover (24) to line flanges.

e, Loosen cover (24),

r. Hemove cover (28) nnd Hners (29),

g. Mark location of joints for couplhlll (39),
remove coupling, and position shield (40) on
hent exdl:u1f.tcr.

h. Loosen all fastcHlers at heat exchanger to
tud'i no flanr,o.

I. !leplace one flange Iaslener at rentel'1hlf!
of flanl\O adjncent to thrust chamber with nn
exlrn··lcnr,th bolt, wnshers, and nut; tlghten nut.
The bolt musl be oI sume:lent thrended length
so that tho nut cnn be adjusted to hold the flanges
together and to allow the llanges to sepal'ate
2-1/2 hwhes when the nut Is backed off.

j. neplaee n flnngc fastenH on ellhel' side
oI outer centerline oI flange with lwo additlonal
IlOItO, washers, and nuts as spectfled In step I.
Loellte and adjust Iasteners to support flange
without InterIering with torque bar Installallon.

CAUTION

Deflertlon oI the b>imbal joints or
flexible seclions oI the heat exchanger
ducts and hoses In excess oI 10 degrees
Irom a uull position is not allowed.
Dmnage to the gimbal bellows or
flexthle seeUona of the duct~ nnd
hoses lIlay occur~

k. Hemove remaining Clnnl(e Iastencl'S; then
back oIl nuts oI eXll'a-length bolts to separate
Ilang-es. Observe gimbal Joints and IlexlI.Jle
section oI ducts and hoses for dl:'flection. Where
dellectlon wlll exceed 10 degrees before sufrt
clen! gap Is obtained to Install torque bIll', the
affected ducts or hoses must be disconnected.

NOTE

II the gnp does not permit installa
tion of the torque bar, the heat
exchanger and heat exchanf(er ducts
and hoses must be disconnected and
supported and/or removed as outllned
In I'amgl'aph 3-99.

1. Position seal (42) on heat exchanller lIallile, ,
10 protect llllnglJ sealing surface.

Ill. Using hea,'y gage, "ommerclal grade
plastic sheet, rover heal exchanger inlet and
secure nheetlng to heat exchange,' exterior wllh
pressure-ecnsillve tape nn0195- 002 (llockeldyne),
or equivalent.

(

(
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3-98D. CONNECTING IIEAT EXCHANGER TO

TURBOPUMP TURBINE. (See figure 3-30.)

Specified lubricating procedures (methods) are
outlined in section I.

a. Carefully remove plastic simot h'om heat
exchanger inlet flange.

h. Install cover (28) $md liners (29). Torque
bolts for cover (24) to25_fiin-lb. Torque bolts
to,' cover (28) to 40 _2 in-lb. Safety'wire bolts.

i. In._Aall flange alinement tool T-5039,137 Io
interfaces of ducts (30, 32, 34), to radially
position duct flanges.

b. Support flanges o! heat exchanger to main-
tain gap between flangeS, nod zeplace seal (42).
Reinstall extra-length bolis_ washe,'sp and mlts.

c. Cross-torque nuts on extrit-iength bolts
until flange fasteners can be installed. Replace
extra-length belts with flange f_steners, attd
cross-torque nuts to 130-140 in-lit.

d. Install shield (40) with cutout positioned

at instrumentation ports of heat exchanger and
joints of coupling (39) located at position marked
during removal. Incrementally torque coupliqg
fasteners to 90 _5 In-lb.

e. If static firing Instrumentation is installed,
lubricate (Method G) tube (3) with thread com-
pound C-5A (Felt Products); install seals (4) and
tube. Torque tube coupling nuts to 160 rl0 ln-lb.
Safetywire coupling nut.

f. Install seal plate (2) and hose (1). C,'oss-
torque bolts to 45 _5 in-lb. Safetywire bolts.

NOTE

If the heat exchanger ducts or hoses
were disconnected, they must be in-
stalled as outlined in paragraph 3-102.

s Steps g and h apply tf heat exchanger
ducts and hoses were not tllseommcted

anti the wrap-around lines are instaUed.

• Steps i through k apply if heat ex-
changer ducts and hoses were not

disconnected and the wrap-around
lines are not installed.

g. Adjust extension of ducts (30, 32, 34) to
l)oeitloo recorded during removal. Tighten

bolts for cover (24) to retain ducts in place.

J. Adjust extension c.r dncts (30, 32, 34) to
position rcrorded during removal and tighten

bolts lot" lover (9,4J, to retain ducts in place.

It. Install cover (28) and litters (29). Torque
bolls for cover (28) to 40.12 In-lb. Safeiywtre
bolts and remove loci,

1, Refer to section IV for ltost-maintenance
test requirements specified for hcat exchanger
and heat exchanger ducts and hoses.

3-99. i!__A'!:EXC__IAN(it.:B _":) !!l,:h' L'
EXC_[tAN[____JEI._._I_)UCTS AND tlOS[ S.

3-100. Equipment required consists of sling
9024925-11 from Co,npooent tbmdllng Fixture
Set G4068, seal alinement tools T-5044716 and

T-5044717, and flange alinement tool T-5039437.

3-101. REMOVING HEATEXCIIANGEIt AND

IIEAT EXC}IANGER DUCTS AND IIOSES. (See
fig'ure 3-30.) Specified lubricating procedures |
(methods) are outlined In section 1. I

a, Observe safety, and contamination and
damage prevention reqtli/'eulenfs outlined in

section I.

b. If heat exchanger is to be recmved, dis-
connect bose (1) and remove seal plate (2), "rod
disconnect tube (3) and remove seal (4).

c. If heat exchanger Is to be replaced, re-
move union (5) and seal (6).

f
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1
2
3
4
5
6
7
8
9

10
11

Hose
Seal plate
Tube
Seal
Union
Seal
Hose
Seal
Orifice plate
Seal
Hose

12
13
14
15
16
1'1
18
19
20
21
22

Seal
Orifice pJat9
Tra"sducer\a)
SealLa)
Hose(a)
8enl(a)
Tra"sducer(a)
SealLa)
Hose(a)
Seal(a)
Hose(a)

23(a)
24
25
26
27
28
29
30
31
32
33

Seal
Cover
1,loer
Saver
I,jner
Covel'
Liner
Ducl
Seal
Duct
Seal

J4
35
36
37
38
39
40
41
42
43

Duct
Seal
Hose
Seal
Seal
Coupling
Shield
Seal
Seal
Heat

exchanger

<~igure 3-30. Heat F:xchanger and Heat Exchanger Ducts and Hoses (Sheet 2 of 2)

NOTg

Steps d through I remove heat ex
changer ducts. Prior to performin¥,
step d, wrap-around lines connected
to the heat exchanger ducts must be
disconnected at the heat exchanger
duct flanges as outlined In para
graph 3-91.

CAUTION

Extreme care must be 1\3ed whell
removing fl"ldble Instrumentalton
hoses to prcver,~ excessive bending
and resultant bulb'; ng of the hralel.
}~xcessivc lJcnds arp those having
a perr-lanent set with a radius of
Ipss than 3 Inches In a free shte,

d. nemove hose (7), seal (8), orltles plate
(9), and sellis (10). Not" posltton of orllice
plots, and recor(l serial number for re,ln
slallatlon.

I dA. l,ubrlcate (Method A) duct (30) and h0se
(36) hypass Hangn closllre lasteners with lubri
cant grease RB0140··012 (Eorkctdyne).

e. Remove hose (11), Heal (12), orifice plnte
(13), and scala (10). Note position (·f orl!lcs
plate, and record serial nU'llber for rein
stallatlon.

I
ell. Luhrlcate (Method A) dllcts (32, 34)

bypass flange closure fasteners with lubric,lnt
grease IUJ0140,·012 (Hocketdyne).

f. 011 engineS not Incrwpof(,tlng MD96 ehange,
romave Instrumentation parts (J4 through 23).

g. Measure ami record exten!llon of heat
oxe/,anger ducts (30, 32, 34) iI'om f1anr(e tnter
faces to forward side of coVer (24).

h. Slipportlug hE'i'lt exchanger Jim~s; remove
bracket covers (24, 26, 28). Do not remove
liners (25, 2'1, 29) unless they reqUire 1'0

placem"nt.

I. [(amove duct (:1O) and seal (31).

J. Hemo"e dnct (32) and ~ell (33).

k. Hemove duct (34) and seal (35).

t. Disconnect hose (3(\) from transducer, and
remove seal (37); th~n disconnect hose at hpat
f.xchangal', and remOve seal (36),

NOTE

Stops m through r remove the heat
exehaogex.

111. Hemo\'e coupllng (39), JJ1d slide ..Meld
(40) ovp.r heat exchanger.

n, Install sli ng 9024925-11 on heat exchanger.
(See flb'l,re 3- 31.)

CAUTION

The heat exchanger weighs apPl'oxt
matcly 823 pounds.

(J, Supporting heat exchanger, disconnect
heat exchanger at exhausl manifold and rt"uove
seal (41, ftgure 3-30), Heat ..xchar-ger bellows
may retract when dtsconneded.

Jl. Disconnect heat exchangpr at inld end,
and remove seal (4Z).

q. Use extreme care to provem damage to
flanges, and remo\'e heat exchanger from
engine.
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1'. Remove shield (40); then position heat
exchanger with Inlet elld down, and carefully
place es a prepared surface. Rps2ove sling.

3- 102. INSTALLING HEAT EXCHANGER AND
HEAT EXCHANGER DUCTS Ale_) HOSES. (See

figure 3- 3I). ) Where multiple fasteners ave used

at joints, the applicable torque and safetywiring
methods outlined in section I must be used. An

alternate procedure is provided in paragraph
3-102A for insfalling the lmat exchanger.

a. Obserw_ safety, and contamination and
damage prevention requirements outltned in
section I.

wAI'tNTNG

The use of contaminated parts in a
liquid oxygen or indirect liquid oxy-
gen systet_L call cause an explosion

resulting in tnjucy to personnel and
damage to equipment.

CAUTION

If tile i_eat exchanger mr any of the
heat excllanger ducts and hoses

have been subjected to solvent
cleaning, the part must be inspected
ior residual halogermted solvents as
outlined in section I. Residual so},.

vents within the heat exchanger ducts
and hoses can cause corrosion,

b. Make sure all parts are free of contami-
nants and are c/can for oxidizer ned he}turn

systems; Lowever, carbon must not be re-.
moved from external surfaces €fl heat exch'.mger
roils.

I
c. Install adapter of sling 90_4925-11 from

Component Handliug Fixture Set CAgB8 on
heat exchanger. (See figure 3-31.) Hoist
eab_e into po_ttion and attach to adapter.

CAUTION

The he_t e×ohanger weighs approxi*
mately 823 poumh3,

d, Install shield (40, figure 3-30) over heat
exchanger inlet and secure to _ling, llolst
heal exchanger sufficiently clear of floor area

to allow rotation and rotate to desired position
for installation. Make sure lleat exchanger
remains balanced in selected position.

NOTE

If tile heat exchanger doe8 not rf.,-
main in the desired position, it
will he necessary to set the heat
exchanger down alld adjust the cable
attach points to obta," the correct

center of gravity.

e. Iloist heat exchanger into position, in-
stall seal (42), and secure flanges. Cross-

torque nuts to 130-140 in-lb.

f. Install sifield (40), position cutout on
No. 2 side of engine, and secure shield with
coupling, incrementally torque coupling
fasteners to 90 _5 in--lb.

F1-3-1-12

Figore 3-31. }landling kleat Sxchanger

!,)
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g. Inetall seal (41), and aline seal and heat
exchanger flange with duct flange using 4 equally
spaced (90-degree Increments), extra-length
bolts. Pull flanges together with extra-length
bolts alld secure flanges. Remove extra-
length bolts, install remaining bolts, and torque
nuts to 130..140 ln-lb.

h. Remove heat exchanger sling.

i. Install hose (36), and support hose by
installing cover (26) at strut. Do not torque
cover bolts at this time.

j. Install seal (37), aiad connect hose to
transducer. Cross-torque nuts to 255 J5 in-lb.

k. Install ring flange and seal (38) at heat
exchanger end of hose.

1. Verify that arc deflection for flexible
section of hose is within tolerance indicated.
(See figure 3-32. ) Cross-torque bolts to
295 if0 in-lb. Safetywire bolts,

m. Make sure liners (27, figu_'e 3-30) tire
installed; then cross-torque bolts of cover (26)
to 12-14 In-lb. Ssfetywlre bolts.

n. Install duet (34) and seal (35) at heat
exchanger. Install bolts loosely, and tempo-
rarily support duet at turbopurap strut bracket.

o. Install duet (32) and seal (33) at heat ex-
changel'. Install bolts loosely, and tempo-
rarily support duet at turbopump strut bracket.

p. Install duct (30) ant; seal (31) at heat ex-
changer. Install bolts loosely. Make sure
liners (25, 29) are installed; then install
covers (24, 28). Install bolts loosely.

NOTE

If wrap-a_'ound lines are not Installed,
pertorm step q. If wrap-around lines
are installed, proceed to step r.

q. Install tool T-5039437 to interfaces to
radially position duct flanges. Adjust extension
of ducts to dimensions recorded during removal.
Torque bolts for cover (24) to 25 :_5 ia-lb, and
bolts for cover (28) to 40 _2 in-lb. $afo_wire
bolts: and remove alinem,_nt tool.

r. Adjust extension of ducts to values re-
corded during removal, and rotate ducts to
match holes in wrap-around flanges. Cross_
torque bolts for cover (24) to 25 _5 in-lb, and
bolts to cover (28) to 40 _3 in-lb. Safetywire
bolts. Install seals between wrap-around lines |
and duct flan_¢es. Cross-torque nuts for GOX Iand helium return ducts to 285 ±10 in-lb, and
nuts for helium supply duct to 265 +5 in-lb.

s. Install hose (11), orifice plate (13), and
2 seals (10) at duct (34) bypass bees. Position
tab of orifice plate (13) toward heat exchanger
end of supply duct. Do not tighten bolts.

NOTE

The orifice plate must be the same
as recorded in the Engine Log Book.

t. Install seat (12), and connect remaining
end of hose (11) to duct (32). Do not tighten
bolts.

u. Install hose (7)p orifice plate (9), and 2
seals (10) at hose (3{}) bypass boss. Position
tab of orifice plate (9) toward heat exchanger
end of hose (36). Do not tighten bolts.

NOTE

The orifice plate must be the same as
recorded in the Engine Log Book.

v. Install seal (8), and connect remaining
end of hose (7) to duct (30). Do not tighten bolts.

CAUTION

When rotating ducts or lines at the
heat exchanger or bypass line
f 'langes, lhe duct or line must be
pulled away from the f_ange base
to prevent damage to seals.

w. Sight along duct (32) to make sure that
section of duct between 2 bellows joints aft of
turbopump strut is in line with section of ducq
attached by cover (28). Re 'tale duct as neees.
sary at heat exchanger flange to obtain aline-
mont. Using seal alinement tool T-5044717,
aline seal, and cross-torque 2 opposi_.e bolts at
flange to 30 _5 in-lb,
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x. Rotate duct (30) and hose (36) at heat

exchanger flanges to meet the following di-

mensions: CKeep flexible section of hose (7)
as straight as possible during rotation. Use

seal alinement tool T-5044716 to aline seals,
anti incrementally torque 2 opposite bolts in
each flange to 30 ,5 in-lb. ) (See figure 3-32
for dimensional locutions. )

(1) Clearance of Ilexible section of ]lose

(7, figure 3-30) from nearest point of hexagonal
sec{ionofducf (32): 2.14 tncbes minimum.
(See figure 3-32, detail A. )

(2) Arc deflection in flexible section of
hose (7, figure3-30): 3/32 inch moxinmm.

(3) Arc deflection in flexible _,ection of

hose (36) nearest heat exchanger: 0. 170 inch
nlaxinluln,

y. Rotate duct (34) at heat exchanger flange
until offset ill flexible sections of hose (11) is
within 0. 127 inch maximum, as shown in
ltgure 3-32. Keep flexible section of hose (11)

as straight as possible during rotation. Use
_eal alinement tool T-5044717 to aline seal,

and cross-torque 2 opposite bolts in d'wt flange
to 30 _5 in-lb.

z. Measure immediately forward of wekl,
between outer surfaces of duct (30, figure 3-30)

and duct (32). (See figure 3-32.) Dimension
must not be less titan 4.d6 inches. If measure-

meat is unsatisfactory, readjust duct (32,
figure 3-30) as outlined in step w and duct (34)

as outlined in step y to obtain required spaci,,g.
Make sure flexible sections of hose (11) met, t
0,127-inch requirement specified in step y.

as. Cro',s-lorque fastener group as lollows:

(1) Hose (36) und duet (30) flanges:
295 _10 in- lb.

(2) Duet (34)and duct (32)flanges:
110 +10 in-lb.

(3) Hose (11) at helium supply duct (34):
100 _10 in-lb.

(4) tielium bypass hose (11) at duet (32):
100 _I0 in .lb.

(5) ltose (7) at LOX supply hose (36) and
duct (32): 100i10 in-lb,

ab. Safetywire fasteners using applicable
method outlined in section I, and seal lockwire
of fasteners used at orificed joints.

ac. On engines not incorporating MD96
change, install transducers (14, 18) ustia}-"
seals (15, 19). Install hoses (16, 20, 22)
using seals (17, 21, 23). Torque fasteners to

45 ,5 in-lb. If harness plugs were disconnected,
connect to transducers using method outlined in
pa,'agraph 3-15. 8afetywtre fasteners using
applicable method outlined In suetioh I.

NOT E

Flexible instrumentation hoses must
not have an installed bend radius of
less tban 3 inches. Hoses with

bulges in tile braids and/or a perma-
nently set bcmt radius of less than
3 inches must not be used.

ad. If heat exchanger was replaced, refer to
section I for lubricating method and lubricate
(Method A) union (5) using thread compound
C-5A (Felt :Products). Install seal (6) and
union, anti torque union to 55-80 In-lb.

!

as. r.iefer to section I for lubricating method,
and using thread compound C-5A (Felt Products),
lubricate (Method G) tube (3). Install seal (4) !
and tube. Torque tube coupling nut to 160 a 10
in-lb. Safetywire coupling nut.

at. Install seal plate (2) and tube (1). Cross-
torque bolts to 45 -,5 in-lb. Safetywire bolts.
Use torque and safcfywiring methods outlined in
seetinn I.

ag. II wrap-around duets are installed, re-
connect them to heat exchanger lines as outlined
in paragraph 3-92.

ah. Refer to section IV for post-maintenance
test requirements.

3-102A. INSTALLING If EAT EXCHANGER

(ALTEI_MATE PROCEDURE). (See figure 3-30. )
This procedure may be used under certain field

conditions as determined by the Roekctdyne
representative. When multiple faslem,_rs are

used at joints, the applicable torque and safety-
wiring methods outlined in section I must be used.

a. Observe safety, and contamination and

damage prevention requirements outlined in
section I.
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WARNING

The use of contaminated parts in a
liquid oxygen or indirect liquid oxy-
gen system can cause an explosion
resulting in injury to personnel and
damage to equipment,

CAUTION

Ifthe heatexchanger or any of the
heat exchanger ducts and hoses have
been subjectedto solventcleaning,

the part must be inspectedtot
residualh_tlogenatedsolventsas
outlinedin sectionI. Residual sol-

vents within the heat exchanger
ducts and hoses carl cause corrosion.

b. Make sure all parts are free of contami-
nants and are clean for oxidizer and helium

systems; however, carbon must not be removed
from external surfaces of heat exchanger coils.

c. Install adaptel of slh:g 9024926-11 from
Component Handling Fixture _et G4068 on heat
exchanger. (See figure 3-31. ) ttoist cable into
position and attach to adapter.

CAUTION

The heat exchanger weighs approxi-
mately 823 pounds.

d. Install shield (40, figvre 3-_0) over heat
exchanger inlet and temporarily attach to heat
exchanger forward flange. Hoist he0.t exchanger
sufficiently clear of floor urea to allow rotation
and rotate to desired position for installation,
Make sure heat excitang,'r remains balanced ill
selected position.

NOTE

If the heat exchanger does not re-
main in the desired position, it will
he necessary to set the heat ex-
changer down and adjust the cable
attach points to obtain the correct
center of gravity.

e. Hoist heat exchanger into position, instal[
seal (42), and attach forward flanges with 12
equally spaced bolts and uuts to support heat
exchanger• Torque nuts until one thread
(nominal) is visible through nut locking feature.
Retain shield (40) attached to heat exchanger
forward flange.

NOTE

Make sure that index marks located
on turbine exhaust manifold flange
and heat exchanger flange are
alined.

f. Install seal (41), and aline seal and heat
exchanger flange with turbine erdmust manifold
flange. Install all bolts and nuts, and secure
flanges by torquing nuts to 130-140 in-lb.

g, Remove heat exchanger sling.

h, Install remaining bolts and nuts, pull heat
exchanger joint flanges together from partial
installation of step e, and secure flanges by
cross-torquing nuts to 130-140 in-lb.

i. InstPll shield (40), posWon cutout on No. 2
side of onginr, anti secure shield with coupling.
Incrementally torque coupling fasteners to
90 ,, 5 in-lb.

j. Install heat exchanger ducts and hoses as
outlined in paragraph 3-102, steps 1 through ah,
as applicable.

3- 103. AIANING_ C_..._O_NTItO_..__L...._AN.._D_PURGE
LINES.

I_OTE

fhls procedure does rot apply to the
igniter fuel supply tube or tile engine
supply tube. Alinement for these
tubes is outlined in paragraph 3- 104A.

3-104. A flange-to-component boss alinement
check of lines listed In figure 3-33 is required
when specified in other procedures i._ this

#*

' )
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section or when "ray of the individual lines are
disconnected for any purpose. Alinement is re-
quired to prevent excessive stressing of the
lines during installation. Gages from alinement
gage set T-5044743 are used to check offset and

gap. The gap and offset dimensional llmit:€
listed in figure 3-33 are incorporated in the
gages. Dimensional limits for angulation listed
ill figure 3.-33 are applicable for use with gages.
Seal plates with the molded rubber seals re-

moved may be used to simulate gages if tim
gage set is not available. Offset, gap, and
angulation dimensional limits listed in figure
3-33 are applicable when using seal plates as

gages. The safety and contamination and dam-
age prevention requirements outlined in section I
apply to this procedure. The following require-
meats are applicable to obtain alinement.

(1) Install applicable clamping and
brackets belore making dimensional cheeks.

(2) Adjust brackets and clamping to obtain
alinement. If alinement cannot be obtained in

this manner, lines not exceeding one inch ill
diameter may be re-formed ill place by hand.
Lines exceeding one inch in diamter must be
removed h'om engine for reforming, Reform-
ing must not be performed in shot-peened or
welded areas of lines.

(3) Repeat offset, gap, and anguL,tion
dimensional checks after reforming,

a. Perform steps b through f if alinement
gage set T-5044743 ts used. Proceed to step g
if gage set is not available and seal plates with-
out molded rubber seals are used.

b. With joint disconnected and seal pl,')te

removed, Install appropriate gage from aline-
ment gage set T-5044743.

c. Measure positive gap botwee,l connector
anti alinement gage with a feeler gage,

NOTE

A negative gap, up to the thickness of

the alinement gage, can be measured
using a feeler gage with the aline-
ment gage reraoved, The measure-
ment obtained must be subtracted

from the alinement gage thickness
to obtain negative gap.

d, Check line offset by visually observing
that line connector fails within scribed circle
on alinement gage. Make this check at 2 points
90 degrees apart.

e. Measure angulatton with feeler gage at
point of greatest gap. Opposite side of con-
nector must be in contact with alinement gage
when taking measurements. Angulatlon limits
are listed in figure 3-33.

f. Remove alinement gage, install seal
plate, and connect line. Cross-torque fas-
teners, and installsafetywire. Use torque

and safetywh'e methods as outlined tn section I,

NOTE

Steps g through m aline lines using
the alinement seal plates with the
molded rubber seals removed,

g, With joint disconnected and seal plate
removed, install appropriate alinement seal
plate.

h. Measure positive gap between commetor

and alinement seal plate with a fooler gage.

NOTE

A negative gap, up to the thickness
of ttm alinement seal plate, can be

measured using a feeler gage with
tim plate removed. The measure-.
men' obtained must be subtracted

from tile plate thickness to obtain

negative gap.

i. Mensur', offset of line at connector using

a depth micrometer with a flat, rotatable blade.
/nsert blade between swivel flange and mount-
ing boss to engage connector circumference.
R,:'cor d measurement.

NOTE

A gage block placed against the

body of the mounting boss will
provide a firm, fblt surface for

tim foot of the depth micrometer.

j. Measure offset of lines at a point 90 de-
grees from that used in step t. Record
measurement.
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CONNECTOR --

ALINEMENT

GAUE

_- MOUHT/NG

(+) GAP

_ CAP

i-) oAP

LINE END

CONNECTOR..

MOUNTINO

SCRIBED
CmClfl _--/

ALrhlEM_NT

GAGE

Line
Joint

Locution

I,INE END

.... MENT

ANGULAT]ON L .. "_-.

POINT OF CONTACT

-- GM3_

IILOCK

FI-3-I-24

Maximum Allowable Limits

Offset Gap
(inch) (inch)

d

Anguiat ion (a)
(inch)

No. 1 fuel valve open
controi tube

Prol_eliant waives
close tube

No. 2 fuel valve open
control tube

No. 1 fuel valve

No, 1 fuel valve

No, 2 fuel valve

0.30 i0.30

0.02 J0. I0

0.05 _0,20

0, I0 .*0, 20

0, I0 _0.05

I'ropeilant valves close No, 2 fuel valve
tube

No. I oxidizer valve No, 1 oxidizer dome purge check
dome purge tube valve

"(a)"_n_determlned after line is alined witi_in offset and gap requirements.

Figure 3-33.

0.017

0.009

0.017

0.017

0,009

, ,,,, i

Control and PUrge Line Joint AiJnement Dimensions (Si_eet 1 of 2)

| I
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Maximum Allowable Limits

Joint Offset Gap AngUlaUon{a)"-
Line Location (inch) (Inch) (Inch)

Sequence valve to No. 1 oxidizer valve Be- 0.15 10.30 0.017
sequence valve line quence valve

Propellant valves No. 1 oxidizer valve 0.05 .lO.15 0.011
open tube

No. 2 oxidizer valve No.2 oxidizer dome purge 0.10 .lO.05 0.009
dome purge Ii ne Check valve

Propellant va lves No.2 oxidizer valve se- 0.10 .<0.15 0.017
open tube quencc valve

Propellant valves No. 2 oxidizer valve 0.07 10.15 0.011
open tube

Propellant Wllves Ignition monitor valve inlet 0,05 10,02 0.012
open tube

Ignition mO/lltor Thrust chamber fuel 0,03 ,0.10 0.014
valve sens•. tube manifold

Propellant valves No. 2 oXidizer valve 0.15 ,0.20 0.024
close tUbeI'."U" '"" "."" No, 1 fuel high-pressure 0.10 +0.100 0.022
tube duct or ilVpergol manifold +0.001

Engine fJupply hlbe No.2 fuel high-pressure 0,05 +0.100 0.020
duct 0'.' engine control valve +0.001

Gas ge ,lCrntor Gas generator 0.10 10,20 0,017
system close tube

Gas g.;neralor Gas I~enerator 0,10 ,0.40 0.054
syste'11 open tube

W-:"ngulation is determined after line Is aUned within of{set and gap reqUirements.

Flt!ure 3-33. Control and Purge Line Joint Alineloent DimcllsloM (Sheet 2 of 2)

J" Measure angulation with feeler gage at
point of greatest gap. Opposite side of connec
to,. must be in contact with alinement seal plate
wl'en taking measurement.

I. Remove allnement seal plate, install seal
plate, and connecl line, Torque fasteners as
r,'qulred.

m. Measure offset of llne In bolted position
bl' repeating steps I and j. The difference be
tween readings taken with connectors bolted In
place and in the free position Is oHset mlsaUne
ment In each of the two axes. Hecord ollset
In isaUnement.

3-104B. This procedure is ;Jel'~ormed only when
designated In other procedul'es in this section,
or when either of the tubes is disconnected.
Allnement dJmellslons are listed In figure 3-33
for each tulle, 'rhe following deflnltlons apply
to this procedure:

(1) Offset: Lateral rnlsaUnement In two
axes of tube in free poslthn reqUired to Install
bolts.

3·110 Change No.5· 8 March 1971
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(2) Gap: Distance measured (with tube in
free position) between eccentric spacer and
buss with spacer in full contact with tube flange.

(3) Angulation: Difference between maxi
mum and minimum gaps.

a. Make SU1'e O-rings are removed from
eccentric spacers and engine connections.

b. Install eccentric spacers In tube ends,
allne any marks on flanges and spacers for ini
tial alinement, and attach valve end of tube to
valve. Tighten bolts to obtain metal-to-metal
contact of flange and boss surfaces.

c. Measure gap at duct end of tube. If gap
meets requirement of figure 3-33, proceed to
step f.

d. Disconnect valve end of lube, rotate
eccentric spacer 90 degrees, and retighten
bolts.

e. Hepeai stflPS c and d unlll the gap meas
urement at duct end of tube is obtained that most
closely meets the gap requirement specified in
figure 3-33 for the applicable tube.

f. Rotate eccentric spacer at duct end of
lube to obtain minimum oflset condition.

g. Verify offset, gap, and angulation di
mensions at duct end of tube m,'el requirements
of figure 3- 33.

If the rl,quirements of figure 3- 33
are not met, the direcllon and magni
tude of movement required for cor
rection must be detl'rmined, the tube
removed, and mechanically reformed.
For a negative gap con,ijtion, the gap
measurement must be taken with the
eccentric spacer removed at duct
end. Steps a through g musl be reo
peato'l until the offset, gap, and
angulation requiremenls arc met.

h. Using a markins method that can be reo
moved, mark across joint flanRes and eccentric
spacer 1l11nges. Hemove any other markings.

\. Remove tube and eccentric spacers. Do
not remove final mal'kings from flanges.

j. Install tube as olllllned in appllcnble pro·
eedure.

3-104C• .!9N!TER FUEL ~PPLY TUBJ!1..

3-104D. REMOVING IGN1TEI~ FUEL SUPPLY
TUBE. (See i1gure 3-33A.)

a. Observe safety, and contalllln:ltlon ,\lid
damagQ preven!lon requirements outlined In
section 1.

aA. Using a marking melhorl that clln be re
mov~d, mark across spacer and flanges.

b. Disconnect flange of lube (I) and remove tube.

c. Hemove 0-1'lngs (2) and spacers (3).
Retain spacers.

3-104E. INSTALI.fNG IGNITER FUEL SUPPLY
TUBE. (See flf;uro 3-33A.) Specified IUbrlCallngl
procedures (methods) are outlined in section 1.

a. Observe safety, and contamination mltl
damage prevent!on reqUirements outlined In
section 1.

b. Aline tube (I) and spacers (3) as outlined
in paragraph 3-104A.

c. Luhrlcate (Method K) 4 0-l'ings (2) with
lubricant grease RB0140-012 (Hocketdyne), and
Install O-rings In spacer and flange grooves.

CAUTION
b'pacel's must not be rotated dudng
assembly in hlbe or when lube is
Installed. Vamago to O-rings may
restill.

d. Aline marklugs on spacers (3) and flanges
and install spacers in h,be (1).

e. Carefully Install tube. Make sure O-rings
In grooves are In place, and cross-torque bolls
at manifold end to 60,,5 in-Ib: then cross-torque
bolls at duct end to GO +~ In-lb.

f. Safetywlre bolts and remove markiJt[~s

from flanges.

g. Hefer to section IV for post-maintenance
test requirements.

3-104F. ENGI!'IE SUPPLY TlIm~.

3·104G. HE MOVING ENGI~E: SUPPLY 'l1.'m:.
(See figure 3-33H.) Specified lubricating pro- I
cedures (methods) are outllued In section I.

a. Observe safety, and contamination and
damage prevention requirements outllneri in
section 1.

aA. Using a marking method that can be re
moved, mark across spacer and flanges.

b. Disconnect flanges of tube (1) and remove
tube.
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HY.PEHOOL
"PMN1FOLlJ
(Rf:Fj

- TGNITEH FUl';L
VAl,vt (REF)

• FIXED
f"LANOE

-f:;WIVEi.
Fl.ANUE

IGNITER
fllf;J..
bUPl'L,·
TlIHE---

- SWIVl':L
H.AN<H::

r-.o. 1 rUEl.
IHGlt - PHrSSHRE
DUCT--
(lUa"j

L.-....__._. • . .

1 2 Spacer

h. Snfrtywire bolts and ~"",ove markings
from tlallgQs,

Spacers musl not be rotated during
nDsem~ly in (UllC or when tube Is
inslalled. lhmage to O-rings lllay
result .

l. If qul(,k-cUseo(JII('cl was removed, reinstall
qllick-dlsconneel all llutllned in 1~1l'agraph 3-62,

J. Hefrr to seclionlV for post-maintenance
test rrqulrrmenls.

e. Altne markings on Gpaeer (3) and on flange
at duct end of lube (l) and install spacer in lube.

r. Allne markings on spaCC'1' (5) and on flange
at valve end of tube and inslall spa(,cr In lube.

g. Carefully install tube. Make Sllrr (J-rinr,s
are In grooves and cross-torque bolts at valve
end to 65 ,5 In-Ib: lhen cross-torque bolls at
dud end to 85 ,5 In-lb.

CAUTION

h. Aline tuhe (1) alld Bpaccrs (3, 5) as out
lined In paragraph 3-104A.

c. Lubricate (Method 1<) O-I'lngs (21 wllh
lubricant greasc HB0140.. 012 (HocketllynlJ),
and Install a-rings In groove of spacer (3) and
In IlltnfllJ groove.

d. ,-"lbrieate (Method K) O-rltlgs (4) with
lubrlcRnt greaslJ HB0140-012 (HocketdYIIC), and
Install in grooves 01 spacer (5).

Flg.lre 3-33A. lr,niter Fuel Supply Tu~c

c. Hmnovc O-l'ingo (2) and spacer (3). He-
taln spacer.

d. flell10ve O-rings (4) and sparer (5). He
bill spacer.

e. If hobe will 1m repbced, remove qulck-
disconnect.

I f. Lubr!l:ant (Mf!thod A) chec:k valve fir uge
closure fastcners wlt.h luurlcanl greas(1
HB0140-012 (!{odteldyne).

3-1041l. iNSTALLING ENGINE SUPPLY TUBE.

I (Sce (lgurs 3-33lJ.) Spedfled lubrlrallng proce
dures (meflwdrl) are outlined In seellon J.

a. O\Jsarve safely, and contamlnallon and
danla~w prcvenllon rerjtl!remcnls outllned In
fH:~ction 1.
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Sect!()n m

- !:NOINE
SUPPLY
TUDE

-NO 2: FUEl..
rnaH-l'RE;c.:SURE
nuc'f (REF)

QOICK·OISCONNlcr
(REF)

1.-. ._.__

f':NOINE
coNrnOL
VALVE
IRSF)

- F.NOUU:
HYDRAULIC
SUPPLY
CHiCK VALVE
(REFI

-----------------_.
1
2

Tube
0- ring

3
4

Spacer
O-l'ing

5 Spacer

Figure 3· 33D. Engine Supply Tube
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Section III
Paragraphs 3-105 to 3-106

3-105. FUEL HIGH- PRESS1JR~~ DUCT FIT
CHECK (ENGINES NOT lNCOJlPORATlNG
MD.131 CHANGEI,

3 ·106. This proc~dure is performed only when
designated in oth!'r procmiures iii this ''''ction.
Th" applicablo main fuel valve must be installed
prlor to performing this procedure. Contami
nation and damage prevention requirements out
lined in section I apply to this procedure.

NOTJ~~

The spacing of flange bolts installed
in this procedure Illust be approxi
mate ly equa 1.

• Fit-check procedures arc the saml'
for No. I and No. 2 fucl ducts eX
cept as noted.

a. Using a 0.250 J O. 001 inch thick shim

I(1'-5041258, delail 102) to simulate a seai
plate, insta 11 spac,'r at turbopump oullet flal.go
with shim positioned against flange. MalIC sur~

that !low arrow on spacer points away from
turbopump and that spacer is rotated to locate
drivescrew at r> d!'grees counterclockwise from
maximum forward position of turbopump fuel
discharge flange, as specWod in rigid-duet
spacer dimension chart in r;n~inc Log l3ook.
Secure with 6 !.Jolts. Torque bolts 10400 j 5 in
lb.

h. llsin(~ ~ppiicable handling cqulpment from
Component Handling Fixture Sut G4068, po~i

lioa duct to em~ine.

c. Install spacer and '10.250 ,0.001 illch
thick shim (1'-5041258, ddaill02) at the fuel
valve C1ange. Place shim bdwe"" spae"1' ,lIlO

valve flange with narrow flangf' of spacPl' faeinr,
valv(' flange..

NOTE

The spa"er driveserew Illllst be posi
tioned in the maximum inboard posi
tion.

d. I'onltion fuel dud centerline as closely
as PObslble to centerHn('~ of rtlt:l ~Ivf' anti
turbopmnp f;pacflr. Secure each flnnge wHh 6
bolts, approxllllutely equally spaced. Torque
fa"t"neT8 to 400 I ti In-Ib, and l'umOVI) handling
equIpment.

o. Looseh, then torque bolts at fuel valve
flang" to 400 14 In·-lb.

f. Loosen bolts at duct inlet Clang,>.

g. Malte 3ure shim is flush ap,aillHt tUl'bOpllmp
flange :>nd sp~('el': then measure and rceol"!
maximum axial gap and minimum g,lp !.Jetween
chIc! flange and spaceI'. [{ecord gal' locations
reil1tive to drivpscrpw. GajJ limitations an- a~

folloIV8 :

(1) Maximum gap: 0.040 inch

(2) Maximum differcnlial gap (maximum
gap less minimum gap): 0.020 inch

h. Torqul) duct inlet [lange holts tn ,100 15
in-Ib and loos!'1l bllUs at VaIVI! end of duct.

i. Make sur~ shim is !'lush against valve
flange and spacer: then measUl'(' and r"eord
maximum axial gap ~l.Ild miuilllUlll gap bptw('(lJl

duct f1anp:e and spacer. Record gap !oealions
relative to drivcs<:rcw. Gap lirnHal:ons art) as
follows:

(1) No.1 fuel duet maximum gap: 0.110
inch with (>ngint~ in 'If'l'tic.:al pnsHiqll 01' 0.040
inch with pogin" in hori7.<JII!;ll posllion

(2) No.2 fuel dl,et maximum gal': 0.060
inch with (lngine in v('rfical POfiUion or 0.040
inrh with (!nginf" in honzonta 1 position

(3) Maximum diff,'!'enlial gap for No. 1 or
No.2 1m') duct: 0,020 illeh

NOTE

~rq)s j through I' provide final in
stallalion and alillell1ent lor fllel
duetB, bpaC(ifs. and seal plrdPH.

j. Makf' surL' tlmt bolts at valve flaJlgps :lr('
torqued to 400 ,5 in- lb.

1<. Ma rk (2 pia f'''S, 91l dcp:rees cpa rt)
arfOSf: volutn fJang(~ and spa('('r. Ihw a mark
in!> method that wlJl al!'lw marl< to be 1'('II1\)V",1.

Do Hot scrHJc surfares.

3·111
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1. Hf'lHov(> spac('r and shim ut volute, and
examinp all S('alillg sUl'f.H..'cs lor uamag(! that
would impa ~ I' sea linf, function. Helllove all ltlill
in~ sleevC's or ('ent(>rinl~ pins.

m. Jnstall spru:pr and spal plates wilh aIm
ing' marks on Hpa('pI' alilwcl \vilh marks on
volute flange. In"tall volute lh\ll~~o !Jolls, allrl
tOl'quO bolts to 1,150101,250 III-lb.

n. Inslall seal plates, anll COnllt'ct dud
flange i:> Spa(·l'r. TOI'qu(' bolls 10 t, 150-1,250
in-Ih.

o. M:u'k arrOSR valvl' lIanw' unci ,:;pa"cr IIHing
1lI('II",d lliat WIll allow !'('llIoval of mark. (~l

lIol bedbc s~lrf,.<:nR.

1'. Homol" Spal'l'!' and shllll at vnlve Cbn!:,'.
Examine fH.·alill!{ surfa('cB rOl' <l.lnmgp t1,al would
impair fH'Hlillg function. Hell\o\,(' all alillillg
HI('(IVCS 01' ('('1\1(1,'11114 pillf-;,

q. Ins,all spa"l'" and &l'nl platps with llIarl(
tin "pjl('lll' allllf'd with Ill,ll'k 011 vlllvv fJaJlj.!;v.
SP('lH'" JOIIII, and lorqu,' holls to I, If)l)-t,2~;O

",-ill,

1'. &1.fdY\l,'il'(I bolln at volut<' and dllct t1angps.

s. !t(,(,ol'd final flP:\C'('" tnfol'nmt!oll, i1H
t,pfl( HIt.1d, ill 1';IJI{iI1l' Lo~ nook.

!. COll1ph'le ",.I,llla(lo" 01'1 <JlItll"l'tlln a!lpll
e,Illl1' P!'cJl'(~dlll'("

3-IOH. ThlH ))I'oN'durc '~ l",dol'l,wet only whl'lI
clpk:ti~lJat('d in otht.'l' proc('dul'{'A 111 Ihis f:IC'l..-ltlIn.
Tilt- a})pli<'nhh.' main oxidll..e ~Ia)v(' Ijl\wt hp
imilaltcd priOl' to !>C'l'(orndng \,.l.r.: JIJ'o('('durl'.
'I'llp safply, ami c:oll(alllin:t(j1l11 Hnd dillH',Ig<, ))1'1'

Vl\Jltion l'(lq111nHl1CutH tlutlincd In Fw<'lioll ]
apply 10 (1:16 Ill'OC(·dll"I'. I~alldlillr. "qulpllH!1l1
l'('qu!I'('d l'''IlRI~ls oC ndapl"r U02fJ43t (No.1
f,"'1 dud). !J02n132 (No.2 h'I'1 dlld), nnd
fl XllH'" 902492 1-11 (rom Co 1lI)"""'llt nandlt n~
Flxl urc lid 114 060.

NOTE

Tht) spa('jlll: of f1nnt(l' holts ill6tallpd
in thh; !Jr(J('£'dUl'[' must 11C approxi··
mately eqlla I.

• Flt-dwck !1roeuuu!'{'S are til{' Hamo
foJ' No. 1 and No. Z oxldiZflJ' cluets.

a. lJsillll applicable handlinJ.: cquililll"nl fl'olll
Compunent lIandlll11: Fix!III'" Se( G4060, posl,
ti(~n a})pli('ab)(~ (hl('t hf'tw('{ln turhopump di8
chal'gt· IJan~lJ and oxidl?cJ' vah'(' llan~c.

b. Install Spa"<'1'8 and a 0.346 ,0.001 itu'h
thick shim (T-504125C, «plail 101) hpt\w'l n "aclt
duel f),Ulf.{O and tUI'hopllmp and valvp flang(·s.
PJr.H'Q shims at tll!'lJlJllUmp alld valve fJ.wp;ps.
P"Hitin!1 spa{'Crfi fiO tllat I1a'1~(\8 of bpac:C'!'s
fac{l valvt' flall~~{, and furlJoJHIIU(> flangt·, 1'('''

BtlI'd Ivr' Iy, wilh RpaCl'l' dl'1 veac r"WR I""illolll'«
IlIlIy ("rward.

hA, Verlfy ~,)rque 10<1uIl'ed 10 overcome
lockln!: fnatllro of nn!.; WllClI IIl1to are installed
on voluto f!;tIlgo hol'.B. Torque on a flOW nut
1ll118t be 15- 300 In· Ih. TOl'qlle I>n a u8ed nnt
IllUlit be 5-300 III·jb. A 1I11t Is cOll81del'ccllIsed
aftc!' thc llrst tUI'IIIIl!: of tho nut on a holt.

c. POilltlon oxidizer duet. rCllt"rlinn as closoly
as (lemslhl<l to eentorlino!) of oxldlz<ll' valvc an,1
tlll'bo(llllU(l sllaet!r. SCI'1I1'e ear:h flnn[(e willt tJ
bolt", aPIH'oxllllall'ly equally u)lacod. Torqc'
lush'nel'!> 10400,5 in-Ib, lIt:d rCIllOVf! han<lltn~

cqnl)I III 0 n!.

d. Looson; thcnlol'llUC holls at oxldlzor valvo
flang" to 400 15 In-lb.

O. Looson bolts lit ~ollltl! C1ango.

r. Mako suro !,him Is flush with flan((c and
spaCl,r a

lJ;. M(Ht:·;uro and record maxtll1\Un Hxial J,{i1P
at wldeslpnin: and minImum l~aplJ"tweeJ1 :If/JIll
er\hh~ tiJlHcet' and dud JIa'lHo. Hl'cor<l gap
loenllons rclallvc In <Il'tve,a:!'cw. Mnximu:n
axIal !lnp for v.,rllcal or horizonllli asscmbly
16 0.040 inch. DUter cntial l:al' (maximum r;ni'
'OSI; mlnllllHIlI gap) IllUNt 'lOt oxcoed 0.020 inrh.

h. Torque 1>oltB OIl volute flan(lO to 400 J5 ..-
tn-lb. '"

I. Loosen bolla at valve cnd fhln~\e or <filet.

J. Make (;l,re ahtm Is flush a!:alnBI valve
n~ age and spacer.
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::iection HI
Paragraphs 3-lO9 to 3-110

k. Repeat step g.

I. Recol'd final spacer information, as specl
fied, in Engine Log Book.

NOTE

steps III through u pl'ov!<le final Instal
lati'Hl an,1 alllwmen' (01' oxidizer ducts.

m. With bolts at ooth fla'lges torqued to
400 t5 in-Ib, m3~'J< flanges for location of
bpar."r drlves~r"ws using a marking method
lImt allows .t1ark to be removed. Do not scl'ibe
surlacCf! .

duds by determining the size, loc<ltion, anrl
position of the spacers used at the volut(, anrl
valve ends of the ducts. The safety, and con·,
tamlnation and damage prevention requirements
outlined In section I apply to this procNlure.
The following equipment Is required:

(1) ComJlonent Handllng F1xtul'e Set G4008
Cotrlp'Jlwnts: ,,,llptcr 0025431 (No.1 fuel duct),
adaptor 9025432 (No.2 fuel dud), anrl fixture
90201021-11.

(?,) ::>tlilable allnement plnB to eonter flange
boltholoR or allnement sle<:veG to center bolts
\n flange holes.

(4) ::i,,!<'ctlvo HpaC"I'B, part numbers 4.0835
and 410830, ,'onsis!lng of the folloWing sizes
Indicated by tI,,· dash numhel' following the b"slc
part numller.

fl. Loosen holts at both lIanges, and remove
~him and spacer at val'!c enl! of duct.

o. MalIC Bllrl) that all scallng surfacl)s arc
fn'o of damage that cuuld hnpair sealing func
tit,n; thell Install spacer and [H'l'Ssure-aeluatcd
seals b"tween duct and valve wlth drlvesermv
of spacer allllod wilh mark on flanr:e.

1'. Install (l holts ancl washers at valve
!lan!:e, TI!lMon but do nol torque b"IW.

q. Hemove shim and spacer (It volute.

r. M,lke stlre that all sealing suI'lU('OB al'e
free of dall1nge that wouhllmpah' their ~ealtng

f'lIlcllon: then h19tall Bpllcer find l'l'essure
a~tua!"rl sea In bdwepn ,h,ct ftallgo und volnt"
with drlvellcrcw or spac('r allilorl with Ilia. j{ on
flan~o, Se(:uro f~ln!~e with (J bollil.

s, Torque bolls at valve flange to 400 '! 5
In-Ib; theu torque at vol'Jto 10 same vuluc.

Dash NUllllwr
(4101l35- )

-II
~~ 1
-31
.41

Dash Nnmb!'!'
-l!!.01J36- )

.. ~~

-5
-'I

Ncrm

Trll",r",1 Thtcl(lless
_Jlnch) __

2,50?' to 2. b62
2.502 to 2.552
2.552 to?', 562
2. [jOO 10 :l,40U

Tapere,1 't'hlclmrss
(Inch)

0.980 to O. WIO
O.IHiO (0 0,811)
0.010 to O. {jOO

t. Loosl'n holts at volut... !lang,,: then InBlatl
l'l'lllllinlng bolts at f1an"e, and l:roaA-t orquo
nutn and bolln seeul'cd with tIJwadl!d hmdwts

I to 02 f f; ft-lb. SafotyWh'e boltn.

u. Install remalnlnl: bolls at va!vn lIange,
and torque to 1, 150.1,250 In- HI. S;, fetywi re
bolts. Complete Inlltaltatlon as (Julline'i hI
applicable procedure.

3-109. ~'UEl, IIIGl!- PRgS~tJR!U2UCTFE
CHECK ENGINES JNCORPOnATINO MD137
ptANpIf . .----------.

3-110. This procedure ts US(,rl wl"'n designated
in other procedures in this soction. 'fhe pro
cedure finalizes the allnod position cf the fuel

The f1pplieahle hwl valve Il",st II"
installed to !Il-clw(·!t dtlct.

a. !lofH to F:.lglne Lo(~ !look lor llI'('vlouo!y
In/:lalled spacer fllzes and spae.)!' positioning
lllfol'mat!oll.

b. Note direcllomll 't1'r'ow on sides 0)' SilacCl's,
ami USl' spacer's and shims for applleabl(' fuel
duct as follow~::

(1) No.1 fuel duct; shIm 1'-[j041258,
detail 102 (0.250 .0, Ii.- t inch), botween spacer
a.nd fuel volute f1unge find shIm '1'-5041258.
detail 105 (0.180 •0.001 Ineh), between fuel
valve flange find spacer.
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(2) No.2 fuel duel: 2 shims 1'-0041258,
detail 102 (0.250 ±O. 001 inch), one £hilll be
lweeo spacer and fuel volute rnd one shim be
tween fuel valve nan[(e and spacer.

c. !Jain.: suitable centering pillS or bolls
with alilling sleeves, inslall shim and spacer
at fuel volute, Uclel' to slep L for shim and
spacer loratlon. Seeur" wllh 0 Lolts approxi
mately equally spaced alld torclue holts to
400 ;0 in-Ih,

'I, Using applicable handllnp; equipment,
position fuel duct for Illstallation. Using sull
able eentel'ill[( pins or holts with alinllll( lllel'ves,
fasten dud to nlxlee,' Illstalled ill step (', and
secur(, ducl f1anp;e With 6 approximately equally
spaced holts, Torque baits 1',400 i 5 ill-lb,

e, USlJIg liuitahle eenleting pins or IJolts
with aitning f.'!l)eVeS, Inslall appllcahh' 61"11"'1'

and shim at \alve end llf dllct, nnd aline with
valvl' f1anl(' lin that 6 approximately cqt"llly
spaced bolts will tUl'll frec'ly when thr('Mls aro
l'ngagod III v,tlve lJO(ly. Oldel' tel slc'p IJ for
shim and SPiH'OI' IClention.) If allr,pml'nt cannot
be oblaillC'Cl, r,mke ncct!sm\l'Y cot'l'Pclinn at
volutl' end of (Iuet uslm: one 01' bolh of the
f"Uowlnf( motllods:

(1) HolatJlm of spacor.

(2) Iloplaclnl: fljJ<l(,('1' with one of a dlffcl'l'ul
sizc.

l. Torque boltd at valv!' "nc! of dud to
400 i 5 in-lb.

g. Loosen Hall!lo bolls at volut" end 01 duct,
removc centerlnp; plna <)1' aHlwml'nf skevcs,
and retOl'quc bol!;l to 400 i 5 ill- Ih.

h. Hemovc bulle at valve ond of duel.

\, Measure anrl r('co1'd maximum axial g.lf>
and minimum axial ~:a}J betwocn vUlvo flanf(e
and shim. Deterrr inc maximum differential
gap (maximum u'CIIlI gap 1l'S/l minimum axial
gap). Rotale or change spacer size, as /lecus
sal'Y, to meet the following requlremeni/;:

(1) No.1 fuel duct (valve fl:,nge to shim);
maxln.um axial gap 0.180 Inch, mnximum
dlffel'entlal gap O. oao Inch,

(2) No.2 fuel duct (valve fL1nge to shim);
maximum axial gal' 0.060 inch, maximum dif
ferential gap 0, C20 iJleh.

NOTre

If the gap reqnil'ementa of atcpH 1
and I cannot be met, perform steps
III thl'ough 1', as reqUired.

j, lIsing 6 approximately equc.lly spaced [lolts,
se'CUl'e duct, spacer, and ~him at valve f1alll~e,

T'lI'qll" bolts to 41;0 15 In-Ib,

Ie. LOllsen boltu of volute end of duet.

I. Measure and record maximum axial gall
and Jlunimum aXlal ~~ap belween duet !lange and
RIllleo,'; llien ddC'l'lnllle l!I:1xirnum differential
I:ap (m"x; mllm axl .. I ~ap less minimum axial
g:lp), CI~lIlg(' 61"""'1', ab neccsBary, 10 n1('e't
rl''lulrem"nIH. 'I'hl' maximum axial gap for
"ither fuel duel (<1\1<,t fl,lnbe to spacer) is 0.040
InGh, The llIaXlIllIlIU differential Ie 0.020 luch.

NOTE

st<,ps III through 0, 01' P IhroUI(h 1',

01' hoth, are performed only If /lec
c'ss,u'y to !lwet ga" requlrelllCnts
of HtoPH I and J.

nl, Torque tlOllfl at 1I0th dllel fli\ngos to
400 15 In-Ill,

n, LO(I!ll'n fuel val ve flange bolls at fuel
manifold; then rclol''luC bolt" to 400 .5 In-lb.
Bolls mUllt rulate frl'"ly (with th1'cadH engaged)
when Iurned by l,nll(1.

0. J"()O,~cn holls ut dud to valve flnn((o, and
ropeat a('I'I> f t111'ough I.

p. 1'orquo l ..lltli at i10th cluet flangcs to
400 t 5 In-lb.

q. HeJlwve r.ent('r1IO~ pins or ,,1Inlnll sleeves
at voillte' HangC', Ilnd lool)<)n bnlls. Malee Ilure
bolts wlll rotate' fref)l" (with threadn engaged)
wi,en turned hy hand; then torqut> bolt" to
400 15 In-lb.

(
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I'. Loosen holts at duc'l (0 va Ive Hallge, and
repeat steps i Ihl'OU~:h I.

s. !lecord Hilul spucel' informutioll, as
specified, In t;nt:i!w Log Book.

NOTE

Sleps t Ihrough ab provide final In
stallatlon and alillemelll for fupl
ducts, SP.~CC1'S, and seal platc·s.

t. ;\Olakc' SUI'C lhat holts al valve flange UI'C
torqued to 400 , fi In-Ih,

u, Mark (2 places, 00 dCgl'CCS upart) aCI'OBS
volul(' I1ange ami Bpac.'l'. Using a mal'kin..{
nwlhod that will allow Inark to he! removed. f},l

not scribe surfa('cs.

V. H('n1ov(' spacPl' ilnd shim at volutf'. and
cxamlne all scaling suJ'faceB lor damal:e that
would Impair s"'llIlIg function. Il,'mllv!' ull
alinj'lg sltll'v(>s 01' cenlol'il1{~ pins.

w. Inlliall spael~r and Beal pla(e, wllh allnlnl{
markll on spacer aHned wit h marks Illl volu(e
flange. und tab of sc'al plate posltlolll!d fo('wurd.
lnstall volute C1ungc hoHs, "nd torque to 1,l.r)~·

1,2fiO In-lb.

x. InslaH seal plate with tah IJOsIlIOlH'd fol'
ward, und .,OIllIl'C't du('( flalll(C' to "pa("'l·. '('orque
bolts 10 1,150-1,250 In-Il',

y. Mal'k ~H:l'OStJ valve flall~c and spacer
using method Ihat wlll allow rell\oval of marl<,
lJo not scribe surfaeos.

z. Homovc' spacer and shim al valvr 11;ln((e.
EX'l'lInlll('l Hc'ulinn Aur{accH fill' c1ama(~(1 that
would impair srallng fur,ellon, llelllOVC all
allnlnJ( slecv('s or centering pilHI.

au. Instull spacc!!' and sealplalcs, wilh
mark on spacer \l1ined wilh mllrk on valve
flango and tah rof seal platos positioned oulward.
Secur" Joint, and torque bolts to 1,150-1,250
In-Ib,

abo Safelyw're fJanr,e bolts al volute and
valve.

I abA. If £1\.,1 valvo to fuel manifold bolts were
loosened, torque bolts to 1,150-1,250 In-lb.
Safetywlre bolts.

ac. Complete Installation as outllned In
applicable pronedu.:e.

3-111. OxmlZt:H HIGH- JlllESSUrlE DUCT F'1'l'
£HECJfjNGlNES IN'C0J!I'OilATING ¥Dl3,l
Q!M.!::!S;E •
3-112. This procedure Is used when designated
in oll.!cr llJ'ocedures in lhis beclion. The prnce
ch,r(, finalizes the alilled position of Ihe oxidizer
duels by determining the nlze, location, alld po
1:11 ion or 11", spaeer~ used at lhe volutc ano.valve
'''Ids of the ducts. The safely, and ('ontalllinallon
..uld danm~e IJfevcntion rcquil'cmcnts (Jut lined in
sertiOlI I apply (I', this prorodur(·. The following
cqulpnll'nt I s rc,'~ulred:

(I) Coml'cJl]cnl Handlinl: Fixture Set 04068
eomponcnts: 'lClaptr'r 9025433 (No. I oxldlzcr
dud), adapter ~025434 (No, 2 oxldiz\'r duc(),
alld fixture P024021·lJ (No. lor No, 2 oxidizer
ducl).

(2) Sultahle a 11110 liCllt JlillS to ccntcr f1augr
holtholcR 01' alillenHJllt slcev,'s to centl'r holts
III f1angc holeR.

(3) Dummy sealllct '1'-5041258.

(4) S<>lecllvc IlpaC"'I'S, pal't nllmhl'l' 410837,
c('nslsltnl( of the! following sizes, Indlc~.I,'<l hy
the dash lIumber followlnl: the haslr parlllumlJor.

Dash Numhet· 'I'appred ThlckJ\l'sS
(410837-) (1IIeh)

-3 O. ROO (0 0,700
·5 0.830toO.820
.'/ 0,800 to 0, 8fiO
-0 0.800 to 0,880
-13 0,020100.010
-15 0,050 to 0.040
-17 0.080 to 0.0'10
-10 l. 010 to 1. 000
·23 I. 040 tll 1. 030
-25 I. 070 to 1,060
·27 I. 100 to 1. 000
-20 I. 130 to 1. 120
-33 1, 160 to 1. IIiO
·35 1.100 to 1.180

CAUTION

Compollcllt parts InUS( be mailltalncd
in an oxidizer-clean condition and
purts handled so as to pl'cclude
damage to 8t:!'allng Rurfacco.

NOTE

The appHeahle e,:ldlzer ~'ulve must
be Illstalled to flt-check duct.

a. USt' appltcable handling equipment II' place
oxldlzcr duct In pOSIt ion.
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I
h. Hefel' to Enf{inc Lo(( [1001< fOl' prcvlously

iJlstalled SpilCl'J'S and bpaCl1l' positionin~, iJlfol'~

nlatlon.

c. Note dll'erlional al'row on side (,f spact'l'S,
and Install appropriate spacer at each end of
duct in exact position as I'ecorded in j';nr:ine Log
Book. lIse one shim '1'-5042158, detail 101
(0.340.0.001 inch), helwN'n spacel' and volule
flangc> and one shim hetW('(lll r.pacC'l' and valv(l
flanf:e. Aline fJ;lnl;cs, spac<'!'s ~nd shims at
valve using 2 suitahlc centering pins or holts
with alining- sj<!eves.

d. SeCIlI'" joint at valve usinl: 0 approximately
t'''tL~lIy ')(1ac",1 holls. !Jolts must tUl'n ft'e<!ly hy
haml with thl'cads enl(aged. Tighten, but do no!
lOl'qu(' holts 01' relllove ccntpring do\'lc(~s.

e. llelllove handllnl( Nlulpmcnt, and check
alln" ..",,,1 oj hollhol,'s at voillt .. f1'\I1IW joint by
Installing Ii apPl'oxlmatel~' equally sl"'I','d holtn.
If holls ('a",,,)t I", i"stallcd and I'olated Erl'ely
hy hand, cOl'I,..d allll('nH'nl hy I'el,laclng vaIV<'
Sp'll'el' with a spaccl' rilZ(' that will pl'ovide clIr
r,'rl a IInenwnl. Us,, h,,,,,llInlt ('quljllllfml if
!'cqult·('d.

r. Torque bolts at valve f1an(l(' to 400 15 In
Ill.

NOTE

If the I:ap I'NIUIl'('ments of Iitl'jlfj V.
Ihroulth k "annot I", md, lilt,ps I
through n ulay be pl'I'fol'lIH'd,

~' Measure ami l'(i(~ol'd maximum and mini
mum ~.y'ji.\1 ,~apB at volute C'n<l of Clllcl hctwNm
dud dall((o and spa""I', Makt' HUl'e Ihal no ((ap
exl ,I. bt,tw/,,,n volute f1allt:e, shim, and spacer
w mCiHHU'(IIl1CI1(lJ Ut'(' made. M;n:imum clxlal

I\ap must 1I0t exc('('d 0.040 ;'",h. If maximum
axial I:ap oxcrccls 0.040 lllCI" rohte vohll('
upact'l' to pOllltlon upacel' nolch at location or
maximum Hxial ~ap; th('11 l'cp(lat measurement:;,
If aeceptable maximum ((ap cannot he obla Ined,
1'otate 01' r('pJac(' spacer, as necessary, to
meel r"qu ircments.

h. Determine maximum differential gap
(maximum axial gap less minimum axial gap).
Maxlmulll dlfferentJal gap muol not exceed
0.020 ;nch.

I hA. Verify tOI'qUI;' required to overcome
locking fealure of nuts when nute arc inslalled

on volule flange bolls, Torque On a new nul
must be 15-300 In-lb. Torque on a used nul
l1Iusl be 5-300 In-lh. A nut ts consIdered us cd
after Ihe flrsl turning of the nul on a boll.

i. Torque bolts al volul(' E!:lnlle to 4C ,5 In
Ib, and loos('n bolls at valve' flang,'. Hen,ove
valve flange alll1Plllcnl sleeves or e(lntC'rIJlg pill$,
as app!i('able, Make SUI'e thaI valve [Jart~(, holls
(with 1I11'l'uds cn((agedlrotate fl'l'('ly wlwn turned
hy hand. If bolls do not rotate frN·ly, r('pcal
sleps d thl'OUI:h h umll rl'ql,lred eondition Is
ohta illed.

j. Meamu'(1 Hmll'erol'd maximullI and JIIini'"
mum axial ~apH hetwnen valVe> t1nnr.o ~tnd shim.
Make· sure that rtO ((aps ('xisl belw('en c1ucl fhllllt",
8Ime('r, HIHI shim when nwasllrCllwnts art' Illadp,
Maximum axial I:UP must nol ('xc('('(1 0.040 inch.
H maximum axial gap l'x("('('ds 0.040 Inch, rotate
HIM(,l'r (0 posHiort notl'h rof SP'U'('I' nt lo('alion of
JlIa:o<iHlum axial ~UlJl mlCl rCl){lHt mC:HHu'(,Il1CutR,
If aCl'l'plnhl,' maXillltlln gap ,'allllot he nhlalm'd,
rotalt· 0(' 1'(1))lnCfl spateI', iU3 1U'{'('fwary, ,uul
I'~JH'at nwaSU1'Cnlflnt H.

k, Dc't"rmln,' maximum dlfft'r,'nlJal gap
(maximum axial gap I"ss minimum axial ~:apl.

Maximum dlflel'('rttlal !:ap Jllusl not ex('el'd 0.020
Inch.

NOTE

SlPlJB 1 thJ'(Ju~~h n ;u'p IlPrfol'mrt! ouly
If the gap l'f'qU Il'l'm,'ntll of Sl"pH ~:

thl'OUlrh k wer(,; nol ohtalnl'd,

l. Mal", sUI'e that Ii "olts at l"ll:h end of dud
arc tOl'qurrl II' 400 ,G In-Ih.

m. LOOS"'l bolls al oxidlzel' valve to oxldlzl'r
don\(' flanl\"; then rctorque bolts to 1,150-1 ,2GO
ill-lb. Snfl'tywll'e lmlls. and Inslall alUlnlnulll
sea 1on rm{otywJrp.

n. Hepeat st"jW a [I11'OUI(1t It, as Il<"'l'ssary,
until dlllwnsloJUll r!''1ull'emenIH call he ohtallH'd,

o. He!:ol'(; fhUlI Sp'Wl'l' Infm'mallon, as
fJpc!:lflecl, in Ent\lne Lo(; Hook.

NOTE

Stcps P thl'oug-h y prnvlde flna I In
slalhilion and altncmenl f(ll' oxidizer
ducls.

p. With !Jolls al bolh flanges torqued 10
400 j 5 In-Ib, mark flanges for locatton oE
spacer notches usIng a marking melhod Ihat
allow mark lu be removed. Do nol scribe
surfaces.

(
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q, Loosen bolts at both flanges, and remove
shim and spacer at valve end 01 duct.

r, Make sure that all scalir,., surfaces are
Iree of damage that could Impair sNdlng IllIlC
tion; then Instail spacer and pressure-actuated
,;eals betwec·n dllct and valve with notch 01
spacer a lined with mark on f1anl-:e,

s, Install 6 holts and washers at valve flange
using 2 allning sleeves on bol(s 180 degrees
apart. Tlght"n but do not ,torque boits,

l. nl'lIIove shim and spacer at volule,

u, Make sure that all sealing surfaces arc
free of damage that would Impair theIr seallng
fllnetion; th,'n Install spacer and pressure
adllated s,'als between duct (lanl(e and volute
willl mark on spacer alined with mark on
liangI'. Sccllre with 0 holts,

v. 'I'orqu(~ holts at Vollv(' fhlnlle to 400 ; 5 In ..
Ib; then torque bolts at volule to same' value,

w. Looficn holtH at valve' flant{(~, remove
slpeves Irom holts, then torque holts 10400 J 5
In-II>,

x, Loosen bolts at volute (lanv,e; then install
l'emalnhll( bolls at flange, and CI'oHll-torq""
nuls and bolts secured with threaded bracket to

I 1'2 i 5 It-Ib, ~Jafctywlre bolts not s(!cured with
nuls,

y, rnstalll'emaInh\(1 bolts at Vol).'e flange
and tm'que to 1,150-1,250 In-Ih, Saletywlre
bolts, anti complete installallonlls outlined In
applit'alJle oxidIzer duct I"'ocechll'c,

NOT~~

If the minimum thlcknf:SI:l of Ihe
spaeel' at the valve lIange is 0,903
Inch or Ie, -" addltlonal washorn
409203 must be used und"r the bolt
head.

3-113. F'U~~ IIIGH- PRESSURE DUCT
SPACEHS AND SEAL PLATES,

3-114, Fuel duct spacers and/or seal pilltes
may be rep'<aced. The spacers must he the
same sIze and Installed In the same position as
I'ecordert 1,1 Ihe EngIne Log Book.

3-115, REMOVING F'UE;L IIIGH- JlRESSUHE
!JUCT SPACERS AND SEAL PLATES.

a, Mark acrOllS flanges of appllc<11>le joInt 2
p1:lces, 90 degreE's apart, usIng markings that
can be removed, Do not scribe,

b, He(pr to apI.ltcablc fuci ducl removal
procedure and dlslssomhle applicable joint.

3-116, INSTALLr~G FUEL IIIGIl-PHESSURE
DUCT SPACEIlS AND SgAL PLATES,

H. Inslall new HJlih~t.'r and/or seal plat()fj
using 2 bolts with a lining s le()vcs or a lining pins
to aline flanges, spacer, soall'latos, and flan!(e
marks. Make sure that spal phlle labs are
poallloned forward at volule joints and outward
at mlve joInts and IIlat spacer Is positiuned as
recorded in Engine I. 01: Hook.

b, Install 5 bolts at IJanl:e and t:ghton 10
maintain alhwmont; th(m remove aUnilll: pins 01'

bolls with allnlnA sleeves.

c. Install remaining faHtoners at jojnl, and
cross-torque fasteners to 1, 150-1,2,,0 in-lb.
Snfetywlro fasl('ners.

d, Hofer to appllcablo fuel duct Installation
Ill'ocodure alld Install remalninl: pal'tll alnPl,lI
cable Joint.

e, Refor 10 sllclhn IV 1m' posl·m:lltll"'HlIICO
test r(,qulremenls,

3-117, f.UEL Y.M...'ll: TO FUI';l.dli,aliV'Ol.Q
QHIFIQ!'; PLAn;,

3-118, fhe ol'lflco plate hptwocn elt.h(lI' (uel
Vollve and the thrusl dmmhor !lwi manifold may
be, replaced,

3·110, HI~MOVING "UF:I., VALVE '1'0 FUEL
MANIFOLD OHIFICE PLAn:,

a, Support appUoable luel valve 10 maiutaln
allnelllent olmanlfold and valve f1DIlI:oS whel\
Joint Is dlscul\nected.

h. Helm' to applicable fuel valve rellloval
procedure and disassemble joInt, as required,

c. Remove crlltce plate.
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3- 120, INSTALLING FUEL VALVE TO FUEL
MANIFOLD OnIFICE PLATE.

a. Install ',rlflce plate \Ilth tab forward, and
install flange fasteners,

b. Cross-tol'que fastener" 101,150-1,250
tn-lb, Safety,vire fastcners, and install an
alnmlnum seal on lockwh'e.

c. Heinstallpal'ts removed to disassemble
joinl as oullined in applicable fu,,1 valve iJwlal
lalion pl'ocedure.

d, Hefer to secllon IV f(,I' posl-malnt<onancl'
test requlremenls,

3-121. OXJJ)I~EH JIIGII-I'IlESSUHF. DUCT
SPACftHS_hNDJ)H~;§Sln~~-<l.C:.IJl.d:rfDSEALS.

3- 122. neplaclng oxldl~el' ducl spacer :lnd/ol'
p1'f'sslll'e-aeluated seals at the oxidizer t1uct
joints 1'<'Iluh'es removal and installation of the
applicahle oxidizer duct as oulolned In pal'a
gl'aph :1-13" 01' 3 -139.

3-123, OXIJ)I\O::ER VALVl': 'I'OOXIDIUm
nOME PHESSllHE-ACTUA'I'ED SEAL.

3-124. 'rIlO pl'eSBln'e-actnated seal between
eltllol' oxicllzer valvo and oxidizer dome may
he l'nplaccd,

CAUTION

Pel'sonnel must not apply weIght on
the oxidizer valve and duct when the
valve Is disconnected from the oxl ..
dize1' dome.

3-125. HEMOVING OXIDIZER VALV.: TO
OXIDlZEH DOME l'RESSUlm-ACTUATED
SEAL.

a. Hefel' to appllC,llble oxidizeI' valve
removal pl'ocedu1'e lind dlBau~emhle joint,
as l'equlred.

b. Remove pressure-llctuated seal.

3-126, INSTAI,LING OXIDIZER VALVE TO
OXIDlZEH DOME PRESSURE-AC'rUA'l'ED
SEAL.

a. Install prccsure-actuated seal and flangc
fasteners.

b. Cross-torque fasteners to 1,150-1,250
In-lb. Safetywlre fasteners, and Install an
aluminum seal on lockwlre.

c. Reinstall parts removed to disassemble
joint, as olltllned In applicable oxidizer valve
tnstallation procedure.

d, Hofer to section IV fol' post- maintenance
test I'equlrements,

3-127. !iQ~. 1 FUEL HIGH-PRIiSSUflIUlY..12'!..

3-128. .:quipment required fot' removing and
Jnstnllln~ the duct consists of aclaptc'r 9025431
and flxtUl'C 9024921-11 from Component lIan
dllng ~'jxtllre Set 04068, An alternate proce
dure Is ;Jrnvided in paragraphs 3-129A alld
3- 130A f('I' replaclnll the No, 1 fuel hlgh
pressure duel wilh the engine positioned
horlzontaliy (as In the vehicle) and wilh lhe
No. 1 lind ;./0. 2 oxidizer hll~h"pressul'"ducts
and the No, 2 fuel hlgh-pnasul'e duct inslalllld.

3-129, HEMOVING NO, 1 FUEL HlOII
PHESSUHE ')UCT. (See figure 3-34.)

WAnNl~'G

Component Handling Ji'lxllll'e Set
04068 must be opomte" hy auth
ol'lzod peraonneltrailled in lho use
of lhe equlpmenl.

a. Observe contamlnatlon and dalnage pI'e
ventlon requirement,) outllnedin Sectton I.

b, DIsconnect thermal Insulntto,l bracket (I),
Secure strut clear of ducl flange.

C, Disconnect braekel (lA) fl'om bollhend,

d. On englrwR not lncol'pol'nltng MDI50
change or MD151 chilnge, relllove tubc-"{i) and
seals (3). On"mlglnes tncorporatlllf( MDI50
change or MDIl;1 change, remove tubo (2:A) and
seals (3A). - ---

e. If fuel doct L~ to be replaced, remoVe
elbow (4), nut (5), ring (6), and gasket (7).

I. Remove auppolt (8).

g. Remove tube (0), seals (3), and support
(10).
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~, 3-1·1e

Clamp 22C SlllConor
Bmckel 23 Plato
llrlwket 24 Seai platt>
Drack"t ?5 Soal piato

2U ~acorTube 27 eal piate
Spacor 28 Soai platl.'
0- ring 29 Spacer
Angle 30 Seal plate IBrackot 31 Duct

I I Brackel 'I ----0'IHkct -fa
lA DrlW!iet 8 St:PPol'l(a) 1'/
2 Tube a) 9 Tube(a lB
2A Tubq b) 10 Support(lI) 19
3 Soal lIn)) 11 Clamp\c)(.) 20
3A Seal b 12 Adap,ler(L 21
4 Elbow 13 seal(C) 22
5 Nut 14 Bl'lICket(c) :~2A
6 Ring 15 Bracket 22B

raj Engines not incorporating MOHO 01' MD151 change
(b) Engines incorporating MD1500i;'MJ) 151 'Change
(c) Engines not incorporating'MD~ change

-------------
F'lgul'e 3-34. No. 1 Fuel High-Pressure Duct
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h. On engines not Incol'porating MD96 change,
disconnect clamp (11) and transducer connector
as outllnrd In paragraph 3-16.

1. Remove adapter (12) (with transducer
attached), seal (13), and bracket (14).

J. DlscOlmect 2 brackets (15), clamps (16),
and brackets (1'/ through 10).

k. Remove tube (20), spacer (21), and 0
rings (22). The same part& are used at hypergol
nmnJfold end of tube.

I. If fuel duct 1s to be replaced, romovll
plate (23) and seal plate (~4).

1A. Disconnect thermallnsulatlon angle
(22A) fmm bracket (22B) and remove bracket.
Retain attaching pal'ta.

In, Disconnect thel'mallnsulatlon surfenel'
(22C). (The stiffener IS a part of thermal In
sulation fmm'~ 145477 and may be removed
with the outer portion of the fl'ame.) (Hefel' to
n-3896-B, )

m. Install adapter 9025431 011 fuel du,:t, and
'lOnnect flxturc 0024921-11 to adapter. (Soe
figure 3-35.) Mako sure that holst hook Is used
at propor lift points of Ilft flxture.

II. Noto position of epncers by dl'lvescrlJW
or notch locations. Spacer sizes and posltlons
are recorded in tho Engine Log Book.

o. Remove fasteners from valve end of duct,
and remove seal plates (25, 27, figure 3-34)
and spacer (26).

p. Hemove fasteners from volute end of
duct, remove Beal plnte (28), and carefutly
remove duct (31).

q. Remove fasteners from volute flange and
remove spacer (~9) anti seal 11 late (30).

I'. If duet wlll be ,l'{'pl'lced, remove draln
quick-disconnect from duct.

3-129A. REMOVING NO. 1 FUEL IDGH
PRESSURE DUCT (AL'rERNATE PROCEDURE).
(see figure 3-34.) This procedure Is to be used
only If the engine Is positioned horizontally (as
in the vehicle) and If the No. 1 and No. 2 oxi
dizer hlgh-pl'esBure ducts and the No. 2 fuel

high-pressure duct are lustalled. The location
and pesltlon of the No. 1 fuel valve must remain
the same as In the Inltlal Installatlon, and the
dash numbers and orlentaiIon of duct spacers
410835 and 410836 must remain unchanged.

a. ObBel've safety, ?nd contamination and
damage prevention requirements outlined In
section I.

b. Dtsconnect thermal insulation bradwt (1)'1
Secure clear of auct flange.

c. Disconnect bracket (lA) from boUhead.

d, 011 engines not lncollJOrating MD 150 or
MD151 change, remove tube (2) and seals (3),
On engines Incorporating MD150 or MD151
change, remove tube (2A) andseals (3AJ,-

e. Helllove elbow (4), nut (5), ring (8), and
gasket (7).

t. Remove IIUpPOl't (8).

g, Remuve tube (9), seals (3), and support
(10).

h. On engines 1I0t Incorporating M09B ehange,
disconnect clamp (11) and ll'ansducer connector
as outllned In pal'agraph 3- 16.

I. Homove adaptor (12) (wUh transducer
attached), senl (13), and bl'acket (14).

J. Ulaconnect 2 brackets (15), clamps (18),
and brackets (17 through 19).

k. Homovn tube (20), spacer (21), and 0
rtngs (22). fiamo pal·ts arc used at hypergol
rnanlCold end of tube.

kA. Dtsasscmble thermal Insulation anglo
(22A) and bracket (22B) and removo bracket.
Retain attaching parts.

kl3. Disconnect thermal Insulation stiffener
(22C). (The Btlffene~ Is a part of thermal Insula
tlon frame 14547'( and may be removed with the
Quter portion of the frame.) (Refer to
R-3890-B. )

I. Hemove plate (23) and seal plate (24).

m. Mark across valve flange and spacer (
usIng method that will allow remova.l of mRI·k.
Do not scrIbe surfaces.
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n. Remove fasteners from valve end of duct,
and remove seal plates (25, 27) and space" (26).

o. Remove fasteners from volute end of duct,
remove seal pl~te (28) and carefully remove
duct. (Duct weight Is approximately 85 pounds. )
Do not remove spacer (21l) and seal elate (30)
from volute end of duct.

3-130. INS'I'ALlJNG NO. 1 l"UEL HlGH
PHESSURE DUCT. (See flgure 3-34.) The
lubricant used in thlo procedure Is lubricant
grease HB0140-012 (Hocketdyno), unless other
wisc spedflcd, Specified lubricating procedurcs
(mcthods) are outllned in section I. Where
multiple fasteners are used at joints, the appli
cable torque and safctywlrlng methods outlined
In secllon I must be used.

a. On engines not Jncol']JO['atlng lI-ID137
chani(e, perform fit checl. and InstallatJoii of
fuel duct (31), spacers (26, 29) and Beal plutos
(25, 27, 28, 30) us outllned in paragraph 3-105.
On engincs lnco'1lOraling MOI37 change, per
form lit check und installutloi\7:ir fuel duct,
spacers, and Reullliaies as outlined In para
graph 3-109. Following completlon of applicable
proc\!dure, cOlJlplele installation of "emalnlng
parts Index (I through 24) as outlined In t.he
following steps.

FIXTURE
002"921-11-

FH+15

Figure 3-35. Handling No. 'i~l

High- Pressure Duct

b. Observe safety, and contamination and
damage prevenllon requirements outlined in
section I.

c. If fuel duct was replaced, install seal
plate (24) and plate (23). Cross-torque bolte to
60 ±5 in-Ih. Safetywire bolta.

d. Aline Igniter fuel supply tubo (20) and I
spacers (21) to duct (31) as outlined tn para- I
graph 3-104A.

dA. Lubricate (Method K) 4 O-rings (22) and
Install In flange and spacer grooves.

CAUTION

f;pacers must not be rotated during
assembly In tube or when tube IS

installed. Damage to 0- rings may
result.

dB. Aline markings on spacers and flanges
and Install spacnrs In tube.

de. Carflfully Install tube. Make sure 0
['Ingrj in grooVl:s are 11\ place, and crosn-torque
bolts at manifold end to 60 ±5In-lb; thon cross
torque bolts at duct end to 60 t 5 In-II•.

dO. SMotywire boUs and l'l'move markings
from f1angos.

dE. rr sUffennr (22C) WlIS rel\lov\ld as a part
of UW1'mrlllnslliallon fram<, 145477, "oinstall
frame portion using Informatlon In R-3U06-6.
If stiffener was disconnected only, attach sliff
ener to fhmgn bolthends using bolts NASlO~5,·1311

and washers RDI53-0004-0002. Lubrl(,ate
(Mnthod A) boilrl with thread compound C- 5A
(Felt. Productn). Torquc bolts to 60 J7 In-lb.
Snfotywlre bolls.

dI~. Assemble anglo (2?A) and bracket (220)
using bolls NASI004- 4H or bolls
HDlll-1009-0411 and washers LIl153-0013-0002.
If bolls NASI004-411 are used, lubricate them
as outlined in step dE:. Torque bolls to 68 .7
in-lb. Safotywire bolla.

dG. Attach bracket (22B) to nang" bolthoads
using boilS NASI005-4lf and washers
RD153-1l004-0002. LubrIcate bolts as outlined
In step dE. Torque bolts to 68 ±7 In-lb. Elnfoty
wire bolts.
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e. Connect brackets (18, 18) to volute flango
bollheads. Torque bolts to 160-210 tn-lb.
Safetywlre bolts.

NOTE

If the (uel Impeller balance cavity
supply tube was removed, It must
be Installed as outlined In paragl'aph
3-313.

f. Install brackets (15, 17). Torque bolts to
100 ±5 In-lb. Safetywlre bolts.

g, Install harness ciampa (16). Torque nuts
to 24-30 In-lb.

h. On engines nct Incorporating MIl96 change,
Install bracket (14). Torque bolts to 70± 5 In
lb. Sa(etywlrc bolts.

l. On engines not Incorporating MDB6 nhange,
Inslllll seal (1~) and lIt.U\ptor (12) with fritnsducer
attached, CI'oss-torque boltlJ to 70 f 5 In-lb.
Safetywll'c holts.

j. Refer to paragraph 3-17 and connect
h'ansducnr plug and Install clamp (11).

k. On onglnes not Ineorporatlng MDI50 or
M0151 chllnge, Install supporls (8, 10):--Torque
bolfijTo 22 ± 5 In-II), Saretywirc bolts.

l. On engines not Incorpol'ullng MDI50 or
MOI51 chango, lubrlCi\te (Method A) nfHiigll In
preparlltion for Installing tube (9), Lubricate
(Method G) tube (9). Inotal! tube (9) and seals
(3). Torque lube coupling nuts to 160 ±10 In-lb.
SlIretywlre l:oupling nuts.

m. l( elbow ('!), nul (5), ring (6), ,md K!Isket
(7) wore removed, lubrleato (Method J ) gasket
(7). Lubrlcato (MelhodA) elbow (4), and Instnll
lind position elbow for connecting with tubo (2).
'l'orque nut (5) to 70-100 In-lb.

n. On engines not Incorpol'ating MDI50 01'
MDI51 ehnnge, lubl'!cato (MothodA)cl6iiw (4)
anaunlon In transducer of SUPPOI"t (8). Lubrl
cato (Method G) tube (2). Install tube lllld seals
(3). Torq\\e coupling nuts to 160 tl0 In-lb.
Safetywlre conplinl7, nuts.

o. On engines incorporating MDI50 or
MT:l151 chango, lUbricate (Method A!e1bow (4)
and union at tube junction. Lubrlellte (MethodG)

tube (2A), and Install tube and seals (3A),
Torquo coupling nuts to 160 ±IO In-lb. Safely
wire coupling nuts.

p. Connect bracket (tA) to duct flange bolt
head, Torque bracket bolt to 17- 27 In-lb.
Safotywlro bolt.

q. On engines Incorporating MDI50 or
MDI51 chllJlge, allach tube (2, 2A) clamping
brackets to psrlmeter of fuel Inlet elbow.
Torque bolts as follows, and satetywlre bolts.

(1) Two brackets at lower end of fuellnlot
elbow; 200-350 In-lb. Dolts used are fnellnlet
elbow handling bolts RDlll-9001-0018.

(2) One bracket at fuel Inlet elbow £lange
bolthead; 30.. 4.0 In-Ill.

r. Inslall thermal Insulation bracket (I).
Lubrlcato (Method A) bolt wlth thl'nnd compound
C·GA (Fcll Products). Torqup, holt to 08 .,7
In-lb. Sa(otywlro bolt.

rA. If duct was replaced, Install drain qUICk-I
disconnect as outlined In paragraph 3-00.

s. Rorer to sccllon IV for post-maintenance
test I'equlrements.

3-130A. INSTALLING NO.1 F'UI;;L IIIGII
PH~;SSUru-; DUCT (AL'I'rmNATE I)HOClmlJHl~).

(HOI) ngure 3-34.) This procedure ts to be used
only II the engine Is positioned horlzontully (ns
In the vehicle) lind I( the No. I nnd No.2 oxi
dizer high-pressure ducts and the No. 2 (uol
hll{h-pressure duct al'O Installed. The )ocntlon
nnd pOHllIon of the No. 1 ruel valve must rOlllllln
Ill() sarno 1111 In tho Inltlnl duct InstnUatlon, and
tho dnsh numb()r~ and orlentalloll o( duct spacers
410835 lIud 410830 must remain unchlln~od. The
lubrlcllnt uaed In this lll'ocedure Is lubrlcanl
p.rollse R00140-012 (Ro()keldyno), unless olhor
wise speclCied. SpeclCled lUbrlcallllJ~ (mothods)
UI'O outllnod In section I. Whore multlple fus
teners lire used at Joints, tho applicable torque
and safetywll'lnl{ methods outlined In section [
muat be usecl.

a. Observe safety, and contamination and
damage prevention requirementa outlined in
section I.

b. Manually position fuel duct for Installation.
(Duct weight la approximately 85 pounds. ) (
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c. Install spacer (26) and seal plates (25, 27)
with ma,'k on spacer tnd fuel valve flar,ge alJned
and tab of seal plates positioned outward at fuel
valve end of duct. Install 6 approximately ,
equally spaced bolts. Do not torque bolts. If
replncement of spacer (26) Is necessary, refer
to Engine l..og Hook fOI' spacer orlentatlou.

d. Install seal plate (28), Check allnement
of boltholes al volule end of duct. Heposillon
duct, as required, 10 obtain allnament of bolt
holeH al both ends of duct. Bolts must turn
freely by hand when threads aro engaged. In
stall and cross-torque all bolts to 1,150-1,250
In-lb. Sllfelywire bolts at volute end and fuel
valvo end of du(,t.

e. lusWIl 80al plate (2'1) aud ptate (23).
Crolls-torquo bolt.! 10 00 ±5 In-Ib. Safetywiro
baIts.

,
f. Aline i~lte~ fuei supply tube (20) and

spacers (21) 10 duct (31) as ouWned In para
gl'aph 3·1 MA,

fA. Lubrlca(l! (Method K) 4 0- rl1111s (22) anti
Install In flungo and spacer grooves.

CAUTION

SpllC01'B must nol be rotntetl during
asal!mbly In tube or when tUbl) is
Inslalletl. llamap;o to 0-r1nl:s may
result.

tn, Aline markings ou .~pacers anti flaugcA
and Install spacers In tube.

IC, Clll'elully install lube. Make sure
O-rin~a inl,rooven arc in pille", lUld cross
torque bolla at manifold end to 60 ±5In-Ib; then
crosB-torque bolls at dunl end 10 00 .5 In-HI.

fD. Safolywlrc bolls and remove markings
from flango8.

fE. If stiffener (22C) was r()IIl(lved aB a part
of thor mal insulation frame 1454'/7, rolnstall
frame porUon uBlng Information In n· 3890- 6.
Il stiffener was disconnected only, attach stiff
enOl' 10 flange boltheads uslag bollsNAS1005-13H
and washers HDI53·9004-0002. Lubricate
(t'''lthodA)bolts with thread compound
C-M (Felt Products). Torque bolts to 68 *7
In-lb. Safetywire bolls.

n'. Assemble angle (22A) and brackol (220)
using bolls NAS1004-4H or bolts
RD111-1009-0411 and washerslJH53-0013-0002.
If bolts NASlO04-4H are used, lubricate them
as outlined in stap fE. Torque bolls to 68 ±7
In· lb. Safetywlre bolts.

fG. Attach b,'acket (22B) to flange bolthcads
using bolls NASI005-4U and washers
R0l53-9004-0002. Lubricate bolls as outlined
In step fE. Torque bolts to 68 ±7Iu-lb. Safely
wire bolts.

g. Connect hrackets (18, l\J) to volute flange
lJolthcads. TOl'(jue bolts to 160-210 In-lb. Safety
wire bolts.

NOTE

If the fuel impeller balance cavity
supply lubc was ,'emoved, it must
be Installed as outlined in par'lgraph
3-313.

h. Install brackets (15, 17). 'I'orque bolls 10
100 j 5 In-lb. Safotywlre bolls.

i. Install harness clamps (10). Torque nuts
to ~l'i·30 1I.-lb.

). On engines not ineorporatlng Mn06 cbange,
install bracket (14). '1'01'(/110 bolla (0 'ro·~5 In·,
lb. SI'fetywh'e bolta.

k. On engines not Incorporating MDOG chanf(o,
Install seal (13) and atlapter (12) wllh trfuwducel'
altached. Cross- torqllU bolls 10 70 ; 5 ill- lb.
Safetywlre bolts.

I. Hefcr to paragraph 3-17 and conucct
tmnStlUCor plug; install <:lamp (11).

111. On engines not Incorjloratinll MD150 or
MD151 chan[(c, install supports (0, 10)~'I'or(]\Ie
bol[s'[o 22 ±5 Itl-Ib, Safelywire bolts.

n, On engines not incolJllJl'nting MD150 or
MD151 chango, lubricate (Method A)fltH,igG in
preparation for installing tube (9), l,ubrlcate
(Method G) tubo (9). Inslall tub I) (9) lind scnls
(3). 'rorque tube coupling nuts to 160 ±10 In-lb.
Safetywlre cOllpling nuts.
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o. Lubrlcato (Ml'thod .J ) gasket (7). Lubri
cate (Method A) elbow (4). Install gasket (7),
ring (6), and nut (5) on elbow (4). Install and
positlon elbow for connecting with tube (2).
Torque nut (5) to 75-100 in-lb.

p. On engines not incorporaling MD150 01'

MDl51 change, lubricate (Mcthod A) elbOw (4)
andunion in tl'ansducer of support (8). Lubri
cate (Method G) tube (2). Install tul", and seals
(3). TOI'CJue coupting nuts to 160 dO in-lb.
Safetywi 1'0 coopting nuts.

CJ. On en((ines incorporatlng MD150 01'

MD151 change, lubricate (MflthodATOfbow (4)
antiurilon at tubfl junction. Lubricate (Method
G) tube (2A), and lnqtall tuhe and seals (3A).
TOl'quc couplill!: nuts to 160; 10 in-lb. Safety
wire coupling; nuts.

1'. Connect braeket (IA) to ducl flange holt
head. Torque bracket bolt to 17-27 In-lb.
8afetywlrc bolt.

H. On cnginos i/l(:orporatlng MDI50 or
MDI51 challg(), aHach tubc (2, 2A) ciampinI!
bl ai;!Wls to perln"'te .. of fud illiot olbow.
Torquc hol\s ;l[; follow1l, and safetywire boltH.

(1) Tw') braclwts at lowol' end of fuel inlel
clbow; 280-350 in-lb. nolts uned lIrc fUC11 inlet
elbow handling bollB IWlll-9001-0010.

(2) One bracket at fucl Inlcl elbow f1anl:e
ll1JJ(lH'lld; 30·,10 in-lb.

t. lrwtall thcrmallllAulatlon brackct (I).
Luhric:al c (Method A) bolt with thr"ad compound
C-GA (Fell Producls). TorquC1 bolt (I) 60 ;7
in-Ih. Safelywll'<J I,oll.

u. Hefer 10 soctlon IV fol' p""I-nlaintcnHncc
test rcquircments.

3-132. l':qulpmcnt rcqulrcd for rcmoving and
installing tho duct consists or adaptor 9025432
and fjytnrc 9024921-11 from Componont Han
dlin[( I'ixlllrll Set 01060.

3-133. rmMOVING NO. 2 ~'uruI. HIGH
l'HESSUHE DlJCT. (Sce figurc 3-3G.)

a. Ohservc Rarety, and cont.aminulion and
damage prevention requlremonts outlincd in
soction J.

h. I1cmove thcrmallnsulatiun framo 14549'1,
and rotain hardware. (Refer to 1(··3896- 6.)

c. l1ef('r to paragraph 3-219 ami compll'lt'ly
rcmove duct (1). Retain orifice plato (2).

d. On en!~lnes not inoorporatlng MD 150 or
MDI51 change, rcmove tube (3) and Reals (4).
On engines Incorporating MDI50 or MDI51
change, rcmove tube (3A) andBeals (4Al-:-

e. if fuel dnct Is to ho roplaeed, remo';e
elbow (5), nut (6), ring (7), and I~asket (8).

~A. Disconnect hr,\cket (RA). I
r. On engtnes not Incorporatlnl( MDI50 or

MDlllchnnge, remove ~uppo!'t (0). -

g. On engines nollncorporallng MD150 (,1'

MDI51 change, clisconnect braoket (l0);"und
remOVe tube (11), scal (4), and supprn'! (12).

h. Dlsconncct clomp (13) Ilnd connector of
tl'ansducer as outlined in paragl'aph 3-16.

L fiemovo acL1ptc" (14) (wilh transduce!'
attached), seal plat~ (1&), and Ilracket (lU).

j. DisClllIDt'<:l hose (l'I), and !'emove orifj,,,,
plate (18).

k. nenlOve tnbe (19), 0- rlll~:s (21, 2:J), anrl
fJpal'er1l (20, 22).

I. IU'llall adaplc,' 902r>4:11 Oil rucl ducl, and
conn()ct fixtuw 9021921.11 to adapter. (Soc
lil(ure 3-3'1.) Make sure holst hook Is 1180d at
propel' 11ft polnl of fixture.

m. Noto position of IJP:lCCI'S hy drlvcscl'ew
01' Hutch location. Spacer shes and pr)(~Hj(ms

aro recorded ill ~:n{~jnc IAI'~ Doole

n. HOll\ove iasten~rs from vnlv~ end of dul'l,
and removo seal platc' (24, 26, fl!(ul'(' 3-30) and
spaccr (25).

o. Remove falJtrmel's frolll volute (md of duct,
remove scat plate (2'1), and earc:fully l'cnHlve
duet.

p. Hemovu f~wtclleJ's frum volul(' flango, and
l'emovc spaoer (28) and scal plale (29).

q. If duel will be replaced, rClllOVl' drain
quick-disconncet from duet.
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1 J)uct 8 G;wk(Jt 15 Senl plate 23 O... r1nv,
2 OrlClcc pillte BA Bracltet 16 Drucket 24 S",l1 plate
3 TUbe/al 0 Support(a) 17 Hose 25 :'pacer
SA Tube b 10 Jlrac~(.t(a) 10 Orifice plate 26 Seal plate
4 Seal (II) 11 Tu1Je u) 19 Tube 2'1 Scal plate
4A Seal (b) 12 Suppel-t(a) ~O :''paccl' 28 spacO!-
5 Elbow 13 Clamp 21 O-ring 20 Seal plate
G Nut 14 Adaptel' 22 spacer 30 Duet
'I Hlng

'(aTr~~{iiDo;'llot1itcOI'lloratlllg MD150 or MD151 change
(b) Enr:htcB Incorpuratlng MO,50'orMD151 cliiinge--- --

Flgul'o 3-30. No.2 Puel JIIr,h-llresfJllre Duct
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3··131. I"1S1'ALUNG NO.2 FUEl, H!GH-
PfiES&UHE DUCT. (Seo Iiguro 3-36.) The
lub)'iranl usel! In this proeedure is luhl'icallt
gl'O'lSe IlB0140-012 (Rocketdyne). SPO(; -''''I
lubrlealinl( procedures (melhodq) arc ouWned
10 section L Where lllllillplc luslencr& are ','sed
at joints, the appllcal'le torqc 1 and s~.fetywlrlng

method oullillryd in section I must h~ used,

a, On engines not Incorporallng 1I\1)_~~'

cha"go, p"rfol'm fit ellotk 'tjHlinstallation of
fuel cluct (30), s;mcers (?of>, ?oS), and seat plates
(?o4, 26, 27, 29) as ouillner' I paragraph 3-105.
On enginen incorporating MU13'! chang~, per
form fit check and iuslallatJr;,i-"f f,wl duct,
spacers, and seal plates as outlllled In para..
graph 3-109, Following e()",pl~tl()i\of appllcable
pl'oc:edure, comphlte in~,lallatJOn of parls in
dexed (I till Dugh 23) as outllncll in tue following
steps.

b. Observe ~"lfety, and conl.l1mlnal.lon and
dan.age pl'evenLiolJ requirements oull tned jt,

sectipr. J.

~. Aline fwglne lIuppIy tube (19) and spacers
(20, 22) to duct (30) all outltnt,d In paragraph
3-104A.
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Figure 3-37. Handling No.2 Fuel
Hlgh- P ,'eS5Ul'O lJuet

cA. Lubrlcato (Mothod K) 2 O-rings (23) and
'nslall 1" g:rJOve~ of spacer (2:!).

cD. Lubrkab (M,,:hod !<,) 2 O-rinKs (21) ar,d
iHbtn1, 1'1 gl'tJove of ~.,paCf!i' (20)and ffanf,(> f~roove.

CA l!'l'ION

b'pacprs must n"l be rotat",1 dUring
<lssoe)nblv in tut'o or wben tuhe in
i'H3tal!cd. DamHge to O~l'illi~D fllay
i"f:slltL

ce. Aline marJdngs on flangps alH: ill~taJl

sp'lCers (20, ?2) In lube.

en. CarefUlly inB~all htue. rliake Slll'e 0
rings jn €:, ...'OOVf'S are In plae8~ and crOHs~torque

bolts at ,ah'e "nd lo 85 +~; Ill-Ill; Ihon eross
torque bolts at ..Iuet end to fJo r5 i'l- H;.

"E. Safetywlre bolls andl'~lI1ove maJ'kin~s

ironl fItJnges.

d. Insla:! orifice pllt(' (18) and hose WI).
Cross-torque bolls to 2:, ;2 In-lb. SafetYl'lire
hoH-:: ~~tld install an almllinl.ln1 Bral on locl~wirc.

NOTE
H hOAt] (17) wan removed, it musl be
l'outed between th(' turlJol'ump ~trut

'ind thry wlro group lhat para llpJs lhe
Htru! when relll"lallr:d. HOb" bend
l'adll for lnstnllatlon is 1.50 Inclws
l'11nJmunl. Braid bulge must not
extend beyond th" hex flat dimensIon
of the bnlid rt'tainlng colla r.

e. lnsh,l; b"aci(l)t (16). Cl'Oss--tol'que holls
to lUI) ;5 in-lb. Safetywlrn bolts.

1. Inslall seal plale (15) and adapter (14)
with tl'ansdu',er attached. Torque bolts to
70 .t5 in-Ib, &tfelywire holts.

g. FIdel' to paragl'aph 3-17 anel cOnl;ecl
tmn"ducel' pl\tg and install clamp (13).

l(A. Attach bracket (8A)at volute fl,lllge lX>lthead.,
'Torque holts to gO-lOGin-lb. Safetywire bolL.,.

h. On en','hltS not Incorporating 1\1))150 or
MIll51 cha~ge, install support (12). To rq·... e
bolfii'll> 22 J 5 in'·lh. Safetywire bolts.

I. Lubricate (Method A) threads of Iltlings
In!ll'eparatlon to Install tube (11).

j. Lul:rkdc (Ml1lhod G) tube (11). Install
seala (4) and tull!! (ll). Torque tube coupllng
nuts to 160 110 lr.-lu. Safety "Ire eOllpltnr. nllt~. "



R-3B96-3
Volume J

Section III
Pa!'agraphs 3-135 to 3-137

k. Att'lCh lJ1'a~J,et (10) at volute flange bolt
head. Torque bolts to gO-100 in-lh. Saff,lywirc
roll.

1. It el1>ow (5), nut (6), ring ('I), and gasket.

I(B) were renwvD<l, lubricate (Method .J ) gaRkct
(B). Lubricate (Method A) dbow (5). Jnstall
Hnd posilion elbow lor conneding tube (3, :iA).
Torque nut (6) to '15·100 in-lb. S9fetywire nul.

Ill. On ellf;ines nol incol'pnraling MDJ 50 or
I MJJ101 chanlle, lubricate (Method A) unIon'in

lranscfucer in sunnort (9) and elbow (6). Lubri
I cute (Method G) .uhe (3). Install seals (4) and

luue (3), Torque lube coupling nuls to 160 dO
in-lh. Safetywi re couplin[\ nuts.

n, 0" engines incorpol'atill~MD150 or

!MD151 "h"ng", luhl'kate (Me~hod ii:j'iinion at
tuheJunction anti elhow (5). Lubricate (Method
G) tull<' (3A). Install se~ls (411) and tuue.
Torqu~ lub.) couplin!~ auts to 100 ,-10 in-lh.
Ii?fetyw; re (;oupling ·lutS.

o. Fasten bl'acket fJupporting tube (3, 3A)
to flange boltfle~,d. Torque bolt 10 90-100 in-lb.
Safetyw; 1'C bolt.

p. Completely install duct (1) aud 1'cutinc(\
orifice plate (2) as ,-nttlincld in parag"aph 3-220.

'1. If duct waG rllpJar.ed, install drain q\1lC>:"
djsc"nn~ct ail lJutlined In pal'a.graph 3- 00.

r. RelnHtali i1wrmalinsuiaU"n (nunc
14;;49'i. (Rewr to H-~H9G-6.)

s. Hefer to section IV for po,.t-maintellHn(;e
lest requirements.

3-135. NO.1 OXIDIZI<.H HlGJ.{-l'!:mSS.!J.HF:
DUCT,

3-13G. Equipmenl required for rer{,nVing aMI
il1stallil1l~ the fbd. consiots of adapter 9025433,
fixlure 90249?-1-11, and st.'ul 9025193 from
Component Handling Fixlure Set G1008.

3-137. REMOVING NO.1 OXIDlZgn IlIGH ..
PRESSURE DUCT. (See figu re 3- 38. )

a. Observe safely, an,1 contamination and
da nmge prevention requlremenls outlined in
section 1.

aA. Eemove lhermallnsulatlon framl) J45325.
(l?cfer toR-38!l6-6.)

b. Disconnect lhermallnsuhlion bracket (1).
Secure Rtrut clear of ducl flange.

c. On engineH not inCJ)rpol'ating MD141.,
MD150, or MDl,l chane:e, remove tube-\iA)
and [;(;"Is (2) f1~':;nl supporl (3) and mololl (4).
Hemove Ill! ion (4) "nrl seal (13) If ducl i R to be
rcplnced.

d. On engines incorporating MIH41 change
Rnd not illCOrpOI'RtlllK Jvll)J50 or MlYi51 change,
n'move lube (5), seals (O'f,bolt ('7);"fITtillg (8),
and sea Is (9),

c. On engines incorporatin~ MDl50 or
MD1.5J chnll~e, rpmove tube (10) aiidl;[mls
(J ,;-U). If duct is to be J'eplace,l, remove
union (4) and ~eal (13).

f. On elJginf~S not incorporating MlJJ 50 IJr

MD151 cli<lllge, remove sup!'ol'l (3), ----

g. On engines not incorpuntting MDI f,O or
MD151 chan!je, rel1JovP lut.,e (14). seals (2),
l\nffsllPPort (D),

h. DiBconneet In'auket (16) from flange bolt
heads.

NUTE

Steps i through I upply to enziTJ0S not
illCOtllOl'ating M09S cilan!je. ;i!c!"J
m thl'Ollgil 0 apply"fa engil\(~s ill(~ol'lJ(l,

rating MD~~ change.

j. DiSCOIUl€ct COJHioctOJ' from tl'HJlndueers
(1'7, 18) as outlined in parw~raph 3-16.

j. Disconnect braclmt (HI) £I'o)1l flange holt
head, and rernov•. tulJe (20) anrl seal (2\).

k, Discolll<ecl brackb' (22) from hr"ekut (23),
if required, to clear IH1.rneSses.

1. lI.emeve bracket (n, 24).

m. Hl?HlOVe transduC'cr (2b~ ::.~ 0~~tJined in
paragraph 3- 65.

n. Disconneet hrackl't (?-6) from lu;\cket (2'1),
if required, 10 clear hal'lles~es.
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I 1 aractet 11
(ll)

22 (f)
Seal(ll) Bracket(f) 31 Bracket

lA TUb~ a) 12 Seal 23 Dracket(f) 32 Pressure-
2 fleal a) 'b 13 Seal(c) 21 actuated seal'I'ube(b)

Bracket
3 sUPP0f,t l ) 14 25 TraOfJdU~~r(g) 33 Spacer
4 Un1011 c) 15 Support(b) 23 Brack.!! g 34 PreslJUre-
5 Tube d) 16 Bracket (f 27 Bracket(g) actuated seal
6 Seal(d) 17 'fransducc,r / 26 Bracket!&) 35 Pressure-
'j Dolt(d) 1~ TranSdU6rr( ) 28A Bracket actuated seal I
8 Fittil:Jj(d) 19 BracMt f 28B Plate 36 Spacer
9 Seal( 20 TUb~ f 29 Line 37 Pressure-

10 1'"be(e) 21 Seal f) 30 Harness actuated soal
38 Duct

(a) Engines not Incorporating MD141, MU150, or MD151 change
(b) Engines not Incorporating MliillO or MD151 changc-
(c) Engines not incorporating MOTU change-
(d) Engines Incorporating MDI4t" change
(e) Bnglnes Incorpomtlng Mri100 or M0151 change
If) Engines nol Incorpors,tlng-MJ)96 ,:hange
(g) Engines Incorpol'atlng M096 change

Figure 3-38, No.1 Oxidizer Hlgh·,Pressure Duct (Sheet 2 of 2)

o. Remove brackets (27, 28).

l oA. Disconnect thermal insulation bracket
(28A) from frame. Remove bracket and plate
(288). Retain attaching parts.

p. Disconnect Une (29) and harness (30)
from bracket (31), and remove brackot (31).
Leave clamps Installed on line and harness.

q. Install adapter 9025433 on duct, and
Install fjxture 9024921-11 fill adapter. (Ilee
figure 3- 39.) Make sure ttL,,-t hoist hook Is used
at proper lift points of 11ft fixture. Strut
9025193 must he Installed to support turbopump
if joint!' of Nu. 2 oxldlzflr high-pressure duct
and valve are not Intact.

r. Note location of spacers by drivescrew
or notch position. Spacer sizes and positions
are noted In tho Engine Log Book.

s. Remove lastener at volute flange, lUld
remove pressure-actuated seal (32, figure 3-38),
spacer (33), and PI'Possure-actuated seal (34).

t. Remove fasteners at valve flange, and
remove pressure-actoatecl seal (3S), spacer
(36), and pressure-l1ctUllted seal (37).

u. Carefully remove oxiclizer du.ct (38).

FlnURE
0024921-11-"

Fl-'-1-17

Figure 3-39. Handling No. IOxlclizer
H1gh.. Pressure Duct
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3-138. INSTALLING NO. 1 OXIDIZER HJOH
PRESSURE DUCT. (See figure 3- 3B.) The
lubricant used in this p,"ocedure is lubricant
grease RB0140-012 (Rockotdyne), unless other
wi 90 speclfled. Specified lubricating procodures
(methods) are outlined in section 1. Where
multiple fasteners are used at joinlu, th~ appli
cable torque and safetywiring metlJods outlined
in section I must be used.

a. On engincs not incorporallng MDI37
change, perform fit chock and instaliaiTOn of
duct (38), prcssure-actuated seats (32, 34, 35,
37), and spacers (33, 36), asoutllned in para
graph 3-107. On engines incorporating MD137
change, perform fit check and installation or
duct, pressure-aetuated seals, and opacers,
as outlined in paragraph 3-111. Following
completion of applicable plOcedure, complete
installation of remaining parts indexed (1 through
31) as outllned tn the fol",wing steps.

b. Observe safety, and contlmmation and
damage prevention requirements oullirwd ill
ooetion 1.

c. Install bracket (31). Torque bolts 10
75 ±5 in-lb. Sa!etywire bolts.

d. Secure harness (30) snd line (20) to
bracket (31). Torque nuts to 8-10 in-lb.

e. On engines lncorporat iug MDR6
cha~ge, install bracket (27). TDrquC!lOlts to
70 ±5 in-lb. Safetywlrp holts. If bracket (26)
was disconnected fronJ bracket (27), install
bracket (26) and torqu~ nuts to 05-105 in-lb.

eA. In~tall thermal insulation bracket (2M)
011 frame. Torque nuts to 68 ±7 in-lb.

eB. Using thread compound C-5A (Felt
Products), lubricate (Method A) bolts used
to attach bracket (28M and plate (28B) to flange
boltheads.

eC. Instali plnte (26B) and torque bolts to
68 f 7 In-lb. Bafetywil'e bolts.

f. If bracket (2B) was not installed during
duct fit check Qnd installation, Inst.all bracket

I wlth flange bolts and torque bolts to 92;5 !f.-lb.
Safetywire bOlts.

g. Install transducer (25) as outllrwd in
paragraph 3- 66.

NOTE

Steps h through I apply to engines
not illcorporating MD96 change.

h. Install bracket (23). Torque bollS to
100 *5 in-lb. liafctywire bolts.

NOTE

Bracket (24) was installed as part
of duct alinement a'ld installation.

i. If bracket (22) was removed from bracket
(23), install bracket (22) and torque nuts to
70i5in-Ib.

J. Install seal (21) and tube (20). Torque
holts to '10 ;-5 in-ib. Safetywire bolts.

k. Connect bracket (10) to flange boltlwad.
Torque bolt to 100 ±5 in-ib. Safetywll'e bolt.

l. Install tranAducers (1'1, 18) as outlined in
paragraph 3-66.

m. Install bracket (lO). Torque bolts to
100 ±5 in-lb. Safetywire bolts.

n. On engines not incorporating MD150 or
MD:151 change, inslalJ supporl (15). 'l'orque
bolf,ito 22 f 5 in-lb. Safetyw\ro bolts.

o. Lubricate (MethocJ G) tube (14). Lubricate
(Mett odA) unlons for tube (14). Install ,;euIH (2)
and t~'be (14). Torque couplln!: nuts to 160 ±10
in-Ib, and safctywire coupling nuts.

p. O,~ engines not incorporating MD141
change, Iv.!>ricate (Method J) seal (13land
lubricltte (MethodA) union (4). install union
and seal, .lnd torque union to 55·· 80 in-lb.
Sllfetywire .Ullon.

q. On engines incorporating MD150 or
MInGl change, luhrlcate (MethodA'ruiiion and

. lubrJ(;itte (Method OJ tUbe (l0). Install seals
(11, 12) and tube (10). Torque tube coupling
nuts to 160 ±10 in-lb. Safelywil"e coupllllg nuts.

r. On engines incorporating MDl.41 ctu:nge
but not incorporating MD150 or MDl1l1 change,
lubricate (Method J) serifs(O). ,Lubticate
(Ml'tbod G) tuoo (5). Install seals (9), fitting
(8), seals (6), and tube. PosiUun fitting to aline l
with tube (5). Torque bolt (7) to 55- 80 lll.. lb and
tubo coupling nuts to 160 ±10 In-lb. 8afetywlre
bolt and coupltng nuts,
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s. On engines not incorporating MDI'll,
MD'l5J, or MDI51 change, lubricate (Ji,fiJThod

I ,r )s;'al (13). I:-iiiiricate (Method A)union (4)
and llbricate (Method 0) tube (IA). Install seal
(13) and union (4), Torque union (055-80 in-lb.
Install seals (2) and tube (IA). Torque tube
('oupling nuts to 160 ±IO In-lb. Safetywire
unit'n and coupling nuts.

L Lubricate bolt as outliner! ill s(QP eB; then
ins(all thermal insulation braclcet (1). Torque
boli to 68 ±'Iln-lb. Safp.tywire uolt.

tAo Install thermal insulation frame 145325.
(R€'fer to Roo 3896- 6. )

u. R"fer to section IV {or post-maintenance
test requirements.

3-139. NO,-_LOXIDlZEH HIGH-PHES~

PUC'l~

3-140. Equipment r.~quired for rl'movlng and
installing ihe duct consists of adapter 9025434,
fixture 9024921-11, and strut 9025193 from
COlllponent Handling Fixture Set 04068.

3-141. REMOVING NO. 2 OXIDlZEH HIGH
PRI,SSUHE DUC'r. (See figure 3-40. )

a. Observe safety, and contamination and
damage prevention requirements outhned in
section 1.

b. I!ell1ovQ thermalins111".tion support
14532,j-l1. (Hefpr to R-3896-6. )

hA. Mark position of thermal insulation
brackp.t (18A) tv frame. Remove bracket and
~errater! wa~hers, Washers arc insta1l2r! be
tween bracket (lM) and bradeet (19).

c. [("move tube (J) and :Jeals (2). DiHcon
neet brack," (3) fmlll flange bollhcads.

d. On engir,es not incorporating MD150 or
MD},,5_! change, remove &upport (4). --

e, If dnct is to be replaced, remove bolt (5),
seal (6), anti fitting (7).

f. Disconnect ducl (U) and remove seal (9),
orifice plate (10), and scoop (11),

g. Disconnect h(ne (12) and remove seal (13).

h, Hem,)ve brackets (14, 15, 16).

i. Disconnect line (17) and harness (18)
from bracket (191; then remove bracket (19).

j. Install adapter 9025434 on duet, arHI install
fixture 9024021-11 on adapter. (See figu re
3..11.) Make sure that hoist hook is used at
propel' lift points of lift fixturp. Strut 9025193
Illust b~ inRtalled to support turbopump if joints
of No. 1 oxidizer high-pressure duct and valve
are not intact.

k. Note iocation of spacers by drivescrew
or notch position.

l. Disconnect duct at volute, and remove
press\lre-actnated seal (20, figure 3-40), spacer
(21), and pressure-actuated seat (22).

m. Dis(~onnect duct at valve, and remove
pressu re -actuated seal (23), spacer (24), and
prl!ssurI.,-actualed seal (25).

n. Carefully I'emove C:uct (26).

3-142. INSTALLING NO 2 OXIDIZlm HIGH
PHFJSSURE DUCT. (Sec figure 3-40.) The
lubrtcant used in this procedure Is lubricant
grPllse RB0140-012 (Rncketdyne), unless other
wise specified. Specified lubricating procedures
(methods) Ill"! outlined in section 1. Where
multiple fasteners lire userl at joints, the appli
cable torque and safelywiring methods outlined
in sedIon 1 must be used.

n. Observe safety, and cont<tminalion and
damage pnvQntion reqUirements outlined in
section I.

b. On engines not incorporating MD137
ehRnge, pel'form fit check and installation of
duct (26), pressure-actuated seals (20, 22, 23,
25), and spacers (21, 24) as outlined in para
graph 3-107. On engines incorporating MD137
change, perform fit check and installation of ...
duct, pressure-actuated seals, and spaceI'll as
outlined in paragraph 3.. 1I 1. FollolYing com ..
pletlon of the applicable procedure, complete
installation of remaining parts indexed (l
throu~h 19) as outlined ill lhe follOWing sleps.

c. Install bracket (19). Torque bolts to
75 ~5 in-lb. SaretywJre boHR.
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F'IXTURE
9024f421~ll

AOAPfF.:R
9025'134_

h. Install seal (13) and tube (12). Crolls
torque bolts 10 70 i 5 In-lb. Snfetywlre bolts.

I. Inst.all scoop (11), orifice plate (10), and
seals (9). Cnnnect ducl (8) and Cl'oss-torque
bolts to 350 i10 In-Ib, Safetywlre bolls, and
Install an aluminum seal on lockwlre.

j, If parts Indexed (5 through 7) were removed,
lubricat<! (Method A)holt (5) and fltllng (7). In
stall seals (6), filling, and bolt. Position fitting
to aline fa,' tube (I), Torque bolt to 55-80 In-lb.
Safetywlre bolt.

k. On engines not Incorpo~atlng MD150 or
MDI51 change, install support (4). Torque
bolfsto 22 t.5 In-lb. Snfetywire bolls.

I. Lubricate (Method A) union in transducel'
for lIUaching tube (1), Lubricale (Method G)
tube (I). Install seals (2j and tube. Torque
tube coupling nuts 10160 ±IO In-lb. Snfotywire
coupling nuts.

rn. Install thermal Insulation support
145324-11. (Refer to R-3896-6.)

~'il(Ul'e 3·H. Handling No.2 Oxidizer
High- Preseure Duct

cA. Install thermallnsulatlon bracket (lBA)
to frame. Aline bracket to position marked
during removal, and torque nuts to 6U i7 In-lb.

cB. Inslall serrated washer between bl'acket
(IBA) and bracket (19).

cC. Lubricate (Melhod A) bolt with thread
compound C- 5A (Fell I'roducls) and secure
bracket (lBA) to flange bolUwad. Torque boll
to 68 ;7 In-lb. Safelywlre bolt.

d. Attach harness (l8) and line (17) to
brackel (19). Torque nulG to B·I0 In-lb.

e. Install bracket (16). Torque bolls to
l"J .t5 In-lb. Safetywire bolts.

f. If not installed during duct llt chflck and
installation, install bracket (15) wllh flange

I bolts. Torque bolts to 92 ;5 ft-lb. Sa!etywlre
bolts.

g. Install bracket (14). Torque bolls to
80 ~5 in-Ih. Safetywire I-olt.s.

n. Hefer 10 section IV for post- maintenance
lest requirements.

~-143. FUEL YALY.IU:lT CllliICIi.

3-144. 'I'hls procedure applies to the No. 1 or
No.2 fuel valve and Is performed only when
designated in other procedures in this section.
The following equipment Is requ!l·ed.

(1) Dummy seal set T-504125B,

(2) Dummy seal set '1'-5043413.

(3) Adapter 9025463 and fixture 9024923-11
from Componp.nt Handling Fixture Set 04068.

a. Ob;::ervc r.afety, and contamination and
damage prevention requirell1p.nts outlined In
secllon I.

b. If not already Insta Iled, attach adaptc r
9025463 to valve and fixture 9024923-11 10
adapter. I'osHlor. valve for Installal vn.

CAUTION

The fuel valve weighs approxlmalely
90 pounds.

c. Allne valve to fuel manifold using suitable
centering pins or aUning sleeves on bolts, Install
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shim, detail 102, from dummy seal set
'1'- 5043413 between manifold and valve. Secure
valve to manifold USing 6 approximately equally
spaced bolts. Torque bolts to 400 :/;5 in-lb.

<I. Refer to Engine Log Book, and obtain
spacer recorded for use at applicable joint.
Spacers used on engines not illcorporatlnp,
MD137 change contain a Clrlvcscrew in outer
surrace of spacer. Spacers used On engines
Incorporating MD137 change contain a notch in
spacer flange. .-

e. Select the follOWing applicable shim from
dummy seal set '1'- 5041258:

(1) Engines not incorporating MDI37
change: shim, detail 102 -

(2) Engines Incorporating MD137 change:
No. 1 fuel valve ahlm, detail 105; No: 2 fucl
valve shim, detail 102

f. Jn~tall spacer against duct flange In same
poslllon as recorded In Engine Log Book, and
Install shim between spacer snd valve. Secure
joint with 6 apprOXimately equally spaced bolts.
Do not tlghten boltfJ.

NOTE

Fasteners at valve to fuel manifOld
may be loosened and centering pins
andl'Jr aUnlng sleeves removed, If
reqUired, to meet gap reqUirements.
Fastener!! must be retorqued 10
400 ±5 In-lb before makin't gap
measurements.

h. Record final spacer Information, as
specified, In Engine Log Book.

l. Mark across valve flanges, duct flange,
and spacer In 2 places, 90 degrees apart. Use
markings that can be removed.

j. Using applicable handling equipment, re
move valve, spacer, and shims. Complete
valve Installation as outlined In applicable fuel
valve procedure.

3-145. OXIDIZE!!. VAJ.VE FIT CHECK.

3-146. This procedure applles to the No. 1 or
No. 2 OXidizer val ve and is perform'i!d only when
designated In other procedures In this section.
The follOWing equlpmenl is required:

c. Aline val"e to oxidizer dome using center
Ing pins 1)1' alinlng sleeves with boltS. Install

(I) Dummy sealssl 1'-5041258

(2) Dummy seal set 1'- 5043413

(3) Adapter 9020250 and fixture 9024921-11
from Component Handling Fixture Set G40G8

g. Make sure that shim and s;)acer are CIllU'

pressed against duct flange; then measure and
record location and dimensions of maximum
and minimum axial gap between shim and valve.
Determine maximum differentlal gap by sub
tracting minimum axial gap fwm maximum
axial gap. Maximum axial and dHlerenllal gap
limitations are as follows:

(I) No. I fuel valve (engines nol Incorpo
ratlr.g MDI3. change) maximum axial gap,
0.110 Inch; maximum differential gap, 0.020
Inch

(2) No. 1 fuel valve (engines Inc'Jrporallng
MD137 charge) nmxlmum axial gap, 0.180 Inch;
maXiiiium differential gap, 0.020 Inch

(3) No.2 fu··. 'r:llve maximum axial g'ap,
0.060 Inch; maxi ,m differential gap, 0.020
Inch

a. Observe safety, and contamination and
damage prevention requirements ouUlned In
section J.

b. If not already installed, attach adapter
9020250 to valve and fixture 9024921- 11 to
adapter. Position valve for installation.

CAUTION

The oxidizer valve weigh: 'PPI'oxl
mately 160 pounds. I

(
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shim, detail 101, from dummy seal set
T- 50,13413 between valve and oxidizer dome
f1ang-e. Secure wlth 6 approximately equally
spaced bolts. Torque bolts to 400 ±5 In-lb.

d. Rofer to Engine Log Book and solect
spacer ~or use at llppllcable joint. Spacers
used on enginer! not incorporating MDI3'1 change
Ir,corporate a drivescrew In the Dutcl:-s'urface
rf the spacer. Spacerr used on engines incorpo
rating MDl37 change incorpDrat~ a notch in the
spacer flange.

e. Install spacer against duel flange In same
position as recorded in Engine Log Book. In
stall shim, detatl 101, from dummy seal set
T·· 5041258 between spa CC I.' and valve. Secure
joint with 6 approximately equally spaced bolts.
Do not tighten bolts.

r. Make sure Ihat shim and spacer are com
pressed against duct flange; then measure and
record location and dimension of maximum and
minimum axial gap between shim and valve.
Determine maximum differential gap by sub
tracting minimum axial gap from maximum
axial gap. Maximum axial gap must not exceed
0.040 inch. Maximum differential gap must not
exceed O. 020 Inch. Fasteners at valve to oxi
dizer dome joint may be loosened and centering
pins :md!or aUning sleeves removed, if re
quired, to meet gap requirements. Torque
fasteners to 400 ±5 In-Ib before making gap
measurements.

g. Record final spacer information, as
specified, in Engine Log Book.

h. Mark across valve flanges, duct flange,
and spacer In 2 pl~ces, 90 de~rees apart. Use
marking that can be removed.

l. Using applicable handllcg equipment, re
move valve, apaceI', and shims. Complete
valve Installation as outlined in applicable old
dlzei" valve procedure.

3-147. NO~..!LUln, V~1.Y.!t

3-148. EqUipment required consists of adapter
9025463 and fixture 9024923·11 from Compo
nent Handling ~'ixture Set 04068.

3-149. HEMOVING NO.1 FUEL VALVE. (See
flgure 3-42. )

a. Observe safety, and contamination and
damage preventioll requlronwnts outlined in
section I.

b. (De Icted) I
c. If fuel valve will be reinstalled, mark

across valve··to-manifold flanges and valve-to
duct flanges and spacer in 2 places each, 90
degrees apar!. Use markings that can he re
1ll0Vlld. Do not scribe parts.

d. Disconnect plug (1) as outlined in I'ara
graph 3-14.

.c. Disconnect braoket (2) from valvc. He
install boll. Torque bnlt to 80-100 m-Ib.

f. Disconnect tuhe (3) and brat,ket (4), and
remove tube.

g. DIsconnect tubes (5, 7), and remove ori
fice plate (6) and seal (8). Relain orifice plate.

h. Disconnect bracket (9).

i. On engines not incorporating MD150 or
MDl.!\l change, discon~ect tube (10), remove
seal (il), and remove support (12).

j. Disassemble and remove parts indaxed
(l~j through 18), a~ necessary, for aece',,; to
remove flange bolts under bracket (13).

k. If valve will be r('pl?'~ed, remove parts
indexed (19 through 25).

kA. Disconnect thermal insulation angle (25A)
froll' bracket (2 5B) and remove braek"t. Retain
alt.aehing parts.

kB. Disconnect thermal insulation stiffener
(25C). (The stiffener is part of t.hermal Insula
tion frame 14.47'1 and lllay be removed with the
NO. 1 side portion of the frame.) (Refer to
R-3896-6. )

1. Install ad~pter 9025463 on valve, and
attach fixture 9024923-11 to adapter. (Sec
figure 3-43.) Usc proper 11ft polnls 01 fix!ur'!.
If handling bolts for adapte r attachment are
reqUired, use bolts RD111··9001-0013 and
torque them to 80-100 In-Ila.
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Figurc 3-12. No. 1 Fuel Valve (Shecl 1 of 2)
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1
2
3
4
5
6
7
U
9

R-3,J96-3 Section I1l
V')'umc I l'aragral'h 3·, 1,,0

Plug 10 Tube(a) 10 Bolt 25B Bracket
Bracket 11 ~~~~;;t(a) 20 Seal 25C SUrrClwr
Tube 12 21 Elbow 211 Seal plate
Brackol 13 Bracket 22 Seal 2'1 Spacer
Tube 14 Bracket 23 Quick- 28 Seal plate
Orifice plate 15 Block rllsconn',)ct 29 Ori lice
Tuhe 16 Block :1.4 Hetainpr plate
Seal 1'1 Block 25 Packing 30 Valve
Bracket 10 Clamp 2M Angle

(It) EIlJ:lneiiliot1ii'corporating MDlJi.~ or MD151 change

FIgu;"'-3-:~~F'-u-el-V-a-I-v-n-(-Shcet 2 of 2)

AnAP'fE"R/
9025463-- I, .__~1_~!.:.'~

Figure 3-43, Handling Fuel Valves

m. Disconnect valve from duet flange, and
remove seal plate (26, fJgure 3-42), spacer (27),
and seal plate (28).

n. Disconnect valvll from manifold. and re
move orillce plate (29).

o. Gare{uUy remcve valve (30).

CAUTION

The fuel valve weighs appro~imately

90 pounds.

3-150. INSTALLING NO. 1 l"UEI. VALVE.
(See figure 3-42.) The lubricant used in this
procedure is lubricant Itrease RBOBO-012
(Hocketdyne). unless otherwise specified, Spec
ified lubricating procedures (metho(!s) are out
lined in section 1.

a. Observe safely, and contamination and
damage prevenlio.l requirements outlined in
sectlon t.

b. Install ada,pter 9025463 on valve, and
attach fixture 0024923-11 to adapter. Use
proper lift points of fixture, and position valve
for lnstalJatlrm.

CAUTION

The fuel valvo w()ighs approximately
90 pound.;.

e. U valve Is a replacement, fit-check valve
as outlined in paragraph 3-143. H same val""
Is being installed, pro(;ecd to ~tep d.

d. Install orlltce plate (20) with tab pOBltloned
forwa,rd.

e. Aline markings on valve flaovo with mark
Ings on fuel manifold flange, and secure joint.
Cross-torque bolts to 1,150-1,250 in-lb. Safety
wire bolts, and Install an alumlmun seal on
lock-vireo Remove handllng eqllipment,
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Sectton III
l'aragraphg 3-151 to 3-153

n··3096-3
Volume I

f. In8tall seal plate (:l0), spacer (27), and
seall'latc (26) between valve and cturt. i'osition
seal platos with tab" outward.

g. Aline marldngs on valve, spacer, and
duct flange. Secure joint, and cross-torque
bolts to 1,150-1,250 in-lb. Safetywlro bolts.

gAo If stiffener (25C) was removed as a part
of thormal insulation frame 145477, reinstall
frame portion using information in R-3096-6.
If stiffener was disconnected only, attach stiff
ener to flange boUheads using bolts NAS1005-13H
and washers HD153-9004-0002. Lubricate
(Method A) bolts with thread compound
C-5A (Felt Products). Torquo b'Jltf.: to 68 ~7

in-lb. Safetywire holts.

gD. Assolilble angle (20A) and bl'acJ<ot (25D)
nsing bolts NAS1004- 411 or holts RDll1··l 009-0411
and washers RD153-0013-0002. If bolls
NAS1004-4H are used, lubricate them as out
lined in stcp gAo Torque bolts to 68 ±7 lrl- lb.
Safelywire bolts.

gC. Allach bracket (25B) to flange bolthea<ls
us!nt: bolls NAS1005-4H and washers
RD153- 9004- 0002. Lubl'lrate bolls as outlined
in step gAo Torque bolls to 68 ±7 In·· lb. Safety
wi n .. bolls.

h. If valve was replac~d, lubricate (Method ,J)
packing (25) and Inata II p3.cklng, retainers (24),
and quir.k-tUsconnect (23). Cross-torque bolts
t J 35 1'J in-lh. S~fptywil''' holts.

i. If valve was replaced, lubricate (Methoct A)
bolt (19) and elbow (21). Install seals (20, 22),
elbow (21), and boll (19). Position elbow to
aline wllh tube (3). TOlque bolt to 220 ;20 in
lb. Safetyw; rc boll.

j. Insl'lll bracklJt (13). Torque bolts to
125 ±5 in-lb. Safetywlre bolls.

k. Install parts indexetl (14 through 18).
'forq",' nuts to 75 ±5 in-lb.

J. On engines not lr,col'porating MDl50 or
MDl51 change, Install support (12). Torque
holtSTo 22 ±2 In-lb. Safetywire bolls,

m. On engines not In~orp{)ratlng M!)150 (11'

MD.1~ change, lulJl'lcate (Mothod A) union for

aUachlng tube (10). Lubricate (Method G) tube
(10). Install seal (11) and tnbe. Torque tube
coupling nuts to 160110 In-Ih. Safetywire
coupling nuta.

n. Aline j:'l'opellant valves close tube (7) to
valve (30) as oulllnlJd In paragraph 3-103; then
Install seal (0) and connect tube to valve. CrOSB
torque haitI' to 36 ±3 tn-ih. Safetywlrc bolts.

o. AlInll No. 1 fuel valve open contrul tube
(5) to valve (30) as outlined tn paragraph 3-103;
Install orifice plate (6), am! connect tube to
valve. Cl'oss-torque balta to 30 ~3 tn-lb.
Safetywlre bolls, and install an alumtnnm
seal all lockw!"o.

p. Lubricate (Method Althreads of fittlng~
for imltalllng tube (3). Luhricate (Method G)
tubc (3). IllstaJl tube, and torque COl1piing nuts
to 135-185 In-lb.

q. Attach the folloWing brackets, torqne
fasteners as indicated, and aafetywlre fastenl'rs
for brackets (4, 9). Make sure that bracket (9)
(602069) ia welded on both sides of joint. Some
II! "ekets nre welded on one side only and are
not lIsable.

(1) Bracket (2): 80-100 In-lb.

(2 ) Bracket (4): 45 ±3 In-Ill.

(3) Braeket (9): 40 ±5 in-lb.

r. Install plug (1) as outlined In paragraph
3-15.

s. (lJeletlJd)

I. Hef"r to sectiun IV for pas1.- maintenance
test requi remenls.

3-151. !'l0. 2 FUEl, VAINE.

3-152. Eqllipment reqt\ired con£.lsts of adapter
9020463 and fixture 9024923-11 rrom Component
.Handllng Fixture Set G4068.

3-15:1. REMOVING NO. 2 FUEL VALVE. (See
figure 3-11. )

a. ObR'Jl'Ve Bafety. end contamijlatlon lUld
t:ial,,~.ge prp'Icntion l'clInlrements outlined In
section J.
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b. (DoMed)

c. If fuel valve wi II be reinstalled, lllarK
across V:.11Vc-to-lllanifold flungen and valvento
duel flanges nnd spacer at 2 places each, 90
degrees apart. Use markings that can he re
moved. Do not scrllm parts.

d. Disconnect plug (l) as outlined in para
(:l'Ilph 3-14.

e. Disconnect br:\('kel (2), and reinstall holt.
Torque bolt to 80-10U in··lI>.

f. Disconnect hracket (3), and remove tube
(4).

11. On engines Incorporating MIll 52 or
MD163 chllnge, remove parts indexclr(5 through
13).-1-'al't8 tu retalllcrs (5. 12) are matched. if
" detail ))\1I·t requires refl1aC('lllcnl, the complete
l'elairwl"l1lust be replaced.

h. On engines not incorporating MD}~.O or
MD151 change, disconopet tubo (14), and re
l11ove'''5cal (15) and ~uPflort (tG).

i. J)i~connect tpbes (17, W), and remove
seal (IB) and orifice plate (20). Retain orifice
plate.

j. If v~lve will be replaced, remoVe parts
indexed (21 through 26).

jA. Disconnect tbemllliinsulation angll! (26A1
from hr'\cket (2613) and remove bracl:et. I:ctaln
attaching parts.

k. Instal! adapter 9025463 on valve, anll
attach fixture 902<J923-11to adapter. (See
figure 3-43.) Use propel' 11ft points of fixture.
If handling bolts (or adapter attacllJnent are
required, use bolts RnI1l-9001-0018and
tor<l'lC bolts to 80-100 in-lb.

1. DiscOIillect valve from duct flange, and
remove seal plate (2'{, figure 3-44), spacer
(28), and seal plate (29).

m. Disconnect valve at manifold, remove
Drillcr plate (30), and carefully remove valve
(31).

CAUTION

The fnel valve weighs apprOXimately
90 pounds.

,,' .'.',
( 3- 151: INSTALLING NO. 2 FU~;r, VA LV},;.

(See figure 3- 44.) The lubri cant used In this
procedure Is lubl'ieant p'case RD0140-012
(Hocketdyne), unless otherwisc !Jpecified. Spec
ified IUhricating proeedures (I\wihods) are ont
lined in section I.

a. Observe safety, and contamination and
damage prevention requiren"'nts outlined In
section 1.

1:-. lnstali adaptor 9025463 on valve, and
attach fixturl! 9024923-11 to ndapter. Use
proper llft poi"t" of fixture, and position vahe
for installatioo.

CAUTION

The r\lf~l val\'(> wpit~hs apprOXimately
90 pounds.

c. If valve is a replaeement, lit-check valve
as "umned in paragraph :l-14cl. If sam" valve
is installed, proeeed with ~tl!P d.

<I. Inslall orifice plate (:l0, figure 3-44) with
lah positioned forward.

(~. Aline I1IU1'kings on valve flange and mani··
fold flange, and secure joint. Cross- torque
bolls to l, 150-1,250 in-lb. Safetywire boltS,
and install an aJuminum seal 011 IOl'kwire. Re
IllOW handling equipment.

f. Insl:lll seal pla.te (20), spaeer (28). and
Heal plate (27) between valve and duet. Position
seal plate with tabs outward.

[1. Aline markings on valvl!, spacer, and
duct flange. Sreure joint, and cross-torque
bolts to I, l50-1, 250 in-lb. Safetywir<! bolls.

gAo Assemble angle (2M) and bracket (26B)
using 1 bolts NAS1004-411 or bolts
HDIlI-IO09-04Il and washersLDI53-0012-0002.
If bolts NASl.004-4/1 are used, labricntA tltem
(Method A) with thl'ead cnmpou.ld C-M
(Felt Products). Tor'l0e bolts to 68 i'{ in-lb.
Safctywire bolts.

gB. Attach bracket (26BI to flange boltheads
using bolts NASI005-4/1 and washers
RDI53-9004-0002. Luhrlcatu bolls as outlined
In step gAo Torque bolts 10 68 ±7 in-lb. Safety
wire bolts.
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n<l89G·~

Volullle I

l Plug 10 Brackela) 19 Tube 26
2 Bracket 11 Spacel' a) 20 Oriflco 2GA
3 Bracket 12 Retalner(a)(b) plate 2613
4 Tube (a)(1 ) 13 Bracf,0t(a) 21 Bolt 27
5 Hetaij1H OJ 14 Tube c) 22 Seal 28
G Nut(a 15 Seal (c) 23 Elbow 29
7 Nut(U} i6 SUPPCll't (c) .H Quick- 30
8 Nut (a) 17 Tube disconnect 31
0 Plate(:l) 18 Seal 25 Retainer

Section jfj

!'acklllg
Angle
Brack"t
Seal plate
Spac(~l'

Seal plate
Orifice plate
Valve

r;Yi,:iiginoSi;;corporatlllg Mf>162 0" Mn16~j change,
(Il) Mlltchcdset, ,- - ._-
(c) Engincs not illcorporaling MD~ or l\1D.!1! chang'e.

h. IF valve Wllil repl?ced, lubricate (M"thod
.1) pa"kin;; (26). Install paCklllg, retllln('rR
(2G), and qulck-discocnccl (24). Cl'OSs-tul'que
bolts 10 3" ±2 in· lb. Safetywlrc bolts.

i. If valve was replaced, lUhrlcato (Method 11.)
boll (21). 11\hl~1l (,1 bow (23), seals (22), alld
bolt (:!1). PO,;1t\OIl RIlJow 10 alllle with tulle (4).
TOl''lue iJolt to 220 ,?fJ In-Ih. f;af~lywir(' boll.

j. Aline t<o. 2 flwl valve opon control tulle
(HI) to I'alve (31 \ as outllned ill paragraph 3-103;
thon insbll orlflce plale (20) aoel COllllect tubo to
vall'{). C"os~-torql'lI bolls 10 35 ·,3 in-lb.
Safctywll'e holts, and IIHJtall an alllJlllllUm
~eal on lotlkwll·e.

k. Allno pl'opclhUl! valvl)H (·Jose tuhc (17) to
valvo (31) as outltlled in p;u'agl'aph 3-1113: then
install soal (18), and connec! tobe to valve.
Cross-tol'que bolts to 36 i3 In-lb. SafetyWlre
bolls.

1. On engines not inoorpol'at Inll !I1Dl[,O or
MD151 change, Install support (16) lInd-torque
holfSi" 2~;-2 In-lb. Safetywlre boll/;.

m. On engines not. Incorporating MD150 or
i,WiG! chanF;e, lubl'lcate (Melhod A) onTo-,~'ln

tl'ailSdi,cor of support (16). Lubricate (Method
0) tulle (14). Install seal (15) and tube. Torque
tube c01Jpllng nuts to 160 ±1O in-lb. Saietywire
coupling 'luts.

NOTE

Stops n through r apply to engines
11Icol'porating MD182 or M0163
change. Parts Plust be Installed
so that nc strosa Is exerted on
tubes dUring or. after Installation.

n, fnstllll bracket (13). Torque lJolts to
170 tlO in-lb.

(J. Ins(all retainer (12) arllund tube, and
attach retainer to hradecl (l3!. Torque nut On
retainer to 30 I.G in-Ill, Torqlle IJolt In relaiuer
to 140 ~1O Ill-Ib, 'I'urque holt~ thai attach )';]_
talner l" hraclICt (13) 10 t40 tlI( in-lb,

n."raillor (12) conshis of Ill,'tehed
pads. If One part Is ,L~JIlagcd, the
('ompletc ..etainel' nlust b~ l'l'place,!.

p. IIlRtaH spaco I'S (11) and brack!)! (10),
Alternately tighlen and luos(H! attaching LulUl,
and check for GIlP in excess of 0.019 in"h he
tween either spacer and bracket. If ~:ap at either
point exeeeds O. 010 Inch, IMtaH was('or
HD133-1004-0014 hetwoen 011'-' s[Ja~er ,wd
bracket to reduco gal' t!) tess (hall 0.019 inch.
A maximll'}] of 2 washers may be lIsl,d. If re··
quired, washer laminations may be removed.

q. Torque forward bolt for hl'uclwt (10) to
80,5 in-lb. Torque lowor holt to 250 ,1G in-lh.
Safetywlrc bolls.

r. Assemble plate (9) anrl l'etal'1Cr (5) 10
braeket (10), H"tain('r (5) consists of matched
parts. II onc pal't Is damllged, the complete
retainer must he replaced. Milke sure tbat no
stress is exerted on tube (19) during 01' after
torquln~. '1'o,.qne fasteners an follows:

(1) Nut (6): 100 ±10 in-Ill.

(2) Nut (7): ';0 ±10 In-lb.
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(3) NLlts (8): 25 ±5 in-Ib above running
torque, except maximum torque must not
exceed 60 in-lb.

s. Lubricale (Metlwd A) bolt (21) rtlld elbow
(23). Lubricate (MethlJd G) tulle (4), Install
tubo, and torque coupting nuts to 135-185 in-lb.

t. Aliach bracket (3) to valve. '{'ol'qLle bolts
to 45 ±3 iiI-Iii. Safetyw\re bolt.

u. Attach brackcl (2) to valve. '£orq'le bolt
t(' 80-100 in-lb.

v. Connect plug (I) as outlined in paragl'aph
3··15.

w, (Deleted)

x. Hefer to section tV for post-maintenance
test requirements.

3-1 [it;. NO. I OXlm~_ER VM1Vr:;..

3-156, Equlvment reqUired consists of adapter
9020250, fixture 9024921·· II, und strut 9025193
fl'Olll Component Handling: Fixture Sel G40b3,
anti dnmmy 'leal set T-'j043413.

3-157, REMOVING NO, 1 OXIDIZEH VALVE.
(See f,((ure 3-45.) Spec:lflnd lubrlcatinli proce
dUl'Cs (methods) :,rc outllned in secUon J.

WARNING

Component lIandlinl( Fixtnre 8et
G40liO musl I", operated uy allth
orized personnel traIned on the usc
of the I."lulpmenl.

>t. Ousel've safety, and eontamillatlon 'lnd
damage pTevention requIrements outllned In
section I.

I,. (Deleted)

e. If oxidizer valve willlJn I'nlnstaHecl,
mark across val~t) and oxidJzel' dome flanges
and valve· to-duct flanges and spacer at 2
places ~ach, 90 degrees apart. Usc markIngs
th'lt can be remove,\' Do not scribe parts.

I.\. Disconnect plug (1) liS outlined In para
graph 3-14.

e. Remove tubes (2, 5, 6).

eA. If valve wlll ue I'epl'lced, remove 3
unions (3) and 3 seals (4). Lubricate (Method A)
closure thr~~.ds and (Method ,T) packing with
lubricant grease Rn0140-012 (Rocketd;me).
Torque closures to 20· 30 in-lb.

3-142 Change No.7- 24 March 1972

!. Disconnect Une ('I), "nd rellJove seal (8).

g. Disconnect tnb~ (OL and remove seal (10).
l3loeks 601883 and 601884 may b" I'nmlJl'ed to
gain additional clHarance luI' hydraulic t:ontrol
lines.

h. DisCOI1l1\'Ct tubc (II), and remove orlfic~

plate (12). Hetain orifice plale.

1. Disconnect tube (13), and remov(' seal (14),

J. Disconnect braekel (15).

k. Disconnect tube (16), and remove o"lfic:o
plate (l'I). Iletain orifIce plate.

kA. D,sconnee, theJ'lIJal insulation bracket
(17A) from frame. Retain attach!nl; parts.

kB. Remove !Jraek"t (I'IA) and plate (17B).
Hetaln atlaclling parts.

I. DIsconnect lube (16) and harness (10) f,'onl
bracket (19); lhen remove b"acket (la).

m. Moasu!'o and recol'c! oxtension of lines at
SllppOl't (22) f"om line f1alll~es to sU1'P()I·1.

n. Remove covor (20), ciampi! (21). ~.nd

support (22).

nA. Dlseonneclura.ckct (22A) frorn oxic'izt')'
dOllle-lo-valve boltheads. Clear hinged bracket
from riango al'oa. Retain atlaehinll 1'a rt~l.

o. Install adapter 9020250 on valve, and
attach flxture 0024921-11 to adaptor. (Sep
figure 3-46.) Uso projler 11!l points of fixture.
If No. 2 oxidl~pr valve or duct julnt Is not h,tae!,
install otrut &025193 I",tweenluruopump and
oxidizer dome.

NOTE

External surfaces lind the :lroa al'cJuuc!
the bolts should he vacuumed b:l(\t e
disconnec'tng valve flanges.

)1. Loo,en valve at oxidizer dome flange,
disconnect valve at duct (lange, artd remove
pressul'e-actuated seal (23, figul'e 3-45), spacor
(24), and pressure-ac:tualed seal (25).

q. DIsconnect valve at oxidizer dome flange.
and remove pressure-actuated seal (26). Caro
fully l'"move valve (28).

CAUTION

The oxidi~or valve welgns otpprox,,,
mately 168 pounds.

r. LUbricate (Method A) oxidizer dome flange
Closure bolllhreads with luhricant grease
HD0140-012 (Hocketdyne).
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3-158. INSTALLING NO.1 OXIDIZER VALVE.
(Sec figure 3·45.) The lubricant used In this
procedure IS lubricant grease RB0140-012
(Rocketdyne), unless otherwise sp~cilled.

Specified lubricating procedures (methods)
a,·t' outlilled III section I.

WARNING

Section III
Paragraph 3-158

NOTE

If spacer (24) has a minimum thick
ness at any point at O. 903 Inch or
less, an additional countersink
washer Is required under the bolt
head of each duct flange holt.

COlllponent Handling Fixture Set
04068 must be operated by author
izer! personnel trained in the usc of
the tquipnlent. •

a. Ob"NVe safety, alld contamination alld
damage prt'venllon requirements outlined In
~ectioll I.

IJ. Install adapter 9020250 eJII valve. (See
figure 3·16,) Attach fixture 9024931-11 to
adapter. Usc propel' 11ft points of fixturll, and
posillon va,vll for Installation.

CAUTION

The oxidize~ valve weighs approxl
'llately 168 pcunds.

c. If valve is a reJllacement, fit· check valve
as outlined In pal'al~rapi, 3-145.

N(.lT)~

Steps d thrOUI(h I appl, to installing
the valve that was rome,ved. Steps
j through a apply to illstallinl} a
replace meat valve. Step& p through
ab Install parts Indexed (1 through
22A, figure 3-45),

d. Inntall pressure-actuated seal (20), and
connect joint. Do not tighten fastenors.

e. Install pressnre-actuated seals (23, 25)
and spacer (24), and connect joint. Do not
tighten fasteners.

f. Aline markings on valve and spacer with
ma,'kings on duct, and secure joint to maintain
allllem'mt. Remove handling equipment.

g. Aline markings on valve with markings on
oxidizer dome. Secure joint to maintain
alincmcl1t.

h. Cross-torque fastellers at dome to
1, 150-1, 250 In-lb. Safetywire fasteners, and
install aluminum seal on Ioukwire.

1. Cross-torque fasteners at duct to
1,150- I, 250 in-Ib, and safetywire fasteners.
Remove strut 9025193.

NOTF.

Steps j through a apply 10 instaillng
a replacement valve.

j. Install shim detail 101 from dummy seal
set 1'-5043413 between valve and oxidi..er dome.
Install 6 approximately equally-spacell holls
and lighten bolts.

k. Install pressure-actuated sealH (23, 25)
'Iud spaccr (24) belween valve and ducl. Make
SUl'e spacer Is installed as lmlicatcd In Engine
Log flook, and cross-torque 0 appro>.lmately
equally-spaced bolls to 400 ;5 in-lb.

I. Loosen fasteners at dOlO" flange. With
shim against dome flange, measure and record
maximum and minimum axial gap between shim
a~\d valve, and determine maximum differentia!
rap by subtl'llctln[l: minimum axial gap from
maximum axial gap. Gap limitations arc as
follows;

(1) Engines not Incol'poratinll MD137
change: maximum fLl(lal gap, 0.090 InC"li;·
maximum differential gap, 0.020 Inch

(2) Engines Incorporating MDill challl~e:

maximum axial gap, 0.065 Inch; maximum
differential gap, 0.015 Inch

m. Roeord final dlmonslons, as speclfwd,
In Engine Log Book.
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H-3896-3 Section III
Volume 1

1 Plu~ 10 Seal 17B Plate 24 Spacer
2 T~be 11 Tube 18 Hames. 25 Pressure-
3 Union 12 OrHlee plate 19 Bracket acluated seal
4 Seal 13 Tube 20 Cover 26 Pressure-
5 Tube 14 Seal 21 Clamp actuated seal
6 'I'ube 15 Bracket 22 Sllpport 27 (Deleted) I
7 Une 16 Tube 22A Bracket
8 Seal 17 Orifice plate 23 PrcsFiure- 28 Valve
~ Tube 17A Brackut 'lctuated seal

-,--------------------
Figure 3-45. No. 1 Oxidizer Valve (Sheet 20(2)

n. Hemove shim, and Install presslIre
actuated seal (26). Cross-torque fasteners at
caeh flange to 1,150-1,250 In-lb. Safetywlre
fasteners, andinstllll an aluminum ~eal on
lockwire at dome flange.

NOTE

If spacer (24) has a minimum thtck
ness or O. 003 Inch or less at any
point, an additional eountcl'bink
washer is l'cqult'ed untler the bolt
head of each duct flange boll.

o. Hemove strut 9025103.

NOTE

Sleps p through ab Install parts
indexed (1 th"ough 22A).

p. Install support (22). Torque bolts to
100 ±5 in-lb. Safetywire bolts.

pA, Attach bracket (22A) to flange bollheads.
Lubricate (Method A) bolts with thread com
pound C-5A (Felt Products). Torque bolts
to 61l ±7 in-lb. Safetywlre bolts.

q. Install clamps (21) and cover (20). Adjust
llnes to dimensions recorded during removal.
and torque nuts to 75 f 5 in-lb.

r. Install bracket (19). Torque bolts to
75 ±5 III-lb. SaC"tywire bolts.

rA, Install thermal j,lsulatioll bracket (nA)
011 frame. TOI'Que nuts to 68 ±7 In-lb.

rB. Using thread compuund C·5A (Fell
Products), lubricate (MetJlOd A) bolls used to
attach bracket (17A) and plate (I'ID) to flange
hollheads.

re. Install plate (17B\ lmd torqllu bolls to
68 ,7 In-lb. SaCetywtre bolls.

s. Attach tube (18) and hal'llesg (18) ~o

bracket (19). Torque nuts to 8-10 Ir.-Ib.

t. .' Ihl<' No. 1 oxidizer valve dome purge
tube (16) io valve (28) as outlined In paragraph
3-103. Then Install orlflce plate (17) with tab
forward, and conner.t tube to valve. Cross-torque
bolts to 36 ~3 In-lb. Safetywlrc holls, and install
an aluminum s~al on lockwlr",

u. Attach bl'acket (I5) to valve. TOl'quo bolt
to 80 ;10 In-lb. Saletywlre holt.

v. Install Ileal (14) and ronnoct tubc) (13) to
valve (28). Cross-torque bolls 10 3613 in-lb.
SaIetyWlre bolte.

w. Aline propellant valves 01"'" tube (11) to
valve (20) as outlined In paragr~ph 3-103; then
tnstall orifice plate (12) and conncct tubr to
valve. Cross-torque bolts to 46 13 in-lb.
Safetywlre bolts, and Install an alumillum
seal On lockwlre.

x. AHn" sequenc:e valve to sequence VaIV(~

Hlle (7) to valve (28) as outlined In paragl'aph
3-103; then Inst.ul seal (8) and connect Hne to
valve. Cross-torque bolts to 30 +3 in-lb.
Safetywire bolls.

y. Install seal (10), and connect tube (9).
Cross-torqJe bolts to 85 ±5 !tHb. Sa!etywlre
bolts.

z. If seals (4, and unions (3) were I'emoved,
lubricate (Method I) unions. Install unions in
preparation for Installing tubos (2, 5, 6).
Torque unions to 240 flO In-lb.
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f1XTURE
9024921 ·11---......

3-161. IlEMOVING NO.2 OXIDIZER VALVE.
(See {lb'ure 3-4'1.) Specified lubricating proce
duros (methods) are outlined In section 1.

a. Ohserve safcty, and contamlnallo', and
damage prevention requirements outlined In
secllon 1.

h. (Deleted)

c. If oxl,Uzer valve will be reinstalled,
mark &Cl'OSS valve and oxidizer dome (Janges
and valve-to-ctuclIlanges and spacer at 2 places
each, 90 degrees apart. Use markings that can
be removed. Do not scribe parts.

d. On engines tncorporatlng MD162 or
1\ID163 change, remove parts tndexeir(l through
12):-netainers (I, 5, 9) are matched sets. If
one part of any retainer requtres replacement,
the complote ret~lner must be replaced.

f. Remove tubos (14, 15, 16).

fA. If valve wlll be replaced, remOve 3
untons ()7) and 3 seals (18). Lubricate (Method
A) closure threads and (Method J) packing with
lubricant grease IUl0140-012 (Hockeldyne).
'forque closures to 20-30 In-lb.

1.:. Disconnect '.ube (19), lind remove seal I
(20) and orifice plato (24), Retain orifice plate.

h. Disconnect tube (21), and remove BPa)
(22).

e. Disconnect plug (13) as outlined tn para
gralJh 3·14.

3-159. NO-,-~ OXlDIZEH VALVE.

a,\. Refer to section IV for posl- malnlenance
test requil'ements.

3-180. Equipment reqUired consists of ad.'\pter
0020250, fixture 9024921-11, strut 9025193
from Component Ha.ndling Fixture Set G4068,
and dummy seal set T-5043413.

~nXrUItE
)' 0024921·11

ADAPTER
9020200

Figure 3-46. Ilallollng Oxidizer Valves

aa. Lubricate (Method G) tubes (2, 5, 6).
Install tubes, and torque coupling nulR to
135-185 in-lb.

'lb. Inslall plug (1) as outlined in paragraph
3-15.

ac. (Deleted)

I. (Deleted)

J. Disconnect line (25), and remove seal (26).

k. Disconnect tube (27) am! harness f,'om
bracket (29).

1. Disconnect mbe (27) from valve, and re
move orifice p)Jte (28). Retain orifice plate.

I

{
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lAo Disconnect thermal insulation bracket
(28.\) from frame and r.~move bracket. Retain
attaching parts.

lB. R~move bracket (29).

Ie. DIsconnect thermal Insulation bracket
(291\) from oxidizer valve. Secure he rod and
lJlaeket cl<Olr of valve.

m. Install adapter 9020250 on valve, and
alt.ach fixture 9024921-11 to adaptl'r. (SC9
fig' ,'( 3-46.) Use IH'oper 'lift points of flxtur,'.
H .. 'J. I oxidizer valve 01' duct joint is not
I .. ,ct, In~tall sl"ut 9025193 between turllopump
and OXIdizer dome.

NOTE

Extemal sUl'fac<!s and the area
around thc botts should be vacuumed
hefol'e diseonnccting valve flungns.

n. Loosen valve at oxidlzc,' domc flange,
dloconnect valve at duct flange, and rcmove
pressurc-actuated seal (30, flg~lre 3-47),
spacer (31), and pressure-actuated scat (32).

o. Diseennect valve at oxidizer dome flange
and remove pressure-actuated f:cal (33).

CAUTION

'fhe oxidIze,' valvt! weighs approxi
mately 168 Ihlunds.

p. Lubrl(:ate (Method A) oxldI'wr domc
f1anKe closure bolt threads with lubrIcant
greasc RlJOI·IO-012 (Hockctdyne).

3-162. INSTALLING NO.2 OXIDIZER VALVE.
(Sec figure 3-47). 'fhe luhricant uscd in this
procedure is lubricant grease RB0140-012
(Rocketdyne), unless othcrwise speclfled.
Specified lubricating proc~dures (methods)
'Ire outlined in s~ction J.

WAHNING

Component Handling Fixiuro Set
G4068 must be operated by author
ized personnel trained in the use
of the equipmcnt.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section I.

b. Install adapter 9020250 On valve, and
attach f1xtul'C 9024921-11 to adapter. (Sn.e
figure 3-46.) U~e proper 11ft points of fixture,
and position valve fOI' installation.

CAU1'lON

The oxidi7.cr valvo weighs approxi·
maiely 168 pounds.

c. If valve is a l'ophlcement, fit-chock valve
r,s outltned in paragraph 3-145.

NOTE

Sleps d Ihcough i apply to installing
the valve that was rcmovod. Steps
j th,·"ugh 0 apply to Instal:Jng a
replaccment valve,

d. Install pro9suro-actuatcd seal (33, figure
3-47), and connect joint. Do not tighten fasteners.

e. Install pl'eRSUre-acfuated seals (30. 32)
lind spac('r (3 I), and connoc! joint. Do not
li.,ht"n fastoners.

f. Aline markings on valve and spa"er with
lIIarkings rm duet, and se,'ure joint to maintain
allnemellt. Homove handling equipment.

HOn;

If Rpaeer (31) has a miulmllll1 thlck
neSR of 0.903 inch 01' IOHs at any
point, an additlonn 1 count"rsink
washer is r,'qllired uuder tlle boll
head of each duet flange hit.

I{. Allnc markings on vnlvlJ with markinf:s
on oxidlzor dome. Secure joint to maintain
allnclllent.

h. Cross-torque fa8teMrs til 1,150-1,250
In-lb. Safetywlre fasteners.

I. Remove strut 0025193.

NOTE

Steps j through n apply to Installinf~

a I'oplacement valve.

j. Install shl'll detal! 101 <rom dummy seal
set T-fJ043413 between valvfJ and oxidizeI' <Iollle.
Secure joint with C approximately equally
spaced bolts.

k. lJlHtall pressure-aduated seals (30, 32)
and spacer (31) between valve and duct. Make
sure spaccr Is Installed as indicated tn Engine
Log Book. Cross-torquo 6 approximately
O(llmlly-spnced bolts to 400 t5 In-lb.
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Figure 3-47. No. 2 Oxidizer Valve (Sheet _ of 2)

3-146B Change No. ? - 24 March 1972



R-3896-3
Volume I

1 Ret~l~er(a)(b) 12 Dracket(a) 23 Deleted 30
2 Nut :. 13 Plug 24 Orifice
3 Nul(a) 14 Tube plale 31
4 Dracket(a) 15 Tube 25 Line 32
5 Retal~er(a)(b) 16 Tube 26 Seal
6 Nuda 17 Union 27 Line 33
7 Nut(a) 18 Seal 28 Orlhce
8 Dracket(a) 19 Tube plate 34
9 Hetai~el.(a)(b) 20 Seal 28A Bracket 35

10 Nuda 21 Tulle 29 Dracknt
11 Nul(a) 22 Seal 29A Il racket

Section III

PreSBUI'e
actuated seal

Spacer
Pressure

actuated seal
Pressure

actuated seal
(Deleted) I
Vatve

(e.) Enginc" incorporating MD162 or MD163 change
(b) Matched set -- --.

Figure 3-47, No.2 Oxidiwr V~lvc (Sheet 2 of 2)

1. Loosen f;il~tt:ncrH at dOlUC flang'e, and with
shim against dome lIange, rneabure and I'ecord
maximUlli and minimum axial gap between shim
and valve'. Detcrnllne maximum dllfercnlial
flap hy subtractlng minimum axial flap from
maximulll axial (lap, Gup limitations al'e as
follows:

(I) En~1nes not incorporating MDl37
change: maxlm\lm axial Ilap, 0.070 inell;
maximum differentlal gar', 0.020 tnch.

(2) ~:np;lnes Incorporalinll MD13'1 chango:
maximum axial Bat>, 0.065 inch; m~l-X1mum
di ffel'cntlal gap. 0,015 Inch,

m, Hecord final dimcnslons in l..:ngine Log
Book,

n. Hemove shim, and install pressure
act\lated seal (33), Cross-Iorqne fasteners ut
each flange to 1,150-1,250 in-lb. Safetywirc
fasteners, and illRtnll an aluminum senl on
lockwlre at dome flange.

NOTE
If spacer (31) has a minimum thick
ness of 0.003 inch or less at any
point, an additional counterslnJ<
washer Is required under the bolt
head of each duct flange bolt.

o. Remove strut 9025193,
NOTE

Steps oA through y Install parts
Indexed (13 through 29A).

oA, Attach lhermallnsulation bracket (29A)
10 oxidizcr valve. Torque bolt to 68 .7 in-lb.

p. Install bracket (29). Torque bolts to
75 ±5 In-lb. Safetywire bolts.

pA, Attach thermal insulation bracket (28A)
to frame. Torque nuts to 68 ±7 In-lb,

pB, Attach thermitl Insnlatton bracket (28A)
tl> flange bo\tlicad wlth serrated washer installed
between bracket (28A) :uHI br:,('ket : ~), Lubri
cate (Method A) holt wtth Ihread COlTl.lOUlid
C-5A (Fell Products), Torquc bol. to 68 17
Ill-ih. Sa.fctywlre bolt,

q. Attach tube (27) and harness to bracket
(29). Torque nuts to 8-10 In-lb.

r. Allne No, 2 oxidi~cr valvc dome purge
Hnc (27) to Hllve (35) as outlined In paragraph
3-103; then Install orifice plute (28) with lab
fOI'ward, and ('onnect tube to valve. Cross
torque holt.s to 36.3 In, Ih. Safetywire bolts,
and Install :tn aluminum seal on lockwlrc.

s. Install seal (26) and Hne (25), Cross
torque bolts to 3613 in-lb. Saielywlre colts.

t. Aline propellan, \:t1ves open tube (19) to
valve (35) as outllned l:t paragraph 3-103: then
Install orifice plate (24) and seal (20) and connect
lube to valve. Cross-torque bolts at ortflce
plate flange to 46"3 In-lb. Sa.fetywlre bolts,
and Install all alumln\lm seal all lockwlre.
Cross-torque bolts at seal flange to 3013 In-lb.
Safetywtre bolts.

u. (Deleted)

v. Aline propellant valves close tube (21) to
valve (35) as outlined In paragraph 3-103; then
Install seal (22) and counect tube to valve.
Cl'oss-iorque bolts to 85 ±5 In-lb.
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w. It unions (17) and seals (18) were re-
I moved, lubrlcRI~ (Method A) unions. Install

unions and seals, and torque unions to 240 ±i0
In-lb.

I x. Lubricate (Method G) tubes (14, 15, 16).
Install tubes and torque coupling !luts to
135-185 In-lb.

y. Install plug (13) as outlined In paragraph
3-15.

NOTE

Steps z Ihrough ab apply to engines
incorporaling MD162 or MD163
change and Instal1jlarts Indexed
(1 through 12). l'arts must be In
stalled flO Uu'lt no stress Is exerted
Oil tubes during or follolYlng In
st.'lllalloll.

I
z. fnstall brackets (4, 8, 12). Torque bolls

for hrackets (4,8) to 125 dO ill-lb. Torque
bolts for hracket (12) to 175.15 In-lb. Safety
wire bolts.

NOTE

Hetalners (l, 5, 9) are matched
sets. If a part of any retainer l'e
qulre's replacement, the complete
retatner must be replaced.

aa. Install retainers (5, 0), Torque bolts
to the following values:

(1) Nut (6, 10): 25 ±J) in-Ib abo.e rwming
tor(IUe, except maximum torque muse not ex
ceed 60 In-lb.

(2) Nut (7, 11): 75.10 In-ll.I.

abo Insta'l retainer (1), and loosen retainer
from bracket at fuel manl!old flange. Adjust
retainers to tube (21), and torque nuts to the
following values:

(1) Nuts for bolts through bracket and re
tainer at fuel manifold flange; 140 ±to in-lb.

(2) Nuts (2); 25 ±J) in-Ib above running
torque, except maximum torque must not ex
ceed 60 In-lb.

(3) Nut (3); 75 ±l0 in-lb.

ae. (Deleted)

ad. £!(,fcr to section IV for post-malntonall<'c
test requtrements.

3-163. FUEL VALVE POSITION THANS
DUCEfiS - ---=

3-164. This procedure applics to tho position
tranSducers for the No. 1 fll~1 valve and tho
No.2 fuel valve.

3-165. RE:MOVING FUEL VALVE POSITION
TRANl:IDUCEIlS. (See figure 3-48.)

a. Observe Hafety, and cU>iUlmlnation alld
damago preventton requireto eols outllned in
aeclion I.

b. Hen'ove (\Ibe (1).

c. Disconnect plug (2) as oullinl'c1ln para
graph 3-14.

CAUTfON

Rotating the transducer more than
1/4 turn during removal can damage
electrical leads.

d. Provide a one-gallon container to catch
residual fluids, and carefuliy remove trans
ducer (3) from valve body. Do not activate
transducer shaft until all residual fuel is re
moved fl'om shaft.

e. Prior to servicing, inspect shaft of trans··
ducer for presence of O-ring particles (black
particles). If a-ring particles are present,
remove bolt (7), seals ~q), and elbow (9), and
assign transducer for overhaul. If transducer
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will be !'l,installed, rellluve O-ring (4), re
tainers (5), and l'acking (6).

WJ.HNINO

Tl'ichloroethylene (l,nL-T-27~02) is
a toxic solvent. Inhalation of its va
po!'s Or pl'olanged cuntact with the
liquid can cause sC'riOlIR Injnry 01'

death .

• C lealling COlllp(lund (MIL- C- 81302)
is volatile. Use In a well-velllliatecl
area since the Vap0l'H diJplace thl'!
oxygen in tile air J rcslIltmg in
suffocation.

CAUTION

The varialJlp l'('SlHtor must not be
Immersedln cleaning liqnid, alld
Ihe liquid nlust oot be allow"d to
wet the resistor shaft O-ring,
"hll'e ti,e lI'l'.Ild will remove the
IUbrkant f!'Om the shaft 0- rillg.

l. Clcan "clllov('d parIs C'xecpt val'lable rc
slhtor by hllmersloll 01' handwiplng with tri
chlul'oelhylen(' (JlrIL-T-?7602) 01' dcanlng
cOlllplJUlld (MIL-C-flI30:l), CleWl vadablc
l'csiSIOI', wilh pa"It; atlached, by handwl(lilll~

only. Do not aclualc vUl'iablc resislor shafl
with cleaning flUid on shatt. Dry pads with
l;.tseous nitrogen (MIL-1'-27401).

I Tube
2 Plul(
3 Transducer
4 O-ring

/

5
6
7
8
9

(0'1-3-1-26

HctaillPl'
Packin!{
Holt
Seal
!':lbow

Figure 3-48. Fuel Valv" Position
l'ransdu(~ers
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g. Allow all fuel to dr:lin from fuel valve
actuator housing, and slphnn all rcmainml( fuel
iI'om ]llston rod bore to prevenl fuel from
contacting shaft when a transducer Is installed.

NOTE

Fuel may be siphoned using a one
pint plastic bottle with spout,
No. 4653-15 (~lathesonScientific Co),
or equivalent, with an II-Inch length
of s!eevlng. Resinltc No. EP-69C,
O. lOG-inch !D, O. 016-inch walllhick
ness (Inslalbltlon Supply Co), or
equll"llent, must be sccured 10 the
spout.

3-166. INSTALLJNG FUEL '.'ALVE POSfTION
TRANSDUCEHS. (8l)e fly,ure 3-48.) Spec1f1ed
luhricating procedures (methods) are ontllned
In section I.

I
a. If installing a replacement position

transducer, verUy that Ilosltlon tran~)ducer

preinstallation test outlined in section I has
been performed.

sA. Observe safety, and contamination and
damage prevention requlremcnts ouilinell In
scctlon I.

b. {,ubrlcate (Method J) O-ring (4) and
packing (6) wHh lubrlc:lnt grease HD0140-012
(Hockeldyne), and Install O-ring, packlnl~and
retatners (b).

e. Befol'e lnHtalllnK transducer, Inspect thl.'
lollowlng:

(1) Check shaft for evidence of 0- ~Ing
particles (black particles). U present, assign
transducer lor •. lCrhaui.

CAUTION

In the following subslep, lhe spl'ing
must be held firmly. U the trans
duc...r is allowed to snap open under
sprIng force, damage to the slldel'
block fastener wlll result.

(2) Check shaft for adequate lubrication.
If lubricant on shaft Is not visible, lubricate
IJhaft with FS1281 g,'case (Dow CornIng Corp),
using swal) 908919, or equimlent. If necessary.
compress sprIng to gain access to shaft. Ex
cess lubricant on shaft is acceptable.

(3) Check that all fluid has been removed
f"om bore.

NOTE

Suflicient f1 .• id must be removed from
the closing slrie of the actuator cavity,
and the piston rod bore must be dry,
to prevent fluid from contacting the
shaft wben the transducer Is installed.

d. Clean entirn surface of hor(' wilh swab
906010, or equlvalenlny!on swab. (D"pth of
bore is appl'oximalely 11.2, inches.)

e. PrlOI' to Installing transdul'er, visually
inspect fuel valVE spring cavity and bore for
chips, 0- ring particles, and conta mlnat iOIl.

CA lJ'I'ION

Hol,IUng the transducer more than
1/4 turn durin!: installation Can
r1ama;:e the clectdcal leads.

C. Makc sure sprir,g is c('ntored In washer on
encl of shaft; tlwn cal'efully insert tr<lnsclucer
Into luel vain· housing. Ma'<e sure shaft is not
binding by measuring distance that transducer
springs out from v:\lv~. Dl6tall~e must '101 ex
ceod 0.30 Inch. Helllove transducer and r~Jleat

steps e and f If distance exceeds 0,30 ineh.

g. Secur~ transducer to hcusilll: with scr('ws
:tnd washer.~. T01''Iue Fcrews to GO- '/0 iI:-lb.

h, Check that transducer is lully extended
Into valve pislon and lndlcat('s that valve Is in
the closed position, as follolVs:

(I) Measure resistance betwecn pilln A
and C. nl!slstance must be 2,000 ,100 ohms.

(2) Measul'e resistallce between pin" B
and C, Resistance must be 2,095 ;325 ohms.

(3) Meallure resistance between pin" D
and E. Resistance must not excced 0.5 "hms.

I. If parts Indexed (7 thl'cugh 9) were re
moved, lubricate (Method A) elbow and bolt with
lubricant grellse RBOHO-01::' (Rocketdyne), In
stall elbow (9), seals (8), and bolt (7). Position
elbow to aline with tube (1), and torq\.e holt to
220.J020 In-lb. Safetywlre holt.
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j. Lubrlcak tube (1) with lubricant grease
RDOJ40-012 (Hocketdyne). Apply lubricant
using Method G outlined In secllon I. Connect
tube (1) to elbow. Torque coupllng nut to
135-185 In-lb.

k. Connoct plug (2) as outlined iu paragraph
3-15.

d' Torque screws for clips (3) to 2.0 to 2.5
In- Jb above locking feature. Do not exce"d
9.0 in-lb.

l'. LUbricate packing (4) with FS1281 grease
(Dow Corning Corp) using (Methcd J) outlined
in sect iOIl I. 1I1btall p;;cking and transducer
houSllIl:. C.'rosh-torque SC1'ews to 20-25 in-lb.

I. Refer to secllon IV for post-maintenance
test requirements.

f. COllIlC<'l plug (1) as outlined in pamgraph
3 -15,

:i-I72. This procedure applies to the No.1 and
No.2 oxidi1.er valves.

3·1'11. OXIDIZF:H DOME \lUnGE cm:CK
Vj~

Clip
Packing

3
4

Plug
Transducer

OXlDIZ1R
VALVE (RI:FI

Jo1eure 3-49. OxidIzer Valve Position
'I'ransducers

1
2

~i ~
~~ I

~ ~k
~' ,

1 I '
~ J~>-3

3-_._'~d)
• 4,

g, Hefer to seclion IV for post-maintenance
test requil'ements. and safetywire housing
screWf, and plug follOWing completioll of re·
quircmentc.

3-167. OXIDIZER VALVF: POSITION TRANS·,
DUCERS.

3-168. This procl'dure applll's to the No. 1 and
No.2 oxicltzer valves.

3-169. HEMOVING OXlDIZEH VALVE POSI
TION THANSJJlJCEIlS. (See figure 3-4U.)

a. Observe safety, and contamlnallon and
damage prevenllon "equlrements outlined In
sectton I.

b. Disconnect plug (1) as oullined In para
graph 3-14.

c. Dlsconnect housing of transducer (2) Imlll
valve, and ca"efully pull housing away until
inner plug clips and screwS al'O acoesslble.

d. Hemove clips (3), transducel' (2), and
packing (4).

3··170. INSTALLING OXIIHZEH VALVE POSI
TION TRANSDUCERS. (3ec ll[.'1lre 3-49.)

I
a. II installlnl!' a replacement posllion

Iransducer, verily Ihal posItion Iransducer
preInstallation test outlined in qectlon I has
been performed.

aA. Observe sarety, and contamination and
damage prevpntton rElqulrements outlined tn
section I.

b. Install pa~ktng (4) over transducer cable;
then alille siot In arm of trlUlsducer with dl'lve
pin in shalt, secure with cllpa (3), and tighten
screws llnt;ertlght.

c. \;,Hh valve In fully cloDed position,
measure l'"slatlU1ce across the followtng ptns.
Loosen cllps (3), If required, and rotate
transducer to obtain correct reading.

(1) Pin A to pin B: 482 %25 ohms

(2) l'ln A to pin C: 2,000 *100 ohms

(3) Pin B to pin C: 2,120 i130 ohms
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Section tIl
Pa.ragraphs 3-173 to 3.. 174C

3-1'13. lWMOVINO OXIDIZER DOME PURGE
CHECK VALVE. (See figure 3-50.)

a. Observe salety, and contamination and
dUIl1"ge prcv,,,,tlon requirements outlined tn
s~ction !.

b. Die,conuect tUbe/line (1) irom check valve,
and remove and reiain oliliae plate (2).

c. Remove valve (~) and se.,1 (1).

3-174. H'STALLING OXIDIZEll DOME PURGE
CHECK VALVE. (See rt\,'lJre 3-50.)

a. Observe salety, and contaminatlon and
damage prevention requlremenis outlined in
section I.

____________~.1.::l.:1.28

aA. Inspect that pin securing gate In valve
(3) ts Inslalled.

b. Install seal (4) and valve (3). Crosr;
torque bolts to 110-130 in-lb. Safetywire bolts.

e. Aline No. 1 oxidizer dome purge tube or
No.2 oxidizer dome purge line (1) to valve (3),
as outlined In paragraph 3-103; then install
orifice plale with tab forward, and connect
tube to valve.

d. Cross-torque bolts to 36 ±3 in-lb. Sl\.:cly
wi re bolts, WId tnstall an alumimul1 seal on
10ekWlre.

e. Refer to section IV for post- maintenance
lest requlremen's.

3-174A. §.!9l!ENCE VALV~

3-174B. Th's procedure applies to Ihe No.1
and No. 2 oxidizer 7lllves. Disassemble the
sequence val'le, as reqUired, to accomplish the
necessary packlngs or parts replacemenl.

3-174C. REMOVING SEQUENCE VALVE. (See
figure 3- 500'>" )

a. Observe safety. and cQnlamlnation and
damage prevention reqUirements outlined in
section I.

b. Disconnect tube (12) from PRESS OUT
port on sequence valve, and remove Ileal (13).
!nsu JI protective closure on lube flange.

c. Dlsconner.t tube (16) froIll PRESS IN port
On sequence valve, and remove seal (17). fn
~\all protectlve closure on tuhe flange.

1
2

Tuhe/Llne
OrlCice plate

3
4

Valve
Seal

t'lgure 3-50. Oxidizer Dome Purge
Check Valve
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21 18 19 18
1=10!J-- ll

_--12

~. 13

22 20

9
1

E
3 2

9A 98
DErAIL 0 5

f'1·3·1~lH

1 Bolt 9A Relll.L'll!r(a) 14 Dolt

2 Washer OD Plate(a) 15 Washer

3 Cap ge Serew(a) 16 Tube

4 Pl1cklr,g 9D Paeklng(a) 17 Seal

5 Retainer BE Cylinder head(a) 16 Retainer

6 Pin 10 E:Jlt 19 Packing

7 Spring 11 Washer 20 Packing

8 Gate 12 Tube 21 Itetainer

9 Cylinder head 13 Seal 22 Ring

{al On oxfdlzorvalve 409463- 31

Figure 3- 50A. SequeM9 Valve
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Paragraph 3-174D

d. Remove bolts (l) and waHhers (2) that
secure s~quencc \'alvo to oxidizer valve cylin ...
der, and remove sequence valve. Two 1/4-28
bolts may b~ i"~nrted Into tl1.pped holes in cap
(3) to facUitat/) valv.:: reilloval. Protect cylJll
de r from cont'tmination with clean plaRtic shect

Iand fitrip, (Fedcral SpccifI catIOn L-I'- 378,
Type II). Selll pll1.stic wilh pressure-S('nRittv"
tape RD0195-002 (Rocket dyne) 01' (Federal
SpecHI cation PPP- T·· 60).

e. Remove cap (3) fron! eylinu,°l' head
(9, 9E).

f. On oxidizer valves except 4,09465-31,
remove packing (4) and relainOl'f' (5) from cyl
hIder head (9). Do not remove l'in (6), spring
(7), and gate (8) Ir"m cyl,ndel' head (9) unless
parts arc to be replaced.

g. On oxidizer ..dve 409465- 31, perform
the followmg:

(1) Remove screws (9C) that attach plate
(9il) to c:ylinder heal< (9E). Do not remOve pin
(6), spring (7), and gate (8) from cylinder h~..d
(9E) unless parts are to be replaced.

(2) He'move packing (4), retair.drs (5),
packing (gIl), and l'etain"r (9A) I: om cylind':r
head (9E).

h. Hemove packing (J9), retainers (18),
pacl:lng (20), and re';.liners (21) from cylinder

. head (9, 9E). Do not remove ring (22) from
oxidiz(lr valve pIston rod.

3-17411. IN:rrALLING SEQUENCE VALVE.
(See figure 3-50A.) The lubricant used in this
proc"dure is FS1281 gr"ase (Dow Corning Corp).
Spccill€'d lubricating procedure,; (methods) al'e
outlined in section 1.

a. ObRerve safety, and contamination and
darnap,€ prevention requirements outlined In
section i.

b. Lubricate (Melhod L) l'ackin!\ (20); then I
insert packing and retainers (21) into center
groove of cylinder hcad (9, 9E).

c. Lubril;ate (MNhod .T ) packing (19); then I
install packing and relainers (l8) in large
groove of cyl1nder head (9, [JF;).

(>. Luhricate (MetilOd J ) packing (4); thell I
Install packing and retainers (5) in groove of
cylinder head (9).

e. If required, install [(I\t" (8) and spring (7)
On cylinder head (9) and sertlre with pin (6).
Spring must be rotated 1Sv degrees in direction
of spring twisl dUl'infr ins\allation, to hold gate
in II closed position agai,'&t cylinder head.

f. On oX'JiZel' valve '109405-31, perform the
followimr:

(l) Lubricate (Melhod .J ) packing (90), I
then inRtall packing and I'etainers (9A) into
center groove of cylinder head (9~~).

(2) Lubricate (N;ethod J ) packing (4); then I
install packing and retainers (5) in large groove
of cylinder head (9E).

(3) If required, install gate (8) and spring
(7) on plat" (9B) and s(,curl' with pin (6). Spring
must be rutated 180 degrees in direction of
spring twist du rinl> installatlon, to hold gate in
a closed positIon arrainst plate.

(4) Secure plate (9B) to cylinder head (9E)
with screws (9C). Torque screws to 20-30 in-lb.

{{. Hemovc proteclive plastic from oxidizer
valv" cylinder. Inspect protective plastic to
make certain tllllt complete prot.ectlve Hem Is
removed and that portionR do not remaIn that
could contaminate oxidizer valve.
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h. Carefully position cylinder head (9, 9E)
on valve cylinder with I'HESS IN port facing In
board Side of oxidizer valve. Position cap (3)
on cylinder head, and secure eap and cylinder
head to val.ve cylinder with bolts (1) and washers
(2). Torque bolis to 175-271 in-lb.

i. Remove protective closure, and aline tube
(16) to PRESS IN port as outlined in paragraph
3-103, Install seal (17), and connect tube with
bolts (14) and washers (15). Cross-torque
bolis to 30 ;3 in-lb. Safetywire bolts.

j. Hemo\'e protective closure, and aline tube
(12) to PRESS OUT port as outlined in paragraph
3-103. (On No.2 oxidlzar valve, alinement uf
tube (12) is not requl~ed.) Install seal (13),
and connect tube with bolts (10) and washers
(1t). Cross-torque bolts to 36 i3 in-lb. Safety
wire bolts,

k. Leak-test sequence valve cylinder head
to-cap joints. (Refer to section IV for post
maintenance test requlraments, )

3-175. BEARING COOJ"l>.NT CONTROL
VA LV.§..

3-176. REMOVING BEARING COOLANT
CONTROL VArNE. (See figure 3- 51. )

a. Observe safety, and contamir:ation and
damage prevention requirements outlined in
section I.

b, [{emove tube (1) and seal (2).

c. On engines incorporating MD150 or
l\ID151 change, remove tube (S) andseals (4).

d. Disconnect plug from transducer as out
lined in paragraph 3-16.

e. Remove brark~t (5), transducer (6), ar'd
seal (7).

f. DiSCOnnect tube (8), and remove seal (9).

r,. On engInes notlncorjJOrating MOlnO or
MD151 change, remove elhow (10), nufTrI),
rinidI2), and gasket (13). On engines incorpo
rallng M0150 or MD151 change, remove tee
(14), I'ut (m, ring (fiT, and gasket (13).

h. DiSconnect hose (FJ) and tube (16), und
remove seals (17),

i. Ii valve will be replaced, remove coupling
(18), retainer (19) an.:! O·ring (20).

j. Remove valve (21) frolll bracket (22) by
remOVing 4 bolts and 4 washers from back side
of bracket (22).

3-1'17. INSTALLING BEARING COOLANT
CONTHOL VAJ.vE. (See figure 3-51.) 'The lu
bricant used ill this procedure is lubricant
grease HB0140-012 (Hocketdyne). Specified
lubricating procedures (methods) are outlined
in section I. If the bearing coolant control
valve Is replacE'd. the original Integral orifice
musl. be installed in the replac"ment valvE', or
if the orifice is replaced. the replacement
orifice must be withIn the machlniny, tolerance
of the size recorded in the Engine Log Book.
Hemova I and installation procedures for the
orifice are outlined in R-3896-3, Volume II.
Orifice replacement and repair procedures al.)
outllned in section 1.

a, Observe safety, and contamination and
damage prevention requirements outlin~d In
sectirJll r.

b. Install vulva (21) on bracket (22). Cross
torque bolts to 40· 50 in-lb. Safetywirc bo1.\s.

c, If valve was replaced, lubricate (Method
J) O-ring (20). Install O-ring, retainers (19), I
and coupling (1~). Crnss-torque boils to 40-·50
in-lb, Safetywlre bolts. Torque cap, if re
qUired, to 30-40 It-lb.

d. Install seals (17), tube (16), and hose
(15), Cross··torque bolts to 40-50 in-lb. Safety
wire bolts.

c, On engines not incorporating MD150 or
MD15l change, lUbricate (Method J) gasket I
(13rlnstall nut (11), ring (12) and gasket (13) I
on elbow. Lubricate (MethodA) elbow (10), and
Install elbow. Torque nut (11) to 75-100 In-lb.
Saf~tywire nut.
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FWD

section III

I
2
3
4
5
6
7

Tube 3 Tube 15 Hoss
Seal 9 Seal (b) 16 Tubs
TUb~(a) 10 ~:Jbow 17 Seals
seal a) 11 Nut 18 CouplJng
Bracket 12 Ring 19 Retainer
Transdu~cr 13 Gasket 20 O·rlng
Seal 14 Tee(a) 21 Valve

22 Bracket

(i)Enl!\lneS IncorpClratlng MD150 or MD151 change
(Il) Engines not IncorporatinglirrH50 or1lD..!!! change

Figure 3-('1. Bearing Coolant Control Valve
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Paragraphs 3-176 to 3-180

f. On engines incorporating MDI50 or
I M0151 change, lubricate (Method Jlgasket

(13).1nstall nut (11), ring (12), and gaskd
I (13) on tee. Lubricate (Method A) lee(I4), and

install tee. Torque nut (11) to '15- 100 in-lh.
Safelywire nut.

I g. Lubricate (Method 0) lube (8). Install
seal (9), and connect iube (6) to tee or elbow,
as applicable. Torque tube coupling nut to
160 ±10 in-lb. Baletywix'c coupling nut.

h. Install seal (7) and transducer (6). Cross
torque bolts to 45 ±5 in-lb. safetywire bolls.

i. Install bracket (5). Torque bolls to
15 '5 In-lb. Safctywirc bo.ts.

3-178. BEARING COOLANT CaNTHaL VALVE
FILTER-S.--

3-1'19. REMOVING BEARING COOLANT
CONTROL VALVE J;'ILTERS. (See figure :1-5l.)

a. Remove coupling (18), retainers (19), and
O-ring (20). Retain coupling for Installation.

b. Refer to R-3896-3, Volume II, and replace
filters as outlined In applicable procedure.

3-180. INSTALLING BEARING CooLAN'r
CONTROL VAL·VE FILTERS. (See figure
3- 51. )

j. Conncct plug to transducer ~s outlined 111
paragraph 3-17.

k. On engines Incorporating MD150 or
11\1D151 change, lubricate (Method G)tube (3).

InsfiiU' seals (4) and tube (3). Torque coupllllll
nuts to 160 ±10 in-lb. Safetywire coupl1ng
nutS.

I J. Install seal (2) and tube (1). Torque bolls
to 15··20 In-lb. Safelywlre bolts. TOl'que cou
pllng nul to 330 ;15 In-Ib above prevalllng tOl'que
(If coullling nut. Pl'evailing lorque Is obtained
prior to sealing of coupling nut and must be
2·j-200 in-lb.

I m. If static firing Instrumentallon IF intalled,
torque nuts for tube supporting clamps to 8-10
in-lb.

il. Refer 10 section IV for posl-malntenance
test requu·emenls.

a. Lubricale O-ring (20) v.ith lubricant
grease RB0140-012 (Rocketdync). Apply lu
bricant using Method J outlined in section l.

b. Install a-ring (20), retainers (t9), and
coupling (18). Cross-torque bolts to 40-50
in-lb. Sllfetywlre bolts.

e. If requi red, torque cap for coupling to
30-40 ft-lb.

d. Refer to section IV for post- maintenance
tesl requirements.

Chanl(e No. 4 - 6 October 1070 3-151
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g, If hypergol manifold will be replaced, re
move plug (13), gaskct (14), adapter (1&), and
seal (16),

3-181. IfYPERGOL MANIFOLD.

3-182. The hypergol manifold assembly may be
removed as specified In paragl'aph 3-183. Re
pair of the hypergol manifold Installed on the
engine Is limited to replacement of the fuel drain
and purge flange-mounted quick-disconnects
and reinstallation or replacement of the hyper
gol cal'trldge container and hypcrgollnstalled
switch,

3-183. REMOVING JIYPERGOL MANIFOLD,
(See flgure 3- 52. )

a. Observe safety, and contamllllltion and
damage prevention requirements outlined In
section I,

b. Remove thermallnaulatlon frame 145477,
If Installecl. (Refer to R-389S-6.)

NO'rE

Residual fluids may be In lines and
hypergol manifold,

c. Disconnect plug (1) as outlined In para
graph 3-14.

d. I~..move tube (2). If hypergol manifold
will be replaced, remove elbow (3), gasket (4),
ring (5), and nut (6).

I e, Disconnect hose(7), and remove seal (8).

f, Remove lube (9), O-ring (10), spa~er (11),
and O-ring (12). (The samc parts are used at
fuel duct end of tube. )

I

h. Remove tube (17), If hypergol manifold
w!ll be replaced, remove transducer (18) and
gasket (19),

i. Disconnect tube (20), and remove 1>eaI(21),

j, Disconnect tube (22), and remove seal (23),

k. Disconnect tube (24) (detail A), alld re
move seal (25),

I. Disconnect line (;l6) (detall A), and re
move seal (27).

m. Disassemble and remove retainer (28)
(detail B). The retainer cor,slsts of matched
parts. U one part requires .replacement, the
retainer must b'! replaced.

II. Remove bracket (29) (detail B).

o. Dl!lconnect tUbe (30) (detail B) at fuel
manifold, and remove seal (31),

p. Remove coupling (32), retainers (33), and
O-ring (34); thell remove tube (30), retainers
(35), and O-ring (36),

q. ~emove clamp (37).

1'. Hemove bracket (38) and hypergol mani
fold by removing bolls that attach bracket to
fuel manifold. Bushing (39) may be loosened,
jf necessary.

s. Remove bolls that attach b.'acket (38) to
hypergol manifold.

3-le4. INSTAI.LING HYPERGOL MANIFOLD.
(Bee figure 3-52.) T~e lubricant used In this
procedure Is lubricant greasc HB0140-012
(Rocketdyne). Specified lubricating procedures
(methods) are outlined in section I.

II. Observe safety, 'lnd contamination and
(lamagc prevention requirements oulllned in
section I.

b. Attach bracket (38) to hYPergoi manifold.
Torque bolts to 150 ,5 In-lb. Safetywire bolts,

c. Install bracket (3U) in piace. Torque nuts
io 125 i 5 in-lb. If bushings (39) were removed,
they must LC Inslalled pI lor to installing bolts.
Adjust b"shings against bracket of fuel manifold,
and torque bushing nuts to 200 ito in-lh.
Safetywire bushings.

d. Install clamp (37). Torque nuts to
35,5 In-Ill.
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Figure 3-52. ttypergol Manifold (Sheet I of 9.)
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FI-3-t -48

1 Plug
2 Tube
3 Elbow
4 Gasket

5 Ring
6 Nut

| 7 IIose
8 Seal
9 Tube

| 10 O-ring

11 Spacer
12 O-ring
13 Plug
14 Gasket
15 Adapter
16 Seal
17 Tube
18 Reducer
19 Gasket
20 Tube

21 Seal 31 8eel
22 Tube 32 Coupling
23 Seal 33 Retainer
24 Tube 34 O-ring
25 Seal 35 Retainer
26 Line 36 O-ring
27 _eal 3'7 Clamp
28 Retainer (a) 38 Bracket

29 Bracket 39 Bushing
30 Tube 40 Hypergol manifold

41 S_-iteh

42 Packing

I

(a) Matched set

Figure 3- 53, llypergol Manifold (Sheet 2 of 2)

e. Lubricate (Method J) retainers (33_ 35)
,and O-rings (34_ 36) and connect tube (30) and
coupling (32) to hypergol manifold (40). Cross-
torque bolts to 75 _5 in-lb. Safetywire bolt_.

f. Aline ignition monitor valve sens,J tube
(30) to thrust chamber fuel manilold. Inetan
seal (31) and connect tube to mmfifold. Cross-
torque nuts to 52 _5 ln-lb,

h. O_ engines incorporating MD102 orMD16]
cbsJ_ge, install bracket (29) and re{airier (28)7"
Adjust p_sitlon of parts so that no force is
exerted on tube (30) after fasteners are tightened.
Torque fasteners that attach bracket (20) to
engine to 120.15 in-lb. Torque fasteners that
attach retainer (28) to bracket (29) to 100 *10
in-lb, Torque bolts of retainer to 85 _10 in-lb.
Safetywtre retainer bolts.

g. (Deleted)

)

/_ •, )
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(

i. Install seal (27), and connect line (26).
Cross-torque bolts to 46 _3 in-lb. Safetywire
bolts.

j. Aline propellant valves open tube (24) to
hypergol m_mifold (40) as outlined in paragraph
3-103; then install seal (25), and connect tube
to hypergol manifold, Cross-torque bolts to
85 -i5 in-lb. S_etywire bolts.

k. IJmtall seal (23), m_d connect tube (22) to
hypergol manifold (40)° Cross-torque bolts to
36 _3 in-lb. Safetywtre bolts.

1. Install seal (21), and connect tube (20) to
hypergol mmdfold (40). Cross-torque bolts to
36:_3 In-lb. Safetywire bolts.

m. If reducer (18) and gasket (19) were re-
moved, lubricate (Method J) gasket and 1,_bri-
cate (Method A)reduc,r. Install gasket and
reducer. Torque reducer to 100-150 in-lb.

n. Lubricate (Method G) tube (17). Lubricate
(McthodA)union and install tube (17). Hold
reducer and torque tubs coupling nuts to
270-345 in-lb.

o. If parts indexed (13 through 16) were
removed, install seat (f6) and adapter (15).
Cross-torque bolts to 22 _2 tn-lb; then lubricate
(Mc,thod J) gasket (14) and (Method A) plug (13).
Install gasket and plug. Torque plug to 40-65
in-]b. Safetywire plug and bolts.

p. Aline igniter fuel supply tube (9) to
hypergol manifold (40) or No. 1 fuel high-
pressure ahmt as outlined in paragraph 3-104A,

q. Lubricate (MethodK)4 O-rings (I0, 12)and
install O-rings in flange and spacer grooves at
each end of tube.

CAUTION

Spacers must not b9 rotated during
assembly in tube or when tube is
installed. Damage to O-rings may
result.

qA. Aline marl_ngs on spacers and flanges
and install spacers in tube.

qB, Carefully install tube. Make sure O-
rings In grooves are in place, and cross-torque

qC. Safetywire bolts and remove markings
from flange.

r, Install seat (8) and connect hose (7).
Cross-torque bolts to 85 _5 in-lb. Safetywirc
bolts.

!

s, If parts indexed (3 through 8) were re-
moved, lubricate (Method J) gasket (4)and
ring (5). Install elbow (3) and aline with tube
(2). Torque nut (6) to 150-200 in-lb. Safetywire
nut.

t. Lubricate (Method G) tube (2), and install
tube, Torque tube coupling nuts to 270-345in-lb.

u. Connect plug (1) as outlined in paragraph
3-15.

v. Install thermal insulation frame 145477
as outlined in R-3898-6.

w, Refer to section IV for post-maintenance
test requirements.

2-185..HyPERGOL MANIFOLD CARTRIDGE
CONTAINER.

3-186. The hypergol manifold cartridge con-
tainer may be removed and reinstalled or re-
placed with the hypergol manifold installed on
the engine.

3-187. REMOVING HYPERGOL MANIFOLD
CARTRIDGE CONT.AINER. (See figure 3-53.)

a. Observe safety, and contamination and
damage prevention requirements outlined in
section1.

b. Disconnect llne(I),and remove seal (2).

c. Remora clamp (3).

d. Remove container (4), retainer (5),and
O-ring (6).

e. Remove closure (7) and packing (8) from
eontalnerp if required. ReOln closure.

3-188. INSTALLING HYPERGO:, MANIFOLD

CARTRIDGE CONTAINER. (Seefigure3-53.)
Specifiedlubricatingprocedures (methods) are
outlinedin sectionL

a. Observe safety, and contamination and
darnage prevention requirements outlined in
section I.
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fl·3·1·n

7 Closure
8 Packing

1 Line
2 Seal

3 Clamp -r 5 Retainer
4 Container 6 0- rIng

-------_.
Figure 3-53. Hypergol Manifold Cartridge Container

b. Lubricate (Method J) Q-rlng (6) with lubrI
cant grease HB0140-012 (Rocketdyne), and In
stall O-ring ami retainers (5) on container (4).

c. Lubr!.cate (Method Z) sliding surface of
container (4) with lubricant grease RBOI40··012
(Rocketdyne), and apply additional grease on
Q-rlng (6).

d. Install container (4), and cross-torque
boIts to 155-185 In-lb.. Safetywlre bolls.

e. Install clamp (3), and torque nuts to
35;l5 In-lb.

f. Install seal (2), and connect line (1).
Cross-torque bolts to 85 ±5 In-lb. Safetywlre
bolls.

g. If closure (7) and packing (8) wel'e re
moved, lubrleate (Method L) packing (6) with
FS1281 grease (Dow cornIng Corp) and Install
packIng 0.1 clo~ne (7). in5lltll dooure (7) I1lld
sccure wIth retaIner.

3-189. !!.Y£Ii;B.QQL.JNSTALLED SWITC!!..

3-190. REMOVING HYPERGOL INSTALLED
SWITCH. (See figure 3-52. )

a. Using method outlined In paragraph 3-14,
<lisconnect plug (1) from hypergol Installed
swItch.

b. Remove switch (41) and packing (42).

3-191. INSTALLING HYPERGOL INSTALLED
SWITCH. (see figure 3-52.) Specified lubri
cating proce<hJres (methods) are outllned In
section I.

a. Lubrtcate (Method J) packing (42) with
FS1281 grease (DoV! Corning Corp).

b. Install packing and switch (41). Torque
bolts to 27-33 In-lb. Safetywlre bolts.

c. Inslall plug (1) using method outlined In
pliragl'allh 3-15.

d. nefer 10 section IV for pOBI··malntenance
test requlroments.
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3-191B. R~'MOVING IGNITION MONITOR
VALVE CAl!. (Sec figure 3-53A.)
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Section III
Paragraphs 3-l9lA 10 3-191C

CAUTION

Lamlllallons of diaphragm (19)
lIlust not be separated.

a. Observe safety, and contamination and
damage prevention requirements outlined in
sedion I.

b. Remove bolts (l) and Washers (2) attacning
retainer (3) OVer tube (14); then remove retainer.
(The retainer consists of matched parts. If one
part rcqulres replacement, the entir" reblner
must be replaced.)

c. Removc nuts (4), washers (5, 7), and
bolts (6) altachlng tube (14) to thrust chamber
fuel manifold; then careful1y remove seal (8).

d. Hemove bolts (9) 'lid was)lfJrll (10) attach
ing coupling (11) and tube (14) to II!,1lltion
monlt.or valve; then remove coupling and tube
and relalners (12) and O-rings (13).

CAUTION

In the folloWing step, diaphragm (19)
and cover (20) may IlC damaged If
al10wed to drop out when cap (17) is
removed.

e. Hemove bolts (15) and washers (16)
attaching cap (1'1) to Ignition monitor valvo;
then enroluUy remove cap, packln!, (18),
diaphragm (19), and cover (20).

3-191 C. INSTALLING IGNITION MONITOR
VALVE CAP. (See flr,urc 3-53A.) The lUbri
cant usee! In this procedure is lubrIcant grease
HB0140-0l2 (Hocketdyne). Specified lubrication
procedures (methods) are out.1lned In secllon I.

a. Observe safety, and contamInation and
damage prevenllon requtrements outlined In
section I.

h. Measure and record thickness or
dlaphrar,m (19). Minimum allowable thickness
Is 0.0070 tnch.

c. LUbr-lcato (Method J) packing (18) and
install III groove In face of cap (17); then place
diaphragm (19) on cap. Diaphragm convoluli on
must face Into Ignition monitor valve body.

d. II engine Is in vertical posillon, center
cover (20) In the inslalled position on diaphragm
(19) and carefully instan cap (17), diaphragm,
and cover as an assembly.

e. If engine Is In horizontal posillon, illstwl
cover (20); then Install cap (17) and diaphragm
(19).

f, Alln~ holes In cap (17) and diaphragm (19)
with holes In IgnItion monltor vaive body and
secure with washers (16) and bolts (15). Torque
baIts (15) to 50-60 In-Ib above torque requIred to
turn through lockIng deVice, using cross-torque
method and In Inerements of one-third total
torque until all bolts arc torqued. Safetywlre
bolts.

g. Lubricate (Method J) retainers (12) and
O-rings (13). Install tube (14) and coupling (II)
with washers (10) and bolts (9). Cross-torque
bolts (9) to 75 i5 In-lb.

h. Hefer to paragraph 3-103 and aline tube
(14) to thrufJt chamber fuelmanlfoJd.

i. Install seal (8) and secure tube (14) to
thrust chamber fllol manifold with washers (5,
7;, bolts (6), and nuls (4). Cross-torque nuts
to 52 ±5 In-lb.

j. Safetyl\il'e bolts (9).

k. Install retainer (3) with wafJhers (2) and
bolts (1). Torque bolts to 85 ilO In-lb. Safety
wire holts.
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~
-JONITION

- MONl1'OR
~ VALVE
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'---_._--_.
1 Boll
2 Washer
3 Retainer
4 Nut
5 Washer
6 Bolt
7 Washer
B Seal
9 Bolt

10 Washer

R-3896-3
Volume I

~... o.

10----" .

9--A ':. ,__11±!..-~

11 Coupllnr,
12 RetaIner
13 O-ring
14 Tube
15 Bolt
16 Washer
17 Cap
18 Packing
19 Diaphragm
20 Cover

----- ---------
FlgJlrc, 3- 53A. Ignition Monitor Valve Cap
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Secllon III
Paragraphs 3-192 to 3-193

:1-192. ENGINE CONTROL VALVE:.

3-193. REMOVING ENGINE CONTROL VALVE.
(See figure a-54.) This procedure removes the
engina control valve and Includes a ~Imenslonal

check to determine If the engine supply lube I'e
quires removal. Specified lnbrlcattng proce
dures (methods) arc outlined In secllon I.

a. Observe safely, and contamination :md
dll.1nage prevention requirements outlined in
section 1.

b. Provide a suitable contatner to catcf>
residual fluids as ell,ipment is dlsconncc:icd.

c. Disconnect plugs (1, 2) as oullinNI in
paragraph 3-14.

cA. In the following steps during inslallallon
of closures on enf>lno cor.tl'ol valve flanged
ports, lubricate (Method A) closure fasteners
with lubricant grease HD0140-012 (Hockntdyne).

NOTE

Steps d through j apply to engines
not incorporating MD!l_~ change.

d. Dlsconnecltube (3), and remove seal (4).

e. Disconllecl lube (5), and remove seals
(6, 8).

r. Disconnect plugs from tra)1sdu~ers as
outlined in paragraph 3-16.

g. D1scormect block (9) from valve, and
l'emove transducer and adapter (7) as an
assembly.

h. Dlsconnectt"be (10\, and rcmove seal
(11).

l, Disconnect tube (12), and reIn ave scals
(13, 15).

j. D1s,conner.t block (16) from valve, and
remove h'an.ducer and ada~ter (11) as ""
afJsembly.

]{. On englnes incorporating MD96 change,
dlsconnl)cttube (17), and remove Seal (lll).

I. Disconnect hose (19) and remove Beal (20).

m. Hemove line (21) and seals (22, 23).

n. On engines not tncorporallng MDIBO or
MD15l change, remove tube (24) and sear (25).
IT vawe wll1l1e replaced, remove elbow (26),
nut (27), ring (28), and gasket (29). On engines
Incorporating MD150 01' M0I51 change, plug
(31) and seal (30) may be leWrnatalled.

o. Disconnect. hose (32). If valve will be
replaced, remove elb0w (:l3), nut (34), ring
(35), and gasket (36).

oA. Mark acrOss flanges of tuhe (37) and
spacer (38) using a marklnf( mothod that can be
rcmoved. Disconnect tubc at valvc, and within
10 minutes, measure and 1'eeord l,'np, offset,
and angulallon, See fif,'llre 3-33 fo,' examples
and maximum allowable lim;ts,

oR, Rolate spacer, and repeat measurements
unlll a maximum gap is obtained within II mlts.
Mark aeross llaJl~eB for final accepl able conlli
lion, and remove any othco' markings.

CAUTION

If tube (37) Is not removed, II must
nJt be subjected to stresses since
alinement may be affected or the
duct inserls may be damaged.

NOTE

SICp P is porformed only if the can
Jitlon specified In step oA cannot be
obtained.

p. Mark across rJan[!'es and sparer at h\f,;h
pressure (luct end (,f tuhe, and remove tube (37),
spacer (38), O-rings (3D), spacer (41), and
O-rinr,s (40).

q. On engines incorporating MD96 change,
disconnect line (42) and remove seii'n43),

r. Disconnect has!:' (44). If valvIl wlll be
replaced, remove reducer (45) and gasket (46), I

B. Remove valve (49) from support (481 by
removing bolts from Inner side of suppo!'L

t. If support (18) requires removal, rcmove
buahtng (47) and support.

\I. II engine control valve Is rem,weC) for
replacement with a opare valve, replace soft
goodH on removed valve before plating valve
In spares Inventory.
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Section III
Paragraph 3-194
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Volume 1

3-104. INSTALLING f>NGINE CaNTHaL
vALVE. (Soo figure 3-54.) The lubricant
ilsod In this procedure Is lubricant grease
HJJ0140-012 (Rockeldyne). Specified lubricating
procedul'oB (method>!) are outllned In section I.

a. If InstaIllng a replacement engine control
valve, verify that engine (:ontrol valve p"eln
si.o.Uatlon tests outlined In section I have been
performed.

aA. Observe safety, and conlamlnation and
damage prevention requirements outllncd In
scclion I,

NOTE
Steps b through nc Install Ihe engine
control valve If tnbe (37) was 1'0
moved. Steps ad thl'oug~ bb Install
the Pllglne control valve If tube (37)
waa not removed.

h. Assemble valve (49) to support (48). Do
not torque bolts,

c. If support was removed, Install valve and
support. Allne support with hole 55 of lower
toollng ring, and Install bushing (47). Do nol
to\'qlle nuts.

d. On el.l,'ines incorporating MDge change,
Install seals (18, 43) and connect tiiiie (17) llnd
line (42). Cross-torque bolts to 85 ±5 In-lb.
Safetywlre bolts.

c. If support (48) was remo"ed, torqu.J nuls
for support to 375 f,~5 In-lb.

f. Loosen bolts that attacL valve 10 Bupport;
thton torque bolts to 350 'l10 tn-lb. SaIety-Nlre
bolls.

;;. Aline engine supply tubO ~3'n to (,nglne
conlrol valve (4!J) or No. 2 fnel high-pressure
duct as ouflln~<1 in paragraph 3-104A.

h. Lubricate (Methotl Il) 2 O-rln[:o (39) afid
Inslall In grovves of soacer (30).

I. Lubricate (Methrxl K) 2 a-rIngs (40) and
Install In grooves of spacer (41) and fl;mge
groove.

CAUTION

Spacers lIIust not be rotated during
assembly In tube OJ' when tlllJe Is
Installed, since da rage to O-rtngo
may result.

j. Aline markings on flnnges a.nd tnstall
spacers (30, 41) In tube.

k. Carefully Install tube. Make suro Q-rlngs
In grooves are in place, and cross-torque bolts
at valve end to 05 tC' in-Ib; then cross-torqu\J
bolls at duct end to 85 +5 In-lb.

I. Snfetywlre holts, and rcmov.' markings
{rom flanges,

NOTE

Safetywirlng ancl removal of mark
Ings may be performod fcllCJwlng
leak tesllng.

m, If reducer (45) and gasket (46) were 1'0" I
moved, lubrtcate (Method J)gasket and lubricate
(Method A) roducer (large end only), Install
reducer and gasket. TOI'que reducor to 180-230 I,
in-lb.

II. Connect hose (44) to reducer (15), Do not
Iubrlc?te reducer threads. Torque hose coupllng
nut, and record torque vPluc dUl'lng last 1/2 turn
before flare seala. Recor'led torque mllst be
35· 200 In-lh. Conllnue to torque cClUplfnr; nut
to 270-345 In-lb above recorded torque.

o. Lubricate (Method J) gr.Rket (36) nncl ring
(35) and lubricate (Method A) longer end of
elbow (33). Assemble elbow (33), nut (34), rltlg
(35), and gasket (36), Install elbow and aline
j 11' connection of hos", (321. Torque nut (34) to
'15-1001".. lh. Safetywlre nut.

p. Connect hose (32) to elbow (33). Do not
lubrIcate threads of elbow. Torque hOlle coupling
nut, and record torque valuo during last It? turn
before flare aeata. Recol'ded torque munt be
35··300 I'I-lb, Continue to torque crmpllng .lI1t
to 18f'-~30 In-lh above l'ecorded torque.
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H-3- I-_0ll

Engine Control Valve (Sheet 1 of 2)
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Section llI R-3896-3
Volume I

I Plug 13 Seal (a) ta _
2 Plug,, 14 hdaI_t_r _ '
3 Tube ta) 15 Seal(a)
4 Seal(a) 16 Block (a)
5 Tube (a) 17 Tub_(b)

6 Seal (a) Ca_ 18 ,%al_ b)
7 Adap, ter' " 19 Hose
g Seal(a) 20 _eal
9 Block(a) 21 Line

10 Tub,(a.) 22 Seal

11 Seal,,(a) 23 Seal (el
12 Tuber a) 24 Tube''

s al(el. )
26 Elb-w "
27 Nut(d)

28 Ring(el
29 Gasket( e )
30 Gssketii)(g)

31 Plug(f)
32 Hose
33 Elbow
34 Nut
35 Ring
36 Gasket (g)

37
38
39
40
41
42
43
44
45
46
't7
4b
49

Tube
Spacer
O- ring
C- ring
Spacer

Line(b)
Seal(b)
tlose
Reducer
Gasket(g)

Bushing
Support
Valve

I

I

I

)

(a) Engines not tncor:zo:ating MD96 change
(b) Engines Incorporating MD96 change
(el Engines not incorpc,rallng MD 5]_.Q.or MDJ..5_Lchange
(I) Engines Incorporating MDI_50 or MD151 clmnge

| (g) Allowable alternah packtug (age controlled).
....... m m, .

Figure "_,.54. Engine Control Val',c (_hec.t 2 of 2)

q. If valve was replaced, lubricate (Method

l J) gasket (30) and lubricate (Method A) plug(3J). Install gasket and plug (31). Torque plug
to 30-40 in-lb. Safetywire plug.

r. On engines not incorporating MIllS0 or
MDJ5I. change, lubricate (Method J) gasket (29)
and ring (2_) and habrieate (Method A) longer
end of elbow (26). Assemble elbow, nut (27),
ring (28), _u_d gasket (29). Install elbow and
ali_e wltl, tube (24). Torque nut (27) to 75-100
iv-lb. S_etywlre nut.

s. On engines nut tueorp_rating MDj.5._ or
MDlb_ change, ]:lbricate (Method G) tube (24).
Install seal (25) and tubs (24). Torque tubs
coupling nuts to 160 ±10 in-lb. Safetywlre
coupling nuts.

t. Ins_ll line (21) arid seals (22) 23). Cross-
torque bolts a *,engine control valve tu 10O }5
tn-lb. Cross.torque remaining bolt_ to 85 5
In-Jb, Sa/etywire bolts.

u. Install hose (19) and seal (20). Cross-
torque bolts to/15 _5 In-lb. Safetywire bolts.

v. Install seals (13, 15_, adapter /,14), and
tube (12). Cross-torque bolts to 60 :L5tn-lb.
Safetywlre bolls.

w. Attach hiock (16) tn valve. Torque bolts
to 45 ±5 in-tb, Safetyavlre bolts.

x. Lubricate (Method G) tube (I0). Install
seal (11) and tube (10). Torque tube coupling
nut to 160 }10 in-lb. SafetDvire coupling nut.

y. Install seals (8, 6), adapter (7), and hibe
(5). ('ross-torque bolts to 60 a5 in-lb. Safety-
wire bolts.

z. Atbach bh,ck (9) to vah, e. Torque bolts
to 45 :_5 in-lb. _qafetywtre bolts. Attach phtgs
to transducers as outlined In paragraph 3-17.

aa. Lubricate (Method G) tube (3). Install
seal (4) and tube (3). Torque tube coupling nut
to 160 _10 tn-!b. Safety,,vlre coupling nut.

NOTE

Steps v through aa _pply to engines
not incorporating MD966 change.

)

)
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ab. Connect plugs (1, 2) as outlined in para-
graph 3-15,

ac. Refer to section IV for post-maintenance
test requirements.

CAUTION

Tube (37) must not bo subjected
to stress since alinement may be
affected, or the duct insertsmay
be dantaged.

NOTE

Steps ad through bb are used if
tube (37) was not removed.

ad. Lubricate (Method K) 2 O-rings (39)
and install in groove of spacer (38). Install and
retain spacer in tubs end with markings on
fl'mges alined.

CAU TION

Extreme care must be used when

Installlngthe valve toprevent
damagisf,sealingsurfaces and to
make sure that the spacer and
O-rings remain In place.

as. Carefully attach valve (49) to support
(48). Tighten support-to-valve bolts so that
valve can still be moved.

af, On engines incorporating MD_._ change,
_nstall seal (43) and connect tube (42). Install
bolts loosely. On engines not Incorporating
MD_._ change, install parts indexed (12 through
15). Install bolts loosely.

ag. On engines incorporating MD96 change,
install seal (18) and connect tube (17). Install
bolts loosely. On engines not incorporating
MDg._6change, install parts indexed (5 through
8). Install bolts loosely.

ah. Install seal (20) and connect hose (19).
Install bolts loosely,

ai. lnstallline (21} and seals (22, 23). In-
stall bolts loosc_.].

ai. Cross-torque support..to-vah,e bolts to
350 _I0 Is-lb,

ak. Cross-torque flange bolts for following
parts to values iudLcated,

(I) Tube (5) (engines not incozporating
MD96 change): 60 _5 in-lb. Tube (17) (engines
incorporating MDg._6 change): 85 _5 In-lit.

(2) Hose ('*9): 85 t5 in-lb.

(3) Tube (12)(enginesnot incorporating
MD9_66change): 60 ÷5 in-lb. Line (42)(engines
incorporating,MD966 change): 85 ±5 in-lb.

(4) Lin,._ (21): 100 _5 in-lb (engine control
valve enc_), 85 4.5 in-lb (cl_eckout valve end).

al. Check dimensions for tube (37). Dimen-
sions mue, t be within limits specified in figure
3-33.

ant, Cz'oss-torque flm_ge bolts for tube (37)
to 85 _or ln.-lb.

NOTE

Flange bolts for tube (37) may be
safetywired following leak testing.

an. Safetywire all bolts torqued in steps aj
through at.

as, If reducer (45) and gasket (46) were |
removed, lubricate (Method J) gasket and I
lubricate (Method A) reducer (large end only),
Install reducer and gasket, Torque reducer |
to 180-230 in-lb.

up. Connect hose (44) to reducer (45L Do
not lubricate reducer threads. Torque hose
coupling nut, _nd record torque vahm during
last 1/2 turn before flare seats. Recorded
torque must be 35-200 tn-.lb. Continue to
torque coupling nut to 270--,_45 i.-ib above
recorded torque.

aq. Lubricate (Method J) gasket (36) and
ring (35) and lubricate (Method A) longer end
of elbow (33). Assemble elbow (33), nut (34),
ring (35), Jtnd gasket (39). l._tall elbow end
aline/or connection o.f hose (32). Torque nut
(34) to 75.100 In-lb. Safstywtre nut.
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ar. Connect hose (32) to elbow (33). Do not
lubricate threads of elbow. Torqull huse l'oupling
nut, and rccord torque value during )P.st 1/2 turn
before flare seats. Recorded torque must bo
35-300 in-lb. Conttnue to torque coupltng nut
to 180-230 tn-Ib above recorded torque.

as. If valve was replaced, lubricate (Method

IJ) gasket (30) and lubricate (Method A) plug
(31). Install gasket and plug (31). Torque
plug to 30-40 in.. lb. Safetywlre plug.

at. On engines pot Incorporallng MD.150 or
MD151 change lubricate (Method .J) gae!{et (29)
ancCl'lrlg (28) a'nd lubricate (Method A) longer
end of elbow (26). Assemble elbow, nul (27),
ring (28), and gasket (29). Install elbow and
ailne with tube (24). Torque nut (27) to 75-100
In-lb. Safetywlre nul.

au. On engines not lnCOl·pOl.'ating MD150 01'

MD151 change, lubrlcalE' (Method G) tube (24).
1.,stalY seal (25) and tube (24). Torque tube
coupltnglluts to 100 tlO in-lb. SaIetywlre
coupling nuts.

NOTE

Steps av through az apply to engines
not Incorporating MD96 change.

avo Attach block (16) to valve. Torque bolts
to 15 t5 In-lb. SaIetywire bolte. Attach connec
tor as ,rutllned in paragraph 3-17.

all'. Lubricate iMethod 0) bbe (10). Install
Real (11) and lube (10). Torq'le bbp. cOl1pIlng
nut to 160 ±10 In-lb. Safetywlre coupling nll\.

ax. Inftall seals (8,6), adapter (7), and
tube (5). Cross-torque bolts to 60 ±5 tn-ll...
Safetywtl'o boHs.

ay. Attach block (9) to valve. Torque bolts
to 45 ..5 In-lb. Safetywll'e bolJs. Attach connec
tor ,0 transducer as outlined In paragl'aph 3·1 '{.

'11.. t,'lbrlcat.o (Method 0) tube (3). Jnstall
ee'll (1) and tube (3). Torque tube coupling nut
to 1(:0 ,10 In-lb. Safetywlre coupling nut.

ba. Connect plugs (1, 2) as oulllneu In para
grllph 3-15.

bb. Hefer to secllon IV for post-maintenance
test reqUirements.

3-195. ENGINE AND GSE HYDRAULIC SUPPLY
i;HECKyAI:vF:S.'--------~·----

3-196. The engine and GSE hydraulic supply
check valves of lite euglne control valve may be
replaced with th' engine control valve Installed
on the engine.

3-197. m~MOVING ENGINE AND aSE
HYDr!AULIC SUPPLY CHECK VALVES.
(See figure 3-55.) Specified lubrtcating pro
cedures (methods) are outlined tn section 1.

NOTE

Steps a and b remove valve (3).
Steps c through e remove valve (11).

a. Remove eeal (2). Remove cap that BUp
porls line at engine cenierilne.

b. Remove valve (3), retainers (4), and
packing (5).

c. Disconnect tube (6) at fU'I valve.

d. Dlsconned tube (6) at valve. Remove tube
(6), spacers (8, 10), and O-rings (7, 9).

e. Hemove valve (11), retainers (12), and
packing (13).

1. Lubricate (Method A) closure fastell~rs

with lubricant grea"e HB0140··012 (Rocketdyne)
before tllstalling closures on threaded flanged
ports of valves (3, 11) Illld on engine r.ontrol
vulve.

3-198. INSTALLING ENGINE AND GSE
HYDRAULIC SUPPLY CHECK VALVES.
(See figure 3-55.) Specified IUbrlcatlllf( pro
cedures (melhQdB) are outlined In section I.

NOTE

Steps a through d Inatall partE! in·,
dex~,d (1 through 5). steps e through
Ie Inslall parts Indexed (6 through 13).

a. Lub~lcate (Met1~od Ml packing (5) willi
hydraullc ••,tld (M:tL-H-M06). Install p:lcklng
and retaIners (4) on valvo (3).

h. Jnalnll valvo (3), ami crOSIl-torque bolls
1080-100 tn-lb. SaIetywlre ')(1l1s.
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Section III

2

3

fNGL~f CONTROl.. V..\LVf; (HEr')

-15

Spacers nlust not l:e rotated durlnK
assemhly in tube 01' when lube Is
installed. Damage to O-rings may
rosnll.

IA. Mine "'arkings on Ilanges and install
spaccl's (8, 10) In tabe.

10
9

8

1 Line
2 Seal
3 Valve
4 Retainer
5 Packing
6 Tube

~.. -i
etr----·7

~~.~
~ -'---1

\,

f. Inst.all "alve (11), and cross-torque holts
1080-100 In-lb. Safelywirc bolls.

g. Aline engine snpply tube (6) and spal~el'B

(9, 10) to valve (11) as outlined In pal'flgraph
3-I04A.

...... . -... . .___ ':~:2~I.:.J
7 O-ring 13 Packing 19 Packing
8 Spacer 14 Cover ZO R~lalner

9 Oft ring 15 F'IIler 21 Packing
10 Spacer 18 Filter 22 Packing
11 Valve 17 Relalner
1~ Relalner 18 Packing---"'.

Figure 3-55. l<]nglne and GSE Hydraulic Supply Check Valves and Filtero

c. Install seal (2). Connect line (1), and h. Lubrlcnle (Method K) 2 O-rings (9) with I
cross-torque boHs to 85 ±5 tn-lb. Barel/wire lubricant grease RB0140-012 (Hockntdync) and
bol\9. install In gro(oves of spacer (10).

d. Installllne BUPpOI·t cap at engine cenler- i. Lubricate ("lethod K) :I O-rings (7) with I
line. Torque nuts to 45 ±2 in-lb. luhricant grease RB0140-012 (Rocketdyn(') and

e. I,ubrlcate (Method M) packing (13) with install in grooves of spacer (8) and flange groove.
hydraulic fluid (MlL-H- 5606). InstalllJacklng GA UTION
and retainers (12) on vr<1ve (tl).
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lB. Carefully install tube. Make sure
C)-rIngs In y,rooves are In place, 'l.nd cross
torque bolts at valve ond to 85 45 In-lb; then
cross-torque bolts at duct end to 85 ±5 In-Ib,

ie. Safetywlre bolts and remove markings
from flanges.

j. Refer to section IV for post-maintenance
test requirements.

3-199•.ENGINE CO!'!TROL y'~lNE.l:ILTERS.

3-200. The engine control valve flllel's may be
removed and replaced with the engine control
valve Installed on the engtne.

3-201. REMOVING ENGINE CON'l'ROL VALVE

IFILTERS. (See figure 3-55.) Specified lubri
cating procedures (methods) are outlined in
sectlon I.

a. Observe safety, and contamtnation and
dam~f(e prpvention re'l\1trements outllnrd In
sectlon I.

b. Remove cover (14).

c. Remove filters (15, 16) using a 3/8-24
threaded T-handle.

d. Remove retainers (17, 20) and packlngs
(18, 19, 21, 22) from filters.

I e. Lubricate (Method A) closure fasteners
with lubricant grease RB0140-012 (Rocltetdyne)
before Installing closure on engIne contl'ol valve.

3-202. iNSTAI,LINO gNOINE CONTHOI, VALVE

IFILTEHS. (See figure 3-55.) Spectfled lubrl
catlng procedures (methods) are outlined In
section I.

a. Observe safety, and cont\<tninatlon and
damage prevention requirements oulUned In
section I.

b. Lubl'lcale packlngs (18, 19, 21, 2?-) with
hyllraullc fluid (MIL-li-560B) and Install pack
Il1gs on filters (15, 16).

c. Install filters (15, 16) hy hand or with a
3/8-24 threaded T-handle.

d. IusWI cover and IOt'que holts 10 320- 390
in-lb. Saflltywire bolts.

Il. Refer 10 sectlon IV for post-mal.ltel1;tnCe
ten I requirements.

3-1102A. ENGINE CONTROL VALVE COVEH
.P'!,Ar~~!:!p RE1~l,[IiN PLU<;i:·
3-202B. When hyd.raullc leAkage ts evident at
the cover plate retaining the slnve pilot valve

and return plug in pither the start solenoid end
01' stop solenoid end of the engine control valve,
the covel' plate may be removed and reinstalled
wllh the engine control valve installed on the
engine. Disassembly Is limited to removing the
cover plate and return plug to make Inspections,
measure specified diameters, and replace pack
ing and retainers, and return plug if requlI'ed,
The slave plioI valve must not be dlstl1rbed more
than the Internal spring force will move the
valve (O-ring must not leave cavity). Extreme
care must be taken to prevent contaminants
from entering the engine control valve during
maintenance. AI! equipment used for measuring
must be clean,

3-202C. REMOVING ENGINE CONTROL VALVE
COVER PLATE AND RETURN PLUG. (Sen
figure 3- 5M. )

WARN1NG

The follOWing procedure spllclfles
trichlorocthylene, which is a toxic
solvent. Inhalation of lis vapors or
prolonged contact with the llquid can
cause Jnjury or deat.h.

, The following procedure spcclftes
c!l:'anlng compoWld (MIL-C-81302),
which IS volatllc. Use in a well
ventllat€d area "Ince the vapors
displace the oxygen In the air re
sultlng In suffocation.

a. Obse"ve safety, and contamination and
damage pl'eventlon rcquirement~ outlined III
section 1.

b. Disconnect lJlectrlcal power and vent hy
dl'auHc pressure f!'OIn the engine.

c. Clean cover plate and adjacent area by
haudwlplng With \I clean, lint-free cloth mois
tcned with h'lchloroelh:r1ene (MIL-T-27602) or
cleaning compound (MII,·C-81302).

NOTE

Steps <I through g rOUk ve and In
spect parts from the slar\~ solenoid
end of the englllll control valYe.

cl. Uniformly loosen screws (I) and washers
(2) that secure cover plate (3) on cnglno control
valve, anj remove cover plate. If It Is evident
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during removal that the fjlnve pilot vatve and/or
return plug (4) are being pushed from their
hares, more than normal spring action of the
slave pilot valve (l/4-lnch maximum), lousen
the cuve l' platc only enough so that a visual
Inspection can be mllde uf the siave pilot valve
and return plug bores to define leakage SO'lrc.1.

e. After determining leakage source, drain
engine hydraulic system. If leakilge Is f.rom
the slave pilot valve bore, replace engine con
trol valve. ReIer to paragraph 3-192 for engine
control valve removal and installatiC:II' proce
dures. If leakage is from the retu,'n plug bore,
remove return plug (4), pacldng (~), and re
tainers (6). A 4-40 screw may be used to re
move relurn plug, if reqUired.

.----------_._'-------,
SLAVE PIl,OT VALVE
(O-IUNG MUST NtH
1,I~AVt: CAViTY)

3
2

Fllture 3- 55A. E',glne Control Valve
Cover Plnte and Hetcrn l'lug

f. USing a ball gage, 01' equivalent, meaSllre
return plug bore diameter, The diameter must
hI' 0,249 ('0,002, -0.000) inch,

g. Visually inspect relul'lll'lllg bore for
Imperfections that could cause leakage. Im
perfections In retul'rt plug bore will require l'e
placement of engine control valve. Do not rework
return plug bore, since contamination can be
Introduced down~<tream of filters. Refer 10
paragraph 3-19,2 for engine control valve re
moval and tnRtallation procedures.

NOTE

Steps h through k remove and In
spect pllrts from the stop solenolrl
end of the engine r'mtrol valv".

h. Uniformly loosen screws (I) alld washers
(2) that secllre cover plate (3) on engine eOlltrol
valve, and remove cover' plate. If it Is evident
dllrlng removal that the slave pllot valve and/or
return plug (7) arc being pushed from their
bores, more than normal !)p "Ing action "f the
slave pilot vatve (I/4-inch maxhnum), loosen
the eovel' plate only enough so t.hat a visual
inspectIOn call be made of tho slave pllot valve
and relurn plug bores to define leakage SOlll'ce.

t. After c1etel'mlnl"g leakage source, drain
engine hydraulic system. If leakage Is from the
slave pJlot valve bore, replace engIne ('ontrol
valve, Heill!' to "arabl'apo 3-192 for (",glne
cont.roi valve I'emov,\llllld inslallali(J1I pl'uee
dures. If lenltage In (rom the returUl'lug bore,
remove r"tul'll plug (7) and packing (II). An 8-32
screw may he used to remuve return phg, If
r(~q1.1ir(ld.

~6~~
~"""

L_.;----_--.-
1 Screw 5
2 Washer ~

3 Cover plate 7
4 Hoturn plug 8

6 ~
6 4

Packing
Retainer
Hoturn plug
,PackJllg

Chnage No, 3 .. 18.June 1970 3-162A



SectiOJl 111
Par~grapha 3·20ZP to 3-202G

H- 3800- 3
Volume I

j. Using a ball gage, or equiv::.tlent, n\easure
l'tll!( horn dj~lll('ter. The diameter must be
0.375 (+0.002, -0.000) Inch.

k. Visu<\lly inspect retuJ'll plug bOI'e for im
perfections that could cause leakage. Imperfllc
tions in returJl bor~ wIll require replacement of
engine control valve. Do not rework return plug
bOI'e, since contamination can be introduced
downstream of flUHrs. Hefer to paragraph
3-192 for onginH control valve removal nnd
installation procedures.

3-202D. INSTALLING ENGINg CONTHOL
VA.LVE COVER pI.,A'rE AND RETURN pLUG.
(Sec figtlle 3·-55A.) The lubricant used il\ thill
procedure is hydraulic fluid (MIL-H- 5606).
Sreclfied lubricating procedures (methods) arc
oulllned in section I. Luhrlcate paekings by
methorl specified, and lubricatc olher parIs by
thoroughly wet! ing anrl allowing excess fllll:' to
dram off. All qUlpolHnl used for n1l'asurin",
and parts that are installed,musl be clean.

a. Obsorve Sll (ety, and conlaminalion Rnd
damage prevf!JIlion reqlli r(,mHnls outlined lr
section 1.

Rleps b through rllnspe<:c and in
slall paris on slart soh'Ijoid ~od '"
~ngine control valvo.

b. Measure the followlnf{ <Ii menolons on
relul'll plug (4):

(1) Helmn plUG diameler at ;Jacking groove
0.130 (+0.000, -0.002) l1'cll.

(2) Packmg gr'onve depth 0.0535 to (1.0550
inch.

c. Lubl'lcate (Method M) /lew packing (5)
JlI'd Inslall ncw relainers (6) and packinf< (5)
on return plug (4). lnslalll'eturn plug intv
engine eonl "01 Vll lve.

d. Inslall ,'over lJiall' (.3) usma wa.~hcr. (2)
and screws (1). Torque SCrH"'" 10 20-25 II .. lh.
Safctywlre screws.

NOTE

Steps 0 through g inspect and install
parts on stop s'1lenoict end of engine
conlrol valve.

e. Measure the folluwing dimensions on
return plug (7):

(1) Heturn phIl{ diameter 81 packing groo\'e
0.271 (.0.000, -0.002) l"elJ.

(2) Packing groove depth 0.0505 to 0.0520
inch.

1. Lubricate (Melhod M) flew pael.:ing (8) and
in~tall on l'l ~lll'n plug (7). Install r"lurn pt\l~

jnto engine control v:\lve.

g. InBlgll coYer plale (3) using was/wI's (2)
and screws (1). 'torq"e scrcws to 20-25 ill-lb.
SafeLywlrc scrows,

h. Leak-tt'st enginc control valvl)-to-cover
plat!· join\. (Hefe r 10 soction IV for post
maintenance lest requirements for engine con..
trol valye.)

~l-201.E. E;NG]Nf: C.Ol:q:.HO.l~_y'~l,Y~: {lvrm::.
m.'~~_.§To.p...bNr2 GUIDj,;.

3-202F, When hydraulic leakage Is evident al
the oven'ide pMt end of thl' engine conlrol valve,
the e"gine control valvn may be dlsaRsllmbled
whlIe installed on the enb'!ne to replace packlngs
and retainers Indicated In Hgure 3-55D,

3·202G, REMOVING ENl;fNE (;CJNTHOL VALVE
OVrmRIDF. STOP AND GUIDE. (See lir,ure
3- 1;5D.) Speclfled lubrlcallng pr'1cHdureR
(methods) al'e outlined in aeollon r.

a, Observe eafety, an'l contamination and
d.\Iuage prevention reqlliremenis ffiltlined In
section I.

b, Disconnccl elpclrical power and v..nt hy
rlr'lullc l'ressltl e {rom engine.

I,
I:
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The following procedure specilies
trichloroethylene, which Is a toxic
solvent. Inhalatlon of Its vapors
or prolonged conlact with the liquid
can cause injury or death.

• Th~ following procedure specifies
cleaning compound (MIL-<>81302),
which Is volatile. Use ill a well
ventilated area since the I'apors
dIsplace the oxygen fn the all'
resulting In s\tffocatlon.

c. Clean stop, guide, and adjacent arelt by
handwipin[; with a clean, lint-free cloth moisl
ened with trichloroethylene (MIl.-T-27602) or
cleaning compound (MIL-C-81302).

rl. D!sconr.cct hosc (1).

e. Remove red'lcer (2) and gasket (3).

f. Obtain 2 pieces of 5/16-24 threaded
stainless-steel stock, !laving a minimum length
of 5 inches, and two 5/16-24 nuls.

g. Remove 2 screws (4) and washors (n),
located 180 degrees apart. Lubricate (Method

, A) Ihreaded stock and install pieces of threaded
stock in place of screws. ;o'illgortlghten
threaded stock ~. minimum of ij tums or until
threaded stock bOtlOIlW.

h. Inslall a 5/16-24 nut on each piece uf
thmaded stock and lighten lluts to conlad stOI'
(6) •

I. U I'Jakage occurred between guide (13)
and engine control valve, use pressure-senflltlve
blpe (Fetlera! &'pcclflcatlon PPP-T-BO), or
equivalent, and securely h.pe stop (6) to guide
(13) to permit removal of stop (B), Internal
parts (7 through 12), and guide (13) as an
ausembly.

j. Hemove 2 remaining screws (4) and
washers (5).

If tape Is securing atop (6) to guide
(13), backing off the nuts In the
follOWing step will cause the tape
to bo loaded to approximately 15
pounds Ir(Jm the compression pre
Ie-ad of spring (12) •

k. Evenly back off nuts on threaded stock
until sJlrlng compression pk'e-Ioad agaInst guide
(13) Is l'elaxed; tllen remove nuts.

I. Ii stop (6) and guide (13) are taped io
gether, carefully remove the taped parts as an
assembly.

Ill. If stop (0) and guide (13) are not laped
together, carefully remove parts (6 through 13)
in sequence.

n. Do not remove ~prlng that contacts !,'Ulde
(13) from englne control valve.

3-202H. INSTALLING ENGINE CONTROL
VALVE OVERRIDE STOP AND GUIDE. (See
figure 3-55B.) Specified lubricating procedures
(methods) are outlined In sectton f.

a. Obsorve safety, and contamination o.nd
damage prevention req\llrements OIItl1ned in
seollon I.

b. Lubricate (Method M) packlnl~ (7) with
hydraulic fluid (MIL- fl- 5606), and Install
)Jacktng and rotalners (6) on guide (13).

c. Carefully Insmll guide (13) on threaded
stock In engine conli'ol valve.

d. U stop (6) and guide (13) are taped to
gether, proceed to step h.

e. Lubricate (Method N) packing (lO) with
hydraulic fluid (MIL-H-5606) and Install packing
and retainers (11) on plslon (9).

f. Lubricate (MI~thod M) packIng (7) with
hydraullc fluid (MIL-H-5606) and Instull packing
and retainers (8) on stop (6).
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g. Install spring (12), piston (9), and stop
(6) on threaded stoc]< In engine control valve,
seating spring and piston In guld'3 (13).

h, Inslall 5/16-24 nuts on threaded stock In
engine control valve and evenly tighten nuts
until InteI'nal springs nre compressed and
guide (13) seats Into engine control valve.

I. If stop (6) and guide (13) are taped to
gether, remove tape.

J. Lubricate (Method A) 2 scrl'WS (4) with
lubricant grease RIlOI40-012 (Rocketdyne) and
Install screws and 2 washers (5) f1ngertlc;ht.

k. ~,oosen nuts on threaded stock and re
move both pieces 'Jf thrended stock.

I. Lubricate (Method A) remaining screws
(1) wit:: h,bricant grcasc W30140·012
(Rocketdync) and Install 3Cl'CW8 and washers
(5) fingertlfL

m. Cr<,ss-tor(jue screws \~) to 100-140
In-Ih. Safetywlr(> screws.

n. LubrIcate (Method ,J) gas!;et (3) and
(Mothod A) threads of reducer (,1) (large end
only) with lubricant grease R130140-012
(Rocketdyne).

o. Install gasket (3) and reducer (2). Torque
reducer to 180-230 In-lb.

p. Connect hose (I) to reducer (2). Do not
lubricate threads. Torque hose coupling nut,
and I'ecord torque value during last 1/2 I"rn
prior to seating of hoss lIare. Hecorded tOl'que
must be 35-200 In-lb, Continue to torque
coupling nut io 270-345 in-lb above recorded
torque.

F1 3·1~156-- • -l

1 Hose 8 Retainer
2 Reducer 9 Piston
3 Gasket(a) 10 PlIcking
4 Screw 11 Retaine..
5 Washer 12 Spring
6 Stop 13 Guide
7 Packing

q. Leak-test engine control valve overl'lde
Jolnls. (Refer to section IV for post··
maintenance test requirements.)

(a) Allowable alternaie packing (age
controlled),

~'igure 3- 55B. Engine Control Valve
Override Stop and Guldo

I
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Secllon III
Paragraphs 3-202J 10 3-202M

3- 2112.J • .f9Vlt-WAY sgqmom VALVE:.

3- 20:\K. The four-way 80lenolo1 valve may be
replaced with the engine control valve Installed
on thE! engine.

3-2021,. REMOVING FOUR-WAY SOLENOID
VAr"VE. (See figure 3-55C.) Lubricate
(Methort A) all closure fasteners used on valve
ImlE!rts with lubricant grease RB0140-012
(Rocketdyne). Specified lubrlcallng procedures
(melhods) arc outlined In ser-tlon T.

WARNING

The follOWing prccedure specifics
trichloroethylene, which is a toxic
llolvent. Inhalation of its '1apors
or prolonged contact with the llquid
can cause serious injury or death.

• The follOWing procedure specifics
cleaning compound (MIL- C- 81302),
which is volatile. Use in a well
ventllated arca since the vapors
displace the oxygen in the air
resulting In suffocation.

a. Observe safety, and contandnatlon and
damago prllvenllon requirements outl!ned in
section I.

b. Disconnect elcolrl('lIl power and 'lent
hydraulic pressure frow t1w engine.

c. Clean engine control valve and adjaceni
area by hal'dwlplng with a clean, Iinl-free ('lfJtil
moistened with trlchlor()cl.l,yl~ne (1\11.1,-'1' .276(2)
or cleaning compound (MIL.. C- 8130;J).

d. Provide a suitable container 10 catch
residual fluid lIH equipment Is disconnected.

e. Disconnect pJuBS (1, 2) as outllned In
paragraph 3-14.

1'. Disconnect hose (3) and remove reducer
I (4) and gasket (5).

g. Hemove nuts (6), washers (7), and bolts
(8) sel'urlng line (J 3) 10 actuator return line;
then rm'love Boal W).

h. Hemoyc bolts (10) and washers (11)
securing line (13) 10 engIne control valve;
then remove line (13) an,,) seal (12).

I. Enclose engIne conlrol valve In clean
plastlc sheet and strip (Federal Speciflcatlon
L-P-378, Type 1IJ, 01' equivalent. The enclo
sure must prevent entry of foreign objecls or
contamlnatlon frc'n o'/er~ead structures, wind,
or adjacent tngine aroas.

j. Hemove bolls (14, 15) and washers (16)
securing valve (17) to manifold.

k. Carefully remove valve (17) and seai (18)
from manifold.

I. If four··way solenoid valvl' Is removed lor
replacement wlt:\ a spare valve, replace soft
f1,oods on removed valve before placing valve in
,:,pares inventory •

:,- 21l2M. INSTALLING FaUn-WAY SOLENOID
VALVE. (See figure 3-55<:.) The lub-Icant
lwed In this procedure Is lubricant grease
RBOt40 ..012 (Roeketdynel. Specified lubrlcallng
procedures are ontllned In seclion 1.

a. If Installing a replacenlent four-way
solenoid valve, verify lhal Jour-way solenoid
valve prelnstallallon tests outlined In section I
ha ve been performed.

b. Position seal (18) alld valve (t 7) on mani
fold; then secure valve to manifold wIth bolls
(14, 15) and washers (16). Torque bolls to
320- 390 In-lb, Safelywlre bolls.

c. Tnstallllne (13) between \'alve (17) ane!
aduator return line as follows:

(1) Loo13ely secure line (t3) and seal (12)
to valve (17) wllh bolls (10) and washers (11).

(2) Loosely secure line (13) and seal (9) to
actuator return Hne wilh bolts (8), washers (7),
and 'luts (6).

(3) Cross-torque bolls (10) to 100,5 In-I\).
lJafetywlre bolts. Cross-torque nuts (6) to
85 ~5 in- lb.
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I d. Lubricate (Method J 1gasket (51 and (Method
A) large encl of reducer (4); the.~ installl'cclucer

I and gasket. Torque reducer to 180-230 in-lb.

e. Connect hOlle (3) to reducer (4). ))0 not
lubricate reducer threads. Torque hose coupling
nut, a.nd record torque value during last !/2-turn
belore flare seats. Recorded torque must be
35-200 In-lb. Continue to torque coupling nut
to 270-345 In-lb above recorded torque.

I. Connect plugs (l, 2) as outlined In para
graph 3-15.

g. HeIer to sectton IV for post-malntenance
test requirements.

1 Plug 10 Bolt
2 Plug 11 WaRher
3 Hose 12 Seal
4 Reduce& 13 Line
5 Gasket ~.) 14 Bolt I
6 Nut 15 Bolt
'/ Washer 16 Washer
8 Bolt 17 Valve
II SenI 18 Seal--

(al Allowable alternate paclting (age controlled) i
Figure 3-,5C. ~'our-Way Solenoid Va.l ve
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Section III
Paragl'aphs 3-203 to 3·205

3-203. )lg>l'ND~N'I'S1.lUTDOWN VALVE•.

3·204. REMOVING REDUNDANT SllUTDOWN
VA L,VE. (Soe flgllr~ 3- 56. )

a. Observe salety, and contamination and
damage prevention requlremenls outlined In
section I.

b. Disconnect plug (1) as outlined In para
graph 3-14.

c. Remove lube (2).

d. H valve will he replaced, I'emove elhow
(3), nul (4), ring (5), and gasket (6).

e. On eng-lnes lncorporallng MD142 change,
remove tube (7) and seals (8). --

I. J)lsconll~ct hose (9), and remove seal (JO).

g. Disconnect hose (1 t), and rE'move seal (12).

h. Remove valve (1:1) Irom support.

I. rt valve support requires removal, re
move bolts that attach the 2 halves of support
together, then remove bolts from tooling rings.

3-205, INBTALLlNG REDUNDANT SHUTDOWN
V'ILVE. (See figure 3-56.) The lubricant used
in thts procedure ts lubrIcant grease RB0140-012
(llocketdyne). Specified lubrtcutlng procedures
(methods) are outlined in secllon I.

a. Observe saIl.'ty, and contamination and
damage prt,venllon requirellltmts outlined in
secllon l.

<tA. IT vulve Bu):port was removed, Install
halves of support to tooling rjn~o of thrust
chamber. T-;l'que nuls to ~75 .25 In-lb.
Torque bolts Ihat attllch SUPP'll't ha:.v~s I'l
gether I') 45 15 In-lb.

b, Instull valve (13). Cros'J-torque bolts 10
90.5 in-lb.

c. Install sllal (12) and hOBe (11). Cross
lorq,'e h'llts to 90 ,5 In··lh. Sa!etywtre bolls.

d. Install seal (lO) and hosE' (!l). Cross
lorque bolts to 90.5 In··lb. Soletywlrl) bolts.

e. Lubricate (Method G) tube (7). Lubrlcale
(Method A) unions for allachi-Ig tulle (7\. Install
seliis (8) and lube (7). Torque tube COll[lllng
nuts to 160 '110 In-lb. SaIetywlre cOllpling nuts.

r. H pads Indexed (3 through 6) were re
mCNeel, lubricate (Melhod ,J) gasket (~) and
lubricate (Method A) elhow (3). Inslall elbow
(3), nut (4), ring (5), alld gaslwt (6). Position
elhows lor tube (2), and torque nut (.~) to 75· 100
In-lb. Sa!etywlre 1I11t.

g. Lubricate (Method 0) tuhe (2) h'.d install
tube. Torque tuhe coupling nuts to 160125 In-lb.
Safelywlre coupling lIuts.

I Plug a 81)>\1
2 Tllbe 9 Hose
3 Elbow 10 8',al
4 Nut 11 110."
5 Ring 12 Seal
6 Gasket 13 Valve
'( Tube

Figure 3- 56. Redundant 8hntdown Valve
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l'al'''llraphs 3-206 to 3-210

h, Connect plUI: (1) as outlined In para~Nph

3-15,

i. HeIer to section IV for pc~t,·malntellance

test I'equlrements,

3-206, 'I'IIHUST OK; PRr,;SSUR~~ SWITCHES.

3-207, nEMOVING THRUST OK PRESSURE
SWITCHES. (See figure 3- 57. )

a. Observe safety, and eontamillalion and
damage prevention requh'ements outlined In
sectlon I.

b. Disconnect plug (1) from applicable pres
sure switch, 1II1 outllned In paragraph 3-14,

c. Remove switch (2) and 01'1111'1' plate (3).

3-209. INSTALLING 'rHRUST OK PHESSURE
SWITCHES. (Sec f1gul'e 3-57.)

I
a. If Instal1lng a replacement prossure

switch. vorlfy that p1'ossure swltd. jll'ellisLalla
tlon tests outlined In seclion t have been
perfol'med.

aA. Obll"rve ~afety, and cont\llllln"llon uml
damage prevention requiremenls outllllOd In
sectlun 1.

b. Install or!llee plate (3) and switch (2),
Torque smaller bolts to 90 ,10 In-lb, 'forq,ue
larger bolts to 120 i 10 In-lb. Safdywh'e bolts.

c, Connect plug (1) to aplJllcable pressurl'
switch, as outllner,ln paragrapb 3-15.

d. ReIer to section IV for post-maintenance
teat requirements,

3-209. INERT PREF1LL CHECK VAloVE.
3-210. REMOVING INERT PHEnl,l, CHECK
VALVE. (See flb'UI'e 3-58,)

a. Obsl.'rve safety, and contamination and
damage prevention reqUirements outlined In
spcllon 1.

b. Remove "late (1), seal (2), and valve (3).

c, Remove retainers (4) and packing (5)
, from valve.

figure 3- 57. Thrust OK Pressure Switches

4 Retainer
5 Packing

._-----_.

INERT
PREFILL
l.'IIECK VALVE

1 Plate
~ Seal
3 Valve

II __~

THRUST CHAM~)!:~./· --.......
FUEL MANIFOLD - _____
(REF) -.....

3 Orlflce plnte2 Switch1 Plug

Figure 3- 58. Inert Pl'efm Check Valve

Change No.6 - 29 November 11171 3-lC3



R- 381)6. 3
Volume I

Seotlon III
Puagraphs 3-211 to :1-214

3-211. INSTALLING INE:!t'" PRRFlf,T. C:Hfo:CK
VAINE. (S~e figure 3.5S.) ~'pecHted lubricating
procedures (melhods) are ou\llned In section I.

a. Obsel'\''' safety, ami contamination and
damagtl pl'cvontlon requirement" ol..Wneu In
section I.

b. Lubricate (Melhod .J) retainors (4) and
packing (5) with lubricant greaso IID0140-012
(Rockeldyne). Inslall parts on valve (3).

c. Install valve (3), seal (2), and plate (I),

d. Cross-torque nuts to 100 ,10 In-lb.

e. Refer to section IV for post-mllintennnce
tellt \·equlremcnts.

3-212 • .Q.!.lli!"~T VA,LVE.

3-213. HEMOVUm CHECKOUT VA,LVE. (See
f1gurc 3- 59.)

a. Observe ~;afety, and contamination and
damage prevontlon roqulrements oulllned In
section I.

b. Disconnect plug (1) as outlined In para
graph 3-14•

c. Disconnect tube rm. If valve wlll be
replaced, remove elbow (3), nut (4), ring (5),
and gasket (6).

d. Disconnect hose ('/), and remove se:,l (8).

e. Dlsconnectllne (9), and remove seal (10).

f. Dlsconnllcl hose (11), and l'emove seal (12).

g. Separatc va:ve (13) from support, and
remove valve.

h. Jf valve support rt'qulres removrtl, remove
holts from tooling rings and remove support,

3·214. INS'I'ALLING CHECKOU'I' VA.LVE. (See
figure 3-50.) SpecifIed lubrIcating procllduros
(m(,thOOs) lire outlined In Be~tlon 1. II the check
out valve Is replal:ed, the l'eplacement v.1lve
lIlust have been functionally tested within the
previous 6-month 1,erlod.

a. If Inotalllng a l'eplacement chflckout valvo, I
velHy that checlwut valve prelnstllllatlon tests
outlined In section I have boen performed.

~A. Obsene safety, and contamination and
damal~e prevenUon requirements outlined In
secUon I.

..----------------------------------,

SUPPORT
(REF)

1 Plug
2 TUbe
:I Elbow

3·164

12

7 1Iose
8 Seal

Une

I

I•

CHIC"~OUT

VALVE-........rr

10 Seal
11 Hose
12 Seal
13 Valve

Fl-',I-11

(



n-3696-3
Volume I
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Paragraphs 3·215 (0 3-217

aA, If va:vfl SUPI'0"t requires Installlng,
allne support betwsen thrust eh,unber tuollng
I'lngs at holes numbered 45 and 4'1. Torque
nuts to 220 t20 In-lb.

0, Install valve (13), and secure to support.
Torque nuts to 50.2 In-lb.

c, Install seal (121, and connect hcse (11).
Cross-torque bolts to 185 i5 In-Ib. Safetywlre
bolls.

d, lnslall seal (10), and conncd line (9).
Cross-torque bolts to 185,5 In· lb. Safetywlrc
bolts.

e, Install seal (8), and connect hose ('I).
CI'0~5-torquebolts to 75.5 In-lb. Safetywlre
bolls.

f, If parts Indexed (3 thl'ough 6) were re
moved, lubricate (Method .i: gasket (8) and
(Method A) elbow (3) with lubricant t~rea/je

RDOHO·012 (Roeketdyne). Install gasket (61,
ring (5), nut (4), and elhow (3). Allne elbow
with tube (2), and torq\te nut (4) 1.0 150·200
In-lb. Safetywire nut.

g. Lubricate (Method G) lUbe (2) using
lnbrleant (:rease RFl0140-012 (Rnckeltiyne).
Install lube and torque coupling nut to ?70-345
In· lb.

h. Connect plug (1) as outlined In paragraph
3-15.

1. Refer 10 section IV for post-maintenance
test requirements.

3-215. CHECKOUT VALVE ACTUATOR.

3-216. REMOVING CHECKOUT VALVE
ACTUATOR.

... Observe safety, and contamination and
dam age prevention requirements outlined In
oeetlon 1.

b. See figure 3- 59 for location of actuator.
and disconnect plug as outlined in paragraph
3-14. .

CAUTION

Electl'lcalllower simultaneously
applled to pins A and D wl1l damage
equipment.

c. Make surl! valve Is ir. grou'1d position.
Apply 28 vdc as follows (0 obtaJn desired
position:

(1) Ground poslllon~ pin B (+), pin I:; (.)

(2) Run posllion: pin A (+), pin E (-)

d. Remove power, then remov,", screws
attaching actuator to valve cover: thon remove
actuator and remove pa<:klng from groove in
actuator base.

3.. 217. INSTALLING CHECKOUT VArNE
AC1'UATOR. SpecHi(,d lubrlCllting procedures
(llIl'thods) art oUtlill:·d In section I.

a. Observe sSfety, and ('ontamlm\tlon and
damage preventlen : equlrpments outllnod in
section I.

nA. Connect a drain hoso hctwe()fi quick
rlis~onnect on checkout valve retul'll hose and
facility drain.

CAUTION

To prevent fluid flow Into the engine
propellant fuel system, hydraUlic
fluid must not be supplied to the
engine hydrpulic ground supply Inter
face whon checking ball breakaway,
running, and seating torques.

aBo Using ball posilion indicator T.7037831
and n suitable torque wrenc h, check that hall
breakaway, running, and seating torques do not
exceed 100 In-lb. Le~ve valve in ground posilion.

CAUTION

Electrical pOW2r simullaneously
applied to pins A and n will damage
equipmcnt.

h. Make sure actuator If] in ground position.
If required, apply 26 vde, as follows, 10 obtain
desll'ed position,

(1) Ground position: pin B (+), pin E (.)

(2) Run position: pin A (+), pin E (-)

bA. Lubricate (Mothod J) pp,cklng with
lubricaut grease HB0140-0I2 (Rocketdyne), and
Install packing In groove of actuator.

bB. Install actuator on valve cover and
torque screws to 13-15 in·lb. Safetywlre screws.

c. Connect plug as outlined In paragraph
3-15,

d. Refer to section IV fOl' post· maintenance
test requlruments.
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Paragraphs 3-218 to 3-222
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Volume I

Figure 3-60. ('as Generato," Fuel Duct

3 Seal
4 Deflector

GAS GENERATOR
PUEL. DUCT

FI~~-1~42----_._-------

3

1 Duct
2 Orifice plate

e. Hefer to sectlon IV for posl-malnlenance
test requirements.

b. Position duct (1) for installation. Support
duct to prevent excessive deflection of flexible
joints. Deflection musl not oxceed 6 degrees
for complele duct.

d. Install oritlce plate (2). Cross-torque
bolts to 280 01.10 In-lb. Snfetywlre bolts. and
Install an aluminum seal on locl:wlre.

a. Observe safety, 'nd contamination and
damage vrevontlon requiremenls outlined In
s~cllon I.

a. Observe safety, and contamination and
,lamage prevention reqnirements outlined In
secll on I.

c. Install deflector (4) tn end of duct. Instnll
seal (3), and eonnect duct to ball valve. Cross
torque bolts to 550 ±lO In-lb. Safetywlre :JOlts.

c. D1DCOl1nt'ct duct (1) at No.2 fuel htgh
pressuro duct, and remove and retaIn orifice
plate (2).

b. Support duel 10 prevent excessive deflec
tion of ~Icxtble joints. Deflection must not ex
ceed 6 degrees fOl' complete duct.

3-218. GAli.Q.ENERATOR FUF;L DUCT.

3-219. REMOVING GAS GENERATOR FUEL

IDUCT. (See ftgure 3-60.) Speclfted lubricating
procedures (methods) are outlined in section I.

d. Dlsconneet duct at gas generator ball
valve, and remove seal (3) and deflector (4).

I
o. Lubrtcate (Method A) gas generator ball

valve fuel tnlel closure fasteners with lubrtcant
grease RB0140.. 012 (Rockotuyne).

3-220. 1NSTAI,LlNG GAfl GENERATOR FUEL
DUCT. (See figure 3·60.)

dA. Apply a thin, even coat of corrosion
preventative RB0210-016 (Rocketdyne) to gimbal
yokes. Do not applv COrt oslon prevtnlaUve to
bellows.

NOTE

Corrosion pre"elltaUve HB0210-016
must be thoroughly mixed at 7()' to
95° F Immediately prior to each
appllcatlon.

3-221. GAS GENE.RATOR OXIDIZER DUCT
(DUCT END).

3-222. REMOVING GAS GENERA'1'OR OXI
DIZER DUCT (DUCT END). (See figure 3-61.)

a. Observe safety. and contamln~\tlonand
damagll preventlon requirements o\1t11ned In
section r.
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Figure 3-61. Gas Generator Oxidizer Duct
(Duct End)

oAS O'tNtRATOR
OXIDIZEIl DUCT
(VALVE EI<ll)

4 Orifice plate
5 Seal
6 Seal

1 Duct
2 Seul
3 Seal

Figure 3-62. Gas C".ensrator. Oxidizer Duct
(Valve End)

3-223. INS'rALLING GAil GENEHATOR OXl·
DIZEIl DUCT (DUCT END). (Sec figure 3-61.)

a. Observe safety. and contamination and
dama~e prevention requirements outllned In
section J.

IJ. Install scoop (9).

c. Install seals (5, 6), Ol'lf!n' plate (7), and
SNtl (8). Serure f1anl(l'. hut do not torque
fasteners.

d. Install Reals (2, 4) and orlllce plate (3).
Cross-torque holts to 350 ;10 in-lb.

e. Cross-torque fasteners lor remalnlnl(
Joint to 125 ,5 In-lb.

f. Safelywlre bolts at both flanges, and In
stall aluminum seals on !ockwire.

g. If thermal Insulation Insulatot·s were
removed, ,'elnstall as outlined In 1l-3896-6.

h. Refer to section IV Cor post-maintenance
test. requlrcmt>nts.

8 Seal
7 Orifice plate
8 Sea)
9 Scoop

1 Duct
2 Seal
3 Orlflce plate
4 Seal
5 Seal

f. Ilellluvc scoop (9).

h. If duct wl1l be replaced, remove thermal
insulation Insulators 145369-11 and 145370- 11.
(H"ler to n-3896-6.)

e. Dlsconnect duct, and remove seals (5,6),
orifice plate (7), and seal (8). Retain orlllce
plate.

c. Support duct to prevent excessive deflec
tion 01 flexible joints. Deflection Illust not ex
ceed 6 degreee lor completo duct.

d. Disconnect duct (1) at oxidizer hl~h

pressure duel, and rClllove seal (2), orifice
plale (3), and seal (4). Helaln orUice plate.

!

Chang" No. 5 - 8 March 1971 3· 16BA/3- t66B



R-3896-3
Volume I

section 1II
Paragraphs 3·224 to 3-239

3- 224. J1M..QllliJ:<l~:fOJ.l OXIDI?:ERP.J.[£.!.
J.YALV~!::~D).

3·225. IlEMOVING GAS GENERATOR OXI·
DlZEH DUCT (VALVE I';NO). (see f1gurf' 3-62.)

I Specified 11Ibl'll'allng proccdurcs (melhods, fIrc
outUned I:, seallm, I.

I. 1£ thermal lns1IIaiion Insulalors IIsled In
paragraph 3-225 weI's removed, Instnl! as
outllned In R-3996-6.

g. Refer 10 secllon IV lor pas I-maintenance
lesl rcqulremenls.

n. Obsonc safety, nnd conlamlnatlon and
damage prcvcnlloll rcqulrements outllned In
secllon I.

3-227. ~.9ENF:RA1Q!LnAL~VALVE.

3-228. Speclallools requlrcd consist of torque
adaplers 'f-~041242 <1l1d 1'-5029642.

a. Observe safety. and rontamlnallon and
damage prevenllon reqUirements outllneelln
section I.d. Disconnect duct (I) at valve, and romove

sCRI (2).

b. II duel wlll he replaced, remove Ihermal
Insulation Illsulators 145371 alld 14fl372. '
(HeIer 10 H-3896-6.) " 3-229. HE MOVING GAS GI~NERATOR DAI.L

,. VALVE;. , (See figure 3.63.) Specifleclluhrlc.lllngI
c. Supporl duel to prevent elCcesslvc defltlc- \..... procedures (methods) al'e outllued In secllon I.

lion of flexible Jolnls. Deflecllon munl not ex
ceed 6 d,grees of compl~te (lucl.

s. DIsconnect elllcl, nnel remuvo seal ("),
orlflee plate (4), and seala (5, 6). Hotaln
orifice plate.

I f. Lubricate (Mell,oel A) gas generator ball
valve oxidizer Inlet closure Iasteners with
lubricant grease RB0140-012 (Rocketdyne).

b. DIsconnect plug (1) as outlined 111 para
l:raph 3- H.

c. Remove ducl (2) and eeal (3) as outlined
In paragraph 3-~24,

3-226. INSTALLING GAS GENERATOn OXI
DIZER DUCT (VAINE END). (See figure 3-62.)

d. DIsconnect duct (4), and remove deflector
(5) and 8esl (6).

a, Observe safety, and contamlnallon lind
damage prevention requirements ouillned In
section 1.

b. Install seals (3, 6), soal (5), ortlleo
plate (4), and duct (1). Secure joint, hut do
not torque fasteners.

dA. Lubricate (Methud A) gas generalor ball I
valve Iuel IlIlet closure faetencl's wllh lubl'ieant
grease RB0140-012 (Hockctdyne).

e. Hemove tubes (7, 8).

c. Inslall seal (2). Cro8s-lorquo bolts to
350 i5 In-lb. Saletywlre bolts.

d. Cruss-torque nuts 1ID114-8003-2005 at
orlflced joint to 125 ±5 In-lb.

NOTE

f. Disconnect line (10). j'emove senI (11).
nnd remove tube (12).

g. Hemove valve (52) and seal (53).

Nuls 1ID114-8003-2005 mllst not be
reused.

h. (Dele/,cd)

e. Saletywlre bolts at orlflced Jnlnt, and
seal lockwlre.

I. Remove clamps (15 16, 17).
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R-3896-3 Sectlon ill
Volume I

I Plug 15 Clamp 27 Transducer 41 Oauket(d)
2 Duct 16 Clamp 2B Seal 42 AJaPter(d)
3 Seal 17 Clamp 29 Vulve 43 Gasket dl

I 4 Duct 18 Tube 30 Seal 44 Dolt
5 Deflector 19 Seal 31 Retainer 45 Seal
6 Seal 20 Tube 32 0" ring/packing 46 Elbow
7 Tube 21 OrlflcfJ ~Iate 33 Housing 47 Seal
8 Tube 2tA Filter b 34 0- rlne/packlng 48 Bolt
9 (Deleted) 21B Fllter(b) 35 Retalnr,r) 49 Seal

10 Line 22 Tube 36 Nipple c 50 Elbow
11 Seal 23 Seal 37 Gasket(c) 51 Seal
12 'rube 24 Clamp 38 BuShlnr,(C) 52 Valv(
13 (Veleted) 25 Dlock 39 Gasket c) 53 Seal
14 (Deleted) 26 Plug 40 Coupllng(d) 54 Union

50 Gasket

~EnglneB Inco'rporatlng MDl73 change
(e) Engines not Incorpornllng1;1J)168 ehanRe
(d) Engines Incorporallng MD168C1iinKe

Flgul'El 3- 63. GRS Generator Ball Valve (Sheet 2 of 2)

I j. Disconnect tube (18), and remove seal (19).

k. On engines not Incorporating MD173
change, disconnect tube (20), and rrmove
orifice plate (21).

I. On engines IncorpOl'atlng MDl73 change,
move tube (20) In dlrectlOll of leastrCslstance
a maximum of 3 Inches, and remove orifice
plate (21) lind filters (21A, 2lB).

Ill. Helllove tube (22) and seal (23).

n. Hemove parts indexed (24 through 26) as
outlined lu paragraph 3-16.

o. Hemove transducer (27) and seal (28) as
outlined In paragraph 3-65.

p. Disconnect valve (29) from Injector.
Prior to removing valve, IIno (18) and tUbo (20)
may be deflecled a maximum of 3 int'hes In the
direction of least resistance for clearance re
quired to remove valve. Carefully remove
valve (20) and seal (30).

q. Hemove relninel's (31) and O-rlng/packlng
(32) from housing (33).

r. Loosen Inner nuts and remove ou, • nuts
that retain housing (33); then removs houstng
and O-ring/packlng (34) and retalllCI' (35).

NOTE

'rhe parts indexed (36lhrough 51 and
54 through 57) do not req11lre removal
If the valve will be relnstl\lled. If the
',alve Will be replaced, remove the
parts as outlined In step s through x.

s. On engines not Incorporating MDl68
change, remove nipple (36), gasket (31T,'bushlng
(38), and gasket (31l). On engines IncoI'P0rating
MD168 change, remove coupling (40), gasket
(41},lidapter (42), and gasket (43).

~. Remove bolt (44), seal (4G), elbow (46),
and se",1 (47),

u. Remove bolts (48), seal (~3), elbow (50),
and seal (51).

v. (De1eled)

w. Hemove union (54) and gasket (55).

x. If valve wlll be roplaced, Install protectiveI
closures. Lubrf.cate (Method A) threads of clo
sure RX-20845-2l and lUbrleate (Method J)
packing (used with elosw'e) using lubricant
grease RB014C-012 (Rocketdyne).
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3-230. INSTALUNG GAS GENEllATOIl BALL
VALV/::o (See rtgure 3-63.) The lubrIcant used
In thIs procedure Is lubrtcant gl'easc
RB0140-012 (Hockctdyne) unless olherwlse
specllied. Specified luhrlcatlng procedures
(melhods) are outlIned In 6ectlon I.

a. Observe safcty. lUld contamInation and
damagc provcntlon rcqulrcments oulllned In
sectton I.

NOTE

Slcps c Ihrough h Install Pal'ts
Indoxed (34 through 51 ruld 54 and
55) prIor to Installing valve (20).
Ir the same valvo Is I'olnstallcd
and tho )lads wei's ,:ot removed.
proceed wIth step I.

b. (Deleted)

c. Lubricate (Method ,I) gaS!tet (55) and
lubrlcatc (Method A) unIon (54). Illfltall Boal
and union, and torque IUllon to 60-80 In-lb.

d. LubrIcate (Method A) elbow (50) and bolt
(48). Install bolts, elbow, and seals (49, 51).
AlIne elt."w for tube (8). Torque bolt to
180- 276 In-lb.

e. I,ubrlcate (Mothod A) elbow (46) I and
bolt (44). Jnstall elbow, bolt, and scals (45.47).
Alinc elbow for tube (7). Torque bolt to 240-2'16
In-lb.

f. On engines Inco~)l{lratlngMD166 change,
lubricate (Method J) gaskets (41. 43j-and lubrl
cato (Method A) adapter (42) and coupling (40).
Install gaskel (43) 'lnd adapter (42). Torqne
adapler to 22~ ±10 tn-lb. Install gae!tet (41) and
cOltpllng (40). TOl'que coupling to 220 ;10 In-lb.
Safetywll'e coupUng to adapter and adapter to
valve body.

CAUTION

TorqUing the nIpple withoul applying
counlertorque to the bU~hlng wllJ
damage the bushIng and valve body.

g. On engines not IncOl'poraUng MD166
change. lubricate (Melhod J) gaskets (3'1, 30)
and lubrIcate (Method A) bushIng (38) and nlp[le
(36). Install gasket (39) anei bushing (38). 'torque
bushIng 10 57 ±8 hI-lb. Install ga~ket (37) mla
nipple (36). Apply countertorque to bushing and
torque nlpp~e to 13515 In-lb. Safetywire nIpple
and bushing.

h, Lubricate (Melhod .1 ) retainer (35) and
O-rlng/packlng (34) with FSI28I grease (Dow
Corning Corp) and Instal! In housing (33),

I. Lu~rlcate (Method J ) O·,rlng/packing"
(32) and retainers (31) with FS1281 grease
(Dow Coming Corp) and Install In housing (33),

J, Carefnlly Inatall housIng \.. InjectOl', and
Installn"ts on studs. Nuts on sl\lds must re
main loose to allow PORt of valve to aline hous··
Inr. (33),

k. Install seal (30), and cal'clully I'lstall
valvo (20), UsinK adapter T-5029642, crOBS
torque nuts to 150-172 In-Ib,

I. lIghten nut~ for housing (33) f1ngertll(hl
against housing. Satetywlre nuts, Do nol de
flect housing position when tightening nuts,

m, Install transduccr (27) and seal (28) using
procedure outlined in paragraph 3-66,

n, Connecl plug (26) lInd infJtali block (25)
and clamp (24) us outllnod in paragraph 3·17,

o. IJllbrlcate (Method 0) tube (22) With thread
compound C-M (Felt Products), Install seal
(23) and tube (22). TOI'que t!!be coupling nllt to
160 tl0 In-Ib, Satetywlre coupling nut.

P. On engines not Incorporating MD173
change, aline gas genorator system opcnlube
(20) to valve (29) as outlined In paragraph 3-103;
then Install orIfice plate (21) Rnd connect lube
to valve. Cross-torque bolts to 65 ;5 In-lb.
Safetywt~ebolls, and Install an aluminum seal
on lockwire.

CAUTION

WLen performing step q, care must
be used while InstallIng the orifice
plate and secUl'lng tube (20)to make
suru thai f1Mges of both fllters flt
Illto the recesses of the orifice plate,
If the fIltN' .. arf' not properly seated,
a gnp greater than the seal thickness
will exlsl. Damage to the iIIters anI!
orlflce plate, or flange leakago will
result If Ihe filters are not properly
positioned while the flange bolts are
tightened.

q. On engines Incorporatin[; MDl'13 change,
aline gll'l generator system open tubc (20) 10
valve (2~) as outlined In paragraph 3-103; then
Install filters (21A. 21B) and orifice plale (21).
and cOMect tube 10 valve. Cross-torque bolts
to 85 ±5 In-lb. Safetywire bolls, and Install an
alumInum Geal on lockwire.

(
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Sccti"n JlI
Paragrapl'~ 3-231 tv 3-233

I
r. Aline gas gcnerutor system clone tube

(18)10 valva (;\9) as outlined til paragraph 3-l03;
then tnstall sci\1 (19) and cOlUlect tube to valve.
Cross-torque bolts to 36 ±3 tn-lb. SaletYllire
bolls.

s. Install damps (15, 16, 17). Torque lIut
to '/5 ;5 In-lb.

t. (Deleted)

u. Inslall seal (53) and valve (G2). Using
torque ad;lllter '1'- 5041242, croBIl-torque bolte
to 45 ;5 in-lb. Saletywire boilS and In&tall an
aluminum seal On lockwlrc.

v. Lubl'lcllte (MethodG) ltl!Je (12). Install
tube, a.ud torque coupling nut to 135-185 In-lb.

w. Illstall seal (11) and line (10). CroGs
torque nuts to 100 :J. 5 Ill" lb.

ll. (Deleled)

y. l,ubrleate (MethodG) tube (8). Aline
tube (8) to eloow (50). Torque bolt (48) to
180-276 In-lb. Install tube, and torque cou
pling nut to 135-185 III-lb.

1.. LubrIcate (Method G) tube (7). Alina
tube (7) to cllJow (46). Torqll" bolt (44) to
240- 270 in-lb. Install tube, and torque cou
pling nut to 135-185 In-lb.

aa. InAtall deflector (5) and seal (6). Con
nect duct (4), and crons-torque uolts to 550.10
In-lb. Safetywlre bolls.

abo Install seal (3) and duel (2) as outlined
In paragraph 3-226.

ac. Connect plug (1) as outllncd In paragraph
3-15.

ad. Refer to section IV for post- maintcnance
test requlrcmcnts,

3-232. Equipment required consists of atL'lpter
90~4427 and fixture 9024918 from Handling
Equipment Fixture Set G4068, torquc adapter
T-5041242, lind spcelal 'wrcmch T- 5023955.

3-233. HEMOVfNG GAS GENEltATOIl. (See
I'B\Jl'C a-64.) Spccified lubricallllil prucellures
(methods) arc outlll1~d In section I.

n. Obscrve oaJelY, and conlamtnatlon and
damage preventlo., requil'cments outlined III

seelloll I.

b. Hemove thormallnsulalloll frame 14M98.
(ReteI' to R-S890-0.)

e. Disconnect plug (1) as outlined in para
graph 3-14.

d. Hemovo duct (2) and seal (3) as ou.Hned
In pal'aKraph 3-225.

o. Dlsconllect duct (4), and remove deflector
(5) and seal (6).

oA. Lubricate (Method A) gas gonerator hall
valve tllcllnlet closure fasteners wllh lubricant
greas", HD0140-012 (Rocketdyne).

f. Remove l\IIJCs (7, 8).

g. DlscolUlcct line (10), and remove seal (11).

h. Ilenlove tnlH! (12).

I. (Deleted)

j. Remove clamps (15, 10, 17).

k. Dlscunnect luue(J8), and remove seal (t9).1

I. On engines not ~'lcorpomling MD173
change, dlsconnecltuhe (20), and remove
orWce plato (21).

m. On engines Incorporallng MDI73 chango,
muve tube (20) In direction of least resistance
a maxlnmm of 3 Inches, and remuve orlflce
plate (21) and filters (21A, 2lB).

II. Remove tube (22), sellis (23), union (24),
and seal (25).

o. Disconnect plug (28), and remove parts
Indexed (26, 27, 31) as outlined In paragraph
3-10.

p. Remove tmnsducer (29) aad seal (30) as
outlined In po. ragraph 3- 65.

q. Disconnect !lc;se (32) from elbow. Hemova
boll (33), seals (34), elbow (35), bushing (36),
and gasket (37).
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1 Plug 21 Ot'iller \llal" 36 1I0se
2 Duct 21A Fliler b 39 Dull
3 Seal 210 FlIler(b) 40 Seal
4 Duct 22 TUbe' 41 Ell 'ow
5 Dellnctor 23 Se'al 42 Bushing
6 Seal 24 Union 43 Gasket
7 Tube 25 Seal 43A '1'ubp(el
8 Tube 26 Clamp 43B Seal (e)
9 (Deleted) 27 Clamp 43C Unlon(e)

10 Line 28 Plug 430 Seal(e)
11 Seal 29 Transducer 14 Shield
12 Tube 30 Seal 45 Shield
13 (Deleted) 31 Dlock 46 Covpr
14 (Deleted) 32 Hose 4'1 Vo\'cr
15 Clamp 33 Bolt 46 Gas genet'alor
16 Clamp 34 S~al 49 Seal
17 Clamp 35 Elbow 50 NIPP~(d)

I 18 Tube 36 Bushing 51 Seal( )
19 Seal 37 Gasket 52 Dushing(d)
1.0 Tube

. (b) Enii~' Incorporating MD173 change
(c) Engines Incorporating MDT50 0\' M0151 chango
(d) Engines not incorporatlng'l;{fH68 chango
(e) Engines Incorporating MD168-c"iiange

S~cllOn III

53 Seal (e1)

54 Cl)ltllllng'~(l)
05 S~al (e)
lIB Adapte,·(e)
57 S~al(o)

5& Bolt
59 Spat
60 Elbow
61 Seal
62 Bolt
63 Seal
64 Elbow
65 Seal
66 Valve
67 Scal
68 Union
69 Seal

Figure 3-64. Gas Generator (Sheet 2 of 2)

\'. Discotuleot hose (38) from elbow. Remove
. bolt (39), lleals (40), elbow (41), bushing (42),

and gasket (43).

s. On engines Incorporating MD150 or
MD151 change, remov.: tube (43A),seal (43B),
unlQii'l43C), and seal (430).

t. Remove shields (44, 45).

u. Remove covers (46, 47).

v. Remove majority of bolts that attach gas
gene:rl'~or (48) to turbine flange. Leave suffl·
cient bolts to support gas generator.

w. Install adapter 9024427 on gas generator,
lIr\d attach fL'rture 9024918 on adapter. (See
flgure 3-65.) Use proper !1ft points on fixture
during handling.

x. Support gas generator, and remove re
maining bolts that attach gas generator to
turbine flange. Remove seal (49, figure 3-64),
and carefully remove gas generator.

CAUTION
The gas generator assembly weighs
approximately 218 pounds.

NOl'J4~

Plu'ts Indexed (50 through 69) do nut
require remov~.1 if gas genel'alor
will be relnst.alled. If gas gem'ralol'
will be replaced, remove parts I G
outlined In steps y through ad.

y. On engines not incol'pol'a!iog MDl6S
change, remove nipple (50), seal (51), bushing
(52), and seal (53).

z. On engines Incorporating MDl68 change,
remove coupling (54), seal (55), adapter (56),
and seal (57).

aa. Remove bolt (58), seal (59), elbow (60),
and seal (61).

abo Remove bolt (62), seal (63), elbow (64),
and seal (65).

ac, Remove valve (66) and seal (67).

ad. Remove union (68) and peal (69).

ae. If valve will he replaced, Install proteC"1
live closures. Lubricate (Method A) threads of
closure RX-20845-21 and lubricate (Mcthod J)
packing (used with closure) using lubricant
grease RB0140-012 (Rocketdyne).
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FIXTURE
9024918

Figure 3-65. Handling GIIS GenerateI'

3-234. mSTALLlNG GAS GENEHATOH. (/'lee
figure 3-64.) 'fhe lubrl~ant used In Ihls prove
dure is lubr!cant gf~ase RBU140-012
(Hocketdyne) unless otherwlss noted. Specilled
lubricating proceduJ'es (methods) al'e outlined
In section I.

a. Observe safl<'y, and contamlnallon and
damag<. prevpnll. 1 requirements outlined In
section I.

NOTE

Steps b thl'ough h install parts Indexed
(50 through 69) prior to Installlng the
gas generator. If the aame gas gen
eral,,, ;s reinstalled and parts were
not removed, proceed to step i.

b. (Deleted)

c. Lubricate (Method J) seal (69) and lubri
cate (Method A) union (68). Install seal and
union, and lorque uniun 10 60-80 In-lb.

d. Install seal (67) and valve (66). Using
torqu~ adapter 1'-5041242, cross-torque bolts
to 4515 In-lb. Saletywlre bolts, and install an
aluminum seal on lockwire.

e. Lubricate {Method A) elbow (64) and bolt
(62). Install seals (63, 65), elbow, and bolt.
Aline elbow for tube (8), and torque bolt to
180-276 in-lb.

f. Lubricate (Method A) elbow (60) and bolt
(58). Install seals (59, 61), elbow, and bolt.
Aline elbow for tube (7). '1'orque bolt to
240-276 In· lb.

g. On engines Incorporating MD168 change,
lubricate (Method J) seals (55,57), alld lubricate
(Method A) adapter (56) and coupling (54), In
stall seal (57) and adapter. Torque adapter to
220 ;10 In-lb. Install seal (55) and coupling (54).
Torque coupling to 220 :t10 In-lb. Sa!etywlre
coupling to adapter and adapter to valve body.

CAUTION

TorqUing the nipple (50) without ap
plying cOllntertorque to the bushJng
wlll damage the bunhlng and body,

h. On engines nJt Incorporating MD16G
change, lubricate (Method J) seals (51,53) and
lubricate (Method A)bushlng (52) and nipple (50).
Install seal (53) and bush'ng. Torque bushing
to 57 ;8 In-lb. Install seal (51) and nipple (~O),

Apply eountcrtorqllc to bushing IIlld torque nipple
to 135 ;5 in-lb. flalotywlre nipple and bnshlng.

\. Install adapter 9024427 on gas gellerato..
(48), and attach fixture 9024918 on adapter.
(See figure 3-65.) Use proper 11ft pointfl of
fixture during hllndlJ ng.

CAUTION
The gas generator assembly weighs
approximately 218 pounds.
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j. Position gas gen()rator tor iustallation.
Install seal (49, figure 3-64), secure joint, and
remove handling equipment. Using special
wrench T-5023955, cross-torql'e bolts to
930 ±10 in-lb. Saletywlre b0" ci.

k. Install covers (46, 4' I, and attach sup
ports for hoses (32, 38) to applicable cover
hsteners. Torque tastener,; to 25 ±5 in-lb.

I. Install shields (44, 45). Torque fastenel's
to 110 ; 10 in-lb.

m. On engines incorporating MD150 or
MD151 change, lubricate (Method A)liiiion (43C)
withtiireact compound C-5A (Fl.'lt Products).
Install union and seal (43D). Torque union to
55-80 in-lb.

n. On englues Incorporat.lng MD150 or
MD151 change, lubricate (Method G)fube (43A).
Install tube and seal (43B). Torque tube cou
pling mlts to 160 flO in-lb. Saletywlre coupling
nut.

o. Lubricate (Method A) bushing (42) with
thread compound C-M (Felt products), and
Install with gasket (-13). Torque bushing to
100 f8 In-Ih.

p. Lubr1c lte (Method A) elbow (41) and bolt
(39) with thr ,ad compound C-5A (F()lt Products).
Iustnll elbov', seals (40), aud holt. Positlou
elbow for hose (38). Appiy countertorque to
bushing (42'" and torque bolt to 140 ;-10 In-lb.
saietywire 'holt.

q. Connect hose (38) to elbow. Record run
ning torquf! during last one- half turn of coupilng
nut prior to seating of hose tubing flare. Run
ning torqulJ must be within 50-300 In-lb. Con
ttnua to to'rque coupling nut to 135-185 In-lb
above recorded running torque.

r. 1.ub)~lcaie (Method A) bushing (36) with
thread compound C- 5A (Felt Products) and
Install with gasket (31). Torque bushing to
100 fa In-lb.

s. Lub.clcate (Method A) elhow(35) and bolt
(33) with thread compound C·M \Felt Products).
Install senls (34), elbow, and bolt. Apply
countel·torque to bushing and torque bolt to
140 ±IO in-lb. Saletywlre bolt.

t. Connect hoso (32) to elbow. Torque hose
coupling nut as ouUlned iu step q. Make sure
that surhce of coupling nut clears shield (44)
by 0.030 Inch mlntmwn.

u. Install transducer (29) and seal (30) using
procedure outlined In paragraph 3- 66.

v. fnstall plug (28) and polrts Indexed (26,
27, 31) as outlined in paragraph 3-17.

w. Lubricate (Method A) union (24) with
thread compound C-5A (Felt Products) and
install with seal (25). Torque union to 55-80
in-lb.

x. Lubricate (Method G) tube (22) with thread
compound C-5A (Felt Products). Install seal,
and torque tube coupling nut to 160 ±10 in-lb.
Saletywire coupling nut.

y. On engines not incorporattng MDI73
change, aline gas generaior system open-tube
(20) to gas geMrator (48) as outlined in para
graph 3-103; then Instflll orifice plate (21) and
connect tube to gas generator, Cross- torque
bolts to 85 ±G in-lb. Sa(etywire bolts, and
Install an aluminum seal 011 lockwire.

CAUTION

Whenp()l'!orming step 7., care must
be used While Installing orifice platt'
and secur!ng tulle (20) to make sure
that flange,~ of both filters fit Into
the recesscs of the ('rlflee Jllate. If
fillers are not properly seated, a gap
greater than the seal thickness will
exist. Da.mage to {i1ters and orifice
plate, or flange leakage will result if
the filters are not properly positioned
While the f1a:lge bolts art:> tl\;htened.

z. On engines incorporating MDl73 change,
aUnc gas "eneratol' syst'lm open tube-(20) to gas
generator (48) as outlilled In paragraph 3-103;
theu Instal! iIlters (21A, 21B) and orlftce plate
and connect tube (20) to gas generator. Cross
torque bolts to 85 ;-5 In-lb. Safctywlre bolts,
and Install all aluminum seal on locltwire.

alt. Aline gas generator system close tube
(18) to gas gen"rator (48) flB outlined In para
graph 3-103; then Install seal (19) and connect
tube to gliB g/lllerator. Cross-torque bt.l\s to
36 ±3 In-lb. Sai/ltywlre bolts.

abo Install clampll (15, 16, 11). Torqu/l nut
II) 75;;5 in· lb.
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ac, (Deleted)

ad. Lubrlrate (Method G) lUbe (12). Install
luhe, and torquc cOllpling nul to 135-185 in-lb.

ae. Install seal (11) and line (10). Cr<)ss
torque nuls to 100 ",5 in-lb.

aI, (Deleted)

ago Lubricate (Method G) tube (8). Attach
to E'lbow (64), and torque coupling nut to
135-185 In-lb.

ah. Lubricate (Method G) tube (7). Attach
tube to elbow (60), and torque coupling nut to
135-185 In-lb.

ai. Tnstall deflector (5) and seal (6). Connect
duct (4), and cross-torque bolts to 550 "'10 in-lb.
Safetywire bolls.

aj. Install seal (3) and duct (2) as outlined
in paragraph 3-226.

ak. Connect plug (1) as outlined in paragraph
3-15.

al. Reinstall therma11nsulatlon Irame
115498, (Refer to H.-3896-6.)

am. Refer to section IV [or post-maintenance
test rrquirements.

3-235. GAS GENERATOR BALL VALVE
1?.Q§ITIO~~ITCH. -.----

3·,236. HEMOVING GAS GENERATOR BALL
VALVE POSI'l'ION SWITCH. (See figure 3··66.)

a. Observe safcty, and contamination and
damage prevention requirements outlined in
section r.

b. Disconnect gas genora{or ball valve
position switch plug 1'53 (1) I\slng method
cutlined In paragraph 3-14.

c. (Deleted)

d. Remove screws and waShers that secure
cover (4). Carefully remove covel' (4) and
switch (8) so that shims (5) located between
flnl(er nnr{ loot of switch (8) ean be easily
removed wJtlmut dropping them Into actuator
cavity.

e, Remove shims (5).

f. Hemove pin (6) from foot of sv.1tch (6);
tllen remove screws, washers, lug (7), switch
(8), and packing (9) from cover (4).

3- 237. INSTALLING GAS GENERATOR BALI.
VALVE POSITION SWITCH (Sae figure 3- 66.)

a. ll' installing a replacement position ,.witch,
verify that position switch prelnstallatlon test
outlined in section I has been performed.

aA. Observe safely, and contamination and
damage prevention requirements outlined in
section I.

b. Insert paCking (9) in groove of cover (4);
the>n Install switch (8) In cover and secure with
screwlJ, washers, and lug (7). Torque screws
to 6-8 tn-lb.

NOTE

Steps c through" determine the Cor
rect thIckness of shims (5) to bc in
stalled between finger and foot of
SWitch. (8).

c. Measure distance between base of cover
(4) and flat ~:urla<:e of foot on switch (8) with
check fixture T-5037832. Record as dimension
A.

<1. Measurc dIstance betWeen flat surface of
ball valve housing and top of surface of finger
with check fixture '1'-5037832. Record as <11
mcnsion B.

c. Using the follOWing formula and rUmen··
slons obtained in steps c nnd d, determine cor
rect tWckness of shim (5) 10 be tnstalled:

C • (A - D) '" T

where

A ~ dimension h'om base o( cover (4)
to flat surface of foot of switch (8)

B '" dimensIon from flat surface of
ball valve housing to top sUl'face
of finger

C'" required clearance b~tween foot
of switch (6) and finger:
0.020 ",0,005 Inch

'1' = thickness of shIlns to be
Inst'1Jled

3-176 Change No. 7 - 24 March 1972



R-3896··3
Volume I

.---'-_.-----
-GAs aENERATOR hAI.l. VAl.vE posrrJON swrrcH

Section 111
Paragraphs 3-238 to 3-240

Foor

1

~i
'\ ~l''5"

1

1 Plug
2 (Deleted)
3 (Deleted)
4 Housing co.,er
5 Shim

4

6 Pin
7 Lug
8 Switch
9 Packing

_-l..- _

Fillure 3- 66. Oas Generator Ball Valve Position SWllch

r. Remove necessary laminations from
shims (5) to obtain dJ menslon T as determ med
tn step e.

g. Press pin (6) into loot of switch (8); then
tcmporarlly lnala!.! co\'er (4) on ball valve hous
ing to determine that pin (6) Is slip-fit Jnto
finger. Remove cover (4).

h. Place correct number of shims (5), de
termined in step e, on pin (8). Holding shims
in place, install Cover (4) on ball valve housing.
Secure cover to housJng with screws and
washers. Torque screws to 6-8 in-lb.

i. (Deletell)

J. COlmect plug (1) as outlined In paragraph
3-15.

k. Rel~r to section IV for post-maintenance'
test r~qull'emcnts.

3-238. GAS GENERATOR OXIDIZER PURGI,
CHECK VALVE. -----

3-230. Torqne adapter '1'- 5041242 is required
during Installation.

3-240. HE MOVING GAS GlmF:RATOH OXIDIZEH
PURGE CHECK VALVE. (Sec flgure 3-64.)

a. Observe safely, and conlamlnatlon and
damage prevention requirements outlined In
secllon I.

Change No, 5 - 8 MRr(~h 1971 3-17'1
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b. Disconnect line (10), and remove seal (11).

c. Remove valve (66) and seal (67).

~-241. INSTALLING GAS GENERATOR OXI·,
D1ZER PURGE CHECK VALVE. (See figure
3-64.)

a. Observe safety, and contamination and
damage prevention requirements oullined in
Aection I.

b. Install seal (67) and valve (66). Usin{l
torque adapter 1'-5041242, cross-torque bolts
to 45 ,5 in-lb. Safetywlre bolts and install
'llull1lnUIll seal on lockwire,

c. Install seal (11) and cormect line (10).
Cross-torque nuts to 100 ,5 !II-lb.

3-242. ELECTHlCAL CABLE SUPPORT
EQ§,I.,

3-243. PEMOVlNG EU;C'I'RIC".,L CADLE
SUPPOHT POST. (SeC figure 3-67.)

a. Hemove door (6).

b. Remove bolts and nuts from interface
panel, and remOVl) plate (5).

c. Support post (I), and remove bolts from
outer flange of inteilace panel; then remove
post, washer (4), shims (3), and spar-er (2).

3-244. INSTALLING ELECTRICAL CADLE
SUPPORT POST. (See fih'Ure 3-67, )

a. Remove pin MS9245-35, washer
651690-19, spacer 651690-17 (2), and 4 shims
651690-23 (3) from support post (1). Retain
for remstallation in step e.

b. Temporarily install snpport post (I) on
engine interfaee p~nel with bolt
ROllI·ol009-0S0S, washer R1H53-5002-0('08,
washer RDI53-1002-0008, and nut
RDll4-8005-1008. Tlgnlen nut, but dll not
torque.

NOTF;

Bolt HOlll-ol009-0BlO may be used
in placC' of bolt HDll1-4009-0S0S If
two additional washers ~re used
(onl) washer Rntr,3-5002-000B undc'r
the bolthead anti on<, washer
RIJI53-1002-00LlS under the nut).

3-178

c. Temporarily install spacer (2) and shims
(3) between support post (1) and inlerface panel,
and remove shim laminations, as necessary, to
obtain a c,earance of O. 005 inch maxlmt'm be
tween support post (I) and Interfac<, panel at
final Installation. (See figure 3-87, view A.)

d. Remove spacer (2), r<,quired shims (3),
and attaching part temporarily inslalled in
stl)P b.

e. Assemble spacer (2), required shims (3),
awl washer 651690-19 (4) to support I)Ost (I)
with pin MS924fi-35.

1. Install support post (1) and Secure to
interfar.e panel with bolt ROlll-4009-0S08,
washer RD153- 5002-000S, wasl1<'r
RDI53-1002-0008, and nut RD114-8005-1008.
Torqne nut to 740 ,75 In-Ib.

NOTE

Bolt RDI11-4009-0810 may b", used
In place of bolt HD1l1-4009-0B08 if
two additional washel s are used
(one washer RDI53-5002-0008 under
the bolthead and one washer
RDI53-1002-0008 under the nut).

g. Install plate 651591 (5) and seCure to sup
port post with 2 washers LDI53-001J-0002 and
2 bolts RDl11-101O-6417. TC'l'que bolts to
90 ;10 In-lb.

h. Install 2 bolts RD111-1009-0412 and 2
washers LDI53-0013-0002 that secure support
post (1) to Interface panel. Torque bolts to
90 flO in-lb. Safetywlre bolts.

\. Install 3 holts IIDI11-IOIO-6417, 3washers
1.0153-0013-0002 (under Iloltheads, 3 washers
RDl53-1002-0004 (under nuls), and 3 nuts
RD114-B005-1004 that secure support post (l)
to Interface panel. Torque nuts to 75 ±7 in-lb.

j. Install 2 screws NASlt02C4-40 and l nuts
HD111-8005-1004 that secure SUi'port post (1)
to interface panel. Torque nuts to 85 .5 In-lb.

k. Install door 651592 (6) and secure to sup
port post (1) with 12 screws AN520CI0R14 and
12 washers I,D153-0010..0008.

I. If rC'qufr~fl, adjust dimension of bearing to I
interIac<, panel flange. (See figure 3-6'/.)
Torque jamnut HD114-8009-0001 to 900 i90 In-lb.
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Post 3 Shims 5 Plate

Spacer 4 Washer 0 Door

Flbmre 3-G7.E]cctrlcai Cable Support Post (sheet 2 of 2)

3-245. TNTERFACEPANEL TO OXIDIZER
_.I_ET INSULATION SEAL_

3-246. REMOVING INTERFACE PANEL TO
OXIDIZER INLET INSULATION SEAL. (See

figure 3-68. )

a. Remove {asteners and channels (1, 2).

b. Remove seals (3).

3-247. INSTALLING INTERFACE PANEL TO
OXIDIZER INLET INSULATION SEAL. (See
figure 3-68. )

a, Place 2 channels 651586 (1)and 2 channels
651587 (2) in position around interface panel
opening.

b. Install 2 sea]s 651588 (3), and secure
seals and channels using 10 bolts NAS1003-3A,
10 washers RD153-2003-0006, 10 washers
RD153-5004-0003, and lO nuts RDl14-8003-1008.
Torque nut to 24-30 in-lb.

3-248. INT_:RFA.CE PANEL.,,

3-249. Equipment required consists of sling
9024915 from Component Handling Fixture Set
G4068 and altnenlent fixture T-5039202.

3-250, REMOVING INTERFACE PANEL. (See
figure3-69.

a. Observe safety, and contamination and
damage prevention requirements outlined In
section I.

1 Channel
,,, J ,,

Figure 3-68.

f'l -,q,|-qD

,,,,,. ,, ,,,,, , ,,.L ,, [

2 Channel 3 Seal
,, , , ..,i , i,, j, ,,, , ,

Interface Panel to Oxidizer Inlet Insulation Seal
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1 Tube 3C Bracket
2 Adapter 3D Bracket
3 Nnt 3E Bracket
3A Bracket 4 Strut
3B Brneket

12

\

®

FI-3-1-143

5 Strut
6 Strut
7 Strut
8 Bracket

lO
II
12

Bracket
Stru_
Strut
Strut

)I

Figure 3-69. Interface Panel (Sheet 2 of 2)

b. Disconnect thermal insulation Insulator
145532-II from interface panel. (Refer to
R-3896-6. )

c. /_ insulating boots from fuel Inlet elbows
to Interface panel are installed, loosen clamps
that hold boots to interface panel.

d. Disconnect tube (I),and remove nut (3)
and adapter (2).

dA. Disconnect therma[ insulationbracket

(3A) from interface panel. Retain attaching
hardware.

dB, Remove thermal insulation brackets

(3B through 3E), as required, to install sling
9024915.

e, Disconnect engine control and flight
instrumentation harness receptacles from
panel.

$-182 Change No. 6 - 29 November 1971

f. Install sling 902491,5 on Interface panel,
and support panel. (_ee figure 3-70. )

CAUTION

The interface panel weighs approxi-
mately 413 pounds.

g. J._)osen bolts that attach brackets (8, 9,
figure 3-69).

h. Disconnect struts (4 through 7) from
interface panel. Support stzut8 to prevent
damaging engine equipment.

t. Remove bolts from brackets (8, 9). Each
bracket contains a pin that engages a hole in the
interface panel. If required, use a plastic or
rawhide hammer to separate brackets from
interface panel. Make sure that struts and
brackets are suppoz ted and interface panel is
prevented from swinging.
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Figure 3-70. Ha.ndllng Interface Panel

j. Carefully manipulate Interface pan~1 and
remove panel from engine.

k. It Interface panel will be replaced, re
move the following components (If InetalledJ
from Interface paMI.

(t) Electrical cable support post. (Refer
to pat'agraph 3- 243. J

(2) Interface panel to olddlzer inlet Insula
tion seal. (Refer to paragrlloph 3-246.)

WARNING

Primer (MfL-P-8585) Is flammable
and must not be used near heat,
sparks or open flame. It Is toxic.
Inha1:1tton Qf Ite vapors or pro
longed contact with the primer can
cause serious bod1ly harm. In caeo
of prolonged exposure, Inlmedlately
obtain fresh all' and waeh skin with
soap and water.

1. If interface panel will be replaced, re
move brackets (8, 9) from engine sfrutb (10
through 12) and attach them to rejected panel.
Apply one coat of zinc chromate primer
(MIL-P-8585) to inside diameter of threaded
holes In panel; then Install bracket bolts while
primer Is wet. Torque bolts to 600 ±30 in-lb.

Change No. 9 - 9 May 1973 3.1H2A!3-182B
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3-251. INSTALLJNG INTERFACE PANEl,.
(See flgure 3·69.)

a. Observe eaiety, and contamination and
damage prevention requirements outlined In
section I.

NOTE

Steps b through d are perform~d If
the Intel'facs panel Is a replacement.

b. Infltallinterface panel to oxidizer Inlet
seal. (Refer to paragraph 3- 247.)

c. Install electrical cable support post.
(Refer to paragraph 3- 244. )

d. Remove brackets (8, 9) and attach to
respective engine struts. (See strut attachment
method In f1l,'Ul'e 3-69.) Lubricate pins with gear
greasc (MIL.G-23827). Apply lubricant using
Mcthod Z outlined tn section I, Make sure pins
and washers al'e correct size for each cOMed :Ol~.

'l'orque nuts to 35 i5 In-lb.

CAUTION

The Interface panel weighs approxi
mately 413 pounds. lolxtreme care
must be used when positioning ;he
panel on the engine, to prevent
damage to the engine.

e. Attach sling 9024915 to panel, and holst
panel Inlo position for Installation. (See tlgure
3-70.) Using extreme care, po~lllon panel on
engine. Guide electrical and Instrumentation
receptacles through applicable openings as panel
Is posltloned.

WARNING

Primer (MIL-P·8565) Is flammable
and must not be used near heat,
sparks or open flame, It Is toxic.
Inhalation of Its vapors or prolonged
contact wHh the primer can cause
sertous bodily harm. In case of
prolonged exposure, Immediately
obtain fresh all' and wash skin with
soap and water.

f. Attach brackets (8, 9) to panel. Coat In
side of threaded boltholes with Zinc chromate
primer (MIL-P-8585), and Install bolts while
primer 19 wet. Torque holts to 600 ±30 In-lb.
Remove excess primer.

g. Attl<ch struts (4 through 7) 10 panel. Lu
bricate pillS Wlth gear grease (MIL-G-23827),
Apply lubricant using Method Z outuned In
section 1. Make sure that plna and washers
are correct size lor each connection. Torque
nuts to 35 i5 In-lb. Safetywll'e all strut con
nections by silfetywiring nut to head of pin.

h. Remove sling.

I. Using lubrlcanl grease RB0140-012
(Rocketdyne), lubricate forward threads of
adapter (2) for Insmlling nut (3). Apply lubri
cant using Method A outlined In section r. In
stall adapter (2), aline for tube (1), and torque
nut (3) to 550-650 In-lb.

j. Connect tube to adapter. Record running
, torque of tube coupling nut during last 1/2 turn
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of couplingnut prlor to seatingof tube £tare.
Torque .,ustbe 50-2G0 in-lb. Continue to

torque couplingnuts to270-3,_5In-lbabove

recorded running torque,

k. Attach engine controland flightinstru-
mentation harness receptaclesto interface
panel. Torque fastenersto 70 ±5 In-lb.

I. Attach fuelinletelbow boots to interface

panel. Torque clamp screws to 20 22 in-lb,
Safetywire serew_.

NOTE

Steps m through q alinethe inter-
facepanel.

m, Remove covers from fuelInletelbow%
and installalinement fixtureT- 5039202 on inlet

elbow flanges.

NOTE

Fixture and engine mating surfaces
must be clean.

n. Rotate alinement fixtureto determine

relationot centors of interfacepanel cutoutsto

centers of fuel inlet elbow flanges, _,_ximum
allowable displacement Is 0. 350 inch, Record
dimensions.

o. If required, adjust centers within toler-
ance by loosening Jamnuts of strt_ts (10, 11, 12)
and adjust strut lengths to meet alinement
requirements.

p. Torqs.e jamnu_s to 900,30 in-lb. Safely-
wire jamnuts.

q. Remove alinement fi_.lure, and install
covers on fuelinletelbows,

r. Reinstall thermal insulation brackets (3B
through 3D) using HI-LOCK pins HL30-8-18 and
HI-LOCK collars HLI94W-8 (ItI Shear Corp).

s. Reinstall thermal insulation bracket (3E)
using HI-IL)CK pins Ht,30-8-18, IIL30-8-19,

and ItI-IA)CK collars llLli_4W-8 (HI Shear Corp).
Pins 1IL30-8-19 are used tn outermost holes.

t. Attach thermal lnmJiatton bracket (3A) to
interface panel flange. Torque nutsto68 :_7 in-lb.

u. Attach thermal lnstdatton insulator
145332-11 tointerfaeepa_el. (RefertoR-3896..tL)

3-253, The ghnbal beaxlag (figure 3-71) ts re-
moved and that',died an art assembly. Equipment
required consists of adaptor 9024906 and fixture
9024912 from Component Handling Fixture Set
G40(18and fern' Glmbal Bearing Locks G4059.

(See figure 3-72 for h_dltng equipment and
fissure 3-73 for replacement criteria.)

..... _..,._- GIMeAL ' "

BEARING

!

-

'-- --LL _J---'
. t/

• .... i
1 Boot 3 Flange
2 Pan 4 Otmbal

Figure 3-'71. Glmbal Bearing

Figure 3-72. Handling Glmbal Bearing

)

,)

)
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I

I

3-254. REMOVING GIMBAL BEARING. (see
figure 3-71.)

a. Remove gJmbal hoot (1) and pan (2).

aA. Remove gimbal locks G4059, if :nstalled.

b. Loosen XG axis adjusting bolts from
lI'eldedlugs. (Sea figure 3-75.)

c. Install adapter 9024906 from Component
Handllng Fixture Set G4068 all gimbal face, and
torque bolt& 10 a minimum of 200 in-lb. (Sec
figure 3-'12.)

d. Attach fixture D024912 to adapter and
support gimbal.

e. Remove gimbal attaching bolts and half
spherical gimbai flanges (3, figure 3··71).

CAUTION

Tbe gimbal weighs approximately
426 pounds.

f. Hoist gimbal (4) clear and lower to llcleall,
prepared surface. Remove fixture andaetapler.

:J-255. INSTALLING GIMBAL BJo;ARmG. (See
figure 3-71.)

a. Install adapter 9024900 on gimbal face.
(See fif,ure 3-n.) Torque holt~ to a minlmulTl
of 200 in-lb. Attach fixture 9024912 to aetapter.

CAUTION

The gimbal weighs approximately
420 pounds.

h. Hoist gimbal (4, figure 3-71) into position,
alld install half-spherical gimbal flanges (3).
Torque bolts to 30 ~ 10 ft-lb. ~'inal torque
(300 ±10 ft-lb) will be accompllshed during
alinement.

c. Remove handling equipment, and install
4 Gimbal Bearing Locks G4059.

d. Perform gimbal allnement as oullined ill
paragraph 3- 256, if requi red.

e. Install pan (2) and boot (1) follOWing any
requlred gimbal alinement. 'forque pan screws
to 8-10 in-lb. Safetywire screws. Torque nuts
fOl' pan T-boits to 40 ±5 In-lb. Tlghten screws

of boot elamps until boot snap fasteners can be
closed.

3-256. ALINING GIMBAL BEARING.

3-257. The gimbal beariJlg (figure 3-71) Is alined
whenever maintenance tasks have disturbed the
delivered allned position of the gimbal, dome,
or Injector. See figure 3-73 for allnement
requirements, figure 3-74 for preliminary aline
ment of the gimbal seat to plate, flgm'e 3-75 for
gimbal axes and reference locations, and figure
3-78 for alinement tools. Equipment requtred
consisls of Gimbal Bearing Locks 04059, holding
fixture T- 50374 54, and check fixture T- 5037452.

3-258. l?ARAl,LELING GIMBAL BEARING TO
THRUST CHAMBER INJF;CTOH.

NOTE

Steps a and b aro perf,,~mcdonly
when the r;imbal is a replacement
and requires adjustment to the de
livered alined posilion.

a. Mellsure plate-lo- seat dimensions as
shown in figure 3-74. If necessary, adjust to
0.220 to 0.280 inch using the Zo axis adjusting
bolt. (See figure 3-75 for axis and alinement
pin locations. )

NOTE

The minimum adjustment is 1/12
turn, due to the 12-polnllock, and
moves the gimbal O. 007 Inch along
the axis.

b. Measure from sides of gimbal to adJusl
ment lugs on dome. 1f the difference belween
measurements exceeds 0.030 inch, adjust to
within tills tolerance, using the Xc. axis adjusl
mcnl bolts.

A 1/6 turn of lhe XG axis adjusting
bolts moves the gimbal 0.014 inch
along the axis.

c. For access to alinement pin D, support
heat eXChanger lines, remove cover of heat
excha'lger duct dome bracket, and remove heat
exchanger customer duct dome support and
bracket as an assembly.
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MeasuredResultant
Lateral DisplacementReported in Log Book

(Tnob) (Inch)

O.0000 to O. 2400 O. 0000 to O. 2400
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Resultant Gimhal

Delivered Resultant Adjustment Factor
Lateral Displacement Reported in

Log Book
(Inch)
m

0

O. 2401 to O. 3200 O. _401 to O. 3200 0

O. 3201 to O. 6100 O. 1201 to O. 4100 0.2000

0, 6101 to 0. 6400 0. 3801 to 0. 4100 0. 2300

i, ii jm i i

Procedure

Component to:
RepLacement Component

CapabiLity Replacement

a and/or b and/or c C
or d

a and/or b and/or c A
and/or d

a and/or b and/or c C

a and/or b and/or c A
and/or d

b C

a and/or b and/or c B
and/or d

a and/or b and/or c B
and/or d

Component Replacement C_'_ahllit._y

(a) Remove and reinstall dome and/or injector to thrust chamber without removing gimbal from
dome.

(b) Remove, disassemble, and reinstall gimbal to dome (with or without gimbel disassembly).
(c) Replace dome (withrelnstallatlonof originalgimbal).
(d) Replace glmbal only.

Procedt_.u_rrre.forComponent Replacement

(A) Use alinement equipment afterrenssembly for centeringglmbal. Record new gimbal adjust-

ment settings.
(B) Use alinement eqt0pment afterreassembly for centeringgimbaL Record new glmbat settings.

Readjust glmbai on X G and ZG axes by gimbal adJtmiment factorsin log book.

((2)No specialequlpment required. Readjust gimbal, IfP_pllcable,to same settingsas in iogbook.
, _ , , ,,. m , , , i

Figure 3-73. Component Replacement Criteria

NOTE NOTE

The position of the threaded bush-
lngs in the support and the bolts in
the slotted holes of tim support and
bracket must not be disturbed.

Mea._uremente may be taken through
holes E, F. G, and li (figure 3-76)
to approximately parallel gimbal
interface.

d. Remove Gimbal Bearing Locks G4059,
and install holding fixture T-503745_ ring,
screw J_eks, and plate,with screw jacks re-
tracted. Position notch in ring toward turbo-

pump oxidizer inlet.

e. Adjust screw jacks to posRlon gimbai face
approximately parallel wlti_injector.

f. Install check fixture T-5037452 on holding
fixture.

g. With dial indicator in position No. 1
(flg..,re 3-76), measure distances to forward
surfaces of alinement plus A and B (figure 3-75).
Record dimensions.

%

)

,)
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J

M t\ I 2~OIH.t7

1.)0'11' I l'h
12 1'11\('/ H'

flOI I IO'.H;!'

"I·:!·I· i,l

FI!,ure 3-7~. Adjl1slllJ[( Oimh.11 Ilearlnll

h. If dlfll'rl'ncl' hetween dimensions ('xe<,.'d
0.005 Inch, adjll"t !'<'l'ew jacks "f h()ldinl~

fixhll'(', as t1P('Cb.")lU'Y, to obtalt1 p:ll'altct!slH
wllhln (oh'l',lIlt'" not<'d.

I. U<'l)('at s[t'}! t:, anti r('co,'d final values
fol' I'aeh posllion.

J. Hepeal ste}!s I( Ihrough I with alinellll'ni
pillS C a!H1 D. (See flgur,' 3-75.)

k. Measure and record flnal dial Indlca!or
I'eadlugs for each allnemen! pin locntlon.

I. n"move handling eqUIpment, and Ins!all
~ Gimbal Bearing LOCks G4059.

Non:

Thl' lixlurt·s Illay he' leU installed
if cenlering and ::linlnt\ Ih,' gimbal
(paral\raphs 3·259 and 3-2(0) is
l'cq ui I'eei.

m, Install IHlnt <.'xchal1~(,l' clIstomer duct
sup}!orl hnd I racke(.

o. TOl<jUC holls at don'" !Jolthl'ads to 300 ,10
In-II>.

o. 'I'<ll''lUC nuts for Ill"tckt·! bolts al ful'!
manifold to 170 J 10 m-Ih.

p. Install hraeket mV<'I', and [orque holt~ 10
25 J5 In-II,. Safl'lywirl' holts.

:l-259, CEN'l'EHlNI; (;lMIJAL I\Ei\l\lNl; TO
ENOINE CEN'I'I':HLlNE. C<ompliancl' will' the
requlrenlC'nls of I'a ragrallh :1- 2!if! must prec",I,)
perfo)'IlJ:lnc'p of this Ill'Opedurl'.

a. If not alr'Jady il1slall('(llroll1 pal'al\raph
3·2!iU, install holding flxltll'(' '1'-5037154 and
check flxltll'c ']' .. 5037~ 52.

IJ. Using dial indicalot· in position No.2
UiHlll'(l 3-70), nW:lRIlI'(' apr{ l't1cord dl:-:lancPH til
oul(',· dlallll'I,'1' of alllll:n)('nt pl,w A and Il
([Ig\l"<' 3-'15).

(', It difJCI'(ll1l'(I lIetw(I('11 lhe' c1lnWll:;iollH

1'""ord('(1 exc'''''d'' O. OlD In,,h, adj\lsl Xl' axis
adjustIng holts to oblaln a -XC or -XG '
<lIfferl'l1l'l' willi In lolel'atlel' in(!Ica[('<1, llc()(,rd
j)ltlS or milltt8 dIHlH'PIlCC.

NOT)';

A I/o (tlrl1 ot lilt' Xc axl!: llllj uslll1l~
holts mov('s li,,, glmhal 0, Ol~ Inch
along Ihe axis,

d. HClll'al. S!l')) h with alinl'llll.'nl pins C anel
D.

e. If dllference belweell dimensIons re
corded exceeds O. DID inch, ,HIJus! ZG axis
adjusting bolt to obtain n ,ZG or .7,(' differ
once wUhln tolerance Indicated. Hecord plus or
minus diffel'ence.
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l_I i+lllNl} 17 NI _l_II'I(, I YI+I('AI+ 1101111 14 ACFN)

I 1"3"1-9_
i , ,,,,

Figure 3-75. Alining Gimbal llearlng

NOTE

A 1/12 turn +ff the Z G axis adjusting
bolt moves the glmb_il 0.007 inch

ahmg tht,' axis,

[, hepeat steps b thr(>ugh e, and record
fln;tlplus or nlhals dimensional dlfferv.ccs.

3-260. (;IMI}AI, BEARING FINAl, AI,INF',-

MEN'/'. The final alinement pl'lces tilt. center-
lille of the ginlbal hx the delivered engine posi-

titre. Compliance with tim requirements of
paragraphs 3-258 and 3-259 must precede the
performance of this procedure.

"l, Obtain values for tim folh)wlllg from cn-
giae acceptance data sheet Ill En|(_lno I,oV, Iklolt',

(1) l_esultant gimb;tl factor

(2) X G C.ml)o,ent gimbal :vljustm(:nt faett)r

(3) Z G compt)nont glml>al adJustm(,nt Ptctm'

b. ltcmove haadlhllr equipment, Illld inslall
Glmbal Bearing Locks G4059.

c. Obtain wthm tot gtmi_d setting along Z G
axls on No. l actuator side by measuring
distance from plate to etched cross oil seat of
glmbal. Record measuremertt,

O
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Figure 3-76. Ginllml t3oarhlgAIlnenlent
Tot) IS

,:1, OI)[ahl value for ghld)al setlhlg alolq _,X G
ilxls on No, 2 aeltlator st(h, hy IIiCa,Cltll'llll( dis-
I;lnrf, belweeil (hinle hlg iio_lrest NI), 2 acltlator
side and l)hile el gtlnbal. Itec,n'd nieasureirlcnt,

e. Obtain value for glnlbal selling Ithmg X .
axis ol)poslll N'o. 2 lcltat( i st(h, by ilil,llsurll_g
dlslall( o bolwet, n dol'ne big opposite No, 2
_l(,tilatl)r side alld plate, Ill)cord iIl(,iisur(,niellt.

f, Move glml)al according lu ghidJal factors
oblahlcd hi step a,

g. Rel)e'lt siol)S r lhrfiugh e, alid record new
viihi(,i hi Euglilc Lot_ Book,

Ii,
bolt,

Insla|l lock and Ilia (,it 7,G axis adjusting

t. Torque flange bolts to 300 _10 ft.-lb.

Section lll
Paragraphs 3-261 to 3-263

j, Repeat steps e through e, and make sure

that values were not changed during bolt
torquing. If a eh,luged value exec'ods _0. 010
iuch, retol'QUO things bolls to 300 i 10 ft-lb; re-
peat procedure uidil settings remain In tolerance
after final torquing.

k, Safetywlre X G axis and Z G axis adjusting
bolts,

1. Install boot l)an and boot ;is outlined in
paragraph 3-255,

3-261. ASSOCIATED ENGINE EQUIPMENT.

3-262. This procedure is performed whenin-

dieatod hy other procedures In this section, The
associated eqhJpmOlit must |)erenliw¢)d (o ac-
eolnpll.<ih ;lily oxidizer dnnle rolllovat either
sing, tilarly or in conibhlation with the ghllb;ll
Ill_,lrhil.l an¢t/or the ll,rust ehanlber hljector,

Equlpalold required (.onstsl,,.l o.f Ttll'bol)umlJ
_gUlil_in't G4083 aild slhlg 002.1915,

3-263. REMOVINCIASSOCIAII l) LNGINI,

EQUIPMENT. (See figure3-77.)

a. Observe safely, and eoutanlhlatlon and

(lamago prevcettlin reqlilr_l]loel;s ouilhlcd hi
sP_ i hill t,

h. Remove Wr.ll) arotllid lines ;is oullinod In
lmral;r,ll)h t-J1.

c. Ilt'nlov(: the followhlg (hnrnJ:II hlsuhllhlll
con'il)Ollonis, lletain athl(.hhig paris, hisul;it,w
145532 niay I)(! cleared, ;is requh'cd, ',villi

I)ril('l(ols 145188, 145286, alid 1,t5014 l)arilally
aSSellll)le¢l, _[tt,fcr In 1t..3896-0 for l);irl
hwat ilnls, )

(it Frllnli' 145477

(2) l,'r,lnie 145325

(3) Bracket 145290

(4) ('lanll)S 145255

(5) Tie rod 145305

(6) Bracket 145344

(7) Bracket 145188

Change No, i - 18August 1969 3-189
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1 Check valve 12 Tul,e(a) 24 Gasket
2 Pl'cssurc- 13 I3racket(a) 25 Support(a)

actuated seal 14 Support 26 lIose
3 COV(ll" 15 nushing 27 Seal
4 Liner 1tI COl''''' 28 Tulle
5 Support 17 Support 29 Union
6 flushing 18 Clamp 30 Gasket
7 SUPPOl't 19 Plu!; 31 Suppol'da )
8 b'p:we l' 20 Adapter 32 Hdainel' (h) (e)
9 Bushinr 21 Seal 33 Bl'acket (c)

10 'fube(a 22 TUhe 34 Tlihe fd )
II 8e,11 2:) U!dol1 35 Scal(d)

Section 1II

36 SIiPPO ~\ (d)
37 Tube (a
38 Bra _ket (a)
39 Strut
40 Strut
41 Strut
42 Strut
43 Stl'lIt
,j<J )./I'f'$,sure-

aetllat,'d seal
4fi Pl'(lflSUre-

actuated Gt'al

----
(a) Engines iUetll'p0l'atiug MIl150 1'" MIl151 ehan!(c
(Il) Match"d s<!l --_._-
(c) EU1~ln~s Incol'poratlng Mll102 0" MDI6:! change
(d) Englnc's not lueol'pol'atlnZ'Mb,~!i0 01' 'r;;n"~51 chang"

I-'I[(lll'" :J-'I7, Assocla!<'d [o;11!,111<' Equlpllleul (Shout 2 ,,[ 2)

(8) Ilrilel<et 145280 I. !lCIllOVI' aclaptl'l' (20) with transducel'
all ached , and ""IllIJVC 8"al (21),

(n,' nt'aekcl 145014

(10) IIH\u1atol' 14f,532

d. Dlscouucct check va Ive (I), and I'ClllOVe
s('al (2).

", H"lllove ('ovel' (3), Llru'rH «I) may Ile
left ;nHlall,'d,

C. ((enwve sup»ol'l (5) wlthoul dislurblng
bllshin((s (6) or adjuslllll: sUpport to 1Jl'llCkl'(,

g. llemovc SUPI")!'! (7) a/ld spacl'I' (0), Do
not disturb hushln{~s (0),

h, On ('nglnps IrlclJ!'pol'allnll MDlf>O 01'
MDI51 dIMlf,e, tllsc:onnecl tnlles (10,-1"2), I'fI
mov(:-sl'als (11), antirelliove lmll'kcl (13),

J, HClnov,' SUPPUl't (14) wilhoul tli"tm'bil\{(
bushillgs (15),

j. MerJ sure and tccol'd pXlC'nston of purge
lines from line Interfae(,s to support (1'1); tlwn
l'emove covel' (10) anti support (1'1), C1ampllI (18) may be left Installed on IIncs,

k, If thrust chamber Injeclor Is to be re
moved, dlBconn~clplug (10) as outlined in
pllragraph 3-16,

m, Il('lllove tUhe (22) and s ..als (11), I[
Ihl'L1st dmlllilcr I,,)e('(ol' wlli Ill> 1'<,p1a<:('<I, 1'(,

mov(' 1I/ll01l (2:1) and {(aske! (24),

n, On ('ngln('s InC'"'IJOI'allllg MDI50 01'

MDUil cI1aLl{(", r"lllo\'e fJuppo1'1 (25)","-

0, Dlsc:olllll'd l1OfH' (20L and !'('IlH)\t(' fH1al
(27),

p, 1l('lllov(' lull(' (2U) and M'als (11). II
thl'ust ehambfll' In)ecl()l' will he l'('plaeed, 1'('
move IIniOIl (20) and !(alokd (30),

q. On engilH!1l Incol'poratlnl( MDI50 or
Mf).~.f>} ehange, )','mo"e SUppOl'! (30:-·

I', On e/lgilll's InrOl'pOl'lltlll!: MD1G2 01'
MDW:J clmnl:fI, rOlllove 1'('lalnor (321;' and
bl'lld'l't (33).

NOTE

Hfilalllcl' (32) consists of matched
llO.rtH. If olle part Is damaged, the
complele retainer must be replaced.

s, On engines not Incorporating MDI50 or
MD1uI change, remove tube (34), seal-(35), and
sUllp<,rl (30).

Change No, 1 - 18 August 1909 3-/91
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Paragraph 3-264

l. all ellglll<'S illCOl')llll'atln!( MDI50 or
MDt51 ehan!(e, relllOVP tuilP (37), ;",ids (11),
an«(fii'ackcl (38).

CAUTION

Tension un thp lIlttlrfa(~l~ panel sliJl({
must maintain tht' int(ll'f.1C(· pallPI in
the level position. E:'H'('ssiv~ tllll'"

sion can damagp pngilw eh'c(ricaJ
hal'HC'sscS.

n-3896 .. 3
Volume I

l', Make h:1l1'(l that uxidizer d\lct and o.xidizPI'
valve flang'('d joints arc sflcun..d on al It'ast onl'
side of ('ngh",; Ihen l'elllUve Turbopullljl Support
G4083 , and rpinstall fas(cnel's relnoved (0 in
stall support. C,'oss-tol"quP nuts 10 1,150-1,250
in-Ill.

d. Install sll'lIl" (40 tltl'OUglt 43 I. Luhl';(':II,'
(Mdilnd Z) pins wilh t(Cal gl'pase I
(1'.111.-·(;-23827). and t01'quI' lIuts for pins tu
35 ,5 1I1-lh. &1fp tywire /lutf) to IH'adH 01 pins.

u. Support int('r(al~(' p~lIl('1 lJsillH slin,~

0024!J15 frolll COI11I"ll","t lIa",lI!nl: Fixlurp Sd
(;4066. (SP(' flgul'<' 3·70.)

I'. HplllovP slruts (40 Ihrough 43,.

NOTE

S!,'ul (30) ('annol Ill' 1'<'nlOl'('<lunlll
tt](, oxicllt.t.11' <!tlllW is p.ll'tly 1'1'

mov{'(l.

w, Illslall TU1'hopullljl S"PJlol'l 01063 using
Insl1'ucllons I"'ovidcd Oil sUPJlort,

c:A tiT ION

r~"w oxidl:l,pl' valv<'u .nay llf' fiUp

pOI'«'d .tj~alnt:lt tlu· (upl valvPH.
Pl'l'fWllIlf'! lUlIHt not (,Xfll't t1H'Jr
wl'll;hl on '"'SUPI"II'lpd oxldlzl'l'
valvl'H h('C,'ausl.' aIIIH...\JlI('ul may
h" affl'etl'd.

x, ~)ls,'onnpC'l No, I and No.2 oxldlur
valV0H from oxidizer dOHW, and 1'('JllOV('

p"I'ssurl'-al'luall'd se,als (41, 45),

3·201. INS'I'AI.L1N(; ASSOCIATlm ENGINE
EQUIPMENT. (:i,'<' flgul'!! 3·77,) LUhl'kallts
uSI'd In lhis pl'oeedu1'p Illust IH' appll,'d uslll!~

sppdfipd IUhl'1l'alillg 1"'0('<'dul'('8 (nll!lI~od8)

o\lll1nl'd in s""!lon J.

a. Olmprv(l snfl!ty, and contamination Hlld
c1anwg(' prcvpnllon l'NltlirtlUHmtH aH outlined tn
sec!Ion I.

b. InstaJllll'essure -actuated seals (44, 45),
and allaeh No. 1 and No, 2 oxidizcr valves 10
oxidizer dOIllC, Cross-Iorqul' bolls to
1, 150-1,250 Itl-Ih. Sa f,!(ywirc bolts.

NOTl';

Stl'ul (30) was install"d dUl'ing iustal
lat lOll of ! heo ()xiriiu'l' <10111('.

c. Henl.'ve sling 00249lr,.

f. If unions (23. 20) and !(as!H'IH (24,30)
W"I"I' I'ellun','d, Iubl'!eall' (MNhod A) unlolls I
wilh Ih"I'.ld ('OU1IHJlllld C·5A (1'<'11 I'I"0duI'ls)and
II1H(all !!:askt'ts and union:;, ToJqtH' unioll!:p to
55·f10 in-Ih. Saf<'lywll'<' un lOllS,

g. Oll t'uI{lIw,s ,wi InC(Jl')lol'aUllg MDlflO or
MDI51 ehan~". inslalllal)Jplll'1 (36) Oil (I;,-~",

blllls Ilumb"l'etl 7, 30, alld 23. TIlI'que attaehin/(
holls to 3f, I:, III-II,; IIl,'n luhl'!ealc (M"lhod G) I
lubl' (34) wllh luhl'leant gl'l'aSe H1l0140·012
(Hopk(·ttlvlll') and Illslall s<'als (3:') Hnrl IlIhe,
To"'1'"' l;,h(' 1·,)I')JlIllg Illlis 10 100 j 10 11I·lb.
Sal('lywl1'e bolls ;ulli ('oupllnl~ Iluls.

h, On 1',lgllles !II"O!'!l'll'allll(: MD150 01'

MDI5) c1mn((I', In5(;<l1 (J", fllllowing Hlippol'li>
lllld-I,raclt(ltn at l\u.mhC'l'NI oXldi~(II' donH' bolts
as indlealNI, Torque atta('hlng h"lls to '15 j 5
Ill-ib OInt! safetywl1'e bolts.

(I) Jl1'aI'k,!1 (:lfI): dom') bolls 7, 30,
<111(123.

(2) SUJJjJOr! (31): donw !Jolts 22,42,
and 14,

(3) Suppllrt (25): d')lne. holts 57, 32,
and 53.

(4) Bracket (13); dome bolts 29, 50,
and 9.

(
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i, On cagines incortlorating Mr)150 or
MD151 change, lubricate (Method G)-tubes
(22_-28) with thread eompourtd C-5A (Felt

Products). Instattseats 111) and tulles. Torque
eoupling nuts to 160 ,10 in-lb. Safetywire
coupling rods.

j. Ca engines incorporating MD15O or
MDIS1 change, lubricate (Method (?,)-'tubes
(10.12,37) with lubricant grease ItBOl40-012
(Roekcldyne). Install seals 111) andtuhes.

Tm'que tube coupling mats to 160 -_10 in-lb.
Safetywire eouplh'|g nuts,

k, Install I.wa('kct (33), and torque b.lts to
175 _15 hi-lb, &lfetywiretlolts.

1. Its(all retainer (32) so that no stress is

exerted oil line, Torque nuts attaching retainer
to bracket to 75 t l0 in-ib, Torqtle nuts of re-
tainer to 25:15 ln-lb,

m. hmtall seal (27) and ('onne('t hose (20),
Cross-torque nuts to 85 _5 In-Ill,

n. If tlwusl ehalnller Injeetnr was disturbed,
install seal (21) lind adapter (20). Conucct plug
119) to transducer as outlhted ill paragraph 3-17;
then ernss-torque mits at/aching adapter to
100 _10 in-lb.

o, Make sure clamps (18) are installed tin
lines; then install support (17), Adjust support
to dinlenHluns recorded durllli[ removal for ex-
tension of lilies and torque bolts Io 100 _5 in-lb.

1). Install cover (16), 'rorque nuts h) 75 _5
in- lb,

q, Install support (14). 'rt,rque bolts Ihrough
Ilushhlgs (15) to 85 _5 ln-lb, Torque outer bolts

Ilto350 125in-lb, _tfetywh'e bolls, Ifliushmgs
(15) or br_:eket atlaehed to snPl)ort (14) were
dlsturl)ed_ support and bracket must be adjusted
as outlilled la paragraph 3.-267, Torque for
bushing nuts is 150 J2O In-lb. Safetywh, e nuts
and bushings,

r. Install spacer (8) and support (7). A
mtntnmnl of 0. 010 Inch must be lnalntalncd

between tile support and the dome torus. A
maxhnum of three washers RDI,_3.- 1002-0006

may be Installed under the support at the domc
flanlie 1o obtain the required clearance. Torqua

boltsthroughl)ushlngsto 85 J5 tn-lb, Torque

outer bolL, to 300 J l0 In-lb, _tfetywire bolts.
II bushings (9) or bracket attached to supptlrt
(7) were disturbed, tile support aml bracket

must be alined as outlined ill paragraph _-265,

s, Install supl)ort (5), Torque txflts at dome
fhulge io300 Jl0 In-lb, Torque nuts to 170j10
m-It}, Safelywh'e bolts at drone flange. If
buMlings (6) or hracket atla.ched to support (5)
were disturbed, _ul)port and bracket must be

alined as outlined in l)aragraph 3-269.

t. ]nslall liners (4) and covet' (3). Torque
nuts [or cover bolls it} 25 _5 in-lb.

u. hmtall pret;sure-actuated seal 12) and
cheek vatvo (1). Cross-torque bolts to 255 J5
in- tb.

v. Check alinement of laterfaee panel as
outliscd in paragral)h 3-251.

W. lteinstall thcrnlal insulation eomllosents
listed in paragraph 2-263, Install conlp(monl8
as outlin(,d in R-3896-6.

x, Install wrall-aroun(I lines as oulllne(t !l_

paragraph 3-92.

y. Itefe," to .qeettou IV for ptutt-nlalnlel'lilnce

test re(lu Ir(,{llOlliS,

3-2(_5. Atd_NLN_C;! t!,_:_a:r_!.:._x_L:!kkN(; t: iL
cu_'£O_M!,LIJ ])qi_'._su t, PORT AND I_,I,_ACKFI'r
(See figure 3-'18. )

3-266. Equipment rc(lutred for alinement con-
sists of huldhlg fixture T-5037454, a]ll'lerllenl
to{)] T- 5039113, and Glmbal lIearlug l,oeks
G4059.

NOT E

The parallel surfilee of the ghnbal
I.)earlng In(off;lee nnly be used ill
this l)roccd!.ire ()lily whes ally r('-
quire(I gimbal adjustments hRve
bceu completed.

a. If not already tnslalled, lnslall heat ex-

changer customer duet support and bracket.
Torque bolts In dome bolthead 1o "IO0 iI0 in.-Ib.

Torque support bolts to dome face to 85 _5 In-
lb. _afetywlre bolts,

Change No. 4 - 8 October 1970 3-103
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F1I(Ul'O 3-78. Allnlnl( Ileal f;xchanl(el' Duds, lIydl'aullc Duels, I'm'ge LincH,
and Support DI'nc)wtH (Sheet 2 or 2)

b. Paml1elnllllbal lntl'rface as outlined In
paragraph :l-258. J,c'avo holding rlxturo
'1'-503'/454 Installed.

of support. Torque nuts [01' braek(ll bolla 10
95 ,5 In-lb. 'I'orqU<' b\IShlnl( nuts to 150 ,50 in·
lb. Saf"lywlrl' bolts, b"'ihlnga, and Iluls.

c. Install detail 101 of u(hll'lllcnt tool
'1'-5039113 on tuolplale that is Installed on
[thubaIIJoarln(( interface. (Sec f1[.(ure 3-78,
detail C, for tooling.)

d. Install detail 301 of allnemf'nl tool on
delall 101.

e. Aline bracket to dehills 303 '\Ild 306 of
detail 301 of llllncment tool, U"I11& traeket-lo
Bupport adjuBttng bolts and adJu~lable bushln!~s

C. flnlllovo allt\inl~ l'qulplllent, and Install
4 COlrnbal IlParinl( Locks G4059.

NOTE:

lC till' hyell'aulle custolller duct sup
port Is Instatled and requlros aline
Illent (vuragraph 3-267), tile alinlng
eqUipment may be left installed.

~.-195
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3-?'G7. ALINING HYDRAULIC CUSTOMEIl
DUCT SU7'-P6iffA"NDmlAC:-K1:T, (Sec figure
3-78. )

3-268. Equipment rl'qull'cd fOl' allllcmcnt COII

sists of holding fixture '1'-5037454, alilwlIlell(
tool T-5039\13, ami Gimbal Beal'lllg Locks
G4059.

NOT!':

TIll' paralll'l surface of the glmual
hflUl'ing interface may he used in
this procedure only when any re··
qUlr"d gimbal ad,iustnwnts havc
bccn compllll"d.

a, I1110t already installed, install hyeh'aullc
cU:ltomH duct supporl and bracl'<'!' Torque
bolts In dome boltheads 10 :'l00 ,lu Ill-lb.
Torqu<' SUppOl·t holl" to don'" face to fl5 i 5
in-lh, Safl'tywiro bolls.

I b, Parallel glmbalueal'lng (paragraph
3-258). Leave holdlnl: fI"ture '\'-503'1454
Inbtalled.

c. Install detail \01 of alhH'll1ent 1001
'1'-5039113 011 1001 plat" thai is installod on

I glmhal he'al'jnl-: Inlerfal'e, (Sec f1glU'O 3-78.
eletall D, fOI' (oollnl:. )

d. lnslall detail 201 of allnolllont 1001 on
dotrlll 101.

c. Allne hrae~kot to d<'lall 210, usln~

hmckcl- tn· HI,pporl adjuatln~ bolt Hand adjust
able bushings of support. 'l'orqul' null; for
ul'llckct holls to 130 ,10 hI-ill. T<Il'<\I\<' bushing
nuts to 150,20 In-Ih. i,af"tywlre bolts, hush·
Jnt~S, and nuls.

f. HelllOV(' allnln~ l'qulplllont, and h.stall
4 Gimbal nearhl~ Locks G4059.

3-269. ALINING ImAT EXCllANGlm DUCTS
SUI'POHTS AND fiRACKF:'rs~iSec fi[;Ul·c3··7B.)- - _._-
3-270. Equlpmcnt reqUired for allncmcnt con
sists of holding fixture '1'- 503'/4 54, a IImHnent
tool 1'-5039113, and Gimbal Bearing Locks
04059.

a. Aline' heat cxchangt:1' ducts Bupports and
brackets II position of any of the follolVing has
been disturbed:

(1) lIcat e"chang"r ducts dome support to
heat exchanger dome hrackel (adjustmelil bolls)

(2) Turuopump heat cxchanger str.!t sup
port.

(S) Ileal oM'hanger hn\l'l,et (at strllt sup
porl)

b. (Dol,'ted) I

c, l'arnlll'1 t:lml~11 bearing as oullined In
paragraph 3-258. Leave holdin!; fixlurl'
T-50:17454Install"d.

tI. Inslall detail 101 of nlinenwll( tnol
1'-5039113 on tool plate that If! hlfllalh:d un
~lmlr,,1 h1larlnt: Inll)rfacc. (Seo fI[;urc 3-78,
tI(>talls A and B, for toollng. )

e. Install detail 301 of allnenwnt (001 un
dctail 101. Usc fit'lhs (details 322, 323, 327,
329) of alin0m"nt t01l1 wllh detail 301 to Allllulat(,
hmll l'xC'imn!(('r ducl&.

f. AdjUHt hpat (\~challf~l\l' dome hr:tck('t to
glulm by loosenl'l[~ holls atlaclling it 10 IIca(
e"chanl('r ducls dOllle Hupport. T01'([Ul' nut!, l<>
130 tlO iu·ll>. Saf,'lywh'<' hrJ!thea,:s, and Heal
lockwlro.

1(. AdjuHt IU1'bopumjl Iwal e"ohanger sh'u(
Bupport HO tlmt attached hrackl'ts aline 10 Htuhs
Torque IlIl'ui HUppOl'! nutH til 155 15 In-lh.
Torque IIt",t support hracl\ct nuts 10 100 ·tl0 In
lh. Safetywh'o hollheads, and soalloekwlre.

h. flC'IllOVC alinlnt~ I'quljlment, and install
4 Wmhal Bearlnl\ Locks G4059.

3-271, ALINING GHOUND SUPPLY HY
i111AY!J.QJ.).l.l!.J.:...a.tipJJlli~]' VA [, VE- 'I'Q.:
HYDRAULIC RETURN DUCT. (Secfll:uro3-'18.)---- --
3-272. I!:qlllplllcnt reqllh'cd for allnemcnt con
sIsts of holding lIxltlre '1'-5037454, allnement
tool 1'- 5039113, and Olmbal Bellrlng Locks
04059.
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Sl'diun 1I1
l'amgraphs 3-273 to 3-276

NOTE

The panllel surface oJ the gimlJal
lJearlng interlace may be useli iu
this procedure only when allY re
qUired gimbal adjustments have
beon (:ompleted.

a. Para 11(, J [lll1lh:\1 interface as outlined In
jJaragraph 3-258, Leav(' holdllll: fixture
'£-5037454 Installed.

h. Install detail 101 of alinellHJnt t001
'1'-5039113 on tool pL1tc on [(imhal boaring
lnlt'rfacc. (S,)O figul'e 3-78, ddail D, fOI'
toollnf~' )

c. Install d('tall 201 of alillement tool to
detail 10 I.

CAUTION

If the flanges do lIot alllle to the
tool, the covel', c!llmp, i:llpport,
and bracket 1",lls must 1>0 looselw<!.
tu pl'(lvC'nt Sh'I)RH on the hoseti.

If th" hydraulic supply lillct Is not
Illstall(,d, detail 219 of the ;l\IIlIl
ment tool 1$ Installed Oil detail 201
I" aline the ducl ,mpply hracket.

c. S"cure hydraulic supply duet SIIPPOl'l hy
torqulnl: nuts to 00 15 In-Ih, Safctywlrc bolts,
and soaI loe/twh'e.

f. S"curo hydraulic: supply duct brackot and
hydralille rchu'n du('t support brarlwt hy
lorqulng nuts to 110 tlO In-lb. Safetywh": bolts,
and seal !ockwlre.

g. Socur" hydl'a1.111c support duct hracket
clamp by torq~lng nul to 40 +5 in-lb.

h. Sceul'e hydrllulle return duct support
COVel' by torqUing nuts to 30 12 tn-Ib,

l. Hemovc aUning equipmcnt, and install
4 Glmb:l! B""ring Lo('k& G4059.

3··273. ALlNJNG NO.1 OXlDIZEn VALVE
DOME PUncH: LINE: AND PUMP SEAL PUHGE
LINF",. (See figure 3-'18.)

3-2'14. Equipmcnt l'equired for aUnemcnl con
sists of holding flxtnre 1'-50:17454, aline men!
1001 '1'- 5040048, and Gimbal Bearing Locks
G40[,O.

NOTE

Tho 1)'lI'a lie 1sudaee of the {~Illlhal

bearh!{\ Interface may he uscd in
this pI'ocedure only when any rt'
qui red gimbul adjustments havo
becn compleled.

a, Parallel gimbal hearing intorface as out
lln"d in paragraph 3-258. Loave l'ixture
T-5037454 Installed,

b, Ino!all al1nenwnt tuol '1'-5040048. (Seo
f1~\Ul'C 3-78, dctall E.) If Gimbal ll"al'11I1\
Locks G4,'50 aI''' us"d lrlslead of holdillp; fixture
1'.5037454, attach tool T-5040048 to gimbal
bearing interface and acid detail 130 lwhlnd
detail 112,

(', Allrw pUl'f.\O Jlne Interfacc8 to tool fae" hy
adJustln{: hl'ack"t", TorCjuo nuts on eOV('j' of
sUIl!'ol't to '/5 15 In-lh. Torque holt" of sUJlPort
at OXidizer dome flang" bolthoads to 10015 in-II>.
Silfetywire bolts. I

d. Hemove allnlng equtpment, and tnstall
4 Gtmbal Delll"ng Locks G4059.

3-?7("), Q!M.IJ..M.....!lF:AHlNG ,..Y_'ill2lli!;;Jll2Q..MEI
AN» 'I1!RlJS!'..£!!i_\~!}EH IN.! ECTOTJ,

3-2'/0. This procedure removes and Inslatls
the [(lmhaIIJearll:g, o)(ldlzer donll', and thrust
chamber InJ ector lIU an nfJUemhly iseo flgurp
3-'19). Equipment Nqulred conslstu of adapter
9024906, support 0024029, llna llxturc 0024012
from Component Handllng Fixture Set G'1008,
and allnement pins '1'-5030454. (Sec flgul't' 3- 80
for hlUldling eqUipment, )
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nXTVRE
9024912

Fl·3 1·{H

1 Doll 5 Seal 8 Oasket
2 Washer G O~ldizor 0 Injector
3 Plug dome III Snal
4 Bolt 7 Stl'ut 11 Seal- -

I'll\Ul'e 3-79. Glmhil\ n"'U'!I1Il, OXlrllzez'!>onw,
nlld Thrust Chamh(!r Injoctor

3-27'1. m:MOVING G1MDAl, DEARING,
OXIDIZER DOME, AND TlIIWS'r CIIAMBlo:H

IIN.JIo:CTOn, (Seo 1I1lUre 3-79.) Spel,Ulod
lubricating procodllreS (mothods) arc outllnod
In section l.

n. ObServe sa/ety, and contamination and
damago proventlon roqulromonls oulIlnod In
scetlon 1.

h. Hemove associated lmlrine equipmenl as
oU\llned III paragraph 3·263.

c. Homovo Gimbal Bearing I,ocks G4059, If
illulallcd.

d. Install adaptor 9024906 on gimbal bearing
Inler/aeo; then attach lIxture U024912 to adllpler.
(Sec Ili10re 3-80.) Torque adaplel' bolts to
600 In-Ib mlnhmun.

dA. Inatall support 9024929 on gimbal
bearln!!.

'I'S'Hi

FllllU'e 3·80, lIandllnll Gimbal l3carlng,
Oxidizer Dome. and Thrusl

Chambor Injector

e. n"lllove h'IlH (I, /llI"nl'o 3-'10) lind
washel'tI (2). nenwve plultll (3), and slightly
loosen bolts (4).

I. DtllccllIned tlll'ut (7).

CAUTION

'I'he assembly wetghs apprOXimately
3,200 pounds.

• Tho thrust chamber Injector llll:st
not be \101 on lho Injector ballles.
Vamalle 10 lile barnes or clogging
01 orIfice holes may result.

g. Carefully holst gimbal bearing, oxldl7,c
dome (6), and Injector (9) until strut ('/) eM be
removed; then nlso aIlsembly, remove Heals
(10, 11), and place assombly on a clean, pre
pal'ed sur/aco with support against Injector laco
or nange. SUPPOl't matertal used must not
damage Injector surfaces.

h. HemOVll bolls (4) and seals (5), HIt oxi
dizer dome Irom Injector, and remove gasket
(8).
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SecUon 111
Paragraph 3- 278

i. RemQve handling equIpment, and install
Gimbal Bearing LQcks 04059.

NOTE

Handling the InjectQr In a lIat
pQsliiQn requires adapter 9024909
and IIxture 9024912. Adapter bQIts
must be torqued tQ 5~0 In-Ib
minimum.

j. Lubricate (Method A) oxidizer dQme inlet
clQsure fasteners with lubrlrant grease
RD0140-0I2 (Rockeldyne).

3.. ~'18. INSTALLING GIMBAL BEARING,
OXIDIZER DOME, AND THRUST CHAMBER
INJECTOR. (See llgure 3-79.) Specilled
lubrieatlng prQcedures (methods) aN outlined
In secllQn 1.

WARNING

Component Handling FIxture Set
04008 must be operated by author
Ized persQnneltralned in the U3e Qr
the equIpment.

u. Observe sarety, and eoatamlnatlQa and
d~mage preventlQn requirements outlined In
s~ctlon I.

h. lle'Jlovc Olmhal BearIng Locks G4059, if
Inslalled.

c. Install [tei:tFler 9024908 on gimbal bearing
interrace. (Seo Il((Ure 3-80.) Torque bolts to
600 In-Ib mlnlmulll. Attach lIxture 9024912 to
adapter.

d. Install support 9024929 on gimbal.

CAU1'ION

The oxidizer dome and gimbal
bearing weighs approximately 2,000
pounds.

c. Install gasket (8, IIgure 3-79) on Injector
(9) und carefully lower OXidizer dQme Qn Injec
tor. Make sure that dQme ami Injector Indexing
holee are allned. The Index holes are located
between tho flange boltholes on the centerline
Qf the oxidizer dome Inlels.

f. Lubricate (Method A) bQlts (4) with lubri
cant grease R80140-012 (Rocketdyne). Lubri
cate (Method R) seals (5) wilh fluorinated oil
KrylQx 143 AZ (Du Pont) Q~ lubricant grease
RB0140-012 (Rocketdyne). Install seals and
bQlls In Inner row Qr hQles of dOloe. Cross
tQrque bQlls In sequence Indicated by numbers
stamped in QXidizer dome to Qne-third Qf hnal
lorque. Final torque Is 685135 £I-lb.

g. Install seal (11) in thrust chamber.

CAUTION

The assembly weighs approximulely
3,200 pounds.

h. Lift assembly, lubricate (Method K) sellli
(10) with FSI281 grease (Dow Cornmg Corp),
and install seal on inJector.

1. Alme assembly with Index pins on thl'ust
chambel' and, as assembly Is lowe"ed, Install
strut (7) and tempQrurily secure strut at intcr
face panel. Supporl most Qf ansemlJly weight
with crane until allnoment plnn are Inntallcd.

j. Obtain numbers of 2 llango bollholes used
ror allncmcnt from Rigid-Duct Spacer Dimen
slQns fQrm in Engine Log BOQk.

k. Uning? allnemlmt pltw T-50304M, back
of, '))(vanHlon nute or pins; thon bade orf bolls
(4 ).

I. Using II tlullable flllt washer undor th('
expansiQn nuts, Install allnement pins In
applicable holes uulll pins bQttom out. Roleaso
weight or assembly, and lorque expansion nuls
to 350135 In-Ih.

m. Install slrut (7) attaching 11llrdwarc.
Lubricate (Mothod Z) pins with (lear grease
(MIL-G-238?7). Torquo nuts to 35 15 In-lb.
Saretywlro nuts to heud of pins.

n, RClnov.) 11llndllng equipment, and Install
4 Gimbal Bearing Loel~s 04059.

o. Lubricate (Method A) bolls (1) and lubri
cate (Method ~') flat aides Qf washers (2) with
lubricant grease R B0140·012 (Rocketdyne).
Install holts anci washers In the dQme £lange
holes as Indicated:

(1) BQlts 201599- 5; holos numbered 11
and 41.
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(2) Bolts 201599-3; hol')s numbered 21,
31, 37, and 36.

(3) Bolts 201599; remaining flange holes
except those wtth pins installed.

p. TighLn sufficiellt bolts (1) tu maintain
assembly in posit:on. Remove alinement pins
and install applicable bolt and wlwher
c0ll1binatlon.

q. Cross-torque uolts (1) to one-third final
torque ir. sequence, indicated by numbers
~tamped in ox'dizCI ,'ume. Hepcat lorque
sequence In one-tbrd increments following
numerical sequence of numbers slamped in
domo unlil bolts (1.\ are torqued to 425 ±25 ft-Ib
'tnd bolis (4) al'e torrjl1ed to 685 t 35 fl-Ib.
Repeat torq"g sequence, as Icquired, untll all
bn\ts have reached ~l,:'elfled torque; then, fol
lowing same torque sequenc~, hack off first
c,:,lt (1) o.le-half turn and torque it to 335 ±15
fl-Ib. Repeat for each bolt (1). Safctywire
be-Its (1).

r. Lubricate (Method AI plu[ls (3) with
lubricant grease HB0140-012 (Rocketdyne).
Install plugs and torque to 105 ±5 fl-Ib.
Safetywire plugs.

s. Aline gimbal bearing as oullined m
paragraph 3- 256.

t. Install associ:lteJ engine equilJll1ent as
uutlined in I;"mgraph 3-264.

3-279. giMBAL BE;ARlNG ANI: OXIDIZER
DOME.

3-280. Th,s procedure rp\llove~ and lIlstalls
the gimba', bearing and oxidizer dome as an
nssem'JI; without removing the thrust chamber
injector. Replacement of the OXidizer dome
does nol affec;t ~ngine calibration. Equipment
requtred consists of adapter 9024906, support
9024929, and flxture 9024912 from Component
Handling Fixture Set G406~, and al1nemenl
pins T- 5039454. (SeE' figure 3- 80 for hnndling
equipment. )

3-281. REMOVING OIMBAL DEARING AND
OXIDIZER DOME. (See figure 3-79.) Spt!CI
fled lubrlc9.ting procedures (methodS) are
outlined in scction L

WARNING

Component Handling Fixture Set
G4068 mIlS! be operat~d by author
ized personnel trained in the use
of the equipment.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section 1.

b. Remove associated engine equipment a~

outlined in paragraph 3- 263.

c. Remove Gimbal Bearing Locks G4059, If
installed.

d. Install adapter 9024906 on gimbal beal'ing
interface; then attach fixture 9024912 to adapter.
(Sec figUl'e 3-80.) Torque adapter bolts to 600
in-Ib minimum, and instr..ll support 9024929 on
gimbal.

e. Remove bolts (1, figurp J. '19), washers
(2), plllgs (3), bolts (4), an', ~.dals (5).

f. Disconnect strut (7).

CAUT10N

The assel'ribly weighs approximately
2,000 pounds.

g, Carefully hoist [limba) bearing and oxi
dizer dome (6) until strut (7) can be removed;
t.hen raise assembly, and place on a clean,
prepar .ct surface.

h. Remove gasket (8).

L Remove handling equipment g'ld install
Gimbal BearIng Locks G4059.

j. Lubricate (Method A) oxidizer dome inlet
closure fast.ellers with lubricant Brease
RB0140-0J2 (Hocketdyne).

3.. 282. INSTALLING GIMB} L BEAHING AND
OXIJ)lZ~;R DOME. (See figure 3-79.) Sppcified
lubricating procedures lmetltods) a~e outlined
In section 1.

(

i
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WARNING

Componenl Handling rixlul'e Set
G4068 must be operated by authOl'
Ized personnel trained in the use
of the equipment.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section 1.

b. Remove Gimbal Bearing Locks G4059, If
Installed. .

c. Install adapter 9024906 on (;imbal bearing
interface. Torque bolts to 600 in.-Ib minimum.
Attach fixture 9024912 to adapter.

d. Instail support 9024929 on gimbal.

e. Install gasket (8) on Injector.

CAUTION

The assembly weighs apprOXimately
2,000 pounds.

f. Lift gimbal bearing and oxidizer dome and
allne assembly with index pins on thrust cham
ber. As assembly Is lowered, Install strut (7)
and temporarily secure strut at interface panel.
Support most of assembly weight with crane
until alinement pins are installed.

g. Oblain llUll!lJers of 2 f1ang" I.lOllholps used
for alinement from Rigid-Duct Spacer Dimen
sions fOI'm in Engine Log Book.

h. Us'ng 2 alinement pins T-5939454, back
off expansion nuts of pins; use a suitable flat
washer under expans\('n nuts. Install ali"ement
pins in applicahle holes until pins bottom out.
Release weight of assembly, and torque expall
slon nuts to 350 i 35 in-lb.

I. Install strut (7) attaching hardware.
Lubricate (Method Z) pins with gear grease
(MIL-G-2382?). Tor1lue nuts to 35 ±5 In-lb.
SafetYY1!re nuts to head of pins.

j. Hemove handling equipment and Install
4 Gimbal I, ,'aring l,ocks G4059.

k. Lubricate (Method A) bolts (4) with
lubricant grease RB0140-012 (Hoeketdyne).
Lubricate (Method Il) seals (5) with fluorinated

oil Krytor. 143AZ (Ou Pont) or Iuuric,~nt f'rease
RB0140.. 012 (Hocketdyne). !'Istall seals r.nd
bolts in inner row of holes.

1. Lubricate (Method A) balta (1) and
lubricate (Method F) flat sides of washers (2)
With lubricant grease RB0140-012 (Hoc!,etdyne).
Install bolts and washers in the dome flange
holes as indicated:

(I) Dolts 201599-5; holes numbered 11
and 41.

(2) Bolts 201599-3, holes l1umlJpred 21,
31, 37, and 58.

(3) Bolts 2015119; remaining flange holes
('xeept those with pins Installed.

111. Tighten sufficient bolts (I, 4) 10 main
tain assembly in poslhon. Remove alinement
pins and install applicable bolt and washer
combination.

n. Cross-torque bolts (4) to one-third final
torque, in sequence indicated by numbers
stn Tll~)ed in oxidizer dome. Repeat torque
sequence in one-third Increments follOWing
numerical sequenee of numbers stamped in
dome untlllJolts (1) arc torqued to 425 ±25 ft-Ib
and bolls (4) are torqued to 685 ,35 ft-Ib.
Hepcat torque s"quence, as required, until all
bolts have reached [,peclfiecl torque; then,
follOWing same wrque sequence, back off first
h",t (1) one-half turn and torque it to 335 +15
ft-lb. Repeat tor each bolt (1). ::;'Ifetywlre bolt.s (1).

o. Lubricate (Method A) plugs (3) with lubri
cant greane RB0140-012 (Hocketdyne). Install
plugs and torque to 105 ±5 ft-Ib. Safetywire
pluge.

p. Aline gimbal bearing as outlined in
pal'agraph 3- 256.

q. Install associated engine equipment as
outltncd ill paragraph 3-264.

3-283. OXIDlZl!;R DOME AND THRUS'f
C-,HAMBEii!ij.JECTOfi':-

3-284. This procedure removes and installs
tho oxidizer dome and th rust chamber injector
flS an nssemhly when the gimbal bearing is not
installed. Heplacement of the oxidizer dam£'
does not affect engine calibration. Replacement

Change No.7- 24 March Ian 3-201



Section III
Paragrapha 3-285 to 3-286

R-3896-3
-,olume I

of the injector afferts engine cal:bratlon.
Equipment required consists of adapter 9024906,
support 9024029, and fixture 9024912 from
Componenl Handling F'lxlurl2 Set 04068 and
alinement pir,s T-5039454. (Sec ne;ure 3-80
for handling ('qttipmenl.. )

3-285. HE MOVING OXIDIZER DOME AND
THRUST CHAMBER INJECTOR. (See figure
3-79.) Specified lubricating procedures
(methods) arc outllned in section I.

WARNING

Component Handling Fixture Sel
G4068 must be operated by author
ized personnel trained in the use
of the equipment.

a, Observe safety, and contam ination and
damage prevention requirements outlined in
section I.

b. Remove ansociated engine equipment as
outlined in paragraph 3· 263.

c, Install adapter 9024906 on oxidizer dome.
(See figure 3- 80.) Torque bolts to 600 in-Ib
minimum.

d, AUach fixture 9024912 to adapter.

e. Remove bolts (I, figure 3-79) and
washers (2). Rernove plugs (3) and slightly
loosen bolts (4).

f. Disconnect strut (7).

fA. Install 2 gUide !,ins T- 5029611 In outer
dome boltholes directly oPiJosite from each
other.

CAUTION

The assembly weighs apprOXimately
2, 800 pounds,

• The thrust chamber injector must
not be set on the injector baffles.
Damage to the baffles or clogging
of or\(jce may result.

g. Carefully hoist oxidizer dome (6) and
Injector (9) untll strut (7) can bc removed; then
raise assembly, ""move scala (l0, 11), and
place assembly on II clean, prepared surface
with support against Injector fac,~ CJr flange,
Material used must not damage Injector Burface.
3-202 Change No. '1· 24 March 1972

h. Remove bolts (4) and seals (5); lift
oxidizer dome from injector and rcmove
gasket (8).

l. Hemove guide pins and handling equipment.

NOTE

Handling the injector in a fiat pOSi
tion requires adapter 9024909 and
fixture 9024912, Adapter bolts must
be torqued to 500 in-Ib minimum.

j. Lubl'lcate (Method A) O1ddizer dome
inlet closure fasteners with lubricant grease
RBOI40··012 (Rocketdyne).

3-286. INSTALLING OXIDIZER DOME AND
THRUST CHAMBER INJECTOR. (See figure
3-79.) Lubricants used in thiS procedure must
be applled using specified lubricating rrocedures
(methods) outllned In section I.

WARNING

Component Handling Fixture Set
G4U68 must be uperated by author
ized personnel trained In the use
of the equipment.

a. Observe safely, and eonlaminatlon and
damage prevention reqUirements outlined In
section I.

b. Inslall adapter 9024906 on oxidizer dome.
(See figure 3-80.) Torque bolts to 600 in-Ib
minimum.

c, Attach fixture 9024912 to adapter.

CAUTION

The oxidizer dome weighs approxi
mately I, 600 pounds.

d. Installl'.asket (6, rigare 3··79) on Injector
(9) and cRrefully lower oxldi?er dome on injec
tor. Make 6ure that dome and Injector indexing
holes arE' alined. The index holes are located
between the boltholes on centel'1inc of the
oxl(Uzer dome InletR.

e. Lubrkate (ME'thod A) bolts (4) with lu':!r!-
canl grease Rn0140-012 (Rocketdyne). Lubrl- I
m,"e (Method R) seals (5) with fluorlnatt'd oll \
Krytox 143AZ lOu Pont) or lubricant ~rease

RB0140-012 (Rocketdyne). Install seals and
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bolts In inner row of holes in dome, and torque
holts (4), in sequence indicated by number!:!
stamped in oxidizer dome, to ont'-third of final
torque. Final torque is 685 ~35 ft-It.

f. Instail seal (11) In thrust chamber.

CAUTION

The assembly weighs apprOXimately
2, UOO pounds.

g. Lift assembly, lubricate (Methud K) seal
(10) with FS1281 grease (Dow Corning Corp),
and install seal on injector.

h. Aline assembly with iadex pins on thrust
chamber and, as assembly is lowered, Install
strut ('I) and tcmporarlly secure strut at inter
face panel. Support most of assembly weight
With crane until alinement pins are installed.

i. Obtain numbers of 2 boltholes used for
alinement from Rlgld·Ducl Spacer Dimensions
form In Engine Log Book.

j. Using 2 alinement pins '1'- 5039454, baelt
off expansion nuts of pins; then back off bolt" (4).

k. Using a suitable flat washer under the
eXpansion units, install alinenwnt pins in appli
cable holes until pins bottom out. Release
weight of assembly and tOl'que expansion nuts
to 350 ±35 in-lb.

I. Install strut ('I) attachi 19 hardware.
Lubricate (Method Z) pins 'vith gear grease
(MIL-G-23827). Torque l'utS to 35 ±5 in-lb.
Sa[etywire nuts to heads .Jf pins.

nl. Remove handlJng equipment.

n. I,ubricate (Mdhod A) bolts (1) and lubri
cate (Method F) flat sides of washers (2) wlt.h
lubricant greas2 RlJ0140.. 012 (Rocketdyne).
Install bolts alld washers in dome flange holes
as Indicated:

(1) Bolts 201599- 5; holes numbereel 11
and 41.

(2) Bolts 201599·3; holes numbered 21,
31, 37, and 58.

(3) Bolts 201599; remaining flange holes
except those with pins Installer!.

o. Tighten sufflcient boits (1, 4) to mtlintaln
assembly in position, Hemove nlinemcnt plll~

and install applicable bolt and washer com
bination.

p. Cross-torque bolts (4) to one· third final
torque; in sequence indicatud by numbers
stamped in oxidizer dome. Repcat torque
sequence in one- third increments following
Ilumerical sequence of numbp.rs stamped In
dome until bolts (1) are torqued to 425 ,25 £l-lh
and bolts (4) are torqued to 685 ~35 ft-Ib. Hepcat
torque sequence, as required, until all bolts
have reached specified torque; then, follOWing
same torque sequence, back off fil'st bolt (1) ,
one-half turn and torque lt to 335 ! 15 ft-lh.
Hepeat for each bolt (1). Safetywire bolts (I).

q. Lubricate (Method A) plugs (3) with
lubricant grease RB0140-012 (Hocketdyne).
Install plugs a.d torque to 105 ±5 ft-lb.
Safetywire plugs.

r. Install gimbal bearing as outlined in
paragraph 3-255.

s. Install associated engine equipment 3S
oulllned in paragraph 3-264.

3-287. OXIDIZER DOME

3· 288. This procedure remOVeS and Installs
the oxldi~er dome when the gimbal bearing Is
not installed. Replacement of the oxidizer
dome does not affect engine calibration. Equip
ment required consists of adapter 9024906 and
fixture 9024912 from Component Handling ~'ix

ture Set 04068, and alinement pins T- 5039454.
(See flgllre 3-80 lor handling equipment.)

3-289. HEMOVINO OXIDIZER DOME. (See
fib'1lre 3-79.) Specified lubrlcallng procedures
(methods) arc oulllned in section r.

a. Observe sl\lety, and contamination and
damage pl'eventton requirements outlined in
secllon r.

b. Remove associated engine equipment as
outlined in paragraph 3-263.

c. Installndaptcl' 9024906 on oxidizer dome.
(See figure 3·80.) Torque bolts to 600 tn-lb
minimum.

d. Attach fixture 90249,2 to adapter.

Change No. 7 - 24 March 1972 3·203



Section III
l'aragraph 3·· 2tJO

R-3896-3
Volume I

e. Remove bolts (1, fig'lre 3-79), washers
(2), plug (3), bolts (4), and seals (5).

l. Disconnect strut (7).

CAUTION

The oxidizer dome weighs approxi
mately 1,000 pounds.

g. Carefully hoist oxidizer dom'~ (6) until
strut (7) can he removed; then ratse assemoIy,
and place on a clean, prepared surrace.

h. Remove gasket (8).

i. Hemove handling equipment.

,i. Lubricate (Method A) oxidizer dome Inlet
closure and oxidizer dome to injector joint elo
sure rasteners with lubricant grease RB0140- 01?
(Rocketdyne).

3-290. INSTALLING OXIDIZER DOME. (Sec
figure 3- 79.) Specified lubricating procedures
(methods) are outlined In section I.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section I.

b. Install adapter 9024906 on oxidizer dome.
(See figure 3-80.) Torque bolts to 600 in··111
minimum.

c. Attach fixture 9024912 to adapter.

d. Install gasket (8, figure 3-79) on Injector.

CAUTION

The oxidizer dome weighs approxi
mately 1,600 pounds.

e. Lift oxidizer dome and aline with index
pins on thrust chamber. As assembly Is low
ered, install strut (7) and temporarily secure
strut at inteJ"face panel. Support most of
assembly weight with crane until allnement pins
are installed.

f. Obtain numbers of 2 boltholes used for
aHnement from Rigid-Duct Spacer Dimensions
form In Engine Log Book.

3-204 Change No.7 - 24 Marct, 1972

g. Using 2 allnement pins 1'-5039454, back
orr expansion nuts of pins and, USing a suitable
flat washer under the expansion nllts, install
alinement pins in applicable holes until pins
bottom out. Release weight of as'ilCmbly and
torque expansion nuts to 350 ,35 in-lb.

h. Install strut (7) attaching hardware.
l,ubricate (Method Z) pins wJth gear grease
(MIL-G- 23827). Torque nuts to 35 f 5 in-lb.
Safetywire nuts to head of pins.

i. Hemove handllng equipment.

j. IJllbricate (Method A) bolts (4) with lubri
cant grease RB0140-012 (Rocketdyne). l.ubri
cate (M(,thod H) seals (5) with fluorinated oil
Krytox 143AZ (Du Pont) or lubricant grease
RBOI40··012 (Rocketdyne). Install seals and
bolts in inner row of holes.

1(. Lubricate (Method A) bolts (1) and lubri
cate (Method F) flat sides at washers (2) with
lubricant grease HB0140-012 (Rocketdyne).
Install bolts and washers In dome flange holes
as indicated:

(1) Bolts 201599-5; holes numbered 11
and 41.

(2) Bolts 201599-3; holes numbered 21,
31, 37, and 58.

(3) Bolts 201599; remaining flange holes
except those wIth pins installed.

I. Tighten sufficient bolts (1, 4) to maintain
assembly tn position. Hemove alinement pins
and install applicable bolt and washer
combination.

m. Cross-torque bolts (4) to one-third final
torque, In sequence Indicated by numbers
stamped in oxidizer dome. Repeal torque
sequence in ,me-third lncrlllllents follOWing
numerical sequence or numbers slamped in dome
untll bolts (1) are torqued to 425 t25 ft-Ib and
bolts (4) are torqued to 685 +35 ft-lb. Hepeat
torque sequence, as required, until all bolts
have reaclled specified torque; then, follOWing
Ramp. torque sequence, back oft lirst bolt (l) I
one· half turn and torque It to 335 ±15 !toOlb.
nepeat for each bolt (1). Saretywire bolts (1).

n. Lul1rlcate (Method A)plugs (3) with lulJrieQnt (
grease RB0140-012 (Rocketdyne). Install plug~
and torllue to 105 ±5 ft-Ib. Safetywlre plugs.
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o. Install gimbal bearing .IS outlined In
paragraph 3-255.

p. Install assoc:lated engine equipment as
outlined in paragraph 3- 264.

3-291. TI!B...US1' CHAMBER IN,TECTOn.

3- 292. This procedure removes an'llnstalls
the thrust chamber injector as an assembly
whp.n the oxidizer. dome is not installed.
Replacement of the Injector affects engine
calibration. Equipment required consists
of adapler 9021909 and fixture 9024912 from
Component HandUng Fixture Set G4068 and
alinement pins T- 5039454. (See figure 3-80
for handling equipment. )

3-293. m;MOVING THRUST CHAMBEH
lNJEC1'OR. (See figure 3-79.)

WARNING

Component Handling ~'ixture Set
G4068 must be operated by author
ized personnel trained in the use
of the equipment.

a. Observe safety, and c0ntamlnatlon and
damage prevention requirements outlined in
section I.

b. Install adapter 9024909 on injector.
(See figure 3- 80.) Torque bolts to 500 in-Ib
minimum.

c. Attach fixture 9024912 to adapter.

CAUTION

The injector weighs approx; mately
1,200 pounds.

• The thrust chamber injoctor must
not be set on the injector baffles.
Damage to the bames or clogging
of "riflces may result.

d. Carefully holst assembly, remove seals
(to, 11, figure 3-79), and place assembly on a
clean, prepared surface with support against
illjector face or flange. Support material
must not clamage Ir.jector surfaces.

e. Remove handling equipment.

3-294. INSTALLING THRUST CHAMBER
INJECTOR. (See figure 3- 79. )

WARNING

Component Handling Flxtur.e Set
G4068 must be operated by author
ized personnel trained in the usc of
the eqUipment.

NOTE

The injector Illay be Installed in con
junction with procedures outlined in
paragraph 3-275 or 3-283.

a. Observe safety, and contamination and
damage prevention requirements outlined in
section I.

b. Install aclap(er 9024909 on Injector (9,
fI[{Ure 3-79). (See figure 3-80.) Torque bolts
to 500 In-Ib minimum.

c. Attach fixture 9024912 to adapter.

d. Install seal, (11, figure 3-79) in thrust
chamber.

CAUTION

The injector weighs apprOXimately
1,200 pounds.

e. Lift Injector assembly and using Method K
outlined in section I, lubricate seal (10) with
FS1281 grease (Dow Corning Corp), and install
seal on Injector.

f. Aline assembly with Index pins on thrust
chamber as assembly Is lowered. Support
most of assembly weight with crane until
allnement pins are Installed•

g. Obtain numbers of 2 boltholes used for
allnement from Rigid-Duct Spacer Dime'lsions
form in Engine Log Book.

h. Using 2 alinement pins T-5039454, back
off expansion nuts of pins.
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I. Using a Buitable flat washer under the
expansion nuts, Install alinement pins In
applicab Ie holes until pins llOtlom out.
Release weight of assembly and torque
expansion nuts to 350 ±35 in-lb. Remove
alinmnent pills and handling equipment.

3- 295. NO. 1 FUEL INLET ELBOW. (See
figure 3- 81. ) -

3- 296. EqUipment required consists of
adapter 9024436 and fixture 9024923-11 from
Component Handling l'l"ture Set G4068. (See
figure 3-82 lor handling equipment. )

WARNING

Component Handllng Fixture Set
04068 must be operated by author
ized personnel trained in the use
of the equipment.
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Figurp 3-81. No. 1 Fuel Inl!'! Elbow (Sheet 1 of 2)
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1 Plug 9 Ring 17 Support
2 Transducer 10 Gasket 18 ~ccr

3 Orlflce pl.1te 11 Bral'ket 19 Bracket
4 Bracket 12 Support 20 Bracket(a)
5 Tube 13 &'upport 21 Braeket(a)
6 Seal 14 Panel 2:> Bracket(a)
7 Elbow 15 Spacer 23 Bolt
8 Nut 16 Rod 24 Tube (a)

25 Tube (a) (i,'
26 Seal (a) ..
27 Br.tcket(a)
28 Tube(a)
29 Seal(a)
30 S!lpport(a)
31 Bl...ck
32 Elbow
33 Seal

(a) Engines inc;;;porating MD!.?.Q or MDlf,I change

._--------------
Figure 3-81. No.1 F'uellotet Elbow (Sheet 2 of 2)

t"lXTtll'lE
SlO1tnS·l1

b. Hemove the JolIowlng thermal Insulation
brackelry, and retain attaching hardware:
(Hcler to H-3896-6 for part locations. )

(1) (Deleted)

(2) St:pport Uow 145499

(3) F'rame 145498

I

..-::=---::--.../ .., ,,\
: \.. :

~.:.._. "1 ...::.::::: :. .
!

I

1.'APTER
902408

Fl·3-H4

FI!,'Urc 3-82. Handling Fuel lolet Elbows

3-297. ImMOVlNG NO.1 fl)EL lNLRT
ELBOW. (See figure 3-81.)

a. Observe safety, and contamInation and
damage pt'evcnllon requirements oulllned In
section I.

c. U installed, remove boot from between
elbow and IJ\terface panel.

d. Disconnect plug (1) as outlined in paragraph
3-16.

e. He move Iransducer (2) by disconnecting
adapter and removing ori rice plate (3).

f. I:lsconncet bracket (4) from bolthead, and
rl'nlOVC t',bl' (5) anel sl'als (6). If C'lhow will he
rcpJa':ed, remove elbow (7), nut (8), ring (9),
and 6'asket (10).

r,. Disconnect bracket (11) and supports
(n, 13) from elbow.

h. Remove 2 fl,'1I1[ie holts and remove panel
(14) and spacers (15).

I. Hemove rods (16). Do not disturb turn
huckle positions.

j. Remove 2 flange bolts and remove support
(1'1) and spacers (18).

k. Disconnect bracket (19).

c
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H-3IEIG- 3
YolUl1ll' I

NOTE

Steps I thl'ough 0 apply l'.l1'ngln('1i
Incorporating MDI50 ()J' MDI!;I
chan~('. ~ ---

l. Discr!OIlcci. ~rackrts (J.O, 21. 22). Ill'
Install bolts (23) and torquc to 280-3!iO in-l~.

m. Disconncct tu~c (2·1) from (ubr (25) and
cluol\' at duct. Remove [,Ibe (24) and seals (28).

n. Disconnect bracket (27). tube 1281. and
renlOve SC,11 (20).

0, Hl'mOl'e support (30).

CAUTION

Tilt' int('r[ac(' palwl 1l1t1~;t be ~tllJ

portl,d if thl' struts ano atlilchnwnt
at the :\'0. 2 fuel inlet rili'),',' arl'
dl SC(Jlllwct('d.

p. DI~con;'"et bloek (31) from cilloII' flanc'"

q. If same clbo\\' is (0 be rl'installed, mark
across elba\\' and turllopump flanges 3 placl's
appl'oximately 90 degrecs apart. \\'llh onc mark
located at lower flange area.

I'. Remove clbow fJangr bolls exrept for
sufficif'nt bolts to hold elba\\' in place.

s, Jnstall adapter 9024436 on elbow. (S(·e
fi~ur(l ~-il2. )

t. Attach fixture 9024923-11 to adaptl'r.

CAPTION

Allowing seal (33, figurc 3-81) to
f.11I during elbow r"mo\'a! may dam
ag~ f'ogine equipment.

u. Support elbow (32). remo\'e remaining
flange bolts and sea! (33), th~n remo\'e elba\\'
(32 ).

CAUTION

The fuel inlet elbow weIghs approxi·
mately 8G pounds.

\'. Ikmo\'e fixture. then ad.lpter.

3·29B. INSTALLING NO. I FUEL INLET
ELBOW. (Sce fi~~ul'e 3·81.) The !UIJl'JCllnt used
in lhis jlrocl'du re Is lubricant grease
R00140-012 (Rocketdyrw). Spl'cified lubriclltinl(
procedures (methods) are "uthned In section J.

a. Observe sar(~ty, and contamination and
damngll prevention rcqulrC'ment~uutlined in
section J.

b. Install adapter 9024436 on eillow andaltach
fixture 9024923·11 on adapter. (Sec figure 3· 82.)

CAUTION

The fuel inlct elbow w~ighs apPI'oxi
l11ately 86 pounds.

c. Hoist elbow (32, figure 3-81) into jloSition
and aline wilh turbopump mlet.

d. Install seal (33) and secure ('Ibow and seal
to turbopul1Jp. Do not in"lall fastelwrs Ul !tunge
holes at locatiuns for panel (14) and support (J7).
H same "Ibow is r~lI1s1allcd. aline marks on
flanges beforc tightenmg flange fasteners. If
elbow is a replacement, aline interface of elbow
using proc"dure oUllined in paragraph 3-307.
Make sure washers arc Installed with chamfered
side against bo!theads; then tighten suffict~nt

flange fasteners to maintain elbow in alined
position. nemove fixtllre ,lnd adapter.

c. Ins!.all sUPI'0rt 117) and spacers (18): panl'!
(14) and spa,,~rs 1151. Cross-torque all Clang<
fastf'n~rs to 470 ,10 in-Ib using torque n1l'thod
outlined in sl'ctioll I. Safdyll Ire llolts not
secured with nuts.

1. Attach block (31) to ('lboII', Cross-to!'qu~

bolls to 800 ,30 iJl .. lb. Safelywire bolts.

Non;

Stcps [[ through k apply to ~n(:in('s

incorpol'atin(: MDI50 01' MDI51
chang~. -_.. --

g. Install suppo!'t (30). Torque bolts to
18-22 in-lb. Safctywire bolts.

h. Lubricate (l\lelhod G) tub~ (28 l. Install I
tube (28) with seals (29). At/acb bracket (27);
then torque coupling nuts to 160 ; 10 in-lb.
Torque fa.stener Jor hraeket (27) to 18·22 in-lb.
SafetywiI'e coupling llUtS.
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Sect,,'n III
Par,,!;raph~ 3-299 t'J 3-301

H-3896-3
Volume I

I J. Lubric.ll" (Ml'lhod 01 tube /241, R,'m,)\'e
bnlts (231 and 11I,lall tube (24) with ~('.\I~ 126 I,
AliI\(' brack!'ts 120, 21. 22) ,wd tnrqu!' tub~

couJllin[,: nuts to 100 ,10 m-lb, 1I01d unioll
attacllt'd !" tul", (2:;1 dOl'In!," tnrquill!" Sal,'ty-,
\\.'in' COtlIJIJJl~ nuts.

j, Secur~ hrack,'!s 122), uSill1( bolt, (231.
Torquc b"lt~ to 2/jO-320 in-Ib,

k, S~cur~ brachls (20, 21 I, Torq",'
fastener lor brack,,! (20, to 17-27 Ill-lb,
'forqu,' last,'nl'r lor hrackpt 1211 I" 30-40 Ill-Ib,

I, Allach IJI'ackpl 1191, T"rqoc b,,1t (n
30 ,:; ill-lh, Safp!ywjrl' brdt,

nl. 111"1,(11 ),,,,h, 1161, Tnrqul' nut, (0
150 10 in-lb.

II. Jnst.ll1 "upport, 112,131, Tnrqu!' b"ll" ,0

70 ,5 ill' lb. S.I[cl)'wl!'" bolts,

o. Illstall bl':H'kc'l Ill). Torqul' bolt to
20 ,5 in-lh, Sal,·ty\\'(re holt.

p, If elhow (71, !lut (81. l'ln~ (9), and ~askel

I (10) were l','mol'cd, luhncal,· (Method J) gasket
and rinl~, I.ubl'icat" (M,,!hod A) elbow. Insta 11
db,'w. and aline plho\\' for lub,· (51, Torque
Ilul to 75· 100 in-lb. Saf!'lywjr" nul.

I q. Luhricat" (~li'thnd (;1 tulH' (5\, Ill'lall
tub" (5) \\dh O£'"I, Inl, Aim,' hrack,·! (,II "Ild
t(ll'qUf' tuht, coupling m'.,:. til HiO ·10 1Il-lh.
T(l)'rjlH' bJ'.ICkd til 1,;-25 in-lb. ~afdptu'l'

('ouplinl~ nuts and holt.

1', Insla II orificp piatp (3) "nd adapt,... of
transduC'Pl' (2 J, Cross~t(1l'q\.lP bolls to 45 J
m-tb. Saf"tywil'l' bcdb and ;Ilst,lll .111 alolllinum
spat 011 InC'kwirc.

s, Insfa II "hl~ II) as OUUillNI in parar;raph
3-17.

L If applirabl", install hool between fupl
illl"t eibOlI aile! illt"rla,'" pane!. Torque
fasfl'nl'rs to 20 ,2 ill-lb,

u. n"install alld alilll' thermal in,ulatioll
('lI111jlOlWnls IiH["d ill paragraph 3-2tl7, U~hl~

J"·')(.'l'dUrl'8 as out hill'll III H·3UOO-6.

v. HHpr io ,,,!'linll IV IOl' pr>&I-lllailll"llall('('
tN.. t r"fJuin Illl'1I1s.

3-290, 1\0. 2 FLEL I:<;LFT l-:LfiOW IE1\
GI!'iES ISCOHPOHATl:':U l\lD9fi CIIA:<;GEI:

3-300, EqlllplllPnt required eonsi~ls 01 adapter
002443(; and fi~tlU e 9024923·11 from Compo",,"!
Handfin" Fixlul''' Sl't 04058, (Sec figul'l' 3-82
101' hall"lill~ pquipnl('IlL ) .

3·301, HE~rOVJNG 1\0, 2 Fl'EL I~LF.T

EL1)O\\' IENGlSES I:<;CORPOHATl:':G l\W96
CJlA:'iGE), I:'ep figure 3-83. )

a. Observe' ~.lfpty. and contaminat ion and
d.lIl1a~(I j)l'('\'('ntioll r('quiJ'('11l~Jlts outlill('d ill
!,(·{,(jOIl I.

b. H('tr!lh'l' the' [fJlI(l\~ ing t1Wl'lllai insulaliuJl
IJI"'.l{'k('tJ'y ,wd fC'tain i.,tt.1C'tljlq..~ lJardwarC'.
md,'r to H-3UrJ6-6 fol' part In('atioll~,)

(I) (Deleted)

(2) Support bow 145499.

(3) Frall]e 145497,

c' If installed, remove boot from between
elbow and interlace panel.

d, DiSCOlUl"et rcccptacle~ JI8 and J20 01
harness (1) Irom interface panel.

e. Disconnect support (2) and bracket (3),
and remove spacer (4), Leave support Hnd
Ilrackpt attached to harness.

f. Dlf..iCOnnect harncs<; clampinl~ at support
(5). L,'ul'p clamping utlae!wd tu hafill'ss; then
remov(, ~upp0J't (5),

g. HenlOvP CHp (6) and pad (7).

gA, Hell"'v" 4 thermal insulation support
caps (7A), 4 pads (7B), and sti(fen~r (7C),

h, H"mu\'" "Clse (8) and spats (0. 10).

j, Disconllect hosp (11) and rc'move sm! II?),

j, IJH,('onJ1"d brackl'l (13) Irom bolthead and
rpl110ve tub" (loll and spals (15), If elbow lI'ill
lx' replan'd, J'l'mOI'e union (16) a',d gask,·t (17).

k, Relllnl'" support (18),

CAUTIO::

Th,' illl,,('laee panel must b,' SlIPlml'led
if the st"uts allli attachment ,ll the No.1
IUl·J inl,'( ('Ihow are dise(JI\l1l'clp<l.

I. lliseo'"I(",t hloek (10) lI'om l'lllolI' f1.((II~(·.

:1· lOU <;h.lIll~l' No, ·1 • 8 Uclol",r 1970
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Section III
Paral(raph 3- 302

1 Harness
2 Support
3 Bracket
4 Spat'"r
5 Support
6 Cap

R-3896-3
Volume I

7 Pad 10 SfHll 16 Union
7A Cap 11 Hose 17 Gasket
7D Pad 12 Seal 18 Support
7C Stiffener 13 Bracket 19 Block
8 Hose 14 Tube 20 Elbow
9 Seal 15 Seal 21 Seal

Fit:ure 3-83. No, 2 Fuel Inlet Elbow (Engines Incorporating MD.~_~ Change) (Sheet ~ of 2)

111. If same elbow is to be rt'installed, mark
across elbow and turboputllp flanges 3 places
approximately 90 degrees apart wllh one mal'k
located at lower flange area.

n. Remove elbow flang!! bolls except for
sufficient bolls to hold elbow in place.

o. Install adapler 9024436 on elbow (sec
figure 3-82. )

p. Attach fixture to adapter.

CAUTION

Allowing seal (21, figure 3-83) to
Iall during elbow removal may dam
age engine equipment.

q. Support elbow, remove remaining flange
bolts and seal (Zl); tben remove elbow (20).

CAUTION
The fuel inlet elbow weighs approKt·
mately 86 pounds.

r. Remove fixture, then adapler.

~-302. JNSTALI,lNG NO. 2 FUEL iNLET
ELBOW (ENGINES INC"OIlPORATING MD96
CHAW'JE). (See figure 3-83.) The lubricant
used in this procedure Is lubricant grcase
IUl0140-012 (Uockcldynn). Specifind lubricating
procedures (methnds) are outlined in section I.

a. Observe safety, and contamination and
damage prevention requlJ'"menls outlined In
.';ection I.

b. Install adapter 9024436 on elbow and
attach f!;(ture 9024923- lito adapter. (See
figure 3-82.)

GAU'I'ION

1'he fuel Inlet elbow weighs appl'oxi
mately 80 pounds.

c. Hoist elbow (20, figure 3-83) into pusltioll
and allne with t1!rbopump Inlet.

d. Install seal (21) and secure elbow and
seal to turbopump. Make sure washers are

installed with ehamfered side against boltheads.
If sallJe elhow i~ l'elnstalled, aUn!'! marks Oll

flangr.s before tirlhtening flange fasteners. If
elbow is a replacement, aline Interface 01
elbow, using procedure oul.lined 10 paragraph
3-307. Tighten sufficient flange fasteners to
maintain elbow in aUned position.

e. Remove fiKture and ada,pter, and crosc
torque flange fasteners to 4'10 ,tiD in-Ib using
lorque method outlined In section I. Safetywire
bolts not secul'ed with nuts.

r. Attach hlock (19) to ell~Jw flange. Cross
torque bolls 10 800 ±30 In-lh. Saletywire bolts.

g. Inslall support (18). Torque bolls 1.0
18-22 in-lb. Safetywire bults.

h. If gasket (17) and union (10) were removed,
lubricate (Method J) gaskot. (17). LUbricate
(Method A)unioll (16). Install gasket and ullion,
and torque unton to 55- 80 ill-lb.

i. LUbricatl! (Mothod G) tube (14), and inctal!
tube with seals (15). Aline bl'ad<el (l3), "Wly
countertorque to unions, and torque tubl' coupltnf(
nuts to 160.10 in-lb. Safetywire tube couplin;>
nuts and untons.

j. Attach bracllet (13). Torque screw to
18-22 tn-lb.

k. Install hose (11) and seal (12). Cross
torque bolts to 25 12 in-lb. Safetywtre bolls.

NOTE

If hose (11) Was removed, II. must he
routed between the lurbopurnp slrut
and the wire group that pBrallfJ!s the
strut when retnstalled. Hose bend I
radii for Installatlon is 1. 50 Inches
minimum. Braid bulge must not ex-
tend beyond the hex flat dimension of
bratd retainln!!: collar.

I. Install hose (8) and seals (9, 10). Cross
lorque bolts at valve E'nd nange to 185 ±5 In·lb,
Do not ltghten bolts at elbow flange.
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Voiume J

Sedion III
Paragrllphs 3-303 to 3-305

h. Dif;iconneel brackPl (6). and 1'Pl1IOVC

sp,,';cr (7). Lr.1VC' elllmping allaeiJed 10 harncss,

m. Install E.upport (5). TOl'qllC bolts to
45 f 5 in-lb. Satetywire bolts.

n. Install spacer (4) Hnd bracket (3) at elbow
fla,,~e of ho"o (8) and eross .. torquc bolts to
180 ±10 in .. lh. Safctywirc bolts at both flangcs.

o. Install pad (7) and cap (6). Torqua nllts
to 30 12 In-lb.

oA. Rcinstall thermal insulation stift~ner

(7e), pads ('m), and caps ('lA). Ma!{£ surc
pads are installed betwe on caps and hose.
Torque nuts to 27 ±3 in-lb.

p. Po~ition receptacles ,Ji8 and J20 of
hamess (1) in interface panel, ann l11sta:! Slip
port (2), Torqlle bolt to 45 f 5 in-lb. Safety
wire bolt.

q. Secure receptacles tv interface panel.
Cross-torque nuts tn 70 ±o in-lb.

r. Attach harlless clamping to support (0),

s. If applicable, t"stall boot betwecn fuel
inlet clbow Hnd intertace panel. Torquo fas
tenors to 20 ±2 in-lb.

t. Rein',toll and ali no thcrmal insulation
eOmpOl1E'nts Iisted in paragraph 3- 30 I, using
procc<.!u!"lS outlined in R-3896- 6.

u. Rcfer to section IV lor post- maintenance
teut requircment~;.

:1-304. Equipm('nt rt''1uirprt con"i"!" of adapter
(J02443G and fix'ure 9024923 .. 11 from Component
llandling Fixture Set G4068. (Seo figur(' 3-132
for h;::lClling equipment. )

3·30;', HEMOVfNG NO.2 FUEL INLET
ELBOW (ENGINES NOT lNCOHPOltATING
MUg§. CHANGE). (S"e figure 3.84.)

a. ObsC'rve sa f<:ty , and ('ontnminntion and
damage prevention requirCI1lCntH olltlined in
section J.

b. HClllOV" the [oliowing thermal insulalion
hrack~try and retain attaching hardware:
(Hefer to H-31l96 -6 for part location.)

(1) Stiffeocr 1-15408,

(2) Support bow 145499,

(3) Frame 145497.

c. JJ installed, rE'Il1OVC boot [rom between
elhol\' and inlprface pallPl.

d. D'BconlH'ct recep!aclps of hat'lt"sscs
(1., 2) from inlvrJace pancl.

0. DhH.'(mncct *WllPol't (3). L(lavp ('lamping
altat'llcd to harn(>s~;.

r. Disconnect c(Jmw(;[o!' !'184 from trans
dueer (4) ustng proeedure outlined in pal'ar-rap"
3-14.

g. ncmov{' transdu{'(lr (1) and HPal (5).

i. [)IRcOllllect struts (8) frolll am:illary
junction box.

j. f>if'('onnf'C't sUpjJorl (0), and remove
spacer (10).

k. Disconnect connectors of harnesses (11,
12) from aUXiliary junetion box as outlined in
paragraph 3-14, and disconnect reeeptacle of
harnoss (11) from support (13). Sucurc har
ne'ssos clear of elbow.

l. Disconnect dampin!, for harnesses (1, 2)
frolll support (13). Att:,eh clamping to Install~d

position on !l;'l)'IH.'SfHiS fol' reinalal1ation: thcm
I'PH10VC support (13), and secure h<lrnesses and
support deal' of elbow.

m. Rem'JV0 cal' (14) and pad (15).

n. HClliove hose (16) and seals (17,18).

o. Disconnect hose (19), and removc seal
(20).

p. Disconnect bracket (21) from fl'll1ge bolt
head: then remove tube (22) and seals (23), If
elbow will lw replaced, remove union (24) and
gasl<<'t (25).

q. Remove support (26).

CAUTION

The into!'lace panel musl be supported
if the struts ami attachment at Uw No.1
fucl inlet elbow are disconneeted.

r. Disconnect block (27) fr0111 elbow flangp.

I
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Section III
Pamgraph 3··306

1 Uarm'H."
2 P'U'IlPRS

3 Support
,1 '1'1 aH~;dl'l'(l r

5 .scal
() Bl'a "kp(

7 Sp~c(>!'

R
9

10
11
1?
13
14

Strut 15 Pad 22 Tube
Support 16 110"" 23 Seal
SjMC,'r 17 Seal 24 Union
Ilarn('ss 18 S<:al 25 Gaskd
lI'lrnes~ 19 1I0s(' 26 Support

~~~i;'t>!'t __. j ~Ol_~_~~_I~_IIC_'k_(>_t .;.~:.:ri~.:;,.:;:.:~.:.:_~ _-L_ ?-O Seal

Figurl' 3-81, No, 2 Fuel Inlet Elhow (Engine's Nol In('orporatinf: MDaB. ChanJ;f'1 (Shed 4 uf 2)

s. If :-;:IJl10 clhm... is to be- J~cinHcallcd, mark
aCl'OSS (It[1J\)\\, .Uld turbopulHjJ Ilall~w·, 3 pLtc('s
HP1;t lJ\ll1lat( ly DO dtlgrL'('~ apart wHh OJl£' Illark
loe,ltt1d at ]OW('I' flangfl an'a.

I. HplllO\'e pihow [lange bolts ('XCl'pt for
suff",!""t IJ(IIl~ 10 hold "II,c,\\' in ph!~',"

u. 1,,,,lall adapt e.' 01J2,J<j:16 un <'ibuw. W"I'
figul'C' :>-A2.)

v. Allac'h lixlul'i' It> adaptc' •.

Ci\UTION

Allowing H'al (2n. fl~ul'c' 3-1)4) to fall
dllrir\~ cillo',t,' l'('Hlo"ul may dan}il[~(l ('n ...
gin" Njllipnll'nl.

w. HUllpo!'l 01bdW (28), 1'('1110\'(' n'lnaining
llange holts and sl'al (2:)). thpn ,"'move c'Jhuw.

CAUTION

The fuel illl,>! dbow weighs approxl
matC'ly 86 poullds.

3-306. INSTAU,ING NO.2 F'U.f;L INLET
ELBOW (gNGlNl-;S NOT INCVlJ.POHATlNG
MDQ.Q CHANGE). (See fil:"! c ~-84. )

n. Observe ~a(cty, al\d contamination nnd
da1lla~c prevention l'equirf~mcnts outlined in
scclion L

b. Instal! adapter 9024436 on elbow, and
attach fix!ul'c 9024923-11 to adapter. (Sec
fiGure 3-82. )

CAUTION
The fuel inlet elbow wPighs approxi
mately B6 IJOllllds,

e. Hoist clbow (28, fiGure 3-84) into position,
and aline with tUl'bopump inlet.

d, InsWll seal (29), and Sf'cure ellJow and
scal to turhopUlllll. Make sure washers arc
installed with chamfered side a~ainst holtheads.
If same elbow is reinstalled, aline marks on
fian!'.es before li[;htening flange fasteners. If
elllOW is a r('placpment, aline interface of elbow
usIng' procedure outlincd ill paragraph 3-307
Tighten sufficient flange fasleners to maintain
elbow in alilled pC1sllion.

L IJI~tali support (9) alld spacel' (10), and
en!:ap;e struI" (8) in ('Ie vises of junclion bm',
Torque' faht<:n"I''' fol' sll'uts to 150 ,10 in-Ih.
}n,slnll remaining plhow flnn~~(' faRt(lllPrS and
IOI''!ue f"slc'nl'!'s to 470 ,10 in-lb. Safl'lywir<:
flange fastPHPZ'/'i not S('ClU'l'« with IllltS.

g, Atta<'ll bloc'k (2'1) to ('Ibow fJan~e. Crom;
IOl'que holl~ 10 800 130 in-lh,

h. Im;fall ;4111'1101'1 (26), Torqul' bolls to
W-22 In-Ill. Saf"tyIVil',' bolls,

I. If g",BkeL (25) anetunion (24) w('re removed,
lubrical~ union with lubricant grease
!U30H0-012 (HockC'ldyllC) using Method A out- fl
IhH'cl in seet\(m I. Illslall gasket (25) and union,
alllilorque union to ;,5·80 in-II"

J. l,uhricat" tuhe (22) wilh lubricant f:rease
IW0I40-0l2 (llo('ketdYIl") uBlllt: M,·,hod G oul- I
lined ill B('~tion I. Install seal" (23) and lube
(21.). ApJlly emllll"!'lo",,ue 10 unions and lorque
tube ('ouplillp; nuts to 160 110 in-Ib ::iafelywire
coupling nuts and unions.

k. Allaeh brarket (21). TOl'qu" Sl'l"C'W to
18 -22 in-Ill.

I. Install seal (20) and eonnect hose (10).
cross-torque bolls to 25 J2 in- ~I). SatctywirC'
bolls.

nl. In~tall hose (16) and scals (17,18).
Cross-torque bolls at checkout val'/e end of hose
to 185 i 5 in-lb. Safetyw!re bolts. Do not torque
bolls at elbow flange.

n. !nstali support (13), and install harnesses
(1, 2). Attach harness clamping, as reqUired,
and torque attaching bolls for l,upport (13) to
45,5 m-Ib. Safetywire j"'lts.
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'L'Ol'qutJ

o. Inslall spacer (7) and bracket (6), Cross
torque flange bolts to 180 ±10 in-lb. Safetywire
bolts.

I oA. Inst~ll pad (15) and cap (14).
nuts to 30 12 In-lb.

1'. Att'1.ch receptacle of harness (11) to
support (13).

q. Attach conneetors for harnesses (I I, 12)
to junction box, usinl: jlrocedure outlined in
parat:raph 3-15.

r. Install seal (5) and tl'ansducer (4). Make
sure trans(luccl' is positioned to match keyway
for connector. Cnss-torque holts to 45 15
in-lb. S;l!etywlrc bolts.

s. Install reecptacles for harnesscs (1, 2)
In intcrfaee panel. Cross-torque fasteners to

I 70 ,5 In-lh.

t. Install support (3). Torque bolt to 45 i 5
In-lb. Safetywil'e bolt.

u. Attach connect'H' of harness (1) to trans
ducer (4). using procedure outlined lI\ para
graph 3- 15.

v. If ap;lllca1>lc, install boot between fud
Inlet elbow and interface pano!. Torquc fas
teners to 20 ±2 in-Ih. Safl'tywil'e fash,ners,

w. Reinstall and allne thermal insulation
components ltsted in paragraph 3- 305, ustng
procedures outltned In R- 309G- 6.

x. Refer to section IV for Ilost-nmintenance
t!!st requirements.

3-307. CHECKING ALINEMENT OF FUEL
INLET ELBOWS.

3-308. The No. 1 and No.2 fuel inlet elbow
inlets and the oxidizer Inlet allnements are
cheeked relative to the engine Interface sur
faces with the gimbal in the basic aline posi
tion. Measuring equipment used to perform
this procedure must. be accurate within 0.001
inch. (See figure 3-85 for axis and dimensional
locations.) A typical engine interface location
data recording form and an index of definitions
of terms and symbols are included In the Engine
Log Book. All results of the follOWing steps
must be recorded in the Engine Log Book; all
dimensions must be recol'ded to the nearest
O. 001 inch.

a. Measure and record distances from plane
XE YE along a line parallel to axis ZE to centor
of the followlnf( comp~'lent inlet interface sur
faces. AIl,'wable dimensions are for;': (engin(,)
coordlllate as follows:

(I) Oxidizer (1), 50 ±O. 150 Inches.

(2) 1'10. 1 fuel inlot elbow (e), 50 ±O. 140
inches.

(3\ No.2 fuel inlet elbow (9), 50 ±O. 140
Inches.

b. Measure '\lui record distances from plane
YE~E along a line parallel to axis XE to center
of the follOWing component Inle~ interface Sur··
faces, Allowable (Umenslons are for X (englll")
coordinates as follows:

(1) OXidizer inlet (2), 0.000 ±O. 'GO inch.

(2) No. 1 fuei inl(·t elbow (G), >25. B60
±O. 3GO inches.

(3) No.2 fuel inlet elbow (10), -25.660
.to. 3GU inches.

c. Maasur" distances 3a, 31>, and 3d from
plane XEZ E alo.l\'. a line parallel to axis Y~. to
4 lo(:allons (90-degrce increments) on oxilflzcr
inl')( interface surface. Heeord each dista!:ce.

d. Using (Ustances r(,corded for 3a and 3h
and e'\jlat!on Zk' m lFG. 024 (3a - 3b), calculate
anglc Zk:' Ando must not exceed ,d I minutes.
Record rcsult. This is flange component angle
along' Z (enl(lno) axis.

e. Using dls(ances recol'ded for 3c and 3c1
and e~uatlon (l7. E =185.824 (3c - 3d), calculate
angle IXE' Anl~le must no! exceed ±8 minutes.
Record result. This is flange component (,ngle
along X (engine) axis.

f. Using distances recorded for Sa, 3b, 3c,
and 3d and equation YE = 1/4 (3a + 3h ,3c + 3d),
calculate mean YE distance. Mean distanc,
must not exceed -0,81 ±O. 150 Inch. Hecord
result. This is Y (engine) coordinate.

g. Measure distances 7a, 7b, 7e, and 7d
frolll XEZj<; plane ;llong a line parallel to axis
YE to 4 locations (90-degree increments) on
No. 1 fuel Inlet elbow Inlet interface surface.
Record each distance.
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h. Using dislances recorded for 7a and 7h
and equation OZ;'; ~ 259.453 (7a - 7b), calculate
angle 9zB. Angle musl not e.xceed ±II lninules.
Record resull. This is Ilange component angle
alon!,; Z (engine) axis,

i. Using dislanees recorded for 7c and 7d
and e'\j'ation GxE " 254.453 (7e • 7d), calculate
angle XE. Angle must not exceed ,26 minules.
Record re3ult. This is flange componenl angle
:Iloll{( X (engine) axis.

j. Using distances l·ecord.,d for 7a, 7lJ, 7c,
and 7d and equation YE " 1/4 ('Ia t 7lJ + 7c t 7d),
calculate mean YI~ distance, Mpan distance
must not exceed ,5.16.0. 180 inche~. Tins is
Y (enginc) coordinate.

k. Measure dif'tanccs Ila, lib, lie and
lId from plane XE7 E along a line parallel 10
aXIs YI': 104 locations (90-d"I;I'"e inc,·(!ment.»
on Ihe No.2 fuel inlel ('Ibow Inlet inlerface
surface. He(,ol'd oneh distau('c.

1. Usinl: (Iislances recordcd for Jla and lIb
and equation 0ZE " 250. '153 (I1a - lib), calcu
late angle 9Z E. Anl(ll> musl not cxeecd ± 1I
llIinutf)fj, Heeord result. This is nan~c com
ponent anl:I':) IlionI' '1 (engIne) axis.

m. Usln!! (tislanees rer'Hded for lIe and lid
and <'quation 0XE " 259.453 (lIe· lid), calcu
latl' 11l11'.Ie (lXI!:. Angle musl nol ('xceed ; 26
minute:;. Hecord r('snlL This Is [IanI'." com
pOllvnt an~~lu along X (cn~in(!) axis.

n. Usinl: dlstanc()s recorded for lla, lib,
l1c and lid and eCjuation YE " 1/4 (lla - lIb
+ lie +Ild), calculale mean YE distance.
Mean distance must not exc"ed ,·5.160 ;0. 180
illcht's. «e(!ord result. This is Y (engine)
coordillatc.

o. M"asur" dislance along a line parallel to
axis YB from center of oxtdlzer inlet to center
lille of oxidizer inlet bolthole farthest from
plane XEYE. Heeord distance and direction
of measurement (1 with respect to axis ZE).

p. Using di~·lancc recorded in step 0 and
equation 7' ~ 371.. 648 (4), calculate angle 7'.

Anl~le must not ",weed -,84 minutes. Record
results. This is lJolt circle torsional displace
ment from Z (engine) axi~.

q. Measure distance along a hne parallel to
axis XE from center of No, 1 fuel inlet elhow to
centl!rline of inlN elbow boltbole farthest from
plane XF;YE. He.:1rd distance and direction of
measurement (; wltb respect to axis ZE).

r. USilll: dislance recorded in step q and
equation 7' " 518.906 (8), calculate angle 7'.

Angle must not "",:eed 149 minutes. l1ecord
l·eRIll(. This Is bolt circle torsional displace
ment from Z (enlline) axis.

s. Measure distance along a line parallel to
axis XE from center of No. 2 fut'l inlet elhow to
centerllne of Inlet elbow boltholc farlhest from
plan!: XEYE' R.)eord dislanee and direction of
measurenll.'nl (t with l'espect 10 axis ZF,).

1. UHinr~ dl~t~uh~l' r~cord(,l(t In Blep (OJ ancl
equatiOl"r" 518.906 (l2), calculat" angle 7'.

Angle must not exceed +49 minutes. HI'cord
,·csult. This is bolt circle lorsional displace
ment (rom Z (engine) axL.."

.3- 309. .!'.!illBOI'U MP.

·3- 310. J' r')ccdll r('s for relllovinv. and installin!!
..he turbopump WIll be providc·d at a later date,

:3-310A. TUHBOPUMP 1f~:AT!fH THERMO
lITA.:L
:l-31011. H1,MOVING TUlUlOPUMP m:ATEH
TIIBfiMOSTAT. (Sec figurc 3·85A. )

a. OIJfJerve safety, and conlamination and
dama!!e prevention requirelllents outlined in
Bcction I.

b. Makc SU1'C electrical power source is
turned off.

WAHNING

Disconnecting electrical connectors
without turntng oil the power source
can cause electrical arcing lJetween
conn('d<u's, resulting: in serious
injury or death to personnel and
damagtl to equipment.

c. Remove harness support clamp and care
fully disconnect electrical plug PI 75 (I) from
tUl'bopump heater thermoslat (2), as outlined in
parag~~:'" 3-14.

3-216 Change No. 3 - 18 JUlie 1970



R-3896-3
Volume I

Section ill
Paragraphs 3-3IOC to 3-312

d. Note location of keyway, then remove
screws securing turbopump heater thermostat,
and remove thermostat.

3··3IOC. INSTALLtNG TURBOPUMP IiE.<ITER
THERMCSTAT. (See figure 3-85A.)

a. Observe safety, and contamination and
damage prevention requlremenls outlined In
secllon I.

b. Make sure dectrlcalpower source Is
turned oft.

WARNING

Connedlng electrll,al connectors
wltholJt turning off the power source
can r.auso electrical arcing betwncn
conr.ectors, resulting In serlour,
Injury or death to personnel and
damage to oqulpment.

c. Install turbopump heater thernDstat (l).
Keyway must have same location as noted In
removal pl·ocedure. Torque sCI'ews to 8-10
In-lb. Safctywlrc sc rews.

d. Connect eledrlcalplug PI75 (1) to turbo
pump heater thermostat, as odllned In par.lgraph
3-15.

e. Install harness support clamp. Torque
nut to 8-10 In~ lb.

f. Refer to section IV for post- malntenan~e
test requirements fer turbopump heater thermo
stat.

3-311. FUEL IMPELI,ER BALANCE CAVITY
SUPPLY TUBE. -(See figure 3- 86. )

3-312. REMOVING FUEL IMPELLER
BALANCE CAVITY SUPPLY TUBE.

a' Observe safety, and contamination and
damage prevention procedures outlined In
section I.

b. Remove clamps that secure static-firing
Instrumentation transducer tube and clamps
that secure balance cavity supply tube to
brackets.

c. Disconnect balance cavity supply tube and
attaching hardware at 4-bolt flange at fuel pump
outlct volute by removing 4 bolts, 4 washcrs,
and one orWce plafe. Rct.'\in orifice platc.

d. Carefully dlSCOJUlect tube at 2-bolt flange
at fuel volutc by rcmoving 2 bolls and onc pack
Ing, making Sure that packing is completcly
rcmovcd frolTl turbopump. Install closures.

CAUTION

Packing damage can cause contnmina
lion of the turbopumjl.

e. Insjlcct to make SUI'l) that removcd packing
Is Inmc!. If any portion of packing Is missing,
contact Hockehlyne rcpresenulilvc for disposi
tion. If pacltlng 01' any portlon of packlng is
missing, makc sure it did not drop from voluto
lIl'ea before tUl'bopv'np disasscmbly Is Initiated.
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TURBOPUMI' NO. I~
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Section III
Paragraph 3-313

STATlC-rIfllNo
[N9TRUMRN'rATION
TUll2

'HlU, VOI,UTE
DISCHARGE FI....NG~
(REF'

8J1ACKET

'MJBE

SEcrloNA·A
(tYPICAL:it PL.\CESI

Fillure 3-86. Fuel Irnpeller Balance Cavity Supply 'I'llbe

-SIlWS

CI.AMP

Cl.A.WP

FI-3.t·IU3

'3-313. INSTALLING FUEL IMPELLER
BALANCE CAVITY SUPPLY 'rUBE.

a. Observe safety, and contamination and
damage prevention procedures outlined In
sectlo~ I.

b. Cl:lrefully Install new balance cavity
supply tube as follows:

(I) USinl; lubricant grea~e RBOI40-012
(Ilocketdyne), Install packing In volute end of

I tube. Apply luhrlcan( using Method J outHned
in section I.

I (2) Lightly lubrtcate (Method Z) fuel
volute port with lubricant greRse RB0140-0l2
(Rocketdyne) where tube Is to be attached.

CAUTION

IT the tube Is not Installed perfectly
stralr:ilt Into the volute, lL'\mage to
the packing and contamination of lhe
turbopump can I·esult.

(3) Clrcfully lns\illl 2-lmlt flange end of
tube into fuel ~ump volute, keeping tube perpen
dicu'ar to attaching flange on volute.

(4) Install 2 bolls in tube and fuel volute
flange. Using tool 1'-5039499, tighten boll.s
equally until bottom oC bollheads are approx
tmately 1/16 Inch above tube flange.
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(5) Inspect as large an area of packing as
possible using: n appropriate mirror and light,
to determine that packing is pl'opedy Installed
and that no bulges exist. If packing has any
bulgcs, packing must bc removed, since further
tightening of bolls will cut packing, If packlltg
Is bulged, contact Roc tdyne rcpresentative
for disposition. If no ouilles exist, proceed to
step c.

c. Connect 4-bolt flange cnd of tube to fuel
volute dlseharg£' using 4 bolls, 4 washers, and
one orifice plate with orlflc£' plate positioned so
that Identification Is vlstble. Install bolls
loosely so that tube can be rotated sHghtiy, If
required.

d. Install bracket clamps and shims. Use
shims to position flexible part of tube so that
tube is approximately parallel wllh Iud volutc'
discharge flanf(('. Do not tighten nuts.

e. Tighten 2 bolls evenly at 2-boll flang().
Cross-torque bolls to 170·270 In-lb.

f. Cross-torque bolls at A -bolt flang() to
45-65 In-lb.

g. Make sure that shim buildup at paeh
bracket does not lIefiect tube. Adjust shims,
If r£'qulred.

h. (fJeleled)

I. Cross-torqul> nuts fOI' clamps to 60 j B
In-lb. Observ() tubc for deflection during
torquing. If tUbe is defleded, adjust shims to
eliminate deflection,

j Saietywlre bolls at 4-boll flange and install
an aluminum seal on lockwlre.

k. Recoru and v()rlfy orifice Installation III
Engine Log Book.

I. Refer to section IV for post-maintenance
test reqUirements.

3-314. I:l!EL IMPELLEH B~_LA!'!9E CAVITY
RETURN HOSE.

3-315. REMOV!NG FUEl, IMPELLER BALANC£
CAVITY RETUT{N HOSE. (See figure 3-87.)

a. Observe safety, and contamination and
damage prevention procedures outlined In
sectIon 1.

b. llisconnent balance cavity return hosc
and attaching hardware at 4-holt flango at fUE,I
Inl y I'emovlng 4 bolts, 4 washers, lUld one
orllice plate. Retain orifice plate.

c. Carefully dtsconnect hose at 2-bolt flange
at fuel volute by removing 2 h( Its and one pack
ing, making SUI'C that pac1<lnr. is complE .ely re
moved from turbopump. Inb'all closures.

CAUTION
Packing damage can cause contamina
tion of the turhopuml"

d. Inspect to make sure that removed packing
is intact. If any portion of packing is missing,
contact Rocketdyne rppresenlatlve for disposi
tion. If packing or any porllon of packing is
mlsalng, make sure it did not drop from volute
area before turbopurnp disassembly is iltitlated.
3-316, INSTALLING F'UEL IMPELLEH BAL
ANf;E CAVITY RETUHN 1I0SE. (See figure
3·87. )

a. Observe safety, aud contamination and
damage prevention procedures outlined in
section I.

CAUTION
Bem:inr: 01' twisting 01 th.; halance
I:avity return hone can result In
damage to the 'I'()flon IIninr,.

h. Carefully Install balance ca.vlty return
hOSl' (1) as follows:

(1) Uslnr, lubricant grease RB0140-012
(Hocketdyne), install pal:klng (3) iu volute end of
hose. Apply luhl'icant using Method J outlined
in section I.

- F'Uf;l. INU;T (NO. 2 SIJ)~.)

~'Igure 3-87. (
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(2) Lightly lubricate (Method Z) fuel
volute port with lubricant grease RJl0140-012
(Hoeketdyne) where hose Is to be attached, and
Install packing In Ilroove on end of hose.

CAUTION

If the hose Is not Installed perfectly
straight Into the volute, damage to
the packing and contamination ot the
hn'bopump can result.

(3) Carefull~' Install 2-bolt tlange eml of
hose Into fuel pump volute, keeping line perpen
dicular to attaching flange on volute.

(4) Install 2 bolts In hose (lIld fuel volute
lIange. Using tool T-5039499, tighten bolts
equally untH bottom of bollheads are approxi
mately 1/16 inch above hose flange.

(5) lnspee! as laTfle an area of packing as
possible using 'l.ppropriate mirror and light, to
determine that packing Is properly installed and
that no bulges exist. Ii packing has any bulges,
pacltlnl( must be removed, nlnce further tighten
Ing of bolts will cut packing. It packin(~ Is
bullied, contact Hocl{ctdyne representative for
disposition. Ii no bulges "xlst, pl'oceed to
s"br,tep 6,

(6) TI!lhten 2 bolts ev~nly and torque to
170·270 In-lb.

c. Lubricate 4 bolts with lubricant grease
Rl10140-012 (Rocketdyn<J). Apply luhricant
usinl: Melhod A outlined III section I. Connect
4-bolt flallile end (2) ,)( hOSl' to fuel illiet using
4 holts, 4 washers, and one orifice plate with
orIfice plate positioned so that Identification
plate is visible.

d. Torque 4 bolts to 50-70 III-lb. Safetywll'e
bolts alld Install an aluminum seal on lockwlre.

e. Heeord and verify orifice Illstallalloll III
oriticl) records of Engine Log Dook.

f. Hefer to secllon IV for post-malnlenance
test requirements.

3-316A. FUI;;L D1lAIN MANIFOLD.

3-316B. HEMOVING FUEL DRAIN MANIFOLD.
(See f1gurtJ 3-88.) Specified lubricating pl'oce·
dUl'es (metho(l:J) arc outlincd ill section I

a. Observe safety, and contamination alld
damage pl'evenllon requh'emeills outllned In
section 1.

b. Disconnect llntJ (1) and remove seal (2),
Leave bracket (3) attached to flex hose clamp.

c. On ellv,lnes not 11IcOl'jlOraling MD145
change, disconnect tube (4), hose (7), and line

(9), Remove seals (5, 6, 10). On engines In
corporating MD145 change, disconnect hose (7)
and remove seal (6).

d. Disconnect tubes (12, 13, 14). On engtnes
not Incorporating M/)l4,2 change, disconnect
tube (15).

e. Ilemove bolts attaching manifold (17) to
toollng rings, remove bushing (16), alld care
fnlly remove manifold, Tublng may be deflected
or tube clamping loosened te remove manifold.
Use cal'e to prevent bending or damagin[( tubing,

f. Hemove parts Indexed (18 through 27 and
31, 32) from manifold. On engines not Incorpo
rating MDl45 change, remove reducer (28) and
[(asket (29). On engines incorporating Mn~45

change, remove plug (30) and gasket (29).

g. Luhrleate (Method A) closllre fasteners
with lubricant grease RB0140-0J2 (Hocketdyne).

3-316C. INSTALLING FUEL DRAIN MANIFOLD.
(Sec fl[(\lre 3-88.) The lubricant used In this
;lcocedure Is luhricant grease Hl10140-012
(llocketaYlle). SpecHied Jubrlcalln!1 procedures
(methods) arc outlined in sec lion I.

NOTE

Sleps a thrnu{lh g ItllJtall parts pl'lor
to Infltallllll( manifold.

a. Install seal (32) lind plate (31). Torque
bolts to 45 .2 In-lb. Safetywlt'e bolts.

b. On ('nglnes incorporating MIl145 chanf(lJ.
hJbrlcale (Method .1) gasket (29) ancllUbrlcate
(Method A) plug 30), Install g~sket and plug
and torque plug to 300- 500 In-lb.

c. On enl,'1nes not Incorporating MD145
change, lubricate ,Method J) gasket (29)and
lubricate (Method A) reducer (28). Inslall gas
Jwt alld reducer and torque reducer to 420-600
In-lb.

d. Lubl'icate (Method J) gaskets (23, 27) alld
rings (22, 26) and lubricate (Method A) elbows
(20, 24). Install gaskets, rings, nuts (21, 25),
and elbows. Do not torque nuts at this lime.

e. l,ubricate (Method J) gaskel (19) ar,d lubri
cate (Method A) rcdueer (18). Installlf<lsket and
reducer alia lorque reducer to 420-600 In-lb.

f. On engines Incorporatlllg MD145 change,
Install seals (5, 10) and plates (6, Tf!. Torque
boHs to 45 .J2 In· Ill. Safetywtre bolts.
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1 Line 9 J.lne(a) 17 Manifold 25 Nut
2 Seal 10 Seal 18 Heducer 26 Ring
3 Bracket 11 Platc(b) 19 Gasket 27 Gasket
4 Tube(a) 12 Tube 20 Elbow 28 Reducer(a)
5 Seal 13 Tube 21 Nut 29 ('.a8k8~
6 Plate(b) 14 Tube 22 Ring 30 Plug)
7 Hose 15 Tube(a) 23 Gaskt!t 31 Plate
6 Seal 16 Bushing 24 Elbow 32 Seal

(a) Engines not Incorporating MD145 change
(b) Engines Incorporating MD.!i!!. change

._------
Flgu,e 3-88. Fuel Drain Manifold

g. Carefully Install manifold (17) between
tooling rings, Use care to prev'mt daumg!' to
fittings al\d tUbes.

h. Install bushings (16) and secure manifold
te tooling ,'Inga. Torque nllta to 375 ±25 In-lb.

3-220 Change No. 1 - 18 August 1969
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,i. Lubricate (Melhod 0) littlngs of lubes (12
13, 14) and on ('ngines not incoi'poratlng MD145
change, tube (15). Connect tube and torque --..
callpllng nuts to valves as Iallows:

(1) Tubn (12) (engines not Incorporating
MDI45 chanr:~), 270-345 tn-Ib

(2) Tulle (13, 14), 450-525 In-Ib

(3) Tubn (15) (e,lglnos nol incorporating
MD1!!i change), '150-525 h,-Il,

k. On ongines not incorporatlng MDI45
change, Install seals (5, 10) and ronnecnuhe
(4) and line (9). To,'que bolts to 45,2 In-lb.
Safelywlrc bolts.

1. Install seal (8) and hosn (7). Torque
bolts [" 45 12 in-lb. Safetywtre bolts.

m. Install soal (2) and line (1). Attach
bracket (3), and torque holts to 45 ±2 lIl-lb.
Safetywlrc bolts.

n. Hl,fer to seetlon IV for post-maintenance
tost requirements.

3-317. ENGINE VAIllABLE OHlFICES
_._-_.--_._------_.~_.

3-318. The orHicl' diameters a,'o dt!terlllineJ
for each engine by engineering and callhration
hosts. The orifice tdentificatloll, part !lumber
actual nW:lsured size, and (lng-inc serinl num ...
hf.lr arc ~~tam}lcd 011 C"3rh udCicc }llate or on a
metal lag with tlw '.ag attached adjacent 10 the
orlflcc. ThE> orific~ naruo, parlnuml>er, size,
and location Identification code arc recorded ill
each Engine Log 12ook. When It becomes nec
e:lsary to replace an orifice, tho replacoment
orHice must ue machtned to the rliameter speci
fied In the Enr,ine Lo,~ Book alld identlfio,1 lIS
spccified il! secHon I. The orifice is tdontlfied
w!th tho actual measueed size, which may differ
from the Engine Lott :'onk Hecord by the ma
chlnhll; tolorance of Ihe orifice. Orifice dlarn
etprs arc not to be increased or decreased 111
size w!thout prior approval of Ho:ketdyne
Etlr,inflcx'i ng.

3-319. THRUST CHAM~f,-R BODY..

3-320. Hemoval and reinstallation of the thrust
chamber body does not affect engine c~\lbl'ation.

Hemoval and replacument, however, , eqllires
enh'ine calibration. If a thrllst chaml'er body Is
removed.. reinstalled, or replaced, notify manu
facturer s representatlvo for requirements and
procedures.

3-321. TltHliST CIIAMI1Efl N07.ZLE EX
TI~N~Ior;C -----------------

3-322. Procedures for I'emovtng and installing
tllO thrust challlber nozzie extension arc outlined
in fl-38£9-11.

3- 323. Ql(;'!!).l:lf,H AND NITHOGEN OVEn
BO_A_Il_D_D_l~!!f,~I",-,IN"-I",,;S,,,\·-"-'-_·_----

3-:124. Procedures for removing alld tnstalling
tho oxidizer and nitrogen overhoard drain \lnes
arc (,utlined ilo H- 3896-11.

3-325. FUI':L OVEHBOAHD IlnAIN LINF;S-_._.- - ._--------_.

3-326. Procedures for removing aod installing
the fuel overboard drain lines arc outlined in
11-389fJ-ll,

3-327. l1YPlmGOI. CAHTHlllGE.-------_.._----...

3-326. Procedures fol' removing and lnBtallltl!~

the hypel'[;ol cartridge are outlined In H-3896-11.

3-~130. Procedures for removing and Installing
th, igniters are outltned In H-3896-1J.
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Section III
Paragraphs 3-331 to 3-342

3-331, IGNITEIi)IAHNESS.

ft-3696-3
Volume I

3-332, Procedures /01' removing and installing
the ignller harness are olltllned In R-3896-11.

3- 333. ,lliTf;_RFJ\Qf,-J~ANE L ACCI~SSQQQ!i,

3-334. Procedures /01' removing and Installing
the Inter/ace panel access dcor are outlined in
H-36~6-11.

3-335, TIIIlUST CHAMBf;n THROAT SECU
!UTY CLOSUIt~;-----------------

3- 336. Procedures /01' remol'lng and installing
the thrllst chamber throat SCt'lIrlly closllre arc
outlined In 1t-3896·1t.

3-~38, I'roceduNs /01' removing and install\n[:
Ihe engine environlilcn(al cover arc olltllne.l In
ft- :189G-lt.

3-340. Procedures lor removlnl~ and Installing
Ihe lucl Inlet clhow to Interlace panellnsulatlon
boot are outlined In 11-3896-11.

3-341. TY-RJ3.0PUMP O~IDIZER INLET.

3-342. I'rocedures lor removing and Installing
the turbopump oxidizer Inlet are outllned In
R- 3896- 3, Volume 11.
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SECTION IV

POST-MAINTENANCE TEST IlEQUlm;MENTS

Section IV
Paragraphs 4-I to ,,- 9

4-[, SCOPE. ThIs section contains post
maintenance test l'equirenwnts that will verify
the Integrity of engine systems affecled by the
removal and installatlon of individual engine
components and !lnes.

4-3. The component posl-malntenance I('st
requlrenwnts are IJn"cd upon, amllistcd in Ihe
same sequence as, \lie l'emllval ar.d ins(allal!on
proc(,dures j n section Ill, and arc applicable for
uninstalled and tnstalled engines. "he test
requlremenls Include a brief description of cach
tost and a !latlng of the lIems of the system to
be tested. The ,'cqull'ed system tcsts referl'cd
to In Ihls section COrl'cApond to Ihe same test
title that appeal'S In the detailed leak- and
funcl!on-test procedures in 1t-3896-11. The
requirements do not Include} lCthods, sequences,
or limits since they are dctel'lnlnod from ached
uled leak- (u1(1 function-test pl'ocedul'clI outlined
In R-3896-1l. The R-3896-3, Volume !I is
referenced when a speclfle nonscheduled compo
nent t(,st, such as contlnuity testlnl( of electrical
hal'ncslles, is required. Dctalls for dotm'mlning
the post-maintenance test requirements for
single components or groups of components are
outlined In J'aragraph~ 4-4 through 4-7. Details
for determining test requirements alter partial
removal of components and linea llre outlined in
plll'agraph 4-8.

4-4. DETERMINING POST-MAINTENANCE
x.E§..rREiQUlREMENTS FOR A SiNGUn:OM
PONEN'L·

4-5. Each single component removed and
Installed In section m that requires post
mlllnt'2nance testlng has a corresponding para
graph for post-maintenance test requtrements
In this section. The specific Items to be tested
In each system are listed. In some instances
the removal and Insl.llatlon of one component
makes It necessary to remove llnd Install other
components; therefore, the test requirements
for the other components are Included In the

test requirement paragraph for tI", primary com·
ponent. For example, the post-ll1a:ntenance test
requirements for the No. 1 al d No.2 fuel high
pressure ducts include post-maintenance lest
requirements fOl' the fuel high-pNlIsure duct
spacel's and seal plates, When lhis situation
exists, the user ts informed in thc Introductory
information provided In each eomponcll l posl
maintenance tcst l'e{lutrcment pn .....agnl.ph. nc~

cause lIint~le·c()mponent test requiremcnts aro
basctl on the proccdul'es in seetloll 1II, deviations
from thollo procedures make it noeossary for lrw
user to determine any changes in the post
mainten 'Ice test requircments.

4·'1. II two or morc in,lividu"l c"mponcllis are
l't1mOv~d I,'om the engine, ,!,'ost-maint(mallce
teall ng may he delayod unlll all cOlllponenls are
installed.

~-9. Miscellaneous rCnloval and Installation
tasks are defined In this seellon as thllso tasks
that affect engine syll'-:.m Intcgrlty but are not
supported by Individual paragl'aphs for post
maintenancc test I'equ\t'ements. 'fhcse tasks
consist of parlllllly l'onl',vlng components or
disconnecting various parts of engine systems,
and then restoring these Itoms to "w rcquired
conilguraUon. 'fhese tasks can vary to sue II
an extend that separate para\,raphs for post
maintenance test rcquirements arc 1I0t practical.
The user must determine the specific it"ms to
be tested by applying the system test requll e
ments for the Item to the cOl'responding
component post-maintenance test reqlli"cl11ent
paragraph in this section or, in cases whel'e
there is no corresponding component paragraph,
to the applicable system test proccdure.
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Section IV
ParagnllJhs 4-10 to '1-14

R-3896-3
Volume I

1,-13. QUICK-DISCONNECTS AND ADAPTERS.

4-12. FLIGHT INS'I'HUMENTATlON HAR
NESSES AND CARLES, The flight instrumenta
lion naI'llo,sses and c<ibles posl-malntenpnco test
requiremenls coc,slst of the olBctrlcal function
tests requlrt'd for the components listed in this
sULlion.

a. No. I and No.2 fuel high-pressure duct
d~ain quick-disconnocts, No. 1 and No.2 fuel
inlet elbow drain qUick-disconnects, ong,ne
conl;,)l valve supply tube drain quick-disconnect,
checkout valve cngtne return hose drain quick
dlscon'1ect, and gas generator ball valve fuel
drain q'Jlck-disconnect:

110m Tested

Quick-disconnect body to
bearing coolant control
vaive Joint.

Qn!ck-dISconnect borly to
actuator return line cover
joint.

Item TestetiTest Required

Hyd, aulic control
system leak and
function tesl.

Pneumatic leal'
test (perform
(luring turbopump
preservation).

d. Preservative inlet quick-disconnect:

c, Actuator return line :!rain quic~-disconnect:

4-14. FLIGHT INSTRUMENTATION PRESSUHE
TRANSDUCEHS, When a flight Instrumentation
pressure transdu~er Is replaced In the field, an
ioltial voltar;e checkout Is rcqulred. The new
transducer output voltage readings and the baro
metric pressul'e at the test area must be re
corded in the Engine Log Boo:, in place of the
values Ihat were listed lor the replace trans
ducer. The new voltage and barometric pressure
values become a reference for lise in sublleQuent
voltage checkout tests of the new transduce,'.

I

: n. Oxidizer pump bearing pressure transducer
LBla:

lIem Tested------
Qult'k-d\sconneci body to
mounting flange or adapter
joint, as required.

.:rest Required

Fuel feed system
leak test.

4-10. COMPONENT POST-MAINTENANCE
TEST R-EQUiREMENTS. _.

4-11. ENGINE CONTHOL HARNESSES AND
CAI3I,ES. Tim en~ine control harnesses and
cahles post-maintenance test requirements
consist of th€ elecldcal function lests required
for the components listed In thIs section.

b. Gas generator chamber pressure transducer
GGld and turbine outlet pressure tr:.nsducer
T05c:

b. No. 1 and No. 2 fuel inlet manifold drain
quick-dlsconnecIF, No, 1 and No.2 fuel valV3
pUl'ge quick-disconnects, hypergol manifold
drain qulck,·dlscollnect, hypel'gol manifcld
purge quick-disconnect, and ignition momior
valve druln quicl:-disr:onnect: ,
Thrust chamber Quick-d;sconnect body to !
pncum~tic leak lest. mounting flange or adapter

joint, as required, I

(1) F'light
l'1strumentation
system function
test.

(2) WX pump
seal purge leak
and function test.

Transducer bridge cali
bration output voltage.

Trancducer body to mount
Ing /lange joint.

(1) Flight
instrumentation
system function
test.

Transducer brtdge cali
bration output voltage.

(2) Exhaust
syslem leak test.

Transducer body to mount
ing flange joint.

Pages 4.2A and 4-213 Blank deleted.
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Section IV
Paragraphs 4-t5to 4-19

c. Thrust chamber combustion chumber pros
~ure transducer CGlo:

Test Hequired

4-15. TURBUIE INLET MANIFOLD TEM
PERATUm; TRANSDUCER (TG4a) (ENGINES
INCORPORATING MDli~ CHANGE BUT NOT
INCOHPORA'f1NG MD176 CHANGE).

e. No. 2 oxtdizer pump outlet pressure trans·
ducer 1'02a-2:

d. No. 1 fuel pump inlet pressure transduccr
KF6a-l and No. 2 fuel pump outlet pressure
transducer PF2a-2:

Item Tested

Jlem Tested

Sensing element resistance
at ambient conditions.

Transducer body to tur
bine manifold mounting
flange joint.

Sensing element resistance
at ambient conditions.

~t..~~qllired

a. Flight instru
mentation system
function test.

b. Exha"ust
system leak
test.

T'Jst Hequired

4.-17. OXIDIZER PUMP BEAliNG TEMPERA
TUHE TRANSDUCER NO.1 (LSI).

Fltghl Inslrumen
tatlon system
fu~ctlon test.

'i-l0. ENVIRONMENTAL TEMPERATUHE
TRANSDUCER (CGTl).

Transducer body to flange
or adapter joint, as
required.

Transducer body to mount
tng flange or adapter jotnt,
as required.

Transducer bridge cali
bration output voltage.

Transducer bridge cali
bration output voltage.

(2) Fuel feed
system leak test.

(1) f'light
instrumentation
system function
test.

(2) Thrust
chamber pneu
mallc leak test.

(t) Flight
instrull' entation
system function
test.

f. Common hydraulic return pressure trans
ducer NH5c:

4-18. TURBOPUMP HEATER THERMOSTAT.

(1) Flight
instrumentation
system function
test.

(2) I,oX feed
system leak test.

TrWlsducer brtdge call
bratiOll output voltage,

Trar.sducer body to
instrumentation tube
joint,

Flight Instrumen
tation system
function test.

Test Required

Flighl tnstrllmpn
tat ion system
fUl1ctlon test.

Sensing element resistance
a.t ambient conditions.

Item Tested

Thermostat picknp and
dropout temperatures.

(1) Flight
Instrllmentation
system function
test.

(2) lIydl'aulic
system leak and
function test.

Transducer brtdge calt
bratlon output voltage.

Transducer body to mount
ing flange joint.

4-19. PfUMARY JUNCTION BOX. The primary
junction box post-maintenance tesl requirements
consist of performing the I1tght instrumentation
function test to check voltage output of each
floW, speed, and pressure transducer; resist
ance values of cadI lemperature lrnnsducer
and valve potentloll1eler.
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Section IV
Pal'agraphs 4-20 to 4-24
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t'olume I

4-20. OXIDIZER FLOWMETER. Item 'l'ested- -

4-21. HEAT EXCHANGER Cm:CK VALVE,

4-23. HEAT EXCIIANGER AND TURBOPUMP
TURBINE.

(2) lIllllum return duct
(heat exchanger end) to
heat exchanger joint.

(l) Oxidizer supply hose
to heat exchanger joint.

(3) Hell\llll supply duel
(heat exchanger end) to
helium bypass hose joint.

(4) Hellulll return duct
(heat exchanger end) to
helium bypaDs hose j"inl.

(2) GOX duct (heat
exehanr,er end) to heat
(!XehaHgcr joint.

(3) Oxldi7.pr supIJly hose
to oxidizer bypass hose
joint.

(4) GOX duet (heal
exchanger end) to oxIdizer
bypass hose joint.

Item Tested

(1) Turbine outlet pres
sure hose to instrumenta
tion lap TG5c joint.

c. Heat eJ',challf,cr
LOX sysfem leak
test (required only
if duets :md/or
hoses were
dIsconnected).

4-24. HEAT EXCHANOEIt AND HF~AT

EXCHANGf:a DUCTS AND HOSES.

a. Exhaust system
leak test.

Item Tested

Coil output voltage.

(I) Heat exchanger
checl; valve to oxidtzer
flowmeter jeint.

Item T::sted

I1eat exchanger check
valve to oxidizer flow
meter joint.

(2) Oxidtzer flowmeier
to heat exchanger oxidizer
supply hose joint.

Hent exchanger check
valvc to oxidizer dome
joint.

Test Required

a. Flight lnstru
mel\t~.tlon system
function test.

b. Heat exchanger
LOX system leak
test.

a. lieat exchanger
LOX systcm leak
test.

b. Thl'ust chamber
pneumatic leak test.

4-22. WRAP-AHOUND DUCTS AND 1I0SES.
There is no post-maintenance test requirement
for Ihe wl'ap-around ducts and hoses prior to
enginc installation Into the stage. After ent(lne
Installation into the stage, stage procedures
IUust be used for joint verification.

a. gxhaust system
leak test.

b. Heat exch4nger
JlOJium system l"ak
tost (reqUired m:ly
If ducts and/or
hoses WAre
dlsconneclNI) •

Item Tcsted-----,
(1) Turbine outlet pres
SUre hose to Instrumenta
tlon tap TG5c joint.

(2) Turbtne oullet to heat
exchanger joint.

(!) Heltum supply duc,
(heat exchanger end) to
heal exchanger joint.

b. Heat exchanger
IwHum system leak
test.

(2) Turbine outlet to heat
exchanger joint.

(3) Heat exchanger outlet
to turbine exhaust manifold
joint.

(I) Helium supply duct
(heat exchanger end) to
heat exchanger joInt.

(2) Helluln return duct
(heal exchanger end) to
heat exchanger joint.
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Paragraphs 4-25 \04<10

4-25. lGNITEH FUEL SUPPLY TUBE.

(3) Oxidizer "upply hose
to oxidizel' bypass hose
joint.

(4) GOX duct (heat
exchanger end) to oxidizer
bypass hose joint.

_Test Requiret!

c. tleat exchanger
LOX system leak
test.

..!!~!l1 Tested

(3) Heliu!11 supply ducl
(heat exchanger end) to
helium bypass hose j olnt.

(4) Helium relurn duel
(heal exchanger end) lo
helium bypass hose joint.

(1) Oxidizer supply hose
to heat exchanger jOint.

(2) GOX duct (heal
oxchanger end) to heat
exch;wger joint.

/lem Tested

(2) Engine Bupply tube to
engine hydrau~ic supply
check valve joint.

b. Secure joints of engine supply t~be as out
lined In paragraph 4-34.

4-27. FUEL IIIGH-PRESSUHE DtiCT SPACERS
AND SEAL PLATES. The fuel ht"h-pressure
duct spacers and seal plates post ·maintenance
test requirement consists of leal·.-testln[~ the
fuel duct joints. This test IS'ln~luded In the
No. 1 and No.2 fuel high-presdure ducl post
maintenance test requlrement:J outlined in
paragrapbs 4-31 and 4-32.

4-28. FUEl, VALVE TO FUEL MANIFOLD
OHlFICP. PLA'1'E. The fu~1 valve to fuel mani
fold orifice plate post-ma,ntenance test re
quirement consists of leak-testing the fuel valve
joint between the fuel vrive and the Iuel manifold
Inlet. This test Is Inc) lded In the No. 1 and
No.2 fuel valve p",;t-'nstallatlontest require
ments outlined In paragraphs 4-37 an:14-38.

1-26. ENGINE SUPPLY TUBE.

a. Prepare joints of 19n1ter fuel supply tube
for leak test as outlined In paragraph 4- 33.

b. Secure joints of igniter fuel supply tube as
outlined in paragraph 1-34.

a. Prepare enb'ine supply tube for leak test as
outlined in paragraph 4-33.

4-29. OXIDIZER HIGH-PHESSURE DUCT
SPACERS AND PRf,SSURE-ACTUATED SEALS.
The oxidizer hlgh-·,ressure duct spacer and
pressure-actuated seal post-maintenance test
requirement consists of leak-testing the ,)xldlzer
duct joint. This 'cest is Included in the No, 1 and
No. 2 oxidl z~r high-pressure duct posl
malnt~nance tesl requirements outlined in
paragraphs 4-35 and 4- 36.

4-30. OXIDIZEH VALVE TO OXIDIZER DOME
PRESSUIlE-ACTUATED SFAL. The oxtdize;'
valve to oxidizer dome pressure-actuated seal
pnsl·-maintenanctj test requirement cunslsts of
leai{-testlng the oxidizer valve joint between
the oxidizer valve and the oxidizer dome. This
test is tncluded in the No. I and No. 2 oxidizer
valve post-lIlalntnnance test requirements out
lined in paragraphs 4-39 and 4-40.

(1) Igniter fuel supply
tube to No. 1 fuel high
pJ'essure cluet joint.

(2) Igniter Iuel bupply
tube to Igniter fuel valve
join!.

he',1 Tested----_.-Test Hequired

Fuel feed system
leak test.

Test Required /lem TeAted

Fuel Ieed syslem
leak test.

(1) Engine supply tube
10 No.2 fuel hlgh
pressure duct Joint.
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Paragraphs 4-31 to 4-33
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4-31. NO.1 FUEL IIIOH-PRESSURE DUCT. Test Requtred Item 'rested

a. Prepare joints of Igniter fuel supply tube
for leak test as outlined in paragraph 4-33.

Te~..!!.equlred

Fuel feed system
leak t"st.

Item Tested

(1) No. 1 fuel high
pressure duct to fuel
pump outlet jolnl.

(2) No. 1 fuel hlgh
pressure duct to No. 1
fuel valve joInt.

(3) No. 1 fuel hlp;h
pressure duct to Igniter
fuel supply lube joll11.

(4) IgnllN' fuel supply
tube to Igniter fuel valve
joint.

(5) No. 1 fuel hIgh
pressure duct to No. 1
fuel high-Pl'cssure duct
drain quick-disconnect
joInt.

(6) No. 1 fuel high
pressure duct 10 gimbal
supply pla.te joint.

(2) No. 2 fuel high
pressure duct to No. 2
fuel valve joint.

(3) No. 2 fuel high
pressure duct to engine
supply tUbe joint.

(4) EngIne supply tube to
engine hydraulic supply
check valve joint.

(5) No.2 fuel high
pressure duel to No. 2
fue I bleed hose Joint.

(6) No. 2 fuel high·
pressure ducl 10 gas
generator fuel ducl Jotnt.

(7) No. 2 fuel high
pressure ducl to No. 2
fuel pump oullel pressul'l>
transducer PF2a Jotnt.

(8) No.2 fuel high
pressure duct 10 No. 2
fuel high-pressure duel
drain quick-disconnect
Joint.

b. Secm'e joints of If~nlter fuel supply tUbe as
outltned in paragraph 4- 34.

b. Secure joints of en!(ine supply lube as out
lined in paragraph 3-34.

a. Prepare joInts of enl~lne supply tube for
leak test as oulllned In paragraph 4-33.

No. 2 fuel valve to fucl
Inlet manlfold jotnt.

4-33. PREPAHING lGNITEH FUEL SUPPLY
AND ENGINE SUPPLY TUBE .JOINTS FOR
LEAK TESTING. This procedure ts performed
only when specified in other procedures In thts
secllon. The flange" Joints of the igntter fuel
supply and engine supply tubes contain eccentric
spacers. This procedure provides a method for
separating the metal-to-melal surfaces of th"
spacers and lube flanges to verify Ihc Integrity
of the O-rings used tn the Joinls.

Thrust chamber
pneumatlc leak test
(required only if
fuel valve to thrust
chamber fuel inlet
manifold joInt was
disturbed) .

No. 1 fuel. valve to fuel
Inlet manifold joint.

(1) No.2 fuel hlgh
pressure duct to fuel
pump outlet Joint.

Item.TestedTeat Hequire~

Fuel feed system
leak test.

Thrust chamber
pneumatic leak test
(requlrcd only tf
fuel valve to thrust
chamber fuel Inlet
manifold jotnt was
disturbed).

4-32. NO.2 FUEL IITOH-PRF,SBURE DUCT.
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Paragraphs 4-34 to 4-35

CAUTION

Extreme care must be t:l1ten to
prevent loosening flange bolts more
than one turn each. Additional loos
enIng of bolts may allow Installed
O-rings to leave their grooves and
cause O-ring damage when bolts are
torqued.

a. Remove lockwlre and loosen bolts at each
flange of the applicable tube a maximum of one
turn each.

ll. Loosen all flange bolts of applicable tube
a maximu.,1 of one turn each. Remove all feel~r

gage stock from tube and boss Joints.

b. Cross- torque all flange bolts to torque
values indicated for appli(\able tube.

(1) Igniter fuel supply tube: 60 .t5 In-lb.

(2) Engine supply tube: 85 ·,5 In-lb.

c. Safetywlre bolts.

r---------.-----.----,

'- 1':..:'.-3-1-152

Figure 4-1, Preparing Igniter Fuel Supply and
Engine Supply Tube Joints for Leak Testing

b. Separate joint surfaces by hand and Insert
0.004-lnch thick feeler gage stock at a corner,
on both sides of eccentric spacer at each tube
joint as shown In figure 4-1.

NOTE

Feeler gage stock must be moved
toward the tube centerline volllits
edge contacts the flange bolt.

c. With feeler gage stock retained In posi
tlon, cross-torque all flange bolts to torque
value Indicated for appllcable tube.

(1) Igniter fuel supply tube: 60 ±5 In-lb.

(2) Engine supply lube: 85 ±5 In-lb.

d. Perform appllcaole leak tesl.

4-34. SECUIUNG IGNITER FUEL SUPPLY
AND ENGINE SUPPLY TUDES. This procedure
Is performed only when speclfled In other pro
cech,res in this seclion. The procedure prOVides
a method for securing the flanged joints of the
Igniter fuel supply and engine supply tubes after
the applicable post-maintenance le:l1; lest.

CAUTION

TUBE

TUBf~

F'LANGfo:

Jo'El-;r.EU GAGE STOCK
(0.004 m. rlnCK)

. - 8Vl-1VEL
FLANGE

ECC"~N'!'HIC

SPACER

4-35. NO. 1 OXIDIZER IlIGH-PRESSUHP.:
DUCT.

Extreme caT'e must be talccn to
prevent loosening flange bolts more
than one turn each. ildditlc'llalloos
enlng of bolts may allow; .• stalled
O-rings to Isave their grooves and
cause O-ring damage when bolts are
torqued.

Test Heq~

a. LOX feed
system leak test.

Item Tested

(1) No.1 o:ddlzer high
pressure duct to No. 1
oxidizer pump oullet Joint.

(2) No. I o;ddlzer hlgh
pressure duct to No. 1
oxidizer valve joint.
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4-37. NO.1 FUEL VALVE•Test R~quired

b. Fllght instru
mentation system
function test.

c. Thrust chamber
pneull'~tic leak test
(required only if
oxidizer valve 10
oxidizel' dome
joint was
disturbed).

.!!.em ..lested

(3) No.2 oxidizer pump
outlet !lrOSSUre trans
duc~r P02a-2 to insiru
mentation tube joint.

No. 2 oxidizer pump
outlel pressure trans
ducor P02a-2 bridge
calibration odput
voltnge.

No. 1 oxidizer valvo to
oxidizer dome joint.

Iesl l~~!!ed

a. Hydraulic
control sY6tem leak
and function test.

tJ. Valve tin.ing
function test.

c. Fuel feed
system le:tk test

.!!.~l!l_Tcsled

(1) Fuel valve to propel
lant valves close hJhe joint.

(2) Fuel vain, to No. 1
open control tube joint.

(3) Transducel' potenti
ometer resistance with
valve in close and open
position.

Opening and closing times.

Fuel vai ve to No. j fuel
high-pressure duel joint.

4-36. NO.2 OXlUIZEH IlIGH-PHESSUHE
DUCT.

d. Thrusl chamber (1) Fuel vnlve to fuel inlet
pneumatic leak lest. n1anlfold join!.

Tcst He~i£ed

a. LOY. feed
system leak test.

Item Tested

(1) No.2 oxidizer high
pressure duct to No. 2
oxidizer pump outlet joint.

(2) Fuel valve to No.1
fuel valve drain qulck
disconnect joint.

4-38. NO.:'>' FUEL VALVE.

b. Thrust chamher
pneumallc leu.k tnst
(required only if
oxidizer vnlvo to
oxidizel' dome
joint \'Ins
disturbed).

(2) No.2 oxidizer hillh
pl'es~ul'e duct to No. 2
oxidizer valve Joint.

(3) No. 2 oxidizer high
pressure duct to gas
generato!' oxidizer duct
(ducl end) Joint.

(4) No.2 oxidizer pump
outlet pressure trans
ducer P02a-t Instrumenta
tion tubl, to No. 2 oxidizer
high-pressure duet joint.

No.2 oxidizer valve 10
ol\ldizH tlOluc jolnl.

a. nydraulic
control system
leak and function
test.

b. Valve thnin!:
function tesl.

c. Fuel Iced
system leak test.

Item Tested---------
(1) Fuel vnlvr to propel
lant valves close tUbe joint.

(2) Fuel valve to No.2
luel valve open cont1"01
tube Jolni.

(3) Transducer potenti
ometer resistance wilh
valve in close and open
position.

Opening and closing times.

Fuel valve to No. 2 fuel
high-pressure duct Joint.
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Bectlon IV
Paragraphs 4-39 to 4-41

Test Required Item Tested 4-40. NO.2 OXIDb".iR VALVE.

4-39. NO. 1 OXIDIZER VALVE.

d. Thrust chamber (1) Fuel valve to fuel
pneumatic leak test. In:et manifold joint.

(2) Fuel valve to No. 2
fuel valve ,Ira-in qulck
dlsconned joint.

Jtem Teste'.!.

(1) Transducer to fuel
valve joint.

Ite!.'l Tested

(I) Oxidl1.er valve to pro
pellant valves clol~ tube
jotnt.

(2) Oxidizer valve to pro
pellant valveD open tube
lolnt.

(3) Oxidizer valve 10
;,3quence valve to
sequence valve line joint.

(4) 'rrSllsducer potenti
ometer resistance With
oxidizer valve In close
and open position.

Opening and closln~ lImell.

Oxidizer dome purge
check valve to No. 2
oxidizer valve dome
purge tube joint.

Oxidizer valve to No. 2
oxidizer high-pressure
duct jotnt.

(2) Transducer potentl
omeier resistance with
valve In open and closo
position.

Opening and dOlling tlmell.

Test Required

a. HydraUlic
control system
leak Slld function
test.

-:l. LOX feed
system leak test.

b. Valve timing
fun ction test.

4-41. FUEL VALVE POSITION TRANSDUCER..

e. LOX dorne
and gas generator
LOX Injector purge
leak test.

d. Thrust chamber Oxidizer "alve to ollldl:zsr
pneumatic leak tesl. dome joint.

Test Requlref!

a. Hydraullc
control system
lenk and f..netlon
test.

b. Valve timing
function tost.

Item Tested

(1) Oxidizer valve 10
propellant valves close
tube joint.

(2) Oxidizer valve to
propellant valves open
tube joint.

(3) Oxidizer valve to
sequence valve to
sequence valve line joint.

(4) Oxidizer valve to
gall generator open tube
joint.

(5) Transducer potenti
ometer resistance with
valve In close and open
posltlon.

OpenIng and closing times.

Oxidizer dome purge
check valve to No.1
oxldlzer valve dome
purge tube joint.

TE'st ReguIred

a. Hydraulic
control system
leak and function
teet.

c. LOX feed
system leak test.

h. Valve liming
function test.

e. LOX dome
altd gas genernlor
I,oX tnj ecb!' purge
lenk test.

OxIdizer valve to No. 1
oxidizer hIgh-pressure
duct joint.

d. Thru~t chamber Oxidizer valve to oxidizer
pneumatic leak test. dome joint.
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4-42. OXIDIZER VALVE POSITION
TllANSDUCEH.

4-44. 8EQUENCE VALVE.

4-43. OXIDIZER DOME PURm: CHECK
VALVE.

4-46. BEARING COOLANT CONTHOL VALVE:
FfLTERS.

4-4'1. HYPERGOL MANIFOLD.

Tesl Hequlred

n. Hydraulic
control syslem
leak and funcllon
tesl.

b. Valve t1min,;
funcllon lesl.

Test ~qulred

a. Thrust cha'llber
pneumattc leak lest.

lJ. LOX dome
and gas generator
LOX inj ector purge
leak test.

"fe_st H~~

Hydraulic control
system leak Md
function test.

Item Tesled

TrMsducer resistance
with valve In close and
open posltlon.

Opening and closing limes.

Item Tesled

Oxidizer dome purge
check valve to oxidizer
valve joint.

Oxidizer dome purge
check valve to oxidizer
valve dome purge line
joint.

Item 'fested

a. Oxidizer valve
eyllndBr to scqu~nce

valve cylinder hlJad
joint.

b. CyItnder hea,l tf) "ap
joint.

Test Req~lrcd

b. Fuel feed
system leak test.

c. Flight Instru
mentatton system
Iunctton test.

~t Required

Fuel feed system
leak lest.

Item Tested

(2) No. 1 and No.2
bearings lube Iced tube 10
turbine bearing sUJlport
lube feed hose Joint (en
gines not lncorporallng
MDI~ change).

(3) Bearing coolant
control val ve to oxldl zer
pump bearing pressure
transducer LBla joint.

(1) Fuel volule lube feed
tube to beartng coolanl
control valve joint.

(2) Fuel volute lube feed
lube turbopump Joint.

Oxidizer pump bearing
pressure transducer LBla
lJridt:e calibration voltat~e

output.

Item Tested

Bearing coolant control
valve body 10 caps (2
places).

Item Tested

c. Tubn crJRnecllons at
PRESS IN and PHESS
OUT ports on sequence
valve cylinder head.

4-45. BEAlUNG COOI,ANT CONTROL VALVE.

Item Tested
~---_._---

a. Hypergol
Installed switch
funellon test.

h. Hypergol
manifold leak
and funellon
test.

Switch aclulitl on and
deactuatlon.

Hypel'gol manifold joints.

a. 1\lrbopulllp
bearl ng coolant
system leak test.

(1) Bearing coolani
control valve 10 No. 1
and No. 2 bearings lube
feed tuhe joint.

c. Hydraulic
control system
leak and Iunction
test.

(1) Ignition monitor valve
to propellant valves open
lube joint.

(2) Ignition monitor valve
10 No. 1 fuel valve open
lube joint.
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Section IV
Paragraphs 4-48 to 4-50

4-49A. IGNITION MONITOR VAJ,VE CAP,

~Requlred

a. Ignition
monitor valve
diaphragm leak
test.

Test Required

d. Ignition
monitor valve
shuttle pressure
test.

ltem Tested

(3) Ignition monitor
valve to No. 2 fuel valve
open tube Joint.

(4) Ignition monltol'
valve to ignition monitor
valve return line Joint.

Poppet movement.

Item Tested

(1) Diaphragm from
ATMOS HEl" port.

(2) Cap to body Joint.

(3) Coupling to tube and
lube to coupling Joint.

b. Thrust chamber Tube to thrust chamber
pneumatic leak test. iuel manifold joint.

4-48, HYPImOOI, MANIFOLD CARTRDIGE
CON'rAINER.

Ignition mo.lltor valve
contz·o! POI't pressure
requtred for valve
actuation.

Clem Teste,!

(1) Engine control valve
start and stop solEnoid
current drain.

(2) Engine control valve
ground hydraulic supply
hose to GSE hydraulic
supply check valve joint,

(3) E;ngine control valve
to propellant valves open
tube joint.

(4) Engine control valve
to propeUant valves close
tube joint.

(5) Engine control valve
to system relurn line joint.

(6) Engine control valve
to redundant shutdown valve
sUFply hose joinl.

(7) Redurdant shutdown
valve supply hose to rectun
dant shutdown valve.

4-50. ENGINE CONTROL VALVE.

:£est Required

a. Hydraulic
control system
leak and fun ct!on
lest.

c. Ignition
monitor valve
shuttle preBst:ro
function test.

Item Testeci

Il\nite.' fuel supply tube
joints as outlined In
paragraph 4-25.

(1) Hypergol manifold
to hypergol manifold
outlet hose Joint.

(2) Ignition monitor
valve to ignition monitor
valve sense lube joint.

Poppet leakage.

(3) Ignition monitor
valve sense tube 10 igni
tion monitor valve
CONTHOL port qulck
ellsconnect joint.

a. Hypergo! manifold
to hypergol manifold
cutlet hose joint.

b. Hypergol manifold
to cartridge container
joint.

4-49. HYPEROOL IN!ll'ALLED SWITCH.

e. Ignition
monllor valve
interflow test.

f. Fuel feed
system leak test.

Test Hequlred

Thrust chamber
pneumatic leak test.

g. Thrust chamber
pneumatic leak test.

Tesl ReqUired Itc·m Tosted

IIyperf(ol Installed Swllch actuation and
switch function test. deactuatlon.

(8) Engine conlrol valve
to cover plate joint.
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4-54. ENGINE CONTROL VAINE STOP AND
GUIDE.

Test Required

b. Valve timing
function test.

Item. Teste.!

Oxidizer and fuel val"es
opening and closing times. Test Requll'ed Item Tesled

4-53. ENGINE CONTROL VALVE COVER
pLATE AND Ill:TURN PLUG.

(

Item Tesied

a. Redwldsnt shutdown
valve overrldc hose to
engine control valve joint.

(4) Four-way solenOid
valve to manifold joint.

Item Tested

(2) Engine contrl)l valve
to system relurn line joint.

(3) System return line to
actuator return line joint.

c. Redundant shutdown
valve to redundant shut
down valve override
hose joint.

Oxidizer and fuel valves
opening and closing times.

a. Solenoid current drain.

b. Redundant shutdown
valve to redundant shut
down valve supply hosE'
joint.

(5) Redundant shutdown
valve hose to four-way
solnnoid valve joints.

(1) On uninslalled engines,
engine control valve sta:rt
and stop solenotd "urrent
drain.

b. Stop to guide joint.

c. Guide to body joint.

4-54A. FOUR.WAY SOLENOID VALVE.

4-55. REDUNDANT SHU'l'DOWN VALVF..

Hydraultc control
system leak and
function test.

'fest Reguired

a. Hydraulic
control system
leak and function
tesl.

Test Required

Hydrallllc rontrol
system leak and
fWlction test.

b. Valve tl.mlng
function te'Jt.

Item Tested

Item Tested

Item Tested

Cover to engine control
valve manifold joint.

Cover plate 10 body joint.

(1) Engine control valve
to GSE hydraulic supply
check valve joint.

(1) Redundant shutdown
valve override hose to
engine control valve joint.

(2) Check valve to engine
control valve ground
hydrauilc supply hose
joint.

(3) Engine control valve
to engine supply check
valve Joint.

Engine supply tube Joints
as outlined tn paragraph
4-26,

4-52. ENGINE CON"fROL VALVE fiLTERS.

rlydtauiic c();,lrol
system lenk and
function test.

e. Hydraulic
control system
leak and function
test.

'fest R~lred

a. Hydraullc
control system
leak and furlctlon
iest.

d. Fuel feed
system leak lest.

(2) lWdundant shutdown
valve override hose to
redundant shutdown
valve joint.

Engine supply tube joints
as outlined In paragraph
4- 26.

4-51. ENGINE AND GSE HYDRAULJC SUPPLY
CHECK VAlNES.

'J. F\\I)1 feed
system leak tesl.

Test Required

Hydraulic control
system leak and
ftlnctlon test.
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4-56. THRUST OK PRESSURE SWITCHES.

Tes~.B.e-9.'!.h·e~ Item Tested

a. Thrust chamber Thrust OK prensure
llnO\lInatic leak test. switches to thrust chamber

fuel Inlet manifold joint.

b. Thrust OK SWitch actuatlon and
pressure switch deactuation.
functlon test.

4-57. INERT PREFILL (;HECK VALVE.

Section IV
Paragraphs 4- 56 to 4-58

Test RlC9!:,!red

Thrust chamber
pneumatlc leak test.

Item Tested

a. Thrust chamber IueI
Inlet manifold to Inert
prefill check valve joint.

b. In~rt prefiJl check
valve to cover plate joint,
II tnstaJled.

4-:'8. CHECKOUT VALVE.

Test Required

a. Checkout valve
functlon test.

b. Hydraulic
control system
le~k lind IuncHon
test.

c. Fuel feed
system leak test.

Actuator operation.

(l) Checkout val V'j to
actuator return line joint.

(2) Checkout valve to
checkout valve ground
return hose joint.

Checkout valve 10 checkout
vah'e engine return hose
joint.
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4-59. CHECKOUT VALVE AC'I1JATOR.

Sectinn IV
Paragraphs 4-59 104-64

Item Tested

4-60. GAS GENEHATOR FUEL DUCT.

4-61. GAS GENERATOR OXImZER DUCT
(DUCT Ell))).

4-62. GAS GENERATOH OXIDIZEH DUCT
(VALVE END).

4-64. GAS GENERATOH.

4..63. GAS GENERATOR BALL VALVE.

Checkout valvo
function lesl.

..!.es~Requlred

Fuel feed system
leah lest.

Tps,,"-Ile(J,uircd

LOX feed system
leak test.

Test_Hequir~!:.

LOX feed system
leak test.

.Test Hequired

a. Hydraulic
control system leak
and eunction test.

Item Tesled

Actuator operation.

Item Tested---_.._-----

a. Gas generator fuel
feed duct to No.2 fuel
high-presst,re duct joint.

h. Gas genorator ;uel
feed duct to gas generator
ban valve joint.

Item Tested

a. No. 2 oxldlzer high
pressure duct to gas
generator oxidizer duct
(duct end) joint.

b. Ga:-; gel1Cl'utol'
oxidizer duct (duct end)
to gas generator oxidizer
duct (valve end) joint.

Item Tested--------

a. Gas generator ball
valve to gas generator
oxidizer duct (valve end)
joint.

b. Gas generator
oxtdizpr duct (valve end)
to gas genemtor oxldl~er

duct (duct end) jolnt.

Item Tested

(1) Gas generator ball
valve to gas generator
C10BO tube joint.

b. Valve timing
functlon test.

c. ruel reed
system leak test.

d. LOX feed
system leak test.

e. Exhaust
system leak test.

f. LOX do:no
and gas generator
LOX injector purge
leak and function
test.

a. Hydraulic
control system
leak and funcllon
test.

b. Valve timing
function test.

(2) Gas generator ball
valve to gas goncrutor
open tube joInt.

Gas generator ball valve
opening and closing timcs.

(1) Gas generator ball
valvo to gas generator fuel
duct joint.

(2) Gas generator ball
valve to gas generator
ball valvo drain quick
disconnect joint.

Gas generator ball valve
and r;as generator oxidizer
ducl (valve end) joint.

(1) Gas generator ball
valvo to gas generator
injector joint.

(2) Gas generator ball
valve to housing tee joint.

(3) Housing lee to gas
gen~rator Injector joint.

(1) Gas generator
oxidizer purge tube and
purge check valve.

(2) Purge check valve
and gas gene rat".. ball
valve.

(1) Gas gcneralor ball
valve to gas generator
close tulJO joint.

(2) Gas genorator ball
vulve to gas gonel·~tor

open tube joint.

Gas generator ball valve
opening and dosing times.

Change No.5 - A March 1971 4-13
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Paragraphs 4-65 to 4-72
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4-65. GAS GENERATOR uALL VALVE
POSITION SWITCH.

4.. 'l2. GiMBAL BEAJUNG, OXIJ)IZER DOME,
AND TIIH1JST CHAMBEH INJECTOH,

4-70. GIMBAl, BEAJUNG. There is no post
..•"intenance test requirement for the f,<tmbai
1Je:H"~!lgl

4-69. INTERFACE PANEL. There Is no post
nmlntenance test requirement for the intez-fa~e

panel.

a. No.1 oxtdlzer valve
to oxidizer dOlUe joint.

Item Tested_. -

4-71. ASSOCIATED ENGINE EQUIPMENT.
The associatrJd engine equipment consists of
those Items thaI must be removed to accomplish
any oxidizer dome removal either sIngularly or
in :omhination with the gimbal bearing and/or
the thrust (.haml,er Injector. The post
mainlenance test requirements lor these Ilcms
01 hardwR!'r! ure Included in the gimha! bearing,
oxidizer dome, and thrust chamber injector
pos -maintenance test requirements outlined
in paragraph 4-72.

Thrus'. chamber
pneumatic leak
test.

Test Required

Item Tested

Gas generator baH valve
to gas generator oxidizeI'
duct (valve end) joint.

Gas generator combustor
to turbine manifold joint.

(l) Gas generator ball
valve to gas generator
feed duct Joint.

(2) Gas generator ball
valve to gas genu!'awr
ball valve drain quick
disconnect joint,

(1) Gas generator
oxlrli zer purge tube to
purtle check valve joint.

(2) Purge check valve
to gas generator ball
valve joint.

Test Required

c. .'uel feed
system leak test.

d. LOX feed
system lenk test,

e. Exhaust
system leak test.

f. LOX dome
and gas generator
LOX injector purge
leak test.

_Test ,Required Item Tested
b. No. 2 oxidizer valve
to oxidizer dOllle joint.

4-66. GAS GENERATOR OXIDI~ER PUIWE
CHECK VALVE.

4-68. INTERFACE PANEIJ TO OXIDIZER
INb1JLA'rION 1,1~AL. There is no post
maintenance tesl requlremenl for the interfar:e
panel to oxidizer Insulation seal.

b. Purge check valve
and gas generator ball
valve joint.

4-67. ELEC';"RlCAL CABLE SUPPORT POST.
Thel'e Is no pust-malntenance test requirement
for the electrical cahle support post.

Valve timing
funcllon test.

Test Required

LOX dome nnd
gas generator
LOX tnj ector
purge leak test.

Gas generator baIl val ve
oVenlng and closing Urnes.

Hem Tested

a. Gas generator
oxidizer purge tuhe and
purge che~k val ve Joint.

c. Ileat exchanger check
valve to oxidlz,er dome
joint.

d. Thrub< chamber com
bustion chamber pr essure
transducer CG Ie to
adapter joinl.

e. Adapler to injector
joint.

f. Oxidizer dome to
injector joint.

g. Injecl. r 10 Ihl'ust
chamber body joint.

h. Hypergol manifold
omlet hose 10 oxldlz'lr
dome joint.
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Seclion IV
Paragraphs 4-73 to 4-83

4-78. NO.2 FUEL INLET ELBOW.

4-77. NO. I FUEL INLET ELBOW.

Item Tested

Item Testeu

Item Tesled

Tube to turbopump joints.

Tube to turbopump joints.

Item Tested

1~.!11 T~sted

Manifold to overboard
drain line Joint.

Oxltllzer tniel 10 oxidizer
volute jotnt.

4-82. FUEL DRAIN MANIFOLD.

4-81. FUEl, IMPELLER BAl,ANCE CAVITY
HETUHN HOSg,

Tesl Heq~tred

Fuel feed system
leak test.

Test Requlrec!.

Fuel feed system
leak test.

4-79. TURBOPUMP. The turbopump post
maintenance lest requires that a complete engine
syslem leak and functlonal checkout be performed
and the engine be statlc-tested.

4-80. f'UEL IMPELLER DALANCE CAVfTY
SUPPLY TUBE.

d. Fuel pump Inlet elbow
to No. 2 fuel bleed hose
jolat.

Test !!cqulred ,

Turhopump bearing
coolant system
leak test,

4-83. TURBOPUMP OXTDIZER INLET.

Te~t Reqtl!E.ed

LOX feed system
leak test.

~. Fuel inlet elbow
to No. 1 fuel pump In1.et
joint.

h. No. 1 fuel pnmp
inlet No. 1 pressure
transcuccr KF6n-1 to
fucllJUmp Inlet elbow
;,..Inl.

4-73. GIMBAL BEAHING AND OXIDI:l,EH
DOME. The gimiJal bearing IUld oxidizer dome
pas, '·malnlenance test requlremenls are Ihe
same as Ihose outlined for the gimbal bearing,
oxldlzel' dome, and thrust chamber Injector
(paragraph 4-72).

4-'14. OXIDIZER DOME AND THRUST
CHAMBER INJECTCR. The oxidizer dome
and thrust chamber Injector post- maintenance
test requirements are the saIlle au those out
HnE(' for the gimhal beartng, oxidizer dome,
and thl'ust chamber Injector (paral'raph 4-72).

4-75. OXIDIZEH DOME. The oxidizer dome
post-maintenance test requirements are Ihe
same as those outlined for th" gimbal bearIng,
oxidizer dome, and ti'rust chlUllber Injector
(paragraph 4-72).

4-76. THIWST CHAMlilm INJEC'fOH. The
thrust chamber injecto.' !lost-maintenance test
requirements are the same as thosc outlined
for the gimbal bearing, oxidizer domp., and
thM\S! chamber Injector (paragraph 4-72).

Te!l.tRe~~

Fuel feed system
leak tcsl.

Test Requll~e~

Fuel feed syslem
lpak test.

Item Tested

a. FUEll Inlet elbow
to fuel pump Inlet joint.

b. Fuel pump Inlet
elbow to checkout valve
enb>ine return hose joint.

c. CilCckuJl valvu
engine return hoso to
che;:kout valve joint.

All data on pages 4-1'1 through 4·58 deleted. I
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MANUAL DATA SUI'PLEMENTS

APPENDIX

Manual Data Supplements are issued from Ume to time to commwlicate impol'tant and urgent infor
mation concerning the equipment covered In this volume. The~l' supplements bear an identifying
number and should be flied in this Appendix.

Manual Data Supplements directly affect the data in thl8 volume and wlll be Incorporated Into this
volume during a future updating effort.

A Manual Data Supplement Hecard is issued periodically to Indicate the status of supplements issued
for thl8 volume. The status of each supplement ie indIcated in the "Supplement Status" column. For
acilve supplements. no status Is entered. For Ulcol'parated supplementa, "Incorporated" is entered.

Upon receipt of a Manual Data Supplement, m.lke an appropriate reference to the supplement in the
margin next to the data Bupplemented and enter the number. date, lind aubject matter of the supple
ment on the Manual Data Supplement Record.

MANUAL DATA SUPPLEMENT RECORD

This Manual Data Supplement Record Indicates the status of supplements Issued for Technical Malllmi
R-3896-3, Volume 1. Supplements that have been Incorporated Into this volume shall be removed
from the ApP('ndlx and destroyed.
-----,.---
Supplement

Number

R-3898-3
Vol I-I

R-3896-3
Vol 1-2

1'1-3896-3
Vol 1-3

R-3896-3
Vol 1-4

R-3896-3
Vol 1-5

Dated

2 May 1981)

10 June 1966

17 June 1966

3 August 1966

22 Augu8t 1966

Description

Lists established hardware clean·
neBB requirements for component
removal and installation.

Provides procedures for correct
handling, removlng, and Installlnl(
of pressure-actuated (Naflex) sell'.,

Provides l'evlsed mlsallnemont
limits to be used while ftt-checkulg
l'lgld lines and oXidizer anJ fuel
valves. '

Expands maintenance level of engine
Installed hypergol manifold assembly
to Include removal and reinstallation
or replacement of hypergol car
tridge container.

Adds nole slattng that procedure fpr
lransf~rrL,g onglne fl'om all' trans
port engine hancUer to roadablo ver
Ileal englno dolly Is applicable only
If englne is In mlllntenance pOllltion.

Incorporated

Incorporated

Incorporated

Incorporated

Incorporated

A-I



APPENDIX R-3896-:1
Volume r

Supplement Supplem"nt
Number Dated Descrlptlon Status

R-3896-3 31 August 1966 Revises thrust chamber flush- Incorporated
Vol 1-6 ing procedure to include a In R-3896-'1

more th'lrough flushblg method,

n-389B-S 31 August 1966 Provide I installation proce- Incorporated
Vol 1·7 duras for oxidizer and fuei In R-S89a-7

drain lilies on thrust chamber
nozzle Extension.

R-3096-3 15 September 19B6 Provides h~lldiing vrocedul'es Incorporated
Vol 1-8 {or new and reusable seal plates

containing molded rubber seal s.

R-3896-3 13 October 1966 Change:l hydraulic control and Incorporated
Vol 1-9 purge 1me alinement pronedure, In R-S89fi-3

oxidizer pump Inlet test plate and It-3890-7
9020163-21 l'ernoval procedure,
alld tUl bille exhaust gas ig-niter
harner.s installation require-
ments.

R··389B-3 15 December 198B Adds part number o{ washers Incorpor~.ted

Vol 1-10 and Ilpeclfles use o{ neW nuts at
IurbJpump-to-oxldlzer-outlet
flar'Jed Joint.

R-S896-3 21 December 1988 Dele,tes removal and Installation Incorporated
Vol 1-11 procedures for engine conlrol

valve solenoid valves.

R-3696-3 5 January 1967 Pr'Jvldes procedure for draining Incorpora ted
Vol 1-12 and cleaning position Indicator

Shllft bore In fuel valve prior to
pOlltlon Indicator Inslallatlon.

R··389B 'S 1 February 19f17 A~.thorlzes use of MIL-'r-27802 Incorporated
Vol 1-13 ami Federal Specification In R-3896-7

O"T-fl34, 'I'ypc I, trlchtoroethylene
for flushing thrust chamber
oxidizer dome and gas generator
Injector oxidizer cavity.

R-3896"3 16 January 1987 Identifies covers and cl09ures Incorporated
Vol Z-l.4 to be used on engine lines, check-

out valve manifold, and engine
control valve when engine control
valve Is removed.

R-38ij8-S 23 January 1967 Adrla an engine envll'()I1l1lenlal Incorporaled
Vol Z-15 temperature parameter tn flight In a-3890'7

instrumentation paramelers

R-3896-3 8 FebI"ary 1967 Provides leak- and functlOl,· Incorporated
Vol 1-16 test y,rocedurea for redul1\lant In R-S896·7

shute own system.
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Supplement Supplement
Number Dated Description Status

R-3896-3 11 February 1967 Provides a procedure for Incorporatecl
Vol 1-17 shipping thrust chamber nozzle In R-3896"9

extension Installed on shipping
container RK392-40013-11.

R-3896-3 8 March 1967 Adds steps to engine loading and Incorporated
Vol 1-18 unloading pror.edure.~ to clarify in R-3896-9

Installation of 11ft adllpters on
All' Transport Engine Handier
04044 prior to lifllng lhe engine
and handler.

R-3696-3 6 April 1967 Adds lealmge monitoring 90rt Incorporated
Vol 1-19 scals, plugs, lubrication, and in R-3B96-7

plug torque requirements.

R-3B96'-3 6 April 1967 Provides additional damage llmlts Incorporaterl
Vol 1-20 and disposition Illform"t\on for

electrical connectors Installl'd on
engIne harnesses.

R-3896-3 3 April 1967 Adds steps to turbopump Incorporated
Vol 1-21 preservation procedure to purge in R-3896-7

turbopump prior to connecting
preservative 011 system.

R-3896-3 20 April 1967 Revises preface page to add Incorporated
Vol 1-22 change In use of lubricants.

R-3896-3 12 May 1967 Clarifies t.orqulng sequence of Incorporated
Vol 1· 23 bolts that secure sequence-valve-

to-gas -generator open line during
Installation of gas generator.

R-3!l96-3 24 May 1967 Revises redundant shutdown valve Incorporated
Vol 1-24 actuation procedure and replaces In R-3896-7

a caution with a warning.

1\-3896-3 12 June 1967 Clarifies reljulremcnt to lep,k-test. Incorpomted
Vol 1-25 oxidizer dome flush port plugs

anytime plugs are 1'e moved and
relMtalled, adds Information for
removal of rust from plated and non-
plate steel surfaces, and revises
Mallllal Data Supplement Record
1:0 re~ord dlsposlt ion of Supplement
No. R-3896-3 Vol 1-18.



APPENDIX n-3806-3
VolulUe I

Supplement Supplement
Number Dated Description Status

H-3896-3 16 June 1967 Adds a caution to engh'(' handling Incorporated
Vol 1-26 pl'ocedures caillng attention to

the possibility that damage to engine
heat exchanger can occur when
engine Is In either vertical or
horizontal position If Engine
Rotating Sling 04050 Is not properly
repositioned before sling Is
disconnected from engine.

R-389a-3 21 June 1967 Provides additional disposition Incorporated
Vol 1-27 Information for electrical con-

nectors Installed on engine har-
nesseS, and replaces fuel valve
position Indicator removal and
Installation procedure.

R-3806-3 23 June 1967 Adds additional requirements Incorporated
Vol 1-28 for Install:ng and alinlng engine

pressurization lines, and specifies
torque limits for connection of
seU-locklng coupling nl\ts to
fittings on engine control valve.

R-3896-3 10 July 19t7 Clarifies use of load condition Incorporated
Vol 1,,29 numbered strip positions for

operating Engine Rotating Sling
04050.

R-3896·3 13 September 1967 Deletes a checkout requirement Incorporated
Vol 1-30 from the purge system leak test in R-3896-7

and adds a Checkout requirement
to Ul~ turbOpunlP LOX intermediate
,jeal flow test.

R-3896-3 22 September 1967 Adds a cautlon when torquing Incorporated
Vol f-31 elt1ctrl~al r.ormectors.

R-3896-3 25 September 1967 Adds requirement for using po- Incorporated
Vol 1-32 tentlometer indlratlons when In R-3896-7

verifying No. 1 and No, 2 fuel
valve position.

R"3696-3 31 October 1967 Adds cor roslon removal and Incorporated
Volt-33 control procedures for gae gen-

erator fuel feeelline gimbal
sectlon and oxtdl7oel' feed lille
bellows of ollildlzer feed line
gimbal flectlon.

A-"
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Volume I

Supplement Supplement
Number Dated Description Status

R-3896-3 8 November 1967 Revises removal and Installation Incorporated
Vol 1-34 procedures for turbopump bal-

ance cavity hign-pressure tube
assembly, aild adds procedures
for removal and Installation of
turbopump balance Une hose
aBsembly (pressure return).

R-3696-3 11 December 1967 Increases allowable axial spac·· 111corpol'ated
Vol 1-35 Ing between thrust chamber

throat plug spacer and shaft
collar when installing thruet
chamber throat plug on engines
incorporating MD31 change.

R-3896-3 16 January 1968 Deletes area damage limits Incorporated
Vol 1-36 for anodic-coated parts.

R-3896··3 8 February 1968 Changos a hypergol manifold Incorporated
Vol 1-37 test.

R-3896-3 5 March 1968 Reduces hose self-locking nut Incorporated
Vol 1-38 minimum torque value from

50 to 35 inch-po'lJIds.

R-3896-3 13 March 1968 ChangeR ~orqlle Va1\IO/l of Incorporated
Vol 1-39 fasteners that secure gas gen-

erator chamber pr.essure
transducer P119 and combuR-
tlon chlUUber pressure tralls-
ducer P123 to theil' respective
adapters, and changes tOl'que
value of gas generator fuel
Inlet drain quiCk-disconnect.

R-3896-3 5 April 1968 Adds lubrlcat.lon requlremonts Incorporated
Vol 1-40 and torque vaJ.uee for gas gen-

erator fuel lJl1l!t drain quick-
disconnect on engines Incorpo-
rating MD.l!lq chMge.

R-3q9~ 3 2 May 1968 Revlsell format In order to Incorporated
Vol 1-41 clarify Inspection test rcql1lre-

menu! for cleaned parts.

R-3896-3 31 August 1988 Provideo limitations for using Incorporated
Vol 1-42 flex;blc Instrumentation hoses.

H-30!l8-3 15 October 1968 Del.!tes inspection requirements IncorporatE-d
Vol 1-43 In regard to reforming copper

rill!:s on turbine Inlet tempera-
<111'0 trMsducer, and adds a re-
quirement that traneducer must
be returned to Hocketdyne repre-
sentative for dispoellion.
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Supplement Supplement
Number Dated 'Oeser ip t10n Status

R-3896-3 30 October 1968 Providell towing instructions for Incorporated
Vol 1-44 Roadable Vertical Engine Dolly

04051.

R-3898-3 6 November 1968 Sl:.perseded by Supplement
Vol 1-45 No. R-3896-3 Vol 1-46.

R-3896-3 30 December 1968 Adds selected flight engine con- Incorporated
Vol 1-46 (iguration component p)'sineW-

lation test requirements, and
changes thrust OK pressure
swhch pJCk'lp pr£<ssure tolerance.

R-3898-3 14 January 1969 Clarifies engine variable orifice Incorporated
Vol 1-47 requirements, and changes seal

monitoring port requiremenl for
heat exchanger check valve to
LOX flowmeter.

R-3896-3 15 January 1969 PrOVides additional requirements Incorporated
Vol 1-48 for removing and installing tur-

bine 1I11"t manifold temperature
transducers.

R-3896-3 28 January 1969 Changes line joint allnement re- Incorporated
Vol 1-49 qulrements for gas generator sys-

tem close line, adds Joints aline-
ment requirements for gas generator
system open 11ne, ami deletes lubri-
cating requirements for igniter in-
jector end Une seal.

R-3896-3 3 Fl!bruary 1969 Adds acceptance criteria and dis- Incorporated
Vol 1··50 position regarding electrical con-

nectors that are fowld to be loose,
and seal monitoring port requirement
for heat exchanger LOX flowmeter
to heat exchanger LOX inlet line.

R-3896-3 7 February 1969 Changes torque values of helium and Incorpor ated
Vol I-51 GOX wrap-around lines, and changes

part number of II\lts that secure
cocoon purge wrap-around line.

H-3896-3 18 March 1969 Changes torque value of ignition Incorporated
Vol I-52 monitor valve bypass line to manifold.

11-3896-3 21 March 1969 Add orlf\cing requirements fOI' chang- Incorporated
Vol I-53 lng beRring coolant control valye.

R-3896-3 24 March 1969 Changes usability requirements and Incorporated
Vol I-54 adds inspection criteria for K-seals.
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Supplement
Number

H-3896-3
Vol I-55

27 March 1969 Adds (lngine purge requirement
and procedure for LOX pump seal
during engine rotation. (lAtta for
"lbrication of drain tube assemblies
is incorporated in R-3896-3, Volume
II. )

Incorpor:1.ted

H-3896-3
Vol 1- 56

26 May 1969 Adds seal monitoring port
reverse .. leak test and torque value
change for joint fasteners of helium
and GOX wrap-around duels.

Incorporated

R-3896-3
VOl 1- 57

30 June 1969 Chanr,es lubricatinl( material for
eleetl'lcal and instrumentalion
connectors.

Incorporated

R-3896-3
Vol I-58

3 .July 1969 Provides clarificati0n for reuse
of seal plates.

Incorporated

R·3896-3
Vol I-59

17 July 1969 Provides r('\'lsed installation
procedure for fuel impeller
baJ-'1IlCe cavity supply tube.

Incorpu rat eel

R-3896-3
Vol 1-60

6 August 196!1 Adds clarification for use of nylon
or polyethylene gloves.

Incorporaled

R-3896-3
Vol 1-61

\5 September 1969 Adds "emoval, installation, and
leak test procedures for sequence
valve.

Incorporated

H-3896-3
Vol 1-62

25 September 1969 Adds Instrucllo'ls for locating
and Instal1lng Ul,glne ldentlfll,.llon
plate and modification Identlfi cation
plates.

Incorporated

R-3896-3
Vol 1-63

23 Septemher 1969 Substitutes lubricant grease
RB0140-012 (P,ockctdyne) for
lubricant KEL- Yo' 90 (Minnesota
Mining and Mfg) for all engine
applications except thrust chamber
o;,;ldlzel '.orne bolts, adds a cn1'l'on
co"cornlng l'elliOVal of covers and
closures before ('nglne components
are IIlstallNl or connected, al,d
,:hanges torque nlues on heat "',
changer wrap-ar"und lines ,/I,d
bearing coolant control valt ~ supply
linc.

Incorporated
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Suppl~m~nt Supplement
Number Dated Description Status

11-3896-3 15 October 1969 Adds procedures for drying cleaned Incorporated
Vol 1-64 parts to remove cleaning compounds

or solvents, specifics usc of eillwr
gaseous nitrogen (MIL- 1'-27401) or
clean, dry all' conforming to the
cleanness and humidity requirements
of MfL-P-2'1401, and adds a warning
when llquld nitrogen is used during
cleaning of all-metal hoses.

P -3896-3 6 November 1969 Adds requirement to perform a Incorporated
Vol 1-65 valve timing test during engine con-

trol valve post-maintenance tesl.

11-3896-3 25 November 1969 Removes standard reqoirements for Incorpol'ated
Vol 1- 66 retorqulog fasteners.

R-3896-3 12 March 1970 Expand" t1nd clarifies g,'net'al torquing Incorporated
Voll-ti7 procodurc.

R-3896-3 17 March 1970 Increases acceptable shelf llfe and Incorporated
Vol 1-68 installed life of synthetic rubber parts.

R-3896-3 17 March 1970 Adds procedure for removing solenoid Incorporated
Vol 1··69 slave pilot valv', and return plug cover

plate, lnspecl.lons to he made, measure-
ments to 1m taken, and hydraul1e control
system leaf' and test r"qulremen!.

R-3896-3 21 Aprll 1970 Adds procedure for alining igniter fu~1 Incorporatect
Vol 1-70 supply and elli!in.. supply tubes, and

modifies applicable componellt removal
and installation proredures,

H-3696-3 22 May 1070 Changes fitting (Ydrlnumber and adds Incorporated
Vol 1-71 post-malnlem nee tesl requirements

for joints of ltlnlter fuel supply and
engin.. supply tuhcs.

H-3896-3 19 June 1970 Adds alternate mat('rlal fOl' removing Incorporated
Vol 1-72 rust from ext(milll engine surfaces,

1l-3q96-3 16 October J970 Provides new pro('('dures for removing Incorporated
Vol 1-73 and IIl~talllng the enlline c"ntrol val VI1

and changes control and purge line gap
'llmenslolls.

Il-3696-3 19 October 1970 Deletes the Drelnstallatloll test Incorporated
Vol 1-'/4 rpquirements for certain engine

components.
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R-3898-3 5 November 1970 Provides criteria for preInstallation Incorporated
Vol 1-75 . inspection of Naflex seals.

R-389B-3 13 January 1971 Provides a procedure for disconnecting Incorporated
Vol 1-78 and cOJUlectlng the heat exchanger for,

Installation of a torque bar on the
second-stage turbine wheel during
turbopump maintenance.

R-389B-S 28 January 1971 Adds a. step for Inspecting Ihat pin Incorporated
Vol 1-77 securing l{lIte in oxidizer dome

purge check valve Is Installed before
installing the valve, and adds a
procedure for replacing packings
and retainers In the override port
end of the engine conlrol valve.

R-389B-S 14 April 1971 Aetds removal and installation Supersetled
Vol 1-78 proc,gdures and post-maintenance by R-S896-3

tllst l'equlremcnts for the Ignition Vol 1-82
monitor valve cap.

R-S898-3 21 Apr111971 Relaxes torque requirement for Incorporated
Vol 1-79 the 'Jxldlzer duct to volute flange

fast'Jllers.

R-S896-3 28 April 19'11 Clal'tIies aUnement requlroments l'lcorporat(~d

Vol 1·80 for control and purge line cr:Ucal
joints,

n-S898-S 2~ April 1971 Adds a procedure for f'trlpping <lye Incorporatcd
Vol 1-81 from surfaces that will contact

liquid oxygen when parts are Installed.

It-3896-~ 30 Apr111971 Adds l-emova! and installation Incorporated
Vol 1-82 procedures and post-maintenance

lest requIrements for the ignition
monitor valve cap.

R-3898-S 13 .ruly 1971 Corrects the plug and seal requlre- Superseded
Vol 1-83 ments for the heat exchanger oxidizer by R-3896-3

flowmeter soal monH.ol'lng ports. Vol 1-84
dated
28 July 1971
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'Supplement Supplenwnt

NUl11bCl' flatod Description Status

H-38n6-3 28 July 1971 Replaces Manual Data Supplement Incorporated
Vol 1-84 R-3890-3 Vol 1-83, dated 13 July 1971

and exlstlng figure 3-3E, tltled Sea!
Monitoring Port Requtrements, to be
compatlble with the format 01 the stml
monitoring pert requirements speelfled
In R-3896 .. ll, OlCN No. 57, which
clarified seal lllbricalion requirements.

H-3896-3 24 Allb'1\st 1971 Corrects seal part numbers lor Incorporated
Vol 1-86 lnstrumel,latlon taps HH3c, HH4,

and H05.

R-389B··3 16 August .\971 Updates component preinstall,·tlon Superseded
Vol 1-87 test requirements. by H-3896-3

Voll-88dated
11 Ortoher
1971

H-3890-3 11 Oclobm' 1971 Heplaces Manual Data Supplement Incorporated
Vol 1-88 R-3890-3 Vol 1-87, daied 10 August

1971 to add prelnstallatlon test
requll'ements, removal and
installatlon procedures, and post
installation test procedures for the
lour-way solonoid valve; t.o update
e;<!stlng prelnstallatioll test require-
ments to indicate that the requirements
are only for replacement components;
to change prelnsta!lation te3t require-
ments for the engine control valve:
and to correct a torque value lor
installing hypergol manHold car-
tridge container.

R-3896·3 20 January 1972 Adds age control requirements and Incorporated
Vol 1-89 usability testing lor specified materials.

R-3896·o 3 7 March 1972 Adds an allowable alternate partial' Incol'porated
Vol 1·90 a gasket.

H-3896-3 31 March 1972 Adds a procedure lor cleaning Interior Inc ofllo rat£'d
Vol 1-91 of electrical connectors.

H-3696-3 10 April 19'12 Add:; a lorqnp. method lor Installing Incorporal,'d
Vol 1-92 fittings °Nhich lise K-~eaJs.

IH-3896-3 13 ,1une 1972 Changes the pressur,) limits lor Incorporated
Vol 1-93 low-pressnre ga~e6.
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R-3896-3 30 October 1972 Adds a Ilsabillty test for gasket se~la!lt Incorporated
1[011-94 RBOI20-034.

R-3896-3 6 November 1972 Adds a procedure for cleaning tarnish Incol'IJoratcd
Vol 1-95 from electrical cormector pins,

updates the matertal list to Include
the materials required to clcan off
the ta.rnI8h, and chan~efl the shell life
and speclflcallon reference for white
sealant RTV-I02 (Gencl'al Electric).

n-3896-S 2 February 1973 Adds Inform aUon about potential Incorporated
Vol 1-96 hazards when using polyurethane

and urethane foam,

n-3896-3 1 March 1973 Changes the passlvatlng procedure Incorporated
Vol 1-97 by adding the requirement for a glass

fiber applicator.

R-3896-3 5 April 1973 Adds warnings for handling speclf\c Incorporated
Vol 1-98 materials used in the manual.

R-3896-3 16 April 1973 Delete8 leak-test compound Incorporated
Vol 1-99 (MIL- L-25567).
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