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PREFACE 

T h i s  document i s  t h e  t h i r d  r e v i s i o n  i s s u e  of t h e  Mass P r o p e r t i e s  

Data Book. In  t h i s  r e v i s i o n  Missions "C", "C-Prime", I'D", "F", 

" G " ,  "Hl" ,  "H2", and "H3" have been d e l e t e d .  The t h i r d  r e v i s i o n  

i n c o r p o r a t e s  Amendments 1 through 101, except  t h o s e  amendments 

a s s o c i a t e d  w i t h  Miss ions  "C" , "C-Prime" , 9 

"H2", and "H3" . Amendments r e l e a s e d  subsequent  t o  p u b l i c a t i o n  of 

t h i s  Mass P r o p e r t i e s  Data Book, Revis ion 3, w i l l  b e  numbered 

s e q u e n t i a l l y  w i t h  t h e  n e x t  r e v i s i o n  number ( i . e . ,  102 and o n ) .  

11~11, l l ~ l l  l l ~ l l ,  l l ~ { 1 l l ,  

I n  a d d i t i o n ,  S e c t i o n  3.1, Mission J1 h a s  been updated i n  t h i s  

r e v i s i o n  t o  i n c l u d e  t h e  l a t e s t  s e q u e n t i a l  mass p r o p e r t i e s ,  p r o p e l l a n t  

l o a d s ,  t r a n s f e r a b l e  equipment mass p r o p e r t i e s ,  and trapped '  p r o p e l l a n t s .  

The LM-10 t r a p p e d  p r o p e l l a n t s  conta ined  i n  S e c t i o n  5.6 have a l s o  been 

updated. \ 
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VOLUME 111 

MASS PROPERTIES DATA BOOK 

1.0 I n t r o d u c t i o n  
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1 .O INTRODUCTION 

1.1 SCOPE 

The complete  S p a c e c r a f t  Opera t iona l  Data Book f o r  t h e  manned miss ions  
w i l l  c o n s i s t  of s i x  s e p a r a t e  volumes. These are de f ined  as fo l lows:  

Volume I - CSM Data Book 

P a r t  I - C o n s t r a i n t s  and Performance 
P a r t  I1 - Launch Mission Rule Redl ines  

Volume I1 - LM Data Book 

P a r t  1 - C o n s t r a i n t s  and Performance 
P a r t  I1 - Launch Mission Rule Redl ines  

Volume I11 - Mass P r o p e r t i e s  Data Book 

Volume I V  - EMU Data Book 

Volume V - ALSEP Data Book 

Volume V I  - CSM EXPERIMENT Data Book f o r  J-Missions 

Volume V I 1  - LCRUIGCTA Data Book 

Volumes1 and I1 p r e s e n t  o p e r a t i o n a l  i n fo rma t ion  on t h e  c a p a b i l i t i e s  and 
l i m i t a t i o n s  of  t h e  s p a c e c r a f t .  
of Volume 111 fol lows:  

A b r i e f  d i s c u s s i o n  of  t h e  purpose and scope 

1 .2  PURPOSE 

The purpose  of th is  document i s  t o  p rov ide  s p a c e c r a f t  mass p r o p e r t i e s  
d a t a  p e r  miss ion  f o r  use i n  the  mission p l ann ing  a c t i v i t i e s ,  t r a j e c t o r y  docu- 
menta t ion ,  miss ion  s i m u l a t i o n s ,  and t o  p rov ide  a l l  necessa ry  in fo rma t ion  and 
documentat ion f o r  consumable load ing .  
t h e  la tes t  p r e d i c t i o n s  f o r  t h e  launch c o n f i g u r a t i o n  mass p r o p e r t i e s  and con- 
sumable l o a d i n g s .  Updates t o  t h e s e  d a t a  w i l l  b e  provided based  on t h e  a c t u a l  
we igh t  and ba lance  d a t a  f o r  each  s p a c e c r a f t .  
main ta ined  and updated through t h e  a c t u a l  consumables load ing .  

The d a t a  conta ined  h e r e i n  r e p r e s e n t  

Mass p r o p e r t i e s  d a t a  w i l l  b e  

S e c t i o n  2.0 p r e s e n t s  r e l e v a n t  s p a c e c r a f t  c o n f i g u r a t i o n  drawings and 
s t a t i o n  l o c a t i o n s  which may b e  u s e f u l  i n  d e s c r i b i n g  t h e  l o c a t i o n  of v a r i o u s  
s p a c e c r a f t  components and t h e  r e l a t i o n s h i p  of  coord ina te  systems i n  t h e  
launch  and docked c o n f i g u r a t i o n .  

S e c t i o n  3.0  p r e s e n t s  mass p r o p e r t i e s  and consumable load ing  d a t a  f o r  each 
miss ion .  Inc luded  i n  t h i s  s e c t i o n  are t h e  p r e d i c t e d  m a s s  p r o p e r t i e s  f o r  t h e  
launch  c o n f i g u r a t i o n ,  t h e  docked Conf igura t ion ,  t h e  normal e n t r y ,  and f o r  
launch  a b o r t s .  

1-1 
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S e c t i o n s  4.0 and 5.0 c o n t a i n  consumables mass p r o p e r t i e s  d a t a  and mis s ion  
independent  consumable load ing  in fo rma t ion  f o r  t h e  CSM and LM, r e s p e c t i v e l y .  
I n  a d d i t i o n ,  CM a b l a t o r  material d a t a  are provided i n  S e c t i o n  4.0 t o  a i d  t h e  
u s e r  i n  de te rmining  CM m a s s  p r o p e r t i e s  du r ing  r e e n t r y .  

Amendments t o  t h i s  document w i l l  b e  made by page a d d i t i o n s  o r  r ep lace -  
,Data changed by an  amendment w i l l  be  denoted by a n  amendment d a t e  ments. 

i n  t h e  upper  r i g h t  hand c o r n e r  and a v e r t i c a l  b a r  i n  t h e  page margin t o  
l o c a t e  t h e  change. 

1-2 



TABLE 1-1 
SELECTED ABBREVIATIONS AND ACRONYMS 

ACT 
ACQ 
AL I GN 
ANG 
ASCT 
APS 
A/ S 
ASSY 

B IO I MST 

CAW 
CAM 
CK 
C I R C  
cs c 
COMPT 
CDR 
CM 
CMP 
C SM 
COMM 
C S I  
CWG 
CONT 
CLSRC 

DS EA 
DE CO NTAM 
DEPL 
DSCT 
DO I 
DPS 
D/ S 
DOCK 

EO1 
ELECT 
EC U 
EQU I P 
EXCL 
E X C  
EXP 
EV 

FWD 

HAS S 

INDIC 
INFLT 

Ac t i va t i on  
Acqui s i  ti on 
A1 i gnmen t 
Angle 
Ascent 
Ascent Propuls ion Subsystem 
Ascent Stage 
Assembly 

Bioinstrumentat ion 

Cannister 
Camera 
Check 
C i r c u l a r i z a t i o n  
Close-up Stereo Camera 
Compartment 
Commander 
Command Hodul e 
Command Module P i  1 o t  
Command Servi  ce Modul F! 
Communi ca t i on  
Concentric Sequence I n i t i a t i o n  
Constant Wear Garment 
Container 
Contingency Lunar Salrple Return Container 

Data Storage E lec t ron i c  Assembly 
Decontamination 
Deplet ion 
Descent 
Descent O r b i t  I n s e r t i o n  
Descent Propulsion Subsystem 
Descent Stage 
Docking 

Earth O r b i t  I n s e r t i o n  
E l e c t r i c a l  
Environmental Control U n i t  
Equi pmen t 
Excl ude 
Excursion 
Experiment 
Extravehicular 

Forward 

Hassel b l  ad 

I n d i c a t o r  
In-F1 i g h t  

1-3 SNA-8-D-027 (-1II)REV 3 
\ 



TABLE 1-1 (CONTINUED) 

ICG 
I V  

JETT 

LES 
LEV 
LV 
LH 
LEB 
L I Q  
L EC 
LN 
LO I 
LS 
LMP 
LUN 

MC 
MECH ' 

MC C 

OPS 

PP, 
PGA 
PROC 

RAD 
RCS 
RELOC 
RESTR 
RT 
RH 
RHEB 

S RC 
SC RS 
SEP 
SM 
SLA 
SPS 
S I C  
STG 
STORE 
STOW 

I n-FLi gh t Coveral l  Garment 
In t raveh i  cu l  a r  

J e t t i  son 

Launch Escape System 
Launch Escape Vehicle 
Launch Vehicle 
L e f t  Hand 
L e f t  Hand Equipment Bay 
L i q u i d  
Lunar Equipment Conveyor 
Lunar Module 
Lunar O r b i t  I n s e r t i o n  
Lunar Surface 
LM P i l o t  
Lunar 

Main Chute 
Mechanism 
Midcourse Correct ion 

Not Avai 1 ab1 e 

Oxygen Purge System 

P a i r  
Pressure Garment Assembly 
Procedure 

Radiat ion 
Reaction Control System 
Relocation 
Rest ra in t  
R i  gh t 
R i  gh t Hand 
R igh t  Hand Equipment Bay 

Sample Return Container 
Sci s so r s  
Separation 
Service Hodul e 
Service Nodule LM Adapter 
Service Propuls ion System 
Spacecraft 
Stage 
Storage Tank 
Stowage 
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TABLE 1-1 (CONCLUDED) 

SUBSYS 
SUMP 
SURF 
SY s 
RSS 

TEMP 
TBD 
TE I 
XFR 
TL I 
TRANS 
TRANS/DOCK 

UMB 
UP R 
UEB 
UCTA 

WT 
w /  
w/o 

Subsys tem 
Sump Tank 
Sur f  ace 
System 
Root Sum Square 

Temporary 
To Be Determined 
Transearth I n s e r t i o n  
T ran f e r 
Trans1 unar I n s e r t i o n  
Transpos i t ion  
Transpos i t ion  and Docking 

Umbi 1 i cal  
Upper 
Upper Equipment Bay 
Ur ine C o l l e c t i o n  Trans fer  Assembly 

W a i s t  Tether 
With 
Without 
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2.0 CONFIGURATION 

Th i s  s e c t i o n  p rov ides  r e l e v a n t  s p a c e c r a f t  c o n f i g u r a t i o n  drawings and s t a t i o n  

l o c a t i o n s  which may be u s e f u l  i n  d e s c r i b i n g  t h e  l o c a t i o n  of v a r i o u s  space-  

c r a f t  components and t h e  r e l a t i o n s h i p  of c o o r d i n a t e  systems i n  t h e  launch  

and docked c o n f i g u r a t i o n  f o r  Block I1 CSM s p a c e c r a f t  and Lunar Modules. 

Conf igu ra t ion  d a t a  are p resen ted  i n  t h e  fo l lowing  c a t e g o r i e s  and o rde r :  

1. Apollo Vehic le  Coordinate  System. 

2. S a t u r n  V Vehic le  Outboard P r o f i l e s  and Reference 
Dimensions. 

3 .  Apollo S p a c e c r a f t  Reference S t a t i o n s ,  Thrus t  Chamber 

Loca t ions ,  and CSM Consumables Tank Locat ions .  

4 .  Lunar Module Reference S t a t i o n s ,  Thrus t  Chamber Loca t ions  

and LM Consumables Tank Locat ions .  

Consumables mass p r o p e r t i e s  d a t a  f o r  t h e  CSM and LM may be  found i n  S e c t i o n s  

4.0 and 5.0, r e s p e c t i v e l y ,  of t h i s  volume. These consumables mass p rope r ty  

d a t a  must be compared t o  t h e  onboard consumable load ing  d a t a  f o r  each m i s -  

s i o n  i n  S e c t i o n  3 . 0  t o  determine t h e  actual miss ion  tanked consumables mass 

p r o p e r t i e s .  

2-1 SNA-8-D-02 7 (1x1) REV 3 
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XI, z400.8 
X., - 1484.2 

LAUNCH 
ESCAPE 
SUBSYSTEM 

I 

- 1055.715 

26.0" DIA / YA .I 0.0 
, Z p =  40.914 

S PACE C RA FT 
LM ADAPTER 

/ L I l l  
40;. 76 

C O M M A N D  
MODULE 

NAVIGATIONAL BASE 

xc = 83.5 

THIS NUMBER INDICATES 
THE BOTTOM OF LET 
(REF V14-15-2) 83.476 83.5 

'TOP OF LONGERON = 82.688 

--- 

154.0" DIAMETER 

SERVICE 
MODULE 

XA = 833.2 ENGINE GIMBAL 
PLANE 

XA = 585 FLIGHT STIFFENER 
ATTACH IN G 
PLANE 

FIGURE 2-2. APOLLO SPACECRAFT REFERENCE DIMENSIONS 
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STA 4 2 4 0 . 7 9 2 . 7 1  

LES 

STA 3890.055 
STA 3841.182 
STA 3756.555 

STA 3594,555 

STA 3340.045 

STA 3258.555 
STA 3222.555' 

STA 2746.500 
GIMBAL STA 2645.853 / \\f$/ ' 

STA 2519.000 

STA 1760.000 

GIMBAL STA 1664.000 
STA 1564.000 

L - d  L - J  L- ,  

NOTE: STA 1541.000 ,* -, 
NO ABLATIVE MATERIAL 
DIMENSIONS INCLUDED 
ON C M i  

STA 3890.055 XA = 1133.500 

STA 3841.182 :t; XA = 1084.627 

STA 3756.555 

STA 3594.555 XA = 838.000 
SERVICE MODULE 

I 

.-7-- +.xA= 1000.000 

------ 

GIMBAL 
STA 100.000 - 

STA-115.35 - 

'-4 

5-11 

-2 

* 

S 

b A SEPARATION 

FIELD SFLICE 

FIGURE 2-3. SATURN V/APOLLO CONFIGURATION 
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+XA 

c 

LOCATION OF SM RCS CLUSTERS 
LOOKING FORWARD INTO SM 
(IN THE DIRECTION OF THE +XA AXIS) 

FIGURE 2-5. SERVICE MODULE RCS THRUST CHAMBER LOCATIONS 
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PROJECTION OF F IN 
-2.15 DEG 

PROJECTION OF F 

PROJECTION OF SPS ENGINE IN PROJECTION OF SPS ENGINE IN 
XA - YA PLANE XA - ZA PLANE 

+ OR - SIGN ACCORDING TO ENGINE GIMBAL ANGLE SIGN CONVENTION 

PROJECTION OF F IN 

0 = -2.15 DEG 
PROJECTION OF F IN 

VECTOR NULL 

+ zA 

FIGURE 2-9. SPS THRUST VECTOR ORIENTATION 

IN 
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IN LANDING POSITION 

FIGURE 2-13. LM/RCS THRUST CHAMBER LOCATIONS 

GE 



(GUA ) KO tation Commanded 
Actuator of Change Vehicle 
Response Engine Angular Acceleration 

Extend  - 6 8  + 
- 

- Contract + 6 8  

Contract - 6 $  + 
Extend ' + SJ, - . 

+OR - SIGN ACCORDING TO ENGINE GIMBAL ANGLE 
SIGN CONVENTION 

Pitch 

P i t c h  

Roll 

]Roll 

I 

- 
FIGURE 2-14. SIGN CONVENTION FOR DPS GIMBAL ANGLE 
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LM DOCKING INTERFACE 

XE = 312.5 

312.5 xLv = 3468 3 5  + LUNAR MODULE 
XE = 0.0 

x ~ v  = 3156*055 399.5 IN. 

APO LbO 
XA = 0.0 

XLv. = 2756.555 

TO TRANSFORM: 

1) APOLLO TO LAUNCH VEHICLE 

= xA + 2756.555 

xLv  = XE + 3156.055 

xLv 
2) LUNAR MODULE TO LAUNCH VEHICLE 

zE 

FIGURE 2-15. LAUNCH CONFIGURATION STATION REFERENCE 
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TO TRANSFORM: 

1 )  LAUNCH VEHICLE TO APOLLO 

X = 4578.805 - XLv A 

LM DOCKING INTERFACE 

312.5 IN. 

APOLLO 
- x*=o.o 
1 

XLv = 4578.805 

1 iirJ.25 IN. 

+ xA 

+ xE 

L 

CIM DOCKING INTERFACE 
I - X A =  1110.25 

XLv = 3156.055 

FIGURE 2-16. DOCKED CSM/LM S.TATION REFERENCE 
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TANK 

D/S WATER (2) 
DPS FUEL (2) 
DPS OXIDIZER (2) 
APS FUEL (1) 
APS OXIDIZER ( 1 )  
RCS FUEL (2) 
RCS OXIDIZER (2) 

r 

I A/S WATER (2) I +25.0 I k13.7 I 

XE = 295.45 

XE = 264.3 

XE = 308.9 -7) H 2 0  

XE = 294.6- r XE = 295.49 
RCS T R 2 7  

F 18.65 0 25.26 

).---TANK RADIUS = 6 . 2 5 4  J 1- XE = 257.73 1 

243.2 
G4.0 
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FIGURE 2-17. LM-10 AND SUBSEQUENT PROPELLANT TANK LOCATIONS IN 
LM (X,) COORDINATE SYSTEMS 
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3.0 SPACECRAFT MASS PROPERTIES AND LOADING DATA BY MISSION 

The mass proper ty  d a t a  s p e c i f i e d  i n  t h i s  s e c t i o n  represent  t h e  b e s t  pre-  

d i c t i o n  of launch c o n f i g u r a t i o n  mass p r o p e r t i e s  f o r  each s p a c e c r a f t .  The 

d a t a  have been organized l o g i c a l l y  by Apollo mission and t h e  t a b l e s  have 

been organized according t o  b a s i c  mission p r o f i l e .  I n  a d d i t i o n ,  d a t a  are 

presented  by i n d i v i d u a l  and composite s p a c e c r a f t  t o  r e f l e c t  t h e  v a r i a t i o n  

of centers-of-gravi ty ,  moments of i n e r t i a ,  and products of i n e r t i a  as a 

f u n c t i o n  of s p a c e c r a f t  weight t o  enable  t h e  u s e r  t o  reasonably p r e d i c t  space- 

c r a f t  mass p r o p e r t i e s  a t  any t i m e  i n  t h e  mission p r o f i l e .  

These d a t a  r e p r e s e n t  t h e  composite r e s u l t s  of t h e  d e t a i l e d  mass p r o p e r t i e s  

d a t a  suppl ied  t o  NASA (MSC-ASPO) by t h e  c o n t r a c t o r s .  Spacecraf t  mass pro- 

p e r t y  d a t a  are presented  as fol lows:  

1. S e c t i o n  3.1 Mission J1 

2. S e c t i o n  3.2 Mission 52 

3. S e c t i o n  3.3 Mission 53 
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SUPPLEMENTARY DATA APPLLCABLE TO SEQUENTIAL MASS PROPERTIES TABLES 

General  Comments t o  b e  a p p l i e d  t o  Tables  3.1-1 through 3.1-8: 

I n e r t i a  d a t a  d i s p e r s i o n s  a re ,+10%.  

Dispers ions  s h a l l  be .used as 3a d e v i a t i o n  v a l u e s .  

All i n i t i a l  p r o p e l l a n t  weights  are t o t a l  tanked. 

The (+) or  (-) s i g n  fol.lowing t h e  name o f  an i t e m  i n d i c a t e s  t h a t  t h e  
i t e m  i s  added t o  o r  s u b t r a c t e d  from the preceding  t o t a l .  

Table  3.1-1 

SM/SPS gimbal angles  f o r  SPS a b o r t  sequence a r e :  
Yaw = 1.838. 

P i t c h  = -0.581 

Table  3.1-2 

LM p r o p e l l a n t s  are i n  h i g h  end o f  t h e  t a n k s ,  ( g r e a t e s t  X-c.g. s t a t i o n ) ,  
f o r  a l l  docked c o n f i g u r a t i o n  where t h e  CSM i s  t h e  c o n t r o l l i n g  v e h i c l e .  
The Mass Spectrometer  and Gamma-Ray Spectrometer  are shown deployed a f t e r  
each SPS f i r t n g  fo l lowing  D . O . I .  For a l l  o t h e r  summations t h e  M.S. and 
G. R. Spec t rometers  a r e  not deployed. The fo l lowipg  are t h e  i n d i v i d u a l  
mass p r o p e r t i e s  f o r  t h e  M.S . and G.R. Spectrometers  i n  Apollo Coordina tes .  

Gamma-Ray 
R e t r a c t e d  

Gamma - Ray 
Deployed 

Mass Spectrometer  
Retract e d 

Mass Spectrometer  
Deployed 

Tables  3.1-7 and 3.1-8 

Weight 
( I b )  

45.4 

28 .O 
17.4 

47.4 

27.4 
20 .o 

X-Bar 
( i n )  

865.1 

865.1 
865.1 

863.1 

863.1 
863.1 

Y-Bar  
( i n )  

33.0 

231.3 
132.2 

55.8 

341.7 
198.8 

Z-Bar  
( i d  

-57.0 

-312.4 
-184.7 

-40 5 

-149.4 
-94 ..9 

CSM and LM consumables changes are p r e s e n t e d  i n  Tables  3..1-7 and 
3.1-8, r e s p e c t i v e l y .  
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TABLE 3.1-4 

HIGH ALTITUDE ABORT MASS PROPERTIES 

To be Supplied at a Later Date 
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TABLE 3.1-5 

PAD ABORT MASS PROPERTIES 

To be  Suppl ied  a t  a Later Date 
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TABLE 3.1-7 

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY 

(To be used i n  conjunction with CSM s e q u e n t i a l  mass 
proper t ies  Tables 3.1-2). 

Weight Amount Tot a1 
EVENT Change Remaining Usage 

From To Cons umab 1 e (Pounds) (Pounds) (Pounds) 

Earth Orbi t  Pre  Trans/Dock SM-Hydrogen 

Taik 1 & 2 -0.8 54.4 -0.8 
Tank 3 -0.8 26.8 -0.8 

SM-Oxy gen 

Tank 1 & 2 -18.2 615 .O -18.2 
Tank 3 -4.1 312.5 -4.1 

CM-Waste H20 +0.8 18.8 

P r e  Trans/Dock Pos t  Trans/Dock SM-RCS -70.6 1,271.8 -70.6 

Pos t  Trans/Dock Pre  L.O.I. SM-Hydro gen 

Tank 1 & 2 
Tank 3 

SM-Oxygen 

Tank 1 & 2 
Tank 3 

SM-RC S 
CM-Waste H20 

CM-LiOH 
CM- FOO d 
Fecal  

-3.8 50.6 -4.6 
-9.9 16.9 -10.7 

-57.8 557.2 -76 .O 
-83.2 229.3 -87.3 

-111.3 1,160.5 -181.9 
+21.2 40.0 

+24 .O 24.0 
-6.2 -6.2 
+2 .o 2.0 

P r e  L . O . I .  Post  L .o .I. SM-SPS -26,370 .O 14,223.7 -26,370 .O 
~ 

Post  L.0 .I. Pre  D . O . I .  SM-Hydrogen 

Tank 1 & 2 -0.8 49.8 -5.4 
Tank 3 -0.3 16.6 -11.0 

SM-Oxygen 

Tank 1 & 2 -3.0 554.2 -79 .o 
Tank 3' -7.7 221.6 -95 .O 

SM-RCS -41.1 1,119.4 -223 .O 

3.1-19 
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TABLE 3.1-7 (CONTINUED) 

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY 

(To be used i n  conjunction with CMS sequen t i a l  mass 
p r o p e r t i e s  Table 3.1-2). 

Weight Amount Tota l  
EVENT Change Remaining Usage 

From To Consumable (Pounds) (Pounds) (Pounds) 

P r e  D.O.I. Post  D .O .I. SM-SPS -1,565.2 12,658.5 -27,935.2 

Pos t  D.O.I. CSM/LM Sep. S M-Hy d r o gen 

Tank 1 & 2 -3.0 46.8 -8.4 
Tank 3 -0.7 15.9 -11.7 

SM-Oxygen 

Tank 1 C 2 -10.2 544.0 -89.2 
Tank 3 -24.1 197.5 -119.1 

SM-RC S 
CM-LiOH 
CM-FO od 
Fecal 

-113.3 1,006.1 -336.3 
+6 .O 30 .O 
-3.8 -10.0 
+3 .O 5 .O 

CSM/LM Sep. Pre  C i r c u l a r i z a t i o n  SM-Hydrogen 

Tank 1 & 2 -0.2 46.6 -8.6 
Tank 3 -0.1 15.8 -11.8 

SM-Oxygen 

Tank 1 & 2 -1.2 542.8 -90.4 
Tank 3 -1.2 196.3 -120.3 

SM-RCS -22.5 983.6 -358.8 
~ ~~ - ~ -~ ~~ 

Pre Circu la r i -  Pos t  C i r c u l a r i z a t i o n  SM-SPS 
za t ion  

-278.8 12,379.7 -28,214.0 

Post Circu la r i -  P r e  Plane Change 
z a t i o n  Tank 1 & 2 -11.2 35.4 -19.8 

Tank 3 -1.7 14.1 -13.5 

SM-Hydrogen 

SM-Oxy gen 

Tank 1'& 2 -79.4 463.4 -169.8 
Tank 3 -43.0 153.3 -163.3 

SM-RCS -110.4 873.2 -469.2 
Fe caf +3 .O 8.0 
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TABLE 3.1-7 (CONTINUED) 

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY 

(To be used i n  conjunction with CSM s e q u e n t i a l  mass 
p r o p e r t i e s  Table 3.1-2). 

Weight Amount Total  
EVENT , Change Remaining Usage 

From TO C onsumab 1 e (Pounds) (Pounds) (Pounds) 

P r e  Plane Post  Plane Change SM-SPS -1,133.2 11,246.5 -29,347.2 

Post Plane CSMIASCT Dock SM-Hydrogen 
Change Tank 1 & 2 -1.4 34.0 -21.2 

Tank 3 -0.4 13.7 -13.9 

SM-Oxy gen 

Tank 1 & 2 -11.0 452.4 -180.8 
Tank 3 -5.3 148.0 -168.6 

SM-RCS -86.7 786.5 -555.9 
CM-Food -4.3 -14.3 
CM-LIOH +12 .o 42.0 
CM-Fecal 4-3.1 .11.1 

CSM~ASCT 
Docking 

P r e  T.E. I .  SM-Hydro gen 

Tank 1 & 2 
Tank 3 

SM-Oxy gen 

Tank 1 & 2 
Tank 3 

SM-RCS 
CM-LiOH 
CM- Fe ca 1 
CM-Food 

-8.6 
-2.2 

-68 ..6 
-32.6 

-90.7 
4-5.0 
+3.0 
-3.8 

25.4 -29.8 
11.5 -16.1 

383.8 -249.4 
115.4 -201.2 

695.8 -646.6 
47 .o 
14.1 

-18.1 

Pre  T.E. I .  Post  T .E. I. SM-SPS -9,442.5 1,804 .O -38,789.7 

Post  T .E. I. SM J e t t i s o n  SM-Hydro gen 

Tank 1 & 2 -9.8 15.6 -39.6 
Tank 3 -3.1 8.4 -19.2 

SM-Oxygen . 

Tank 1 & 2 -99.6 284.2 -349 .o 
Tank 3 -51.1 64.3 -252.3 
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TABLE 3.1-7 (CONTINUED) 

CSM 112 CONSUMAELES WEIGHT CHANGE SUMMARY 

(To be  used i n  conjunct ion wi th  CSM sequen t i a l  mass 
p r o p e r t i e s  Table 3 .l-2). 

Weight Amount T o t a l  
EVENT Change Remaining Usage 

From To Consumable (Pounds) (Pounds) (Pounds) 

Pos t  T .E .I. SM Jet t i s o n  SM-RCS -112.6 . 583.2 -759.2 
(Continued) CM-LiOH +17.0 64.0 

CM-Food -7.3 -25.4 
CM- Fecal  +4.6 1 8 . 7  

SM J e t t i s o n  CM @ Entry CM-RCS -11.6 233.4 -11.6 

CM @ Entry CM @ M.C. Deploy CM-RCS -30.7 202.7 -42.3 

CM @ M.C. CM @ Impact CM-RCS -202.7 0 .o -245 .O 
Deploy 
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TABLE 3.1-8 

.LM-10 CONSUMABLES CHANGE S W R Y  

(To be  used i n  conjunct ion with t h e  LM s e q u e n t i a l  mass p rope r t i e s  Table 3.1-3) 
Weight Amount To t a l  

EVENT Change Remaining Usage 
From , To Consumable ( ,  Pounds ) (  Pounds) (Pounds) 

Ea r th  Orb i t  CSM/LM Separa t ion  D/  S-Oxy gen -1.0 95.0 -1 .o 
D/S-Water -15.0 375.0 -15 .O 
LM-RCS -5.0 599.9 -5 .o 

CSM/LM Pre  P.D.I. D/S-Oxygen ' -0.6 , 94.4 -1.6 
sepa ra t ion  D /S -Water -20.0 355.0 -25 .O 

LM-RCS -61.5 538.4 -66.5 

Pre  P.D.I. LM @ Touchdown D/  S-Oxy gen -0.1 94.3 -1.7 
D/S-Water -2.0 353.0 -27 .O 
LM-RCS -98.0 440.4 -164.5 
LM-DPS -18,741.4 764.9 -18,741.4 

LM @ Touch- A/S @ Lif t -of f  LM-RCS -5.0 435.4 -169.5 
down 

~ 

LM @ Li f t -o f f  AIS i n  Orbi t  LM-APS -4,894.2 334.5 -4,894.2 

AIS i n  Orb i t  AIS P r e  T.P.I. A/ S-W ater -4.2 90.8 -4.2 

LM-RCS -47.4 388.0 -216.9 
AIS -Oxygen -0.2 4.6 -0.2 

A/S P r e  T.P.I. A/S Post  T.P.I. LM-APS -32.1 302.4 -4,926.3 
~ ~ ~~ 

A/S Post  T.P.I. AIS @ Docking A / S -Wa t e r -9.2 81.6 -13.4 
A/ S-Oxy gen -0.3 4.3 -0.5 
LM-RCS -70.2 317.8 -287.1 

AIS @ Docking AIS J e t t i s o n  A/ S-W a ter -11.0 70.6 -24.4 
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TABLE 3 1-9 (CONTINUED) 

MISSION J-1 COMMAND MODULE STOWAGE VOLUME CENTROIDS 

SPACECRAFT 112 

AREA 

A l  
2 
3 
4 
5 
6 
7 
8 
9 

B1 
2 
3 
4 
5 
6 
8 

L2 
3 

R1 
2 
3 
4 
5 
6 
8 
11 
13 

u1 
2 
3 
4 

- X 

1011.0 
1011.0 
1016 .O 
1015.0 
1015.0 
1017.0 
1011.0 
1011.0 
1013.0 

1050.0 
1039.0 
1031.0 
1031,O 
1031.0 
1031.0 
1024.0 

1059 .O 
1048.0 

1072.0 
1072 .O 
1072 .O 
1075 .O 
1059 .O 
1048.0 
1052 .O 
1038.0 
1024.0 

1033 .O 
1033.0 
1033.0 
1038.0 

- 

3.1-26 

Y 

-21.0 
-22.0 
-24.0 

-7.0 
9.0 
26 .O 
22.0 
21.0 

0.0 

-27.0 
-38.0 
-28.0 
-20.0 
-8 .O 
13.0 
-38.0 

-44 .O 
-47.0 

26 .O 
26.0 
26 .O 
28.0 
44 .O 
46.0 
46 .O 
47 .O 
45 .O 

23.0 
-23.0 
-36.0 
39.0 

- Z 

-22.0 
8.0 
28.0 

4 28.0 
28.0 
28.0 
8.0 

-23.0 
16 .O 

39 .O 
37 .O 
40 .O 
40.0 
39.0 
39.0 
37.0 

14.0 
12 .o 

21.0 
14.0 
9 .o 
3.0 
15 .O 
29.0 
12 .o 
26.0 
-26.0 

-50.0 
-50 .O 
-44.0 
-43 .o 

- 
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TABLE 3.1-9 (CONCLUDED) 

MISSION J-1 COMMAND MODULE STOWAGE VOLUME CENTROID 

The following stowage loca t ions  have unique volume cent ro ids  n o t  assoc ia ted  
with stowage volumes. 

NOMENCLATURE LOCATION 

G&N Signal  Cond. Panel LEB 
Display Keyboard LEB 
S l e e p  R e s t r a i n t  Assy - R t .  & Center Aft UEB 
Sleep R e s t r a i n t  Assy - L e f t  

Entry Locations 
Sleep R e s t r a i n t  - RH & Center 
ITLSA - I V  (CMP) 

Food Container 
Food Container 
Food Container 
Fecal Stowage Container 
PGA Container 

Forward Hatch Container 
Container,  R12 

( I n - f l i g h t  Location) 
H e l m e t  Stowage & Accessory 

Bags ( I n - f l i g h t  Location) - LH 
H e l m e t  Stowage and Accessory 

Aft UEB 

Top of Area A 8  
On RH & C t r  

Sleep Res t ra in t  
L3 
B 1  
A7 

WEB 
On Aft Bulkhead 
Under Center 
Couch 
Under LH Couch 

RH Gir th  Ring 

u2 

Bags ( I n - f l i g h t  Location) - C t r .  B 1  
H e l m e t  Stowage and Accessory 

C02 Absorbers (2) 
C02 Absorbers (2) 
C02 Absorbers (4) 
C02 Absorbers (4) 
C02 Absorbers (4) 
C02 Absorbers (4) 
C02 Absorbers (4) 
C02 Absorbers (4) 
C02 Absorbers (4) 

Bags ( I n - f l i g h t  Location) - RH 

F i r s t  8.0 l b  C02 Absorbed 
Second 16.0 l b  C02 Absorbed 
Remainder C02 Absorbed 

L3 
I n  ECU 

A 1  
A3 
A4 
A5 
A6 
A9 
B5 
B6 

Order of Loca- 
t i o n s  Used i n  
Sequent ia l  Mass 

X - 
1069.0 
1060.0 
1018.0 
1018.0 

1020.0 

1020.0 
1048.0 
1050.0 
1011.0 
1039.0 
1015.0 

1018.0 

1034.0 

1033.0 

1050.0 

1048.0 
1031.0 

1016.0 
1015.0 
1015.0 
1017.0 
1013.0 
1031.0 
1031.0 

1011,o 

Prdper t i e  s Tables 
f o r  C02 Absorbed 

B5 1031.0 

Composite Loca- 1016.8 
036, A91 1022.0 

t i o n  

3.1-27 

Y 

25.0 
26.0 
23.0 

-23.0 

25.0 

25.0 
-47.0 
-27 .'O 

22.0 
47.0 
0.0 

- 

-24.5 

41.0 

-23.0 

-27.0 

-47.0 
-48.3 
-21.0 
-24.0 

-7.0 
9.0 

26.0 
0.0 

-8.0 
13.0 

-8.0 

-6.1 
6.5 

2 

29.0 
32.0 

-50.0 
-50.0 * 

-8.0 

-22.0 
12.0 
39.0 
8.0 

12.0 
-20.0 

- 

-15.0 

-21.0 

-50.0 

39 .O 

12.0 
19.6 

-22.0 
28.0 
28.0 
28.0 
28.0 
16.0 
39 .O 
39.0 

39.0 
27.5 
22.2 
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TABLE 3.1-9.1 

MISSION J-1 LUNAR MODULE STOWAGE VOLUME CENTROIDS 

#AREA 

A1B 
A1C ICG Aesy 
A1 C 
AlD 
A1E 
A1F 
A1G 
A1H 
AlK 
AlL 
A2 
A3 
A4 
A5 
A1 0 
All PLSS LiOH Cart 
All ECS LIOH Cart 
A12 
A1 3 
A14A 
PIA 
F1B 
F 1C 
F1D 
F1E 
F1F 
F1G 
F5 
F6 
F6B 
F6C 
F7A 
F7B 
F7C 
F7D 
F7E 
F7F 
F7H 
F7J 
F 7K 

- 
LM-10 

X 

262 . 8 
240.5 
240.5 
270.3 
265.9 
257 . 4 
257.5 
265.9 
281 .o 
273.7 
260.0 
280.0 
244.1 
224.3 

263.6 
261.2 
272.0 
300.0 
238.0 
244.5 
235 . 5 
242.5 
242 . 8 
237.9 
235.5 
228.0 
286.0 
270.3 
270.3 
270.3 
238.0 
238 . 0 
238.0 
238.0 
238 . I) 
238.0 
238 . 0 
238.0 
238.0 

- 

25060 

3.1-28; 

Y - 
-20.8 
-15.3 
-18.0 
-15.0 
-20.7 
-20.1 
-20.0 
-20.0 
-20.0 
-20.0 
-37.0 
0 

-3.5 
-1.5 
8.8 
18.8 
20.7 
0 
0 
-9.2 
-36.6 
-35.5 
-35.6 
-35.4 
-33.6 
-37.6 
-40.2 
17.8 
0 
0 
0 
38 .Q 
38.0 
38.0 
38.0 
38.0 
38.0 
38.0 
38.0 
38.0 

z 

15.4 
13.3 
13.3 
19.0 
-6.0 
-6.0 
-18.0 
-18.0 
-8.5 
-8.5 
28.0 

-10.0 
13.5 
29.3 

-11.8 
-2.4 

5 . 9  
-18.0 
0 

-14.8 
31.4 
38.5 
38.6 
47.2 
55.0 
46.6 
43.2 
66.6 
52.8 
52.8 
52.8 
49.8 
49.8 
41.0 
38.4 
32.7 
31.6 
45.5 
39.2 
42.7 

- 
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F7L 
F7N 
F7P 
F8 
F9 
F10 

TABLE 3.1-9 .I (CONCLUDED) 

MISSION J-1 LUNAR MODULE STOWAGE VOLUME CENTROIDS 

LM-10 

236.0 36.0 ' 48.0 0 

238.0 38.0 53.1 
238 0 38.0 53.4 
221.0 18.0 51.0 
219.7 0 44.7 
221 . 0 -18.0 51.0 
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TMLE 3.1-10 
CONSUMABLES LOADING REQUIREMENTS AND TOLERANCES 

SPS Prope l l an t  Load ( l b )  Loading Requirement Actual  
Fuel  I O  x i d i  ze r Fuel I Oxid izer  

Load 15704.0 I 25092 .O i 

MISSION J-1 

SPS PROPELLANT 

, 

2Trapped Outs ide  Tanks 78.6 
Tanked 15625.4 

2Trapped I n s i d e  Tanks 67.6 
3Nominal De l ive rab le  15557.8 

123.7 
24968.3 

171.5 
24796.8 

~~ 

$Service Module RCS P r o p e l l a n t  

Secondary Fuel - Quads A, B ,  C ,  D - See Loading Window - Figure 4.3-1. 

Primary Fuel - Quads A, B ,  C, D - See Loading Window - Figure 4.3-2. 

Primary and Secondary Oxid izer  - Quads A, E, C ,  D - See Loading Window - 
Figure 4.3-3. 

5Commnd Module RCS P r o p e l l a n t  

Fuel - System A and B - See Loading Window - Figure 4.3-4. 

Oxid izer  - System A and B - See Loading Window - Figure 4.3-5, 

gHelium and Nitrogen 

I 
Consumab le  

Helium - SPS B o t t l e   helium - Fuel Tanks 
Helium - N20b Tanks 
'Hel ium - SM/RCS 

Quad8 A 
Quads B 
Quads C 
Quads D 

Helium - CM/RCS 
, System A 

System B 
Nitrogen - SM 

Primary 
Secondary 

'ressur1 
(PSIA) 

3600 
178 
178 

4150 
4150 
4150 
4150 

4150 
4150 

2500 
2500 

,oatding 
Temp 

70 
70 
70 

70 
70 
70 
70 

70 
70 

85 
85 

(OF)_ 

?quiremen 
Weight 

87.6 

5 . 4  

1 6.0 

0 

~ 1.0 

I .1.3 

Ear th  Launch 
Weight ( l b )  

87.6 

6.0 

1 e o  

1 . 3  

Ac t u a l  
P res su re  Temp 

(PSIA) ( O F )  
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TABLE 3.1-10 (CONTINUED) 

Connnand Module Water and GOX 

eService Module Hydrogen and Oxygen, 

NOTES : 

l l n d i c a t e d  p r o p e l l a n t  load  is based on nominal p r e s s u r e  and temperature 
p r i o r  t o  a c t u a l  loading.  
is accomplished. 

This number w i l l  b e  updated a f t e r  loading  

2See Sec t ion  4 . 1  f o r  explana t ion  of trapped SPS p r o p e l l a n t .  

3See Table 3.1-13 f o r  loading  u n c e r t a i n t i e s .  

4See Sec t ion  4.2 f o r  SMIRCS l o a d s  and u n c e r t a i n t i e s  to  be used i n  Mis- 
s i o n  Planning, Actual SM/RCS l o a d s  and u n c e r t a i n t i e s  w i l l  be published 
i n  Table 3.1-15, 

5See Sec t ion  4.2 f o r  CMIRCS l o a d s  and u n c e r t a i n t i e s  t o  b e  used i n  Mis- 
s i o n  Planning. 
i n  Table 3.1-14. 

Actual CM/RCS l o a d s  and u n c e r t a i n t i e s  w i l l  be  publ ished 

6Launch Rule Redlines determine l i f t - o f f  va lues .  

7Launch Rule Redl ines  determine l i f t - o f f  va lues .  

eLaunch Mission Rules w i l l  determine minimum l i f t - o f f  q u a n t i t i e s  f o r  
H2 and 02. 

windows contained i n  CSMILM Spacecraf t  Opera t iona l  Data Book, Volume I,  
P a r t  2 ,  SNA-8-D-027(1) P2. 

9CSM helium and n i t rogen  should be loaded i n  accordance w i t h  loading  

SNA-8-D-027 (III) REV 3 
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TABLE 3.1-11 

SPS PROPELLANT LOAD CALCULATION 

FUEL OXIDIZER 
_I 

1. Enter SPS Quantity Readout a t  110 P81A (Table 3.1-12 
item C - Percent)  

2.  Use Figures 4.1-3 and 4.1-4 t o  ob ta in  pro- - p e l l a n t  load f o r  above quan t i ty  readout. 

3. Nominal propel lan t  dens i ty  a t  loading temperature 
(use tempirrature - denai ty  graph below) ( lb / f t3 )  - 

4. 
5 .  

Cubic f e e t  of propel lan t  (item 2 divided by item 3) 
Chlculated dens i ty  from Table 3.1-12 item f ( l b / f t 3 )  

6. Adjuetment due t o  PUGS zero ad jus t  ( p m d s ) .  

7. Resulting a c t u a l  propel lan t  load (i tem 4 times 
item .5, less item 6) (pounds) 

SPS SPS SPS Propel lant  Temperature/Den'sity Graph 
Oxidizer FUEL a t  110+5 PSIA 

D' 
E 
N 
S 
I 
T 
Y 

LB/FT3 
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TABLE 3.1-13 

SPS PROPELLANT UNCERTAINTIES 

ITEM 

LOADING UNCERTAINTIES 

Tank Volume 

Temperature Gauge (+2.0°F) 

S tandpipe  Height  

P r o p e l l a n t  Gauge (+0.35% of Gaugeable) 

Dens i ty  Measurement (1) 

Batch Densi ty  (1) 

Loading P r e s s u r e  (1) 

RS S 

TOTAL RSS 

Loading S p e c i f i c a t i o n  (1) (2)  

Tolerance on P r o p e l l a n t  Temperature 
of F l i g h t  Load 

TOTAL LOADING UNCERTAINTTY 

FUEL 
0 

+- 24 

k 1 8  

+ 6  

554 

2 0  

k94 

+ 8  

OXIDIZER 
( l b )  

+- 39 

+46 

+ l o  
+86 

2 0  

+- 75 

+14 

+130 

+172 

+16 + 24 
+o .o +o.o 
-46.0 -113.0 

+212 
-371 

NOTES: (1) Data w i l l  be  known a f t e r  l o a d i n g  is accomplished. 

(2) Loading s p e c i f i c a t i o n  i s  an a l lowab le  t o l e r a n c e  about  
nominal, t h i s  number is added t o  t h e  l o a d i n g  u n c e r t a i n i t y  
v a r i a b l e .  
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TABLE 3.1-14 

COMMAND MODULE RCS LOADING PARAMETERS AND CALCULATIONS 

This  t a b l e  w i l l  b e  completed when load ing  is accomplished. 
P lanning ,  r e f e r e n c e  should b e  made t o  Sec t ion  4 . 2  f o r  nomtnal l o a d ,  l o a d i n g  

For Miesion 

t o l e r a n c e s ,  t rapped  and d e l i v e r a b l e  p r o p e l l a n t s .  

A .  

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K .  

L. 

3 Tank Volume @O.O PSIA ( i n - )  

Liquid  Line  Volume ( i n  ) 

T o t a l  A + B ( i n  ) 

3 

3 

I n i t i a l  Weight i n  Bleed Unit  
P r i o r  t o  Loading ( l b )  

F i n a l  Weight i n  Bleed Unit  
A f t e r  Loading ( l b )  

P r o p e l l a n t  Load ( i t em D less 
than E Weigh Tank) 

P r o p e l l a n t  Load by P .V. 

Loading Temperature (OF) 

S p e c i f i c a t i o n  P r o p e l l a n t  
Load @ 70f5'F ( l b )  

T o t a l  CM/RCS P r o p e l l a n t  
Load from I t e m  G above ( l b )  

- '  FUEL 

Tank A Tank B Tank A 
OXIDIZER 

Tank B - 

Maximum Trapped P r o p e l l a n t  ( l b )  

Nominal De l ive rab le  ( l b )  

3.1-93 



TABLE 3.1-15 

SERVICE MODULE RCS LOADING SUMMATION 

!&"his t a b l e  w i l l  be completed when load ing  is  accomplished. 
n i n g ,  r e f e r e n c e  should  be  made t o  Sec t ion  4.2, f o r  nominal l o a d ,  l o a d i n g  
t o l e r a n c e s ,  and nominal d e l i v e r a b l e  p r o p e l l a n t s .  

For Mission Plan- 

Quad A ( l b )  .Quad B ( l b )  

Secondary Fuel  Secondary Fue l  
Primary Fuel  Primary Fuel  
T o t a l  Fue l  f0.7 T o t a l  Fue l  , f0 .7  

____ 

M a x i m u m  Trapped 2 . 1  Maximum Trapped 2 . 1  
Nominal D e l i v e r a b l e  Nominal D e l i v e r a b l e  

T o t a l  Oxid izer  f 2 . 3  T o t a l  Ox id ize r  f 2 . 3  

Nominal De l ive rab le  Nominal D e l i v e r a b l e  
Maximum Trapped 4.5  Maximum Trapped 4.5 

Quad C ( l b )  Quad D ( l b )  

Secondary Fue l  Secondary Fuel  
Primary Fuel  Primary Fuel  
T o t a l  Fue l  f0 .7  T o t a l  Fue l  fO. 7 
Maximum Trapped 2 .1  Maximum Trapped 2 . 1  
Nominal De l ive rab le  Nominal D e l i v e r a b l e  

T o t a l  Oxid izer  
Maximum Trapped 
Nominal De l ive rab le  

f 2 . 3  
4 .5 

T o t a l  Oxid izer  
Maximum Trapped 
Nominal De l ive rab le  

f 2 . 3  
4.5 

T o t a l  SM/RCS P r o p e l l a n t  Load ( l b )  

T o t a l  Fue l  f 1 . 4  T o t a l  Oxid izer  f 4 .6  
Maximum Trapped 8.4 Maximurn Trapped 18.0 
Nominal De l ive rab le  Nominal De l ive rab le  
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TABU 3.1-16 

CM-10 CONSUMABLE LOADING REQUIREMeNTS 
LM-10 APS PROPELLANT 

Propel lant  Load 
Trapped Outside Tanks 

Tanked 
Trapped I m i d e  Tanks 
Nominal Deliverable 
Outage 
Total  APS Propel lant  

Fuel ( lb)  Oxidizer ( lb)  
2017.2 3225.7 

5.9 8.3 
2011.3 3217.4 

10.1 .27.6 
2001.2 A H  +8 

TBD 
TBD -WD . . 

The following t ab le  should be used t o  determine t h e  amount of propel lant  
t o  be off-loaded from a f u l l  condition to  arrive a t  t h e  indicated load. 
The allowable tolerance fo r  the calculated off-load i s  f0.5 pounds pe r  
weigh tank. 

A. 
it. 
C. 

D. 

1E. 

2F. 
2G.  

31. 

H. 

J. 

K. 
L. 
M. 

N.  

Final  tank pressure a t  o v e r f i l l  (PSIG) 
Propel lant  loading temperature (OF) 
Nominal o v e r f i l l  quant i ty  ( lb)  
Correction f o r  tank pressure (lb) 

Fuel - 0.09 (Item A-40) 
Oxidizer - 0.15 (Item A-40) 

Correction for  loading temperature ( lb)  
Fuel - 1.16 (Item B-65) 
Oxidizer - -2.84 ( I t e m  B-65) 

Measured densi t y  (GM/CC) 

Nominal densi ty  (GM/CC) 

Delta densi ty  (GM/CC) (Item F-G) 
Correction f o r  measured density 

Fuel - 2300 ( I t e m  H) 
Oxidizer - 2300 ( I t e m  H) 

Propel lant  i n  GSE 

O v e r f i l l  quant i ty  (C+D+E+I+J) 
Target loading 
Quantity required t o  f i l l  X S  manifolds 

Quantity t o  be  off-loaded ( I t e m  K-L-M) 

TBD TBD 

0.8994 1.4824 

2017.2 3225.7 

10.0 15.8 

NOTES : 

ILoading temperature co r rec t ion  w i l l  always be negative. 

2To ca l cu la t e  the nominal densi ty  rolve the following equation where T - 
temperature i n  O C  of the meaeured density (urually 4OC f o r  ox id i ae r  and 
25OC f o r  f u e l ) .  This equation is va l id  f o r  14.7 PSIA. Therefore, t he  
measured density must a l s o  be a t  14.7 PSIA. 

Nominal f u e l  densi ty  - 0.922904-0.0009377 ("C) 
Nominal oxidizer  densi ty  - 1.491539-0.0022832 ('C) 

3Correction f o r  mPaeured denei ty  may be e i t h e r  pos i t i ve  or negative.  
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TABLE 3.1-16 (CONTINUED) 
LM-10 CONSUMABLE LOADING REQUIREMENTS 

LM-1.0 DPS PROPELLANT 

Fuel ( lb )  Oxidizer ( lb)  
12042.1 P rope l l an t  Load 7541.1' 

Trapped Outside Tanks 27.7 49.2 
Tanked 7513.4 11992.9 
Trappdd Ins ide  Tanks 21.9 39.6 
Nominal Deliverable 7491.5 11953.3 

Outage TBD TBD 

Total  DPS Propel lant  TBD 

The following t a b l e  should be used to  determine t h e  amount of propel lant  t o  be 
off-loaded from a f u l l  condition to  arrive a t  the indicated load. The allow- 
ab le  tolerance f o r  t h e  calculated off-load is f0.5 pounds per weigh tank. 

A l .  

B 1 .  

c1. 
D1. 

l E l .  

2F1. 
2 G 1 ,  

H1. 

311. 

J1. 

K1.  
L l .  

M l .  

N 1  

F ina l  tank pressure a t  o v e r f i l l  (PSIG) 
Propel lant  loading temperature (OF) 

Nominal o v e r f i l l  quant i ty  (lb) TBD 

Correction f o r  tank pressure (lb) 
Fuel - TBD 
Oxidizer 8 TBD 

Correction f o r  loading temperature ( lb)  

me1 = TBD 
Oxidizer = TBD 

Measured densi ty  (GM/CC) 

Nominal densi ty  (GM/CC) 0.8994 
Delta densi ty  (GM/CC) (Item F1-Item G1) 
Correction f o r  measured density 

Fuel - TBD 
Oxidizer 5 TBD 

Propel lant  i n  GSE 
O v e r f i l l  quan t i ty  (Cl+Dl+El+Il+Jl) 

Target loading 7541.1 
Quantity required t o  f i l l  RCS manifolds (APS only) xxxxxxx 

Quantity t o  be off-loaded (Items K1-L1-Ml) 

~ ~ 

TBD 

1.4824 

12042.1 
xxxxxxx 

NOTES : 
lLoading temperature correct ion w i l l  always be negative.  
2To calculate the nominal density solve the  following equation where 

T - temperature i n  "C of t h e  measured densi ty  (usually 4°C f o r  oxidizer 
and 25% f o r  fue l ) .  
t he  measured densi ty  must a l s o  be a t  14.7 PSIA. 

Nominal f u e l  dens i ty  = 0.922904-0.0009377 ("C) 

Nominal oxidizer  densi ty  = 1.491539-0.0022832 ("C) 

This equation is v a l i d  f o r  14.7 PSIA. Therefore, 

k o r r e c t i o n  f o r  measured densi ty  may be e i t h e r  pos i t i ve  o r  negative.  



TABLE 3.1-16 (CONTINUED) 

Nominal Loading Requirement Actual 
Consumable Preseure ' T y p  Weight Preeeure Temp Weight 

(PSIA) ( F) (lb) (PSIA) (OF) ( l b )  
Helium - APS tank I1 (6) 3050 70 6.6 - APS tank 12 (6) 3050 70 6 $6 - RCS tank 111 (6) 3050 70 1.05 - RCS tank #2 (6) 3050 70 1.05 - DPS (SHe) 8022 NIA 48.5 - DPS (Ambient)(6) 1600 70 1.1 
Nitrogen - Ascent 0 .1  - Descent 0.6 

< 

Consumable 

Aecent Water - tank 111 - tank # 2  
Descent Water - tank #I - tank 112 

Nominal Loading Requirement Actual 
Pressure Weight Pressure Weight 

(PSIA) (lb) (PSIA) (lb) 
N f A  42.5 NIA 
N f  A 42.5 NIA 
N I A  (7) Nf  A 
NIA (7) N f  A 

Ascent GOX - tank #1 (6) - tank 12 (6) 

Descent GOX - tank 111 (6) - tank 112 (6) 

830 
830 

2700 
2700 

2.4 
2.4 

48.0 
48 .O 

Noms : 

'See Table 3.1-17 for  actual  propellant load calculation. 
2See Section 5.6 f o r  explanation of trapped propellants.  
?See Table 3.1-18 f o r  loading uncertaint ies .  
%?V ullage calculat ion should be 166.5250 cubic inches fo r  LMIRCS f u e l  and 

5LM/RCS required load includes propellant required t o  f i l l  RCS manifolds 
280250 cubic inches for  LMfRCS oxidizer per tank. 

t o  i so l a t ion  valves. See Table 3.1-16. 
propellants.  

contained i n . t h e  CSMfLM Spacecraft Operational Data Book, Volume 11, 
P a r t  2, SNA-8-D-027PT2. 

a t  Earth Launch, 

See Section 5.6 f o r  trapped 

6The indicated item should be loaded i n  accordance w i t h  loading windows 

7LM-10 Descent Water s h a l l  be loaded t o  provide 390-O.oC10.0 pounds 
I n i t i a l  load w i l l  be determined by sampling requirements. 
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TABLE 3.1-17 

LOAD CALCULATION 
APS PROPELLANT 
F u l l  tank - I t e m  K,  Table 3.1-16 ( lb)  

Density of off-load t a b l e s  at loading 
temperature and pressure  ( l b / f t 3 )  

Propel lant  volume (divide item 1 by 
item 2 .  ( f t 3 )  

Measured dens i ty  (from Table 3.1-19 J 
( lb /  f t 3, 

Resul t ing f u l l  tank load ( lb)  

Off -load amount ( lb)  

Propel lant  required t o  f i l l  RCS manifolds 
(1b 1 
Propel lan t  load ( l b )  

1. 

' 2 .  

'3. 

'4. 

5. 
6. 

7. 

8. 

9. 

'10. 

'11. 

'12.  

13. 

14. 

15. 

DPS PROPELLANT 
F u l l  tank - Item K 1  Table 3.1-16 

Density of off-load t a b l e s  a t  loading 
temperature and pressure ( l b / f t 3 )  ' 

Propel lant  volume (divide I t e m  9 by Item 

Measured densi ty  (from Table 3.1-19 ). 

10 ) ( f t3)  

( l b /  f t3 ) 

Resulting f u l l  tank load (lb) 

Off-load amount (lb) 

Propel lant  load (lb) 

RCS PROPELLANT 
P. V. Calculat ions 

A. GSE volume (in31 

B. I n i t i a l  Ullage Pressure 

C. I n i t i a l  GSE Pressure 

D. Final  GSE - S/C Pressure 

E. 

(PSIG) 

(PSIG) 

(PSIG) 

Ullage Volume (in31 - Solve 
the  following equation by 
s u b s t i t u t i n g  t h e  values  in 
the  indicated s t e p s .  

Ullage Volume = JD-C) (A) 
B-D 

Oxidizer 

- Fuel Oxidizer 
Tank A Tank B Tank A Tank B 

NOTE: 'These item w i l l  be completed only i f  a densi ty  sample is not  
made p r i o r  t o  loading. 
loading, then t h e  items w i l l  be  l e f t  blank. 

I f  a dens i ty  sample is made p r i o r  t o  
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TABLE 3.1-18 

LM-10 PROPELLANT LOADING UNCERTAINTIES 

LM-10 APS PROPELLANT 

Fuel ( lb )  

Vent Line Volume k0.2 

Tank Volume k0.8 

Pressure Measurement (k 5 PSIA) k0.5 

Temperature Measurement (kl .5 OF) k1.7 

Measured Density k0.7 

Weight Me as uremen t k0 .5 

lLoading Tolerance k0.5 

Tota l  Loading Uncertaini ty  k4.8 

LM-10 DPS PROPELLANT 

Vent Line Volume 40.2 

Tank Volume k3.62 

Pressure  Measurement (k5 PSIA) k1.70 

Temperature Measurement (1.5OF) k6.49 

Measured Density f2.55 

Weight Measurement k0.5 

lLoading Tolerance k0.5 

T o t a l  Loading Uncertaini ty  k15.6 

LM-10 RCS PROPELLANT 

Loading Temperature k0.6 

Ullage Calculat ion k0.4 

Tank and Manifold Volume kO.8 I 

To ta l  k1.8 

Oxidizer ( lb)  

k0.3 

51.3 

k0.8 

k4.3 

k0 .5 

k0.5 

k0.5 

k8.2 

k0.3 

25.96 

k2.77 

k15.76 

k1.70 

k0.5 

k0.5 

k27.5 

k1.8 

k0.6 

k1.4 

k3.8 

lThese will b e  known q u a n t i t i e s  a f t e r  loading is accomplished. 
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TABLE 3.1-19 

LM-10 APS PROEPLLANT LOADING PARAMETERS 
(To B e  Completed by KSC a t  Loading) 

Loading P r e s s u r e  - PSIA 

Fuel  - 
58 Fuel  

TT258 Oxid izer  Loading'Temperature - F i l l  Line - Degrees F 

TT 59 Fuel  
Loading Temperature - Return Line - Degrees F (  TT259 Oxid izer  

GPO718 Fuel  
GP1218 Oxid izer  Loading Temperature - Tank - Degrees F1 

Oxidizer  

Number of Times Weigh Tank Used (Flaw Meter Not Used) 

T o t a l  Pounds Off-Loaded Using Weigh Tank (Flow Meter Not Used) 

Pounds Off-Loaded Using Flow Meter (Weigh Tank Not Used) 

Measured Fuel  Dens i ty  @ "6; @ PSIA GM/CC 

Measured Ox id ize r  Densi ty  @ . "C; @ PSIA GM/CC 
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Loading 

Loading 

Loading 

Loading 

Loading 

TABLE 3.1-19 (CONTINUED) 

LM-10 DPS PROPELLANT LOADING PARAMETERS 

Pressure - PSIA 
Fuel Oxidizer - 

TT 58 Fuel 
TT258 Oxidizer 

TT 59 Fuel 
TT259 Oxidizer 

Temperature - Fill Line - Degrees FI 
Temperature - Return Line - Degrees F( 

Temperature - Tank One - Degrees F( 
Temperature - Tank Two - Degrees F( 

643718 Fuel 
644218 Oxidizer 

643719 Fuel 
644219 Oxidizer 

Number of Times Weigh Tank Used (Flow Meter Not Used) 

Total Pounds Off-Loaded Using Weigh Tank (Flow Meter Not Used) 

Pounds Off-Loaded Using Flow Meter (Weigh Tank Not Used) 

Measured Fuel Density @ OC; @ PSIA w/cc 

Measured Oxidizer Density @ OC; @ PSIA GM/CC 

- - 
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MISSION J-1 MASS PROPERTY DATA TABLES 

Table 3.1-20 preoantr the Csf-lf2/LM-10 (dockad) PIBBS propertiee, i n  Apollo 
coordimtee, a s  a function of rpacecraft weight for  L.O.I. 
SM/ SPS burn . 

Table 3J-21 prarmta  the CSM-112/LM-10 (docked) ma88 properties, i n  Apollo 
coordinatea, ae a function of rpacecraft weight for  the 
D.O.I. SM/SPS burn. 

Table 3.1-22 prerente the CSM-112 ma68 propertiee, i n  Apollo coordinates, 
as a function of CSM weight fo r  the Circularization I SM/SPS 
burn. 

Table 3.1-23 preeents the CSM-112 ma88 properties, i n  Apollo coordinates, 
ae a function of CSM weight for  the Plane Change I SM/SPS 
burn. 

Table 3.1-24 preeents the CSM-112 maee propertiee, i n  Apollo coordinates, 
ae a function of CSM weight fo r  the T.E.I. SM/SPS burn. 

Table 3.1-25 present6 theLM-10maee properties, in LM coordinatee, ae a 
function of LM weight f o r  the P.D.1. DPS burn. 

Table 3.1-26 prerente them-10aecent atage mea propertfee, i n  LM coordinatee, 
88 a function of weight f o r  the lunar l i f t o f f  APS burn. 

Table 3.1-27 prerente theLM40mrr  properties, i n  LM coordinates, a8 a 
function of LM weight f o r  tho T.P .I. to  docking LMIRCS burn. 
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4.0 CSM REFERENCE CONSUMABLE MASS PROPERTIES DATA 

The d a t a  p r e s e n t e d  i n  t h i s  s e c t i o n  w i l l  e n a b l e  t h e  u s e r  t o  o b t a i n  t h e  sep -  

a r a t e  c e n t e r s - o f - g r a v i t y  and moments-of-inertia f o r  t h o s e  s p a c e c r a f t  con- 

sumables on-board t h a t  s i g n i f i c a n t l y  a f f e c t  o v e r a l l  CSM and CM performance. 

CSM conrumables m a s s  p r o p e r t y  d a t a  must b e  compared t o  t h e  c u r r e n t  on-board 

consumable l o a d i n g  d a t a  f o r  each miss ion  provided  i n  S e c t i o n  3.0.  The mass 

p r o p e r t y  d a t a  are p r e s e n t e d  i n  t h e  fo l lowing  s e c t i o n s :  

4 . 1  SPS Tank Consumables Mass P r o p e r t i e s ,  Trapped P r o p e l l a n t s ,  

SPS Dens i ty  Equat ions and Graphs, and SPS Loading Windows. 

4 . 2  RCS/ECS/EPS Consumables Mass P r o p e r t i e s ,  and SM RCS Quad 

Mass P r o p e r t i e s  

4 . 3  CSM RCS Load C a l c u l a t i o n  Tables  and Loading Windows 

4.4 CM Abla tor  Data 
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TABLE 4.1-1 

Table 4.1-1 presents  t h e  mass c h a r a c t e r i s t i c s  f o r  t h e  SM/SPS propel lan t  
tanks.  

The following u n i t s  apply t o  the ind ica ted  headings: 

I Height of Propel lan t  - Inches Mass of Propel lant  - Pounds 

Tank Volume Unstretched - Ft3  Center of Mass - X Coordinates - Inches 

Tank Volume Stretched - Ft3 
A 

Moment of I n e r t i a  ( I  ) - Slug-ft2 YY 
Further ,  Moment of I n e r t i a  I 

22 
f o r  a l l  p rope l lan t  weights; tank pressure  used i n  ca lcu la t ing  t h i s  t a b l e  was 

175f5 PSIA, propel lan t  temperature was 70°F, densi ty  f o r  f u e l  was 56 .43  l b / f t 3 ,  

and oxid izer  dens i ty  was 90.21 l b l f t  . 

= Moment of Ine r t i a  Iyy; yoment of Iner t ia  Im=O.O 

3 

The Y and 2 Center of Mass components f o r  t h e  individual  tanks are constant  

and are as follows: 
A A 

Z ' (inches) A YA (inches) 

Fuel Storage -14.8 -47.8 

Fuel Sump -48.3 -6.6 '  

Oxidizer Storage 14.8 47.8 

Oxidizer Sump 48.3 6 .5  

4.1-1 
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SERVICE MODULE 

TABLE 4.1-2 

TRAPPED SPS MASS PROPERTIES 

SPS - Trapped Outside Tanks 

Engine - Fuel 

- Oxidizer 

Feedline - Fuel 

- Oxidizer 

Transfer  Line - Fuel 

- Oxidizer 

Tota l  Outside Tanks 

Trapped i n  Tanks 

Retention Reservoir - Fuel 

- Oxidizer 

Vapor - Fuel 

- Oxidizer 

Tota l  In s ide  Tanks 

Weight 
Pounds 

29.6 
47.4 

29.5 
44.7 
19.5 
31.6 

202.3 

61.4 
97.5 
6.2 
74.0 

239.1 

Center of Gravity 
Inches 

846.9 6.6 0.4 
843.0 -7.1 1.6 
832.0 -48.0 -25.0 

832.0 48.0 25.0 
829.0 -27.0 -24.0 

829.0 27.0 24.0 

836.0 4.5 3.7 

SPS propel lan t  trapped outs ide  tanks should be subt rac ted  from the t o t a l  

SPS propel lan t  load f o r  a par t icular  mission t o  a r r i v e  a t  the  tanked 

SPS .propel lan t .  

t a b l e s  t o  a r r i v e  a t  the  appropr ia te  SPS propel lan t  Mass Proper t ies .  

This tanked amount is then used i n  the preceeding 

The t o t a l  SPS propel lan t  load f o r  a par t icular  mission less trapped 

i n  tanks and outs ide  tanks equals  nominal de l iverable  SPS propel lan t .  

4 .1 -22  SNA-8-D-027(III)RE.V 3 



TABLE 4.1-3 

I . _  4 

1 I, ' 
SPS Prope l l an t  Density Equations (S/C 107 and Subsequent) , 

Equation8 f o r  c a l c u l a t i n g  SPS f u e l  and ox id ize r  d e n s i t i e s  a 
' I n  order  t o  c a l c u l a t e  the  dens i ty  for f u e l  o r  ox id izer  of a 
on 8 p a r t i c u l a r  mission using t h e  measured dens i ty  furn ish9  
the  following s tep8  are necessary: 

e - a p p r o p r i a t e  equat ion below and c.alcb1at.e t h  
y at t h e  given preesure and temperature of the K 
s u a l l y  be 14.7 PSIA and 2 5 O C  f o r  f u e l ,  4nd 14.7 

a oxidizer. 

B. Use t h e  appropr ia te  equat ion below and c a l c u l a t e - t h  
dens i ty  a t  the f i n a l  system presriure and temperature. 
usua l ly  be 110f5 PSIA and 70f5'F. 

C. 'Subt rac t  t he  dens i ty  obtained i n  s t e p  A from the  measured d e n s i t y  of 
the  KSC sample, and add t h i s  amount (may be e i t h e r  
negative) t o  the  dens i ty  obtained from s t e p  B. 

A-50 DENSITY EQUATION 

= [57.6095-0.058533 ("C)]'( CF p F  

i A-50 dens i ty  i n  1 

O C  = Temperature i n  degre 

CF = Conipressibil i ty fact  

OF where : 
t 

pressure  - compress&bili.ty graph on Figure 4.1-1' of 
, t h i s  s ec t ion .  . . .  

N2O4 DENSITY EQUATION 

[93.1048-0.14252("C)] (Cg) 

where: po N2O4 denei ty  i n  l b / f t  

'C = Temperature i n  degrees cent igrade  

Co = Compressibi l i ty  f a c t o r  - ob ta in  t h i s  number from the, 

2 

1 

, -  . 
- p r e ~ s u r e  - compress ib i l i ty  graph onFigure  4.1-2 of 

t h i s  s ec t ion .  
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FUEL - 

FOR ULLAGE LOADTNG PRESSURE OF 110f4 PSIA 

F I G U R E  4.1-3. S E R V I C E  MODULE SPS F U E L  LOADING WINDOW F O R  SM 107 AND SUBSEQUENT 
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FOR ULLAGE LOADING PRESSURE OF 110f4 PSIA 

FIGURE 4.1-3.  SERVICE MODULE SPS FUEL LOADING WINDOW FOR SM 107 AND SUBSEQUENT 
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OXIDIZER 

FOR ULLAGE LOADING PRESSURE OF 110f4 PSIA 

F I G U R E  4.1-4. S E R V I C E  MODULE SPS O X I D I Z E R  LOADING WINDOW F O R  SM 107 
AND SUBSEQUENT 
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TABLE 4.2-1 
CSM - CONSUMABLE LOADS AND WCERTAINTIES 

This  table cantainr the consumable loads, aseociated 
tolerances, and/or mcertdinties at nominal loading 
temperaturea and prerrurer. 

1 .  

O H D  MODULE 
Nominal Load - RCS (2) 

Loaded Syetem 1 - Fuel 
System 1 - Oxidizer 
System 2 - Fuel 
System 2 - Oxidizer 

Loaded - Fuel - Oxidizer 
Total Loaded 

Maximum Trapped 
- 

System 1 - Fuel 
System 1 - Oxidizer 
System 2 - Fuel 
System 2 - Oxidizer 

Trapped - Fuel 
- Oxidizer 

ystem 1 - Oxidizer 
System 2 - Fuel 
System 2 - Oxidizer 

Deliverable - Fuel 
- Oxidizer 

(')CENTER OF GRAVITY 

' X A  

1022.6 
1022.6 
1022.6 
1022,6 
1022.6 
1022.6 
1022.6 

1022.6 
1022.6 
1022.6 
1022.6 

1022.6 
1022.6 
1022.6 

1022.6 
1022.6 
1022.6 
1022.6 
1022.6 
1022.6 
1022.6 

-- 

lCHES 1 

yA 

-38.7 52.8 
26.6 59.8 

2.3 65..5 

14.5" 62.7 
-7.3 57.0 

-52.8 ,38.7 

- 4 5 . 8  4 5 . 8  

-30.7. 52.0 
26.6 59.8 
-52.8 30.7 

2.3 65.5 
-45 e 5 , 4 6  e 0 
14.6 62.6 
-7.3 56.5 

14.4 6 2 . 7  
-7.3 I 56.5 

4 2-1 I SNA-8-D:027(III) REV 3 



TABLE 4.2-1 (CONTINUED) 

ERVICE MODULE - Nominal Load 
RCS(2) 

Quad A - Loaded Primary - Fue l  

Secondary-Fuel ' 

Oxid ize r  

Quad B - Loaded Primary - Fuel 

Secondary-Fuel 

Ox id ize r  

Quad C - Loaded Primary - Fuel 

Secondary-Fuel 

Ox id ize r  

Quad D - Loaded Primary - Fuel 

Secondary-Fuel 

Ox id ize r  

Loaded Primary - Fuel 

Secondary-Fue 1 

Oxid ize r  

Loaded - Fuel 

-Oxidizer 

TOTAL LOADED 

Yax. Trapped--Quad A - Primary Fuel 

- Secondary Fuel 

- Oxid ize r  

Quad B - Primary Fuel 

- Secondary Fuel 

- Oxidizer  

Quad C - Primary Fuel 

- Secondary Fuel 

- Oxid ize r  

Quad D - Primary Fuel 

- Secondary Fuel 

- Oxidizer  

Trapped Primary Fuel 

Secondary Fuel 

Ox i d  i z Isr 

Trapped Fue 1 

Oxidizer  

Weight 
Poundr 

40.  3 f O .  8 
225.4f3.4 

6 9 . 9 f 0 . 4  
4 0 ,  P O .  8 

225.4f3 .4  
6 9 . 9 f 0 . 8  
4 0 . 3 f 0 . 8  

2 2 5 . 4 i 3 . 4  
6 9 . 9 f 0 . 8  
40.3f0.8 

U i 3 . 4  
2 7 9 . 6 f 1 . 6  
161 .2f l ' .  6 
8 0 1 ; 6 f 6 . 8  
440.8'2.3 
901.6* 6 . 8  
3 4 2 . 4 f 7 . 2  

1 . 4  
0 . 7  
4 . 5  
1 . 4  
0 .7  
4 . 5  
1 . 4  
0.7 

4 . 5  
1 . 4  
0 .7  
4 . 5  
5 . 6  
2 . 8  

18 .0  
8 . 4  

18 .0  
26 .4  

4 2-2 

Ibchra 

L'L 
964.8 8.0 

985.1 

926.9 

964 * 8 

985.1 

926.9 

964.8 

985.1 

926.9 

964.8 

985.1 

926.9 

964.8 

985.1 

926.9 

972.9' 

926.9 

942.1 

- 

964.8 

985.1 

926.9 

964.8 

985.1 

926.9 

964.8 

985.1 

926.9 

964.8 

985.1 

Y2b.Y 
964.8 

985.1 

Y2h.Y 

971.6  

926.9 

940.9 

"7.0 

8.0 . 

68.0 

64.5 

-8.0 

7.0 

-8.0 

-64.5 

-68.0 

-64.5 

0.0 

0.0 
0.0 
0 . 0  

0.0 

0.0 

64.5 

8.0 

-7.0 

8.0 
64.5 

68.0 

64.5 

-8.0 

1 . 0  

-8.0 

-64.5 

-68.0 

-64.5 

0.0 

0 . 0  

0. 11 

0 . 0  

0.0 

0 . 0  - 

2 

-68.5 

-69.0 .. . 
-68.5 

-26.5 

-11 0 0 

-26.5 

68.5 

69.0 ~ 

.68 .5  

26..5 

11 .0  

26.5 

0.0 
0.0 

0.0 . 

0.0 

0.0 
0 .o 

-68.5 

-69.0 - .  
-68.5 

-16.5 

-11.0 

-26.5 

68.5 

69.0 

68.5 

26.5 

1 
1 :; 1 

0 . 0  1 
SNA-8-D-027 (111) REV 3 



TABLE 4 2-1 (CONTINUED) 

.. . I 

xA - 
'964. m 
915. I 
926.9 

964.1 

985.1 
9Zb.9 

961.8 

983 * 1 
926.9 

964.8 

915.1 

926.9 

904.1 

915.1 

926.9 

971.9 

926.9 

942 .1  

- 
I 

7 

0.0 
-7 .O 

8.0 

64.5 
68.8 
66.5 

-8.0 
7.0 

-1.0 

-64.5 

-68.0 

-64 .5  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I_ 

- 

48 .5  
4 9  0 

-68.5 
-26.5 

-11.0 
-26.5 

6#,5 

69.0 

61.5 

26.S 

11 .o 
26.5 
0.0 

Q.0 
0.0 

0.0 

0 .0  

0.0 
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TABLE 4.2-1 (CONTINUED) 

CSM 112 AND SUBSEQUENT MISCELLANE0US.CONSUBLES 

SM MISCELLANEOUS CONSWLES 

CM/RCS - HELIUM 

W E B  

Oxygen - Entry 
Potab le  Water (3) 
Waste Water (4) 

SM/RCS - H e l h t m  

SM/SPS Helium - Storage Bottles 

- Tanks (5) 

SM/Nitrogen 

SM/EPS /ECS 

Oxygen - 
H2 
H2 
H2 
O 2  
O2 
O2 

1 Hydrogen 

H2 
- O2 

Tota l  - 
Tota l  on Board 

H2 - H2 
- H2 - O2 - O2 - O2 

Unusable - 

Unusable - 
Tota l  Unueabge 

Usable - H 2  

- H 2  - H2 - O2 - O2 - 0, L I Usable - 

WEIGHT 
POUNDS 

1.0 

(7) .  
(7) 
(7) 
6 .0  

87.6 

5.4 

1.3 

29.3 
29.3 
29.3 

330.1 
330.1 
330.1 

87.9 
990.3 

1078.2 

1.2 
1 . 2  
1 . 2  
6.6 
6.6 
6.6 

19.8 
23.4 

3.6 

28.1 
28.1 
28.1 

323.5 
323.5 
323.5 

84.3 
970.5 

1054.8 

CENTER OF GRAVITY 
INCHES 
V 

xA 

022.6 

031.1 
022.6 
022.6 

983.9 

954.7 

976.0 

874.0 

974.6 
859.4 
892.9 
920.8 
920.8 
938.0 

909.0 
926.6 
925.1 

974.6 
859.4 
892.9 
920.8 
920.8 
938.0 

909.0 
926.6 
923.8 

974.6 
859.4 
892.9 
920.8 
920.8 
938.0 

909.0 
926.6 
925.1 

LA 

-3.1 

-26.9 
-63.5 
-19.7 

0.0 

0.0 

2.7 

0.0 

37.0 
-40.7 
-40.7 
-20.9 
-27.4 

22.5 

-14.8 
-8.6 
-9.1 

37.0 
-40.7 
-40.7 
-20.9 
-27.4 

22.5 

-14.8 
-8.6 
-9.6 

-- - .  - 

37.0 
-40.7 
-40.7 
-20.9 
-27.4 

22.5 

-14.8 
-8.6 
-9.1 

zA 

25.8 

-34.2 
-16.4 

62.5 

0.0 

0.0 

8.9 

0.0 - 

-46.0 
41.2 
41.2 
26.9 
54.5 

-30.0 

. 1 2 . 1  
17.1 
16.7 

-46.0 
41.2 
41.2 
26.9 
54.5 

-30.0 

12.1 
17.1 
16.4 

-46.0 
41.2 
41.2 
26.9 
54.5 

-30.0 

12 .1  
17.1 
16.7 

%Nominal Loading. For Liftoff values see ind iv idua l  Mission Sect ion.  
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TABLE 4.2-1 (CONTINUED) 

NOTES: (1) Referenced t o  the  Apollo Coordinate System. 

(2) A l l  RCS p r o p e l l a n t  weight u n c e r t a i n t i e s  p r i o r  t o  loading  are 
based on the maximum and minimum permissable  load d e v i a t i o n  
f o r  t h e  nominal l oad  a t  70'F. 

(3)  Potable  water tank  nominal ca  

(4) 

(5) 

(6) 

Waste water tank nominal capac i ty  is  60 pounds. 

Based on f u l l  SPS p r o p e l l a n t  load: 

Del iverable  SM/RCS p r o p e l l a n t  is t h a t  amount which can 
b e  expel led  from t h e  tanks  assuming nominal mixture r a t i o .  
For pre-mission budget planning the  minimum guaranteed 

, , usable  p rope l l an t  equals de l ive rab le ,  less 20.0 pounds 
loading unce r t a in ty ,  auging inaccuracy.  

( 7 )  I See appropr i a t e  mission dependen 

, 

4.2-5 1 SNA-8-D-027 (111) REV 3 
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4.3 CM/RCS AND SM/RCS LOAD CALCULATION TABLES AND LOADING WINDQWS 

4.3.1 CM/RCS 

Table 4.3-1 i s  t h e  CM/RCS load  c a l c u l a t i o n  t a b l e  t o  be completed 
by KSC f o r  each mission.  F igures  4.3-4 and 4.3-5 are t h e  CM/RCS 
f u e l  and ox id ize r  loading windows t o  be  used by KSC f o r  Mission 
F and subsequent.  

4.3.2 SM/RCS 

Table 4.3-2 i s  t h e  SM/RCS load  summary t a b l e  t o  be  completed 
by KSC f o r  each mission. . Tables  4.3-3 through 4.3-6 are t h e  load  
c a l c u l a t i o n  t a b l e s  t o  be  used by KSC t o  transmit t o  MSC t h e  PV 
parameters and c a l c u l a t i o n s  f o r  each quad. A l l  of t h e s e  t a b l e s  
are mission independent. 
SM/RCS loading  windows t o  be  used by KSC f o r  Mission F and sub- 
sequent .  

F igures  4.3-1 through 4.3-3 are t h e  

4.3.3 CSM/RCS Mass Calcula t ions  f o r  Hor izonta l  Tanks 

The primary method f o r  determining t h e  amount of RCS p r o p e l l a n t  
loaded i n  t h e  CSM h o r i z o n t a l  tanks is by a c t u a l  p rope l l an t  weight 
as determined by using t h e  b leed  u n i t  scales. 
determined by t h e  bleed u n i t  scales i s  v e r i f i e d  by PV c a l c u l a t i o n  
as o u t l i n e d  i n  Tables 4.3-1, and 4.3-3 through 4.3-6. I f  f o r  
an  i n d i v i d u a l  tank t h e  p r o p e l l a n t  weight as determined by t h e  
b leed  u n i t  s c a l e s  and t h e  p r o p e l l a n t  weight as determined by t h e  
PV c a l c u l a t i o n  do no t  c o r r e l a t e ,  then  KSC, ASPO, and t h e  appro- 
p r i a t e  sub-system manager w i l l  j o i n t l y  determine which of t h e  
above methods w i l l  be used. 

The weight as 

4.3-1 SNA-8-D-O27(III)REV 3 



TABLE 4.3-1 

COMMAND MODULE RCS LOADING REQUIREMENTS, 
PARAMETERS AND CALCULATIONS 

Load Parameters and Ca lcu la t ions  

Fuel  Oxid izer  - 
Tank A Tank B Tank A Tank B _ - - -  

3 
- - - - -  A. Tank Volume @ 0.0 PSIG ( i n  ) 

A l .  L iquid  Line Volume ( i n  ) 

A2. T o t a l  A + A 1  ( i n  ) 

B. 
t o  Loading ( l b )  

C. F i n a l  Weight i n  Bleed Unit  A f t e r  
Loading ( l b )  

D. P rope l l an t  Load by Weigh.Tank; 
Item B less Item C ( l b )  

E. Loading Temperature (OF) 

F. S p e c i f i c a t i o n  Load @ 70 +5"F ( l b )  

G. T o t a l  CM/RCS Prope l l an t  Load from 

3 ---- 
3 

I n i t i a l  Weight i n  Bleed Unit P r i o r  
I_ - -  

---- 

---- 

--I- 

---- 
---- 

Item D above or I t e m  P below ( l b )  k 0 . 3  k0.3 

Ullage Calcu la t ion  
3 G1.  Density ( l b l i n  ); s o l v e  the  following 

equat ion  where T = Temperature i n  E 
above and pp = f u e l  dens i ty ;  po = 
o x i d i z e r  dens i ty .  

p~ 0.0329456 - (0.186979) (T) 

po a 0. 451591(10'4) (11.8-T)+0.05475906 

---- 

---- H. S p e c i f i c a t i o n  Ullage @ E above; Maximum 

Minimum ---- 
3 ---- I. Tank S t r e t c h  Fac tor  ( i n  /PSI) 

J. Volume of GHE-GSE Line  ( i n  ) 

K. Volume of S/C GHE Line ( i n  ) 

L. GSE Line Pressure  (PSIG) 

M. Bladder Pressure  (PSIG) 

N. S t a b i l i z e d  Equilibrium Pressure  (PSIG) 
3 0. Ullage Volume ( i n  ); so lve  the  following 

equat ion  by s u b s t i t u t i n g  t h e  va lues  
contained i n  the  above ind ica t ed  s t e p s .  

3 

3 
---- 
---- 
---- 
---- 
---- 

---- 
Ullage Volume - J (a) - I (N + M + 14.7) - K 

P. P r o p e l l a n t  load  by P.V. ( l b )  ---- 
4.3-2 SNA-8-D-027 (111) REV 3 



TABLE 4 b 3 - 2  

SERVICE MODULE RCS PROPELLANT LOAD SWfMATION 

QUAD A 
(Pounds) 

Secondary F u e l  

Primary Fuel  T o t a l  O x i d i z e r  - + 2 . 3  
Tot a1 i- 0.7 - 

Secondary F u e l  

Primary Fue l  T o t a l  O x i d i z e r  - f 2.3 

6 ,  
4- 0.7 To tal - 

QUAD C 
(Pounds ) 

Secondary Fuel  

Pr imary F u e l  T o t a l  Ox id ize r  - + 2.3 
+ 0.7 T o t a l  - 

QUAD D 
(Pounds) 

Secondary Fue l  

+ 2 . 3  Primary F u e l  Total Ox id ize r  - 
T o t a l  - i- 0.7 

T o t a l  SM/RCS P r o p e l l a n t  Loaded ( l b )  

Fue 1 - + 1.4 

4 . 3 - 3  

+ 4 . 6  Oxid ize r  I 
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TABLE 4 13- 3 

SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD A 

A .  

' B. 

B 1 .  

C.  

D. 

E.  

*F . 
G. 

H. 

I. 

J. 
K. 

L. 

M. 

N. 

0. 

P. 

9. 
R. 

S. 

F u e l  

Secondary Fuel  

3 

- 

Loading Tempqrature (OF) 

Tank Volume ( i n  ) @ 0.0 PSIG 

L iqu id  Line Volume ( i n  ) 
3 Tank S t r e t c h  Fac to r  ( i n  /PSI) 0.034 

I n i t i a l  Weight of Bleed Unit  

F i n a l  Weight of Bleed Uni t  

3 

P r i o r  t o  Loading ( l b )  

A f t e r  Loading ( l b )  

Resu l t ing  Load ( l b )  ( I tem D less 

S p e c i f i c a t i o n  Nominal Load 

Volume of GHE-GSE Line  ( i n  ) 

I t e m  E) 

a t  70 +So F ( l b )  
3 - 

Volume of S/C  GHE Line  ( in3)  

GSE L ine  P r e s s u r e  (PSIG) 

Bladder  P res su re  (PSIG) 

S t a b i l i z e d  Equi l ibr ium 

Primary Liquid  Close-Out 

S p e c i f i c a t i o n  Ul lage  @ A Above 

P res su re  (PSIG) 

P res su re  (PSIG) 

Maximum 

Minimum 
3 

fo l lowing  e q u a t i o n  by s u b s t i t u t i n g  
the  va lues  I conta ined  i n  t h e  i n d i -  
ca t ed  s t e p s .  

U l l age  Volume ( i n  ). Solve t h e  

J - L  Ullage Volume = H (m) - 
(C + S ) ( L  + K + 14.7) + S(M)- 

Primary Fuel  

3 
Loading Temperature (OF) 

Tank Volume ( i n  ) @ 0.0 PSIG 

Liquid  Line  Volume ( i n  ) 
3 Tank S t r e t c h  Fac to r  ( i n  /PSI) 0.0652 

3 

Oxid ize r  

Secondary Oxid izer  
3 A. 

A l .  Liquid Line  Volume ( i n  ) 
3 B. Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.045 

Tank Volume ( i n  ) @ 0.0 PSIG 
3 

Primary Ox id ize r  
3 

. -  

C. Tank Volume ( i n  ) @ 0.0 PSIG- 
" 

C 1 .  Liquid Line  Volum,e (in') 
3 D. Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.088 

PV Parameters  f o r  Combined 
Primary and Secondary Oxid izer  Tanks 

3 

3 
E. Volume of GHE-GSE L ine  ( i n  ) 

F. Volume of  S/C GHE L ine  ( i n  ) 

G. GSE Line  P r e s s u r e  (PSIG) 

H. Bladder P res su re  (PSIG) 

I. S t a b i l i z e d  Equi l ibr ium 

J. Loading Temperature (OF) 
3 K. Oxid izer  Dens i ty  ( l b / i n  ); s o l v e  

P res su re  (PSIG) 

equa t ion  (4) below where T = Tempera- 
t u r e  @ J above 

L. S p e c i f i c a t i o n  Value @ Temperature J 

Minimum 

M. PV Ca lcu la t ed  Oxid izer  Load ( l b ) ;  s o l v e  
equat ion  (5)  and ( 6 )  below by sub- 
s t i t u t i n g  t h e  va lues  conta ined  i n  t h e  
above i n d i c a t e d  s t e p s  where U = 
Volume of t ank  gas  ( in3)  i n  both  t anks  
and H e  system, and Fo = PV c a l c u l a t e d  
o x i d i z e r  load  f o r  both tanks  

k2.3  

S p e c i f i c a t i o n  Nominal Value @ Tempera- 

(4)  Oxid izer  Dens i ty  = 0.451591(10-4) 

(5) U = E (E) - (B+D)(I+H+14.7) 

I 
N. 

t u r e  J above ( l b )  

(11.8 - T) + 0.05475906 

(6) Fo = K(A + C + A 1  + C 1  - U + F) 
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TABLE 4. 
SERVICE MODULE RCS LOADING 

3 

TERS AND CALCULATIONS - QUAD A 

T. F u e l  Density ( l b / i n  ) ;  so lve  
equat ion (1) below where T = 
Temperature '2 P above 

, PV Parameters f o r  Combined 
- Primary and Secondary Fuel Tanks 

3 
3 

U. Volume of GHE-GSE Line ( i n  ) 

V. Volume of S/C GHE Line ( i n  ) 

W. GSE Line Pressure (PSIG) 

X. Bladder Pressure (PSTG) 
Y. S t a b i l i z e d  Equilibrium 

Pressure (PSIG) 

2. S p e c i f i c a t i o n  PV Value @ 
Temperature P above ( l b )  

21. 

Maximum 

Minimum 

PV c a l c u l a t e d  f u e l  load ( l b )  
Solve equat ions ( 2 )  and ( 3 )  below - 
by s u b s t i t u t i n g  the values  con- 
t a ined  i n  the  above i n d i c a t e d  
s t e p s  where Uv = Volume o r  tanked 
gas (in3) i n  the primary tank and 
FL = PV c a l c u l a t e d  f u e l  load. 

22. S p e c i f i c a t i o n  Nominal 

23. T o t a l  f u e l  load ( l b )  20.7 
value @ temperature H above ( l b )  

(Item F p lus  Item 21) 

(1) Fuel  dens i ty  = 0.0329456 - 
(0.186979) (T) 

w - Y  (2) Uv = U (m) - (C + S) (Y + X + 14.7) 
F 4 3 )  FL = T (Q + R - Uv + V + B + B 1  - ) 

* Z 4 .  Secondary F u e l  
Load by P . V .  ( l b )  

* I f  secondary f u e l  load is determined by P.V. c a l c u l a t i o n ,  then i n  Equation Three 
( 3 ) ,  s u b s t i t u t e  i t e m  24 f o r  i t e m  F. 
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TABLE 4 .3 -4  
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - Q U A D B  

A .  

B. 

B1. 

C. 

D. 

E. 

G. 

H. 
I. 

J. 

K. 

L. 

M. 

N. 

0. 

P. 

Q. 
R. 

S. 

I n i t i a l  Weight of Bleed Uni t  

F i n a l  Weight of Bleed Uni t  

R e s u l t i n g  Load ( l b )  ( I t em D less  

P r i o r  t o  Loading ( l b )  

A f t e r  Loading ( l b )  

I t e m  E) 

S p e c i f i c a t i o n  Nominal Load 

Volume of GHE-GSE L ine  ( i n  ) 

Volume of S / C  GHE L i n e  ( i n  ) 

GSE L i n e  P r e s s u r e  (PSIG) 

Bladder  P r e s s u r e  (PSIG) 

S t a b i l i z e d  Equ i l ib r ium 

Primary L i q u i d  Close-Out 

S p e c i f i c a t i o n  Ul l age  @ A Above 

a t  70 -+5' F ( l b )  
3 

3 

P r e s s u r e  (PSIG) 

P r e s s u r e  (PSIG) 

Maximum 

Minimum 
3 

fo l lowing  e q u a t i o n  by s u b s t i t u t i n g  
t h e  v a l u e s  con ta ined  i n  t h e  i n d i -  
c a t e d  s t e p s .  

Ul lage  Volume ( i n  ) . Solve  t h e  

Fue l  Ox id ize r  

Secondary F u e l  Secondary Ox id ize r  
- 

3 
Loading TempeTature (OF) A .  Tank Volume ( i n  ) @ 0.0 PSIG - 

3 Al. Liqu id  Line  Volume ( i n  ) 
3 B. Tank S t r e t c h '  F a c t o r  ( i n  /PSI) 0.045 

Primary O x i d i z z  
3 

3 Tank Volume ( i n  ) @ 0.0 PSIG 

L i q u i d  L i n e  Volume ( i n  ) 
3 Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.034 

3 

C. Tank Volume ( i n  ) @ 0.0 PSIG 

C1. Liqu id  L ine  Volume ( i n  ) 
3 D. Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.088 

PV Parameters  f o r  Combined 

3 

- Primary and Secondary Ox id ize r  Tanks 
3 

3 
I E. Volume of GHE-GSE L i n e  ( i n  ) 

F. Volume of S/C GHE L ine  ( i n  ) 

G. GSE L i n e  P r e s s u r e  (PSIG) 

H. Bladder  P r e s s u r e  (PSIG) 

I. S t a b i l i z e d  Equ i l ib r ium 

J . Loading Temperature ( F) 
3 K. Ox id ize r  Dens i ty  ( l b / i n  ) ;  s o l v e  

P r e s s u r e  (PSIG) 

equa t ion  ( 4 )  below where T = Tempera- 
t u r e  @ J above 

above (1b) Maximum 

Minimum 

L. S p e c i f i c a t i o n  Value @ Temperature  J 

M. PV Ca lcu la t ed  Ox id ize r  Load ( l b ) ;  s o l v e  
e q u a t i o n  (5)  and ( 6 )  below by sub- 
s t i t u t i n g  the  va lues  con ta ined  i n  t h e  
above i n d i c a t e d  s teps  where U = 
Volume of tank  gas  ( in3 )  i n  b o t h  t anks  
and He system,and Fo = PV c a l c u l a t e d  
o x i d i z e r  load  € o r  both  tanks  Ul lage  Volume = H (s) - 

( C  + S)(L + K + 14.7)  + S(M)- I k2.3 

N. S p e c i f i c a t i o n  Nominal Value @ Tempera- 

(4) Ox id ize r  Dens i ty  = 0. 451591(10-4) 

( 5 )  U = E (e) - (B+D) (I+H+14.7) 

Primary Fuel  

3 

- t u r e  J above ( l b )  
Loading Temperature (OF) 

Tank Volume ( i n  ) (3 0.0 PSIG 

Liquid  L ine  Volume ( i n  1 
3 Tank S t r e t c h  Fac to r  ( i n  /PSI) 0.0653 

(11.8 - T) + 0.05475906 
3 

(6) Fo = K ( A  + C + A1 + C 1  - U + F) 
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TABLE 4 . 3 - 4  (CONTINUED) 
SERVICE MODULE RCS LOADING PARAMETERS,AND CALCULATIONS - Q U A D B  

3 T. Fuel  Dens i ty  ( l b / i n  ) ;  s o l v e  
e q u a t i o n  (1) below where T = 
Temperature @ P above 

* PV Parameters  f o r  Combined 
P r i rnFy  and S e c o n d a g  F u e l  Tan& 

__I- 

3 

3 
U. Volume of GHE-GSE Line  ( i n  ) 

V. Volume of S/C GHE Line  ( i n  ) 

W. GSE Line  Pressure (PSIG) 

X. Bladder  P r e s s u r e  (PSIG) 

Y.  S t a b i l i z e d  Equi l ibr ium 
P r e s s u r e  (PSIG) 

2. S p e c i f i c a t i o n  PV Value @ 
Temperature P above ( l b )  

Maximum 

Minimum 

Z1.  PV c a l c u l a t e d  fuel. l o a d  ( l b )  
Solve equa t ions  ( 2 )  and (3 )  below 
by s u b s t i t u t i n g  t h e  va lues  con- 
t a ined  i n  t h e  above i n d i c a t e d  
s t e p s  where Uv = Volume o r  tanked 
gas  ( in3)  i n  t h e  pr imary t ank  and 
FL = PV c a l c u l a t e d  f u e l  load .  

22. S p e c i f i c a t i o n  Nominal 
. v a l u e  tempera ture  H above (lb) 

2 3 .  T o t a l  f u e l  l oad  ( l b )  +O. 7 
(Item F p l u s  Item Z l )  

(1) Fuel d e n s i t y  = 0.0329456 - 
(0.186979) (T) 

, 
(2) Uv = U (e) - (C + S )  (Y + X + 14.7) 

* Z 4 .  Secondary Fuel  
Load by P.V. ( I b )  

*If  secondary f u e l  l o a d  is  determined by P.V. c a l c u l a t i o n ,  t hen  i n  Equat ion Three 
(3),  s u b s t i t u t e  i t e m  24 f o r  item F. 
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TABLE 4 . 3 - 5  

SERVICE MODULE RCS LOADING PARAMETERS AND CALCLJLATIONS - QUAD C 

A. 

B.. 

B 1 .  

C.  

D. 

E. 

*F . 
G .  

H. 
I. 
J. 

K. 
L. 

M. 

N. 

Fue l  

Secondary Fue l  

3 

- 

Loading Temperature ( O F )  . 

Tank Volume ( i n  ) @ 0.0 PSIG 

L iqu id  L ine  Volume ( i n  ) 
3 Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.034 

I n i t i a l  Weight of Bleed Un i t  

3 

P r i o r  t o  Loading ( l b )  

F i n a l  Weight of Bleed Uni t  

R e s u l t i n g  Load (lb) ( I tem D less 

S p e c i f i c a t i o n  Nominal Load 

Volume of GHE-GSE Line  ( i n  ) 

'Volume of S/C GHE Line  ( i n  ) 

GSE Line  P r e s s u r e  (PSIG) 

Bladder  P r e s s u r e  (PSIG) 

S t a b i l i z e d  Equi l ibr ium 

Primary L iqu id  Close-Out 

S p e c i f i c a t i o n  Ul lage  @ A Above 

A f t e r  Loading ( l b )  

I t e m  E) 

a t  70 25" F ( l b )  
3 

3 

P r e s s u r e  (PSIG) 

P r e s s u r e  (PSIG) 

Maximum 

Minimum 

Ul lage  Volume = H ~ - (: 1 9  

Oxid ize r  

Secondary Ox id ize r  
3 A. Tank Volume ( i n  ) @ 0.0 PSIG 

A l .  Liquid  L ine  Volume ( i n  
3 B. Tank S t r e t c h  F a c t o r  ( i n  / P S I )  0.045 

Primary Ox id ize r  
3 

3 

C. Tank Volume ( i n  ) @ 0.0 PSIG 

C1. Liquid  Line  Volume ( i n  ) 
3 D. Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.088 

3 

I E. 

F. 

G .  

H. 
I. 

J. 

K. 

L. 

PV Parameters f o r  Combined 
Primary and Secondary Ox id ize r  Tanks 

3 

3 
Volume of GHE-GSE L ine  ( i n  ) 

Volume of S/C GHE Line  ( i n  ) 

GSE L i n e  P r e s s u r e  (PSIG) 

Bladder  P r e s s u r e  (PSIG) 

S t a b i l i z e d  Equ i l i b  r ium 

Loading Temperature (OF) 
3 Oxid ize r  Dens i ty  ( l b / i n  ) ;  s o l v e  

P r e s s u r e  (PSIG) 

e q u a t i o n  (4)  'below where T = Tempera- 
ture @ J above 

above ( I b )  Maximum 
S p e c i f i c a t i o n  Value @ Temperature  J 

Minimum 

3 M. PV C a l c u l a t e d  Ox id ize r  Load ( l b ) ;  s o l v e  0. Ul l age  Volume ( i n  ). Solve  t h e  
e q u a t i o n  (5) and ( 6 )  below by sub- 
s t i t u t i n g  t h e  va lues  con ta ined  i n  t h e  
above i n d i c a t e d  s teps  where U = 
Volume of tank  gas  ( in3 )  i n  bo th  t anks  
and H e  system,and Fo = PV c a l c u l a t e d  
o x i d i z e r  l oad  €o r  both tanks  

fo l lowing  e q u a t i o n  by s u b s t i t u t i n g  
t h e  v a l u e s  con ta ined  i n  t h e  i n d i -  
c a t e d  s t e p s .  

f 2 . 3  

S p e c i f i c a t i o n  Nominal Value @ Tempera- 

(4) Oxid ize r  Dens i ty  = 0. 451591(10-4) 

(C + S)(L + K + 14.7)  + S(M)- I 
N. Primary Fuel  

3 

t u r e  J above ( l b )  - 
P. Loading Temperature ( OF) 

Q. Tank Volume ( i n  ) @ 0.0 PSIG (11.8 - T) -t 0.05475906 
9 

R. L iqu id  Line  Volume (in') 
3 S. Tank S t r e t c h  Fac to r  ( i n  /PSI) 0.0652 

(5) U = E (E) - (B+D)(I+H+14.7) 

(6) Fo = K ( A  + C + A 1  4 C1 - U + F) 
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TALBE 4.3-5 (CONTINUED) 
SERVICE NODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD C 

3 T. Fuel  Dens i ty  ( l b / i n  ); s o l v e  
e q u a t i o n  (1) below where T = 
Temperature  @ P above 

'PV Parameters  f o r  Combined 
Primary and Secondary Fuel  Tanks 

3 

3 
U. Volume of  GHE-GSE Line  ( i n  ) 

V. Volume of S/C GHE Line  ( i n  ) 

W. GSE L ine  P r e s s u r e  (PSIG) 

X. Bladder  P r e s s u r e  (PSIG) , 

Y. S t a b i l i z e d  Equ i l ib r ium 
P r e s s u r e  (PSIG) 

Z .  S p e c i f i c a t i o n  PV Value @ 
Temperature P above (lb) 

Maximum 

Minimum ~ 

Solve equa t ions  ( 2 )  and (3)  below 
by s u b s t i t u t i n g  t h e  v a l u e s  con- 
t a i n e d  i n  the above i n d i c a t e d  
s t e p s  where UV = Volume o r  tanked  
gas  ( in3 )  i n  t h e  pr imary t a n k  and 
FL = PV c a l c u l a t e d  f u e l  l oad .  

Z 1 .  PV c a l c u l a t e d  fuel l oad  ( l b )  

22 , -  S p e c i f i c a t i o n  Nominal 
v a l u e  (2 t empera ture  H above ( l b )  

23. T o t a l  f u e l  l oad  ( l b )  +O. 7 
( I tem F p l u s  Item Z1) 

(1) Fue l  d e n s i t y  = 0.0329456 - 
(0.186979) (10-4) (T) 

( 2 )  UV = U (s) - (C + S) (Y + X + 14.7) 

*24.  Secondary Fue l  
Load by P.V. ( l b )  

*If secondary  f u e l  l o a d  is de termined  by P.V. c a l c u l a t i o n ,  then  i n  Equat ion  Three 
( 3 ) ,  s u b s t i t u t e  i t e m  24 f o r  i t e m  F. 
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TABLE 4 . 3 - 6  

SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD D 

A .  

- B *  
B1. 

C. 
D. 

E. 

* F. 

G. 

H. 
I. 
J. 

K. 
L. 

M. 

N. 

0. 

P. 

Q. 
R. 

S. 

F u e l  O x i d i z e r  - 
Secondary Fue l  

3 
Loading Temperature  ( O F )  

Tank Volume ( i n  ) @ 0.0 PSIG 

L i q u i d  Line Volume ( i n  ) 
3 Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.034 

I n i t i a l  Weight of Bleed Uni t  

F i n a l  Weight of Bleed Uni t  

R e s u l t i n g  Load ( l b )  (Item D less 

S p e c i f i c a t i o n  Nominal Load 

Volume of GHE-GSE Line ( i n  ) 

3 

P r i o r  t o  Loading ( l b )  

A f t e r  Loading ( l b )  

Item E) 

a t  70 ?5' F ( l b )  - 
3 
A 

Secondary Ox id ize r  
3 A. Tank Volume ( i n  ) 6 0.0 PSIG 

3 
Al. Liqu id  Line  Volume (in ) - 

3 B. Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.045 

Primary Ox id ize r  
3 C. Tank Volume ( i n  ) 6 0.0 n PSIG 

C1. Liqu id  Line  Volume (in') 
3 D. Tank S t r e t c h  F a c t o r  (in /PSI) 0.088 

PV Parameters  f o r  Combined 
Primary and Secondary Ox id ize r  Tanks 

3 

3 
I E. Volume of GHE-GSE Line ( i n  ) 

F. Volume of S/C GHE Line  ( i n  ) 

G. GSE Line  P r e s s u r e  (PSIG) 

Vblume of S /C  GHE Line  (in') H. Bladder  P r e s s u r e  (PSIG) 

GSE L i n e  P r e s s u r e  (PSIG) I. S t a b i l i z e d  Equ i l ib r ium 

Bladder  P r e s s u r e  (PSIG) 

S t a b i l i z e d  Equ i l ib r ium 

Primary L i q u i d  Close-Out 

S p e c i f i c a t i o n  Ul lage  6 A Above 

P r e s s u r e  (PSIG) 

J. Loading Temperature (OF) 
3 P r e s s u r e  (PSIG) K. Ox id ize r  Dens i ty  ( l b / i n  ) ;  s o l v e  

P r e s s u r e  (PSIG) 

equa t ion  (4) below where T = Tempera- 
t u r e  @ J above 

L. S p e c i f i c a t i o n  Value @ Temperature J 
above (1b) Maximum 

Maximum 

Minimum Minimum 

3 M. PV Ca lcu la t ed  Ox id ize r  Load ( l b ) ;  solve 
equa t ion  ( 5 )  and (6)  below by sub- 
s t i t u t i n g  t h e  v a l u e s  con ta ined  i n  t h e  
above i n d i c a t e d  steps where U = 
Volume of tank gas  ( in3 )  i n  bo th  t anks  
and He  s y s  tem, and Fo = PV c a l c u l a t e d  
o x i d i z e r  l oad  f o r  bo th  t anks  

Ul l age  Volume ( i n  ). Solve t h e  
fo l lowing  e q u a t i o n  by s u b s t i t u t i n g  
t h e  v a l u e s  con ta ined  i n  t h e  i n d i -  
c a t e d  s t e p s .  

U l l age  Volume = ($E+) - 
2 2 . 3  

S p e c i f i c a t i o n  Nominal Value 6 Teinpera- 

( 4 )  Oxid ize r  Dens i ty  = 0.451591(10-4) 

(5) U = E (e) - (B+D)(I+H+14.7) 

(C + S)(L + K + 14.7)  + S(E.1)- I 
N. Primary Fuel  

3 

t u r e  J above ( l b )  
Loading Temperature (OF) 

Tank Volume ( i n  ) @ 0.0 PSIG 

L iqu id  Line Volume ( i n  ) - 
Tank S t r e t c h  F a c t o r  ( i n  /PSI) 0.0652 

(11.8 - T) + 0.05475906 
3 

3 

(6) Fo K(A + C + A 1  + C 1  - U + F) 
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TABLE 4.3-6  (CONTINUED) 

SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD D 
. 1  

3 T. F u e l  Dens i ty  ( l b / i n  ); s o l v e  
e q u a t i o n  (1) below where T - 
T m p e r a t u r e  @ P above 

PV Pa rame te r s  f o r  Combined 
Primary and Secondary Fue l  Tanks 

3 
3 

U. Volume of GHE-GSE L i n e  ( i n  ) 

V. Volume of S/C GHE Line  ( i n  ) 

W. GSE L ine  P r e s s u r e  (PSIG) 

X. Bladder  Pressure (PSIG) 

Y. S t a b i l i z e d  Equ i l ib r ium 
P r e s s u r e  (PSIG) 

2, S p e c i f i c a t i o n  PV Value @ 
Temperature P above ( l b )  

Maximum 

Minimum 

21. PV c a l c u l a t e d  f u e l  l o a d  ( Ib )  
So lve  e q u a t i o n s  (2)  and ( 3 )  below 
by s u b s  t i  t u  t i n g  t h e  v a l u e s  con- 
t a i n e d  i n  t h e  above i n d i c a t e d  
s t e p s  where UV = Volume o r  tanked 
gas (in3) i n  t h e  primary t a n k  and 
FL = PV c a l c u l a t e d  f u e l  l oad .  

22. S p e c i f i c a t i o n  Nominal 
. v a l u e  La t empera tu re  H above ( l b )  

23. T o t a l  f u e l  l oad  ( l b )  20.7 
(Item F p l u s  Item Z1 

(1) F u e l  d e n s i t y  = 0.0329456 - 

(2)  Uv = U (E) - (C + S) (Y + X + 1447) 

(0.186979) (T) 

q 3 )  F L = T  ( Q + R - U v + V + B + B l - y )  F 

* Z 4 .  Secondary Fuel 
Load by P.V. (lb) 

*If secondary fuel load is determined by P.V. calculation, then in 
Equation Three ( 3 ) ,  substitute item 24 for item F. 
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FIGURE 4.3-1. CSM 104 AND SUBSEQUENT SECONDARY FUEL TANK ULLAGE 
VOLUME RANGE 
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FIGURE 4 . 3 - 2 .  S M  RCS PRIMARY FUEL TANK LOAD WINDOW 

4 . 3 - 1 3  SNA-8-D-O27(III)REV 3 



231 

230 

229 

228 

227 

226 

225 

224 

223 

222 

221 
64 65 66 67 68 69 70 71 72 73 74 75 76 
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OXIDIZER TEMPERATURE ("F) 

FIGURE 4.3-5. CSM 104 AND SUBSEQUENT CM RCS OXIDIZER TANK ULLAGE 
VS. TEMPERATURE 
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TO BE SUPPLIED. 

CM ABLATOR DATA 
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5.0 LM REFERENCE CONSUMABLES MASS PROPERTIES DATA 

The d a t a  presented  i n  t h i s  s e c t i o n  w i l l  enable  the  user  t o  ob ta in  the 

sepa ra t e  centers-of-gravi ty  and moments-of-inertia f o r  those LM space- 

c r a f t  consumables t h a t  s i g n i f i c a n t l y  a f f e c t  o v e r a l l  LM performance. LM 

consumables mass proper ty  d a t a  must be compared tQ the  cu r ren t  on-board 

consumable loading d a t a  f o r  each mission provided i n  Sec t ion  3.0. 

mass proper ty  d a t a  are presented  i n  t h e  following sec t ions :  

The 

5.1 LM Descent Tank Mass P r o p e r t i e s  

Table 5.1-1 LM 10 and Subsequent DPS Fuel  Mass Prope r t i e s  

Table 5.1-2 LM 10 and Subsequent DPS Oxidizer  Mass Prope r t i e s  

LM Ascent Tank Mass Prope r t i e s  5 .2  

5.3 LM RCS Tank Mass Prope r t i e s  

5 . 4  LM Descent Water Tank Mass Prope r t i e s  

Table 5.4-1 LM 10 and Subsequent Descent Water Tank Mass Prope r t i e s  

5.5 LM Ascent Water Tank Mass P r o p e r t i e s  

5.6 LM Trapped and Residual P rope l l an t s ,  and 
Miscellaneous Consumables 
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LUNAR MODULE DESCENT PROPELLANT 

,, 3 , MASS PROPERTIES ,, 

1 .  ' M h s  Properties are given for liquid i n  individual tanks.  
2 ,  :Momcents of Inertia are about center o f  gravity of propellant 

, i,i. individual tanks, coordinates of which are g i v e n ,  
3; . Centers o f  Gravity i n  Y and Z directions are given a t  top o f  

each page. 
4 .  The number o f  tanks of a particular k i n d  i s  indicated by the 

last number on the  f irs t  1 ine, o f  each page. 

5.1-1 'SNA-8-D-027 (1II)REV 3 ' _ .  : _ _  _ _  
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TABLR 5 2-1 

APS TAMtED FUEL MASS PROPERTIES 

The following m s e  propertiee are to be urad over the entire 
range of tanked fuel quantity; 

X I 228.0 inkhce 
C8 

m 

I 

I 

I 

I 

I 

-71.3 inches 

0.0 inches 

0 elug-feet 

0 elug-feet 

0 rlug-feet 

0 slug-feet 

0 elug-feet 

2 

2 

2 

2 

2 

2 
I 0 slug-feet 
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TABLE 5.2-2 

A P S  TANKED OXIDIZER MASS PROPERTIES 

The following mass properties are to be used over the entire range 
t of tanked oxidizer quantity: 

I 
YZ 

5.2-2 

228.0 

44.5 

0.0 

0 

0 

0 

0 

0 

0 

inches 

inches 

inches 

slug-f eet 

slug-f ee t 

slug-feet 

slug-f ee t 

slug-feet 

slug-feet 

2 

2 

2 

2 

2 

2 
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LUNAR MODULE RCS PROPELLANT 

MASS PROPERTIES 

NOTE: 

1 .  Mass Properties are given fo r  liquid i n  individual tanks.  
2. Moments o f  Inertia are about center o f  gravity of propellant 

in individual tanks, coordinates o f  which are given. 
3 .  Centers of Gravity in Y and Z directions are given a t  top o f  

each page. 
4.  The number of tanks of a particular kind i s  indicated 

by the l a s t  number on the f i r s t  l ine of each page. 
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LM RCS FUEL MASS PROPERTIES-70°F-2 TANKS 
Y-CG = + OR - 44.6 (CONST) Z-CG = -t OR - 14.5 
RADIUS= 6.250 CYLINDRICAL SECITON= 18.650. WEIGHT= 103.7 
DENSITY= 56.330 LBS/CU.FT. 

(ULLAGE/ ( VOL .OF LIQUID) )XI OO= 4.093 

WEIGHT 

103.7 
103.2 
102.7 
102.1 
101.6 
101.1 
100.6 
100.1 
99.6 
99.0 
98.5 
98.0 
97.5 
97.0 
96.4 
95.9 
95.4 
94.9 

' 94.4 
93.8 
93.3 
92.8 
92.3 
91.8 
91.3 
90.7 
90.2 
89.7 
89.2 
88.7 
88.1 
87.6 
87.1 
86.6 
86.1 
85.6 
85.0 
84.5 
84.0 
83.5 
83.0 
82.4 
81.9 

X-CG 

279.3 
279.2 
279.2 
279.1 
279.0 
279.0 
278.9 
278.8 
278.8 
278.7 
278.7 
278.6 
278.5 
278.5 
278.4 
278.3 
278.3 
278.2 
278.1 
278.1 
278.0 
277.9 
277.9 
277.8 
277.7 
277.7 
277.6 
277.5 
277.5 
277.4 
277.4 
277.3 
277.2 
277.2 
277.1 
277.0 
277.0 
276.9 
276.8 
276.8 
276.7 
276.6 
276.6 

IXX ( S-FT. SQ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.3-2 

I Y Y  or IZZ(S-FT.SQ) 

0.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.3 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
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LM RCS .FUEL MASS PROPERTIES-70°F-2 TANKS 
Y-CG 5 + OR - 44.6 (CONST) Z-CG + OR - 14.5 
RADIUS= 6.250 C Y L I N D R I C A L  SECTION= 18.650, WEIGHT= .103.7 
DENSITY= 56.330 LBS/CU.FT. 

,WE I GHT 

81.4 
80.9 
80.4 ' 

79.8 
79.3 
78.8 
78.3 
77.8 
77.3 
76.7 
76.2 
75.7 
75.2 
74.7 ' 

74.1 
73.6 
73.1 
72.6 
72.1 
71.6 
71 .O 
70.5 
70.0 
69.5 
69.0 
68.4 
67.9 , 

67.4 
66.9 
66.4 
65.8 
65.3 - 
64.8 
64.3 
63.8 
63.3 t 

62.7 

61 .7 '  
61.2 
60.7 
60.1 
59.6 

627.2 

X-CG 

276.5 
276.4 
276.4 
276.3 
276.2 
276.2 
276.1 
276.0 
276.0 
275.9 
275.9 
275.8 
275.7 
275.7 
275.6 
275.5 
275.5 
275.4 
275.3 
275.3 
275.2 
275.1 
275.1 
275.0 
274.9 
274.9 
274.8 
274.7 
274.7 
274.6 
274.5 
274.5 
274.4 
274.4 
274.3 
274.2 
274.2 
274.1 
274.0 
274.0 
273.9 
273.8 
273.8 

I XX (S-FT. SQ) 

0.0 
0.0 ' 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,o 
0.0 J 

0.0 
0.0 
0.0 

5 . 3 - 3  

L ..' 

I Y Y  or IZZ(S-FT.SQ) 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1. 
0.1 
0.1 
0.1 
0 .*1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1' 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.0 
0 .O! 
0.0 
0.0 
0.0 
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LM RCS FUEL MASS PROPERTIES-70°F-2 TANKS 
Y-CG = t OR - 44.6 (CONST) Z-CG = t OR - 14.5 
RADIUS= 6.250 CYLINDRICAL SECTION= 18.650. WEIGHT = 103.7 
DENSITY= 56.330 LBS/CU. FT. 

WEIGHT 

59.1 
58.6 
58.1 
57.6 
57.0 
56.5 
56.0 
55.5 
55.0 
54.4 
53.9 
53.4 
52.9 
52.4 
51.8 
51.3 
50.8 
50.3 
49.8 
49.3 
48.7 
48.2 
47.7 
47.2 
46.7 
46.1 
45.6 
45.1 
44.6 
44.1 
43.6 
43.0 
42.5 
42.0 
41.5 
41 .O 
40.4 
39.9 
39.4 
38.9 
38.4 
37.9 
37.3 

X-CG 

273.7 
273.6 
273.6 
273.5 
273.4 
273.4 
273.3 
273.2 
273.2 
273.1 
273,O 
273.0 
272,9 
272.8 
272.8 
272.7 
272-6 
272.6 
272.5 
272.5 
272.4 
272.3 
272.3 
272.2 
272.1 
272.1 
272.0 
271.9 
271.9 
271.8 
271.7 
271.7 
271.6 
271.5 
271.5 

271.3 
271.3 
271.2 
271.1 
271.1 
271 .O 
270.9 

271.4 

I xx ( S-FT. SQ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.3-4 

I Y Y  or IZZ(S-FT.SQ)  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0, 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LM RCS FUEL MASS PROPERTIES-7OOF-2. TANKS 
' Y-CG + OR - 44.6 '(CONST) Z-CG = i- OR 14.5 

RADIUS= 6.250 CYLINDRICAL SECTION= 18.560. WEIGHT= 4103.7 
DENSITY= 56.330 LBS/CU. FT. 

, WEIGHT 

36.8 
36.3 
35.8 
35.3 
34.7 
34. 
33 

' 33. 
32.7 
32.1 
31.6 
31 6 1  

30.6 
30.1 
29.6 
29.0 

' 28.5 
28 .,O 
27,5 
27.0 
26.4 
25.9 
25.4 
24.9 
24.4 
23.9 I 

23.3 , 

22;8 
22.3 
21.8 
21.3 
20.7 
20.2 
19.7 
19.z 
18.7 
18.1 
17.6 
17.1 
16.6 
16.1 
15.6 
15.0 

X-CG 

270.9 
270.8 
270.7 
270.7 
270.6 
270 5 
270.5 
270.4 
270.3 
270.3 
270.2 
270.1 
270.1 
270.0 
269.9 
269.9 
269.8 
269.7 
269.7 
269.6 
269.5 
269.5 
269.4 
269.3 
269.3 
269.2 
269.1 
269 0 
269.0 
268.9 
268.8 
268.8 
268.7 
268.6 
268.6 
268.5 
268.4 
268.3 
268.3 
268.2 
268.1 
268.0 
268.0 

I xx ( S-FT . SQ 1 
0.0 
0.0 ' 

0.0 
0.0 
0.0 

, 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ' 

0 .o 
0.0 , 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.3-5 

I Y Y  or IZZ(S-FT.SQ) 

0.0 
0.0 
0.0 
0.0 
9.0 
0.0 
C.0 
0.0 
0.0. 
0.0 
(1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0, 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 , 
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LM RCS FUEL MASS PROPERTIES-70°F-2 TANKS 
Y-CG = + OR - 44.6 (CONST) Z-CG = + OR - 14.5 

RADIUS= 6.250 CYLINDRICAL SECTION= 18.650. WEIGHT= 103.7 
DENSITY= 56.330 LBS/CU. FT. 

WEIGHT X-CG I XX ( S - FT. SQ ) I Y Y  or IZZ(S-FT.SQ) 

14.5  
14.0 
13.5 
13.0 
12.4 
11.9 
11.4 
10.9 
10.4 
9.9 
9.3 
8.8 
8.3 
7 , 8  
7.3 

'6.7 
6.2 
5.7 
5.2 
4.7 
4.1 
3.6 
3.1 
2.6 
2.1 
1.6 
1 .o 
0.5 

267.9 
267.8 
267.7 
267.7 
267.6 
267.5 
267.4 
267.3 
267.3 
267.2 
267.1 
267.0 
266.9 
266.8 
266.7 
266 6 
266.5 
266.4 
266.3 
266.2 
266.1 
266.0 
265.8 
265.7 
265.5 
265.4 
265.2 
264.9 

0,o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LM RCS OXIDTZER MASS PROPERTIES-70°F-2 TANKS 
Y-CG + OR - 44.6 (CONST) Z-CG a - OR + T4.5 

RADIUS= 6.250 CYLINDRICAL SECTION= 25.260. 
DENSITY= 90.050 LBS/CU.FT. 

(ULLAGE/ (VOL.0F LIQUID) )xlOO= 5.621 

WEIGHT X-CG IXX(S-FT. SQ) IYY or IZZ(S-FT.SQ) 

WEIGHT= 203.4 

203.4 
202.4 
201.4 
200.3 
199,3 
198.3 ' 

197.3 
196.3 
195.3, 
194.2 
193.2 
192.2 
1.91.2 
190.2 
189.2 
188.1 
187.1 
186.1 

184,l  
183.1 
182.0 
181 .O 
180.0 
179.0 
178.0 
177.0 
175.9 
174.9 
173.9 
172.9 
171.9 
170.9 
169.8 
168.8 
167.8 
166.8 
165.8 
164.8 
163.7 
162.7 
161.7 
160.7 

185.1 

275.7 
275.6 
275.5 
275.4 
275.3 
275.3 
275.2 
275.1 
275 .O 
274.9 
274.9 
274.8 
274.7 
274.6 
274.5 
274.5 
274.4 
274.3 
274.2 
274.1 
274.1 
274.0 
273.9 
273.8 
273.7 
273.7 
273.6 
273.5 
273.4 
273.3 
273.3 
273.2 
273.1 
273.0 
272.9 
272.9 
272-8 
272.7 
272.6 
272.5 
272.5 
272.4 
272.3 

0.0 
0.0 
0.0 
0.0 
0.0 
O*O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

, 0.0 

1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1 .2' 
1.2 
1 .21 
1 .24 
1 .2, 
1.21 
1 . I :  
1.1 
1 .l. 
1.1 
1 .o; 
1 .or 
1 .o* 
1 .o 
1 .01 
0.9 
0.9 
0.9 
0.9 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
0.7 
0.7 
0.7 
0.7 
0.6 
0.6 
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LM RCS O X I D I Z E R  MASS PROPERTIES-70°F-2 TANKS 
Y-CG = + OR - 44.6 (CONST) 2-CG = - OR + 14.5 

RADIUS= 6.250 CYLINDRICAL SECTION- 25.260. WEIGHT- 203.4 
DENSITY= 90,050 LBS/CU.FT. 

WEIGHT X-CG IXX(S-FT. SQ) IYY or IZZ(S-FT.SQ) 

159.7  
158.7 
157.6  
156.6 
155.6  
154.6 
153.6  
152.5 
151.5 
150.5 
149.5 
148.5 
147.5 
146.4 
145.4 
‘144.4 
143.4 
142.4 
141.4 
140.3 
139.3  
138.3 
137.3 
136.3 
135.3 
134.2 
133.2 
132.2  
131.2 
130.2  
129.2  
1 2 8 . 1  
1 2 7 . 1  
1 2 6 . 1  
1 2 5 . 1  
1 2 4 . 1  
123.1  
122.0 
121.0 
120.0 
119.0 
118.0 
117.0. 

272.2 
272.1 
272.1 
272.0 
271.9 
271.8 
271.7 
271.7 
271.6 
271.5 
271.4 
271.3 
271.3 
271.2 
271.1 
271.0 
270.9 
270.9 
270.8 
270.7 
270.6 
270.5 
270.5 
270.4 
270.3 
270.2 
270.1  
270.1  
270.0 
269.9 
269.8 
269.7 
269.7 
269.6 
269.5 
269.4 
269.3 
269.3 
269.2 
269.1  
269.0 
268.9 
268.9 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0; 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.6  
0.6 
0.6 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
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. O X I D I Z E R  MASS P R O P E R T I E S - 7 0 ° F - 2  
$. OR - 44.6 (COMST) Z-CG , I  

RADIUS= 6.250 CYLINDRICAL SECTION= 25,260. IdEIGHT= 203.4 
DENSITY= 90.050 LBS/CU.FT. 

WEIGHT 

115.9 
114.9 
113.9 

110.9 
109.8 
108.8 
107.8 
106.8 
105.8' 
104.8 
103.7 
102.7 ' 

101.7 
100.7 
99.7 
98.6 
97.6 
96.6 
95.6 
94.6 
93.6 
92.5 . 

90.5 

88.5 
87.5 
86.4 

84 ..4 
83 ;4 
8 2 . 4  
81.4 
80.3 
79.3 
78.3 
77.3 
76.3 
75.3 
74.2 
73.2 

91 5, 

89.5 

85.4 

X-CG 

268.8 
268.7 
268.6 
268.5 
268.5 
268.4 
268.3 
268.2 
268.1 
268.1 
268.0 
267.9 
267.8 
267.7 
267.7 
267.6 
267.5 
267.4 
267.3 
267.3 
267.2 
267.1 
267 .O 
266.9 
266.9 
266.8 
266.7 
266.6 
266.5 
266.5 
266.4 
266.3 
266.2 
266.1 
266.1 
266.0 
265.9 
265.8 
265.7 
265.7 
265.6 
265.5 
265.4 

IYY or IZZ(S-FT.SQ) 

0.2 
0.2 

0.0 
0.0 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 * 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 ' 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 - 0.0 
,o.o 0.0 
0.0 , 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
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LM RCS O X I D I Z E R  MASS PROPERTIES-70°F-2 TANKS 
Y-CG = t OR - 44.6 (CONST) Z-CG = - OR -k 14.5 

RALl$US= 6.250 CYLINDRICAL SECTION= 25.260. WEIGHT= 203.4 
DENSITY= 90.050 LBS/CU.FT. 

WEIGHT 

72.2  
71 .2  
70 .2  
69.2 
68 .1  
67 .1  
66 .1  
6 5 . 1  
64 .1  
63 .1  
62.0 
61.0 
60.0 
59.0 
58.0 
57.0 
55.9 
54.9 
53.9 
52.9 
51.9 
50 .8  
49.8 
48.8 
47.8 
46.8 
45.8 
44.7 
43.7 
42.7 
41.7 
40.7 
39.7 
38.6 
37.6 
36.6 
35.6 
34.6 
33.6 
32.5 
31.5 
30.5 
29.5 

X-CG 

265.3 
265.3 
265.2 
265.1 
265.0 
264.9 
264.8 
264.8 
264.7 
264.6 
264.5 
264.4 
264.4 
264.3 
264.2 
264.1 
264.0 
264.0 
263.9 
263.8 
263.7 
263.6 
263.5 
263.5 
263.4 
263.3 
263.2 
263.1 
263.0 
263.0 
262.9 
262.8 
262.7 
262.6 
262.5 
262.5 
262.4 
262.3 
262.2 
262.1 
262.0 
261.9 
261.9 

IXX(S-PT. SQ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

IYY or IZZ(S-FT. SQ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ' 

0.0 
0.0 
0.0 
0.0 
0 7,. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LM RCS O X I D I Z E R  MASS PROPERTIES-70°F-2 TANKS 
Y-CG = + OR - 44.6 (CONST) Z-CG = - OR + 14.5 

RADIUS= 6.250 CYLINDRICAL SECTION= 25.260. WEIGHT= '203.4 
DENSITY= 90.050 LBS/CU.FT. 

WEIGHT X-CG IXX (S-FT . SQ) I Y Y  or IZZ(S-FT.SQ) 

28.5 
27.5 
26.4 
25.4 
24.4 
23.4 
22.4 
21.4 
20.3 
19.3 
18.3 
17.3 
16.3 
15.3 
14.2 
13.2 
12.2 
11.2 
10.2 
9.2 
8.1 
7.1 
6.1 
5.1 
4.1 
3.1 
2.0 
1.0 

261.8 
261.7 
261.6 
261.5 
261.4 
261.3 
261.2 
261.1 
261.0 
260.9 

260.7 
260.6 
260.5 
260.4 
260.3 
260.2 
260.1 
260.0 
259.8 
259.7 
259.6 
259.4 
259.3 
259.1 
258.9 
258.7 
258.4 

260.8 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LUNAR MODULE DESCENT WATER 

MASS PROPERTIES 

NOTE : 

1.  Mass Properties are given for liquid i n  individual tanks. 
2,  Moments of Inertia are about center o f  gravlty o f  water i n  

individual tanks, coordinates of which are given. 
3. Centers o f  Gravity in Y and Z directions are given a t  top o f  

each page. 
4. The number o f  tanks o f  a particular kind i s  indicated by 

the las t  number on the f i r s t  line of each page. 
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TABLE 5.4-1 
LM 10 AND SUBSEQUENT DESCENT STAGE WATER MASS PROPERTIES 

RADIUS - 14.2 INCHES DENSITY - 62.4 LBS/CU. FT, WEIGHT - 323.8 POUNDS 
TANK NO. 1 Y-CG -43.2 (CONSTANT) TANK NO. 2 Y-CG 43.2 (CONSTANT) 

Z-CG -43.2 (CONSTANT) Z-CG 43.2 (CONSTANT) 
(ULLAGE/(VOLUME OF LIQUID)) X 100 - 37.757 
Weight 
Pounds 

333.0 
323.8 
322.2 
320.6 
318.9 
317.3 
315.7 
314.1 
312.5 
310.8 
309.2 
307.6 
806.0 
304.4 
302.8 
301.1 
299.5 

' 297.9 
296.3 

- 

294.7 
293.0 
291.4 
289.8 
288.2 
286.6 
284.9 
283.3 
281.7 
280.1 
278.5 
276.8 
275.2' 
273.6 
272.0 
270.4 
268.8 
267.1 
265.5 

Tank-1 Tank-2 
X-CG X-CG 

166 0 
165.8 
165.8 
165.8 
165.7 
165.7 
165.6 
165.6 
165.6 
165.5 
165.5 
165.4 
165.4 
165.4 
165.3 
165.3 
165.3 
165 2 
165.2 
165.1 
165.1 
165.1 
165.0 
165.0 
165.0 
164.9 
164.9 
164.8 
164.8 
164.8 
164.7 
164.7 
164.6 
164.6 
164.6 
164.5 
164.5 
164.5 

142.9 
142.7 
142.7 
142.7 
142.6 
142.6 
142.5 
142.5 
142.5 
142.4 
142.4 
142.3 
142.3 
142.3 
142.2 
142.2 
142.2 
142.1 
142.1 
142 0 
142 0 
142 0 
141 9 
141 9 
141 9 
141.8 
141.8 
141.7 
141.7 
141.7 
141.6 
141.6 
141.5 
141.5 
141.5 
141.4 
141.4 
141.4 

5.4-2 

Height 
Inches 

19.542 
19.080 
19.000 
18.921 
18.841 
18.762 
18.683 
18.605 
18.527 
18,449 
18.371 
18.294 
18.217 
18.140 
18.064 
17.987 
17.911 
17.835 
17.760 
17.684 
17.609 
17.534 
17.459 
17,385 
17.310 
17.236 
17.162 
17.088 
17.014 
16.941 
16.867 
16.794 
16.721 
16.648 
16.575 
16.502 
16,430 
16.357 
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TABL 
LM 10 AND SUBSEQUENT DES MASS PROPERTIES 

DENSITY - 62.4 LBS/CU. FT. WEIGHT = 323.8 POUNDS 
. TANK NO. 1 Y-CO c -43.2 (CONSTANT) TANK NO. 2 Y-CC 43.2 (CONSTANT) 

2-CG -43.2 (CONSTANT) '2-CG 43.2 (CONSTANT) 
(ULLAGE/(VOLUME OF LXQOID)) X 100 - 37 
Weight Tank-1 Tank-2 Height 

Inches Pounds -7 
X-CG - X-CG - __ 

263.9 
262.3 
260.7 
259.0 
257.4 
255.8 
254.2 

250.9 
249.3 
247.7 
246.1 
244.5 
242.8 
241.2 
239.6 
238.0 
236.4 
234.8 
233.1 
231.5 
229.9 
228.3 
226.7 
225.0 
223.4 
221.8 
220.2 
218.6 
216.9 
215.3 
213.7 . 
212.1 
210.5 
208.9 
207.2 
205.6 
204.0 

252 a 6 

164.4 141.3 16 e 285 
164.4 141.3 16.212 
164.3 141 . 2 16.140 
164.3 14142 ' 16.068 
164.3 141.2 15.996 
164.2 141.1 15.924 
164.2 141.1 15.852 
164.1 141.0 15.781 
164.1 141.0 15.709 
164 1 141.0 15.638 
164.0 140.9 15.566 
164.0 140.9 15.495 
164.0 140.9 15.423 
163.9 140.8 15 . 352 
163.9 140.8 15 281 
163.8 140.7 15.210 
163.8 ,140.7 15.139 
163.8 140r 7 15.068 
163.7 1 140.6 14.997 
163.7 140.6 14.926 
163.6 40.5' 14.855 
163.6 40.5 14.784 
163.6 140.5 14.713 

14.642 163.5 140 4 
163.5 140 . 4 14.571 
163.4 140.3 14.500 
163.4 140.3 14.430 
163.4 140.3 14.359 
163.3 140.2 14.288 
163.3 140.2 14.217 
163.2 140.1 14 . 146 
163.2 140.1 14.076 
163.2 140 . 1 14.005 
163.1 13.934 
163.1 13.863 
163.0 13.792 
163.0 13,722 
163.0 ' 13.651 
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TABLE 5.4-1 -(CONTINUED) 

LM 10 AND SUBSEQUENT DESCENT STAGE WATER MASS PROPERTIES 

RADIUS - 14.2 INCHES DENSITY 62.4 LBS/CUe FT. WEIGHT 323.8 POUNDS 
TANK NO. 1 Y-CG -43.2 (CONSTANT) TANK NO, 2 Y-CG 43.2 (CONSTANT) 

(ULLAGE/(VOLUME OF LIQUID)) X 100 = 37.757 
Z-CG -43.2. (CONSTANT) 2-CG 43 e 2 (CONSTANT) 

Weight 
Pounde 

77.7 
76.1 
74.5 
72 .? 
71.2 
69.6 
68.0 
66.4 
64.8 
63.1 
61.5 
59.9 
58.3 
56.7 
55.0 
53.4 
51.8 
50.2 
48.6 
47.0 
45.3 
43.7 
42.1 
40.5 
38.9 
37.2 
35.6 
34.0 
32.4 
30.8 
29.1 
27.5 
25.9 
24.3 
22.7 

19.4 
17.8 
16.2 
14.6 

- 

21.0 

Tank-1 
X-CG - 
159.4 
159.3 
159.3 
159.2 
159.1 
159.1 
159.0 
159.0 
158.9 
158.8 
158.8 
158.7 
158.7 
158.6 
158.5 
158.5 

158.3 
158.3 
158.2 
158.1 
158.1 

157.9 
157.8 
157.8 
157.7 
157.6 
157.5 
157.4 
157.4 
157.3 
157.2 

157.0 
156.9 
156.8 

156.6 
156.5 

158 6 4 

158.0 

157.1 

156e 7 

Tank- 2 Height 
Inches - X-CG . 

I 

136.3 
136.2 
136.2 
136.1 
136.0 
136.0 

135.9 
135.8 
135.7 
135.7 
135.6 
135.6 
135.5 

135.4 
135.3 
135 e 2 
135.2 
135.1 
135.0 
135.0 
134.9 
134.8 
134.7 
134.7 
134.6 
134.5 
134.4 
134.3 
134.3 

134.1 
134.0 
133.9 
133.8 
133.7 
133.6 
133.5 
133.4 

135 e 9 

135.4 

134 e 2 

5.4-4 

7.670 
7.580 
7.489 
7.398 
7.306 
7.213 

7.024 

6.832 
6.735 
6.637 
6.538 
6.437 
6.336 
6.233 
6.129 
6.024 
5.917 
5.809 
5.700 
5.589 
5.476 
5.361 
5 e 245 

7 e 119 

6 e 929 

5.126 
5.005 
4.882 
4.757 
4.628 
4.497 
4.363 
4.225 
4.083 
3.937 
3.787 
3.631 
3.469 
3.301 
3.124 
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TABLE 5.4-1 (CONTINUED) 

LM 10 AND SUBSEQUENT DESCENT STAGE WATER MASS PROPERTIES 

RADIUS - 14.2 INCHES DENSITY - 62.4 LBS/CU. FT. WEIGHT - 323.8 POUNDS 
TANK NO, 1 Y-CG -43.:!.(CONSTANT) TANK NO, 2 Y-CG 43.2 (CONSTANT) 

2-CG -43.2 (CONSTANT) 2-CG 43.2 (CONSTANT) 
(ULLAGE/(VOLUME OF LIQUID)) X 100 - 37.757 
Weight Tank-1 Tank- 2 Height 
Pounds X-CG X-CG Inches - 
13.0 
11.3 
9.7 
8.1 
6.5 
4.9 
3.2 
1.6 

156.3 
156.2 
156.1 
155.9 
155.8 
155.6 
155.4 
155.1 

133.2 
133.1 
133.0 
132.8 
132.7 
132.5 
132.3 
132.0 

5 4-5 

2.939 
2.742 
2.532 
2.305 
2.055 
1.774 
1.442 
1.015 

SNA-8-D-027 (111) REV 3 



LUNAR MODULE ASCENT WATER 
. 

MASS PROPE~TIES 

NOTE: 
1. Mass Propert ies are given fo r  l i q u i d s  i n  ind iv idual  tanks. 
2. Moments o f  I n e r t i a  are about center o f  g rav i t y  o f  water i n  i nd i v idua l  

tanks, coordinates o f  which are given. 
3. Centers o f  Gravi ty i n  Y and 2 di rect ions are given a t  top of each 

Page 
4, The,number of tanks of a p a r t i c u l a r  kind i s  indicated by the l a s t  

number on the f i r s t  l i n e  o f  each page. 

5.5-1 SNA-8-D-O27(IIT)REV 3 



LM ASCENT WATER MASS PROPERTIES-2 TANKS 
Y-CG = t OR - 25.0 (CONST) Z-CG = t OR - 13.7 (CONST) 

RADIUS=7.155 CYLINDRICAL SECTION= 0.0 
DENSITY=62.400 LBS/CU. FT. 

WE I GHT= 

(ULLAGE/(VOL. OF LIQUID)),x100= 34.481 

WEIGHT 

41.2 
41 .O 
40.8 
40.6 
40.4 
40.2 
40.0 
39.8 
39.6 
39.3 ’ 

39.1 
38.9 
38.7 
‘38.5 
36.3 
38.1 
37.9 
37.7 
37.5 
37.3 
37.1 
36.9 
36.7 
36.5 
36.3 
36.0 
35.8 
35.6 
35.4 
35.2 
35.0 
34.8 
34.6 
34.4 
34.2 
34.0 
33.8 
33.6 
33.4 
33.2 
33.0 
32.8 
32.5 

X-CG 

300.3 
300.3 
300.3 
300.3 
300.3 
300.2 
300.2 
300.2 
300.2 
300.2 
300.1 
300.1 
300.1 
300.1 
300.1 
300.1 
300.0 
300 .O 
300 .O 
300 .O 
300.0 
299.9 
299.9 
299.9 
299.9 
299.9 
299.8 
299,8 
299.8 
299.8 
299.8 
299.7 
299.7 
299.7 
299.7 
299.6 
299.6 
299.6 
299.6 
299.6 
299.6 
299.6 
299.5 

I X X (  S-FT - SQ. ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
‘ 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.5-2 

41.2 

I Y Y  or IZZ(S-FT.SQ.) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0 .o 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0 .o 
0.0 
0.0 
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LM ASCENT WATER MASS PROPERTIES-2 TANKS 
Y-CG = + OR - 25.0 (CONST) Z-CG = t OR - 13.7 (CONST) 
RADIUS= 7.155 CYLINDRICAL SECTION= 0.0 WEIGHT= 41.2 
DENSITY= 62.400 LBS/CU.FT. 

, WEIGHT 

32.3 
32.1 
31.9 
31.7 
31.5 
31.3 
31.1 
30.9 
30.7 
30.5 
30.3 
30.1 
29.9 
29.7 
29.5 
29.3 
29.0 
28.8 
28.6 
28.4 
28.2 
28.0 
27.8 
27.6 
27.4 
27.2 
27.0 
26.8 
26.6 
26.4 
26.2 
26.0 
25.7 
25.5 
25.3 
25.1 
24.9 
24.7 
24.5 
24.3 
24.1 
23.9 
23.7 

X-CG 

299.5 
299.5 
299.5 
299.5 
299.4 
299.4 
299.4 
299.4 
299.4 
299.3 
299.3 
299.3 
299.3 
299.3 
299.2 
299.2 
299.2 
299.2 
299.2 
299.1 
299.1 
299.1 
299.1 
299.1 
299 .O 
299 .O 
299 .O 
299 .O 
299 .O 
298.9 
298.9 
298.9 
298.9 
298.9 
298.8 
298.8 
298.8 
298.8 
298.8 
298.7 
298.7 
298.7 
298.7 

I X X  (S-FT. SQ. ) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.5-3 

I Y Y  or, IZZ(S-FT.SQ.)  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
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LM ASCENT WATER MASS PROPERTIES-2 TANKS 
Y-CG = i- OR - 25.0 (CONST) Z-CG = + OR - 13.7 (CONST) 

RADIUS= 7.1 55 CYLINDRICAL SECTION= 0.0 WEIGHT= 41.2 
DENSITY= 62,400 l-BS/CU. FT. 

bJ E I GHT X-CG I X X (  S-FT.SQ. ) I Y Y  or IZZ(S-FT.SQ.)  

23.5 
23.3 
23.1 
22.9 
22.7 
22.5 
22.2 
22.0 
21.8 
21.6 
21.4 
21.2 
21 .o  
20.8 
20.6 
2d.4 
30.2 
20.0 
19.8 
19 .6  
19.4 
19.2 
19.0 
10.7 
18.5 
18.3 
123.1 
17.9 
17.7 
17.5 
17.3 
'17.1 
16.0 
l 6 . 7  
'16.5 
16.3 
1 6 * 1  
15.9 
15.7 
'15.4 
'15.2 
15.0 
14.8 

298.7 
298.6 
298.6 
298.6 
298.6 
298.6 
298.5 
298.5 
298.5 
298.5 
298.4 
298.4 
298.4 
298.4 
298.4 
298.3 
298.3 
298.3 
298.3 
298.2 
298.2 
298.2 
298.2 
298.2 
298.1 
298.1 
298.1 
298.1 
298.0 
298.0 
298.0 
298.0 
298.0 
297.9 
297.9 
297.9 
297.9 
297.8 
297.8 
297.8 
297.8 
297.7 
297.7 

0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 

5.5-4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LM ASCENT WATER MASS PROPERTIES-2 TANKS 
Y-CG = t OR - -25.0 (CONST) Z-CG = .+ OR ; 13.7 (CONST) 

RADIUS= 7.155 CYLINDRICAL SECTION- 0.0 WEIGHT= 4'9.2 
DENSITY= 62.400 LBS/CU.FT. 

WEIGHT , X- CG IXX(S-FT.SQ.) I Y Y  IZZ(S-FT.SQ.) 

14 .,6 
14.4 
14.2 
14.0 
13.8 
13.6 
13.4 
13.2 
13.0 
12.8 
12.6 
12.4 
12.2 
11.9 
11.7 
'11.5 
11.3 
11.1 
10.9 
10.7 
10.5 
70.3 
10.1 
9.9 
9.7 
9.5 
9.3 
9.1 
8.9 
8.7 
8.4 
8.2 
8.0 
7.8 
7.6 
7.4 
7.2 
7.0 
6.8 
6.6 
6.4 
6.2 
6.0 

297.7 
297.7 
297.6 
297.6 
297.6 
297.6 
297.5 
297.5 
297.5 
297.5 
297.4 
297.4 
297.4 
297.4 
297.3 
297.3 
297.3 
297.3 
297.2 
297.2 
297.2 
297.2 
297.1 
297.1 
297.1 
297.0 
297 .O 
297 .O 
297 .O 
296.9 
296.9 
296.9 
296.8 
296.8 
296.8 
296.7 
296.7 
296.7 
296.6 
296.6 
296.6 
296.5 
296.5 

0.0 
0.0 
Q'O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ' 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
Q.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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LM.ASCENT WATER MASS PROPERTIES-2 TANKS 
Y-CG = + OR - 25.0 (CONST) Z-CG + OR - 13.7 (CONST) 

RADIUS= 7.155 CYLINDRICAL SECTION= 0.0 WEIGHT= 41.2 
DENSITY= 62.400 LBS/CU.FT. 

WEIGHT 

5 . 8  
5.6 
5.4 
5.1 
4.9 
4.7 
4.5 
4.3 
4.1 
3.9 
3.7 
3.5 
3.3 
3.1 

<2.9 
2.7 
2.5 
2.3 
2.1 
1.9 
1.6 
1.4 
1.2 
1 .o 
0.8 
0.6 
0.4 
0.2 

X-CG 

296.5 
296.4 
296.4 
296.4 
296.3 
296.3 
296.2 
296.2 
296.2 
296.1 
296.1 
296 .O 
296.0 
295.9 
295.9 
295.9 
295.8 
295.7 
295.7 
295.6 
295.6 
295.5 
295.4 
295.4 
295.3 
295.2 
295.1 
294.9 

I X X  (S-FT SQ. ) I Y Y  or I Z Z  (S -FT ,SQ. )  

0.0 
0.0 
0.0 
o,.o 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0 .o 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0 .o 
0 .o 
0 .o 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 

’ 0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0 .o 
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LUNAR MODULE TRAPPED AND RESIDUAL PROPELLANTS 
AND MISCELLANEOUS CONSUMABLES 

5.6-1 SNA-8-D-O27(III)REV 3 
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TABLE 5.6-2 

LM-10 AND SUBSEQUENT MISCELLANEOUS CONSUMABLES 

CENTER OF GRAVITY 
(Inches)  

5 zE 
-2.4 

5 
WEIGHT 

(Pounds ) 
ECS COOLANT: 

Ascent - Primary 32.1 251.9 9 - 9  _-- 
- Redundant 3.3 251.0 9.9 -2.4 

Descent - Primary 1.7 163.5 25.0 38.0 
- Redundant 0.0 

GOX : 

Ascent - Tank # 1  2.4 266.1 15.1 -53.5 
- Tank //2 2.4 266.1 -15.1 -53.5 

Descent - Tank /I1 48.0 185.6 38.9 -53.5 
- Tank #2 48.0 185.2 41.5 48.2 

WATER : 
Ascent - Tank #l 42.5 300.4 25.0 13.7 

- Tank 1'12 42.5 300.4 -25.0 -13.7 
*Descent - Tank # 1  166.0 -43.2 -43.2 

- Tank #2 141.9 43.2 43.2 

NITROGEN : 

Ascent 0.1 301.5 +25.0 13.7 

0.1 301.5 -25.0 -13.7 
Descent 0.6 169.4 -43.2 -43.2 

HELIUM: 

APS - Tank #l 6.6 246.2 12.2 -48.6 

- Tank 112 6.6 246.2 -12.2 -48.6 

RCS - Tank 111 1.05 263.0 46.1 0.6 
- Tank /I2 1.05 263.0 -46.1 -0.6 - 

DPS - (SHe) 48.5 148.3 47.2 -47.8 

- (Ambient) 1.1 175.8 59.2 -37.0 

*See Mission Loading Information i n  Sect ion 3.0 f o r  t h e  required 
Descent Water load f o r  each mission. 

5.6-7 SNA-8-D-O27(III)REV 3 

NASA - MSC 


