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PREFACE

This document is the third revision issue of the Mass Properties
Data Book., In this revision Missions "C'", "C-Prime'", '"D", 'F",
"G", "H1", "H2", and "H3" have been deleted. The third revision
incorporates Amendments 1 through 101, except those amendments
associated with Missions "C", "C-Prime", "D", "F", "G", "H1",
"H2", and "H3". Amendments released subsequent to publication of
this Mass Properties Data Book, Revision 3, will be numbered

sequentially with the next revision number (i.e., 102 and on).

In addition, Section 3.1, Mission J1 has been updated in this

revision to include the latest sequential mass properties, propellant
loéds, transferable equipment mass properties, and trapped propellants.
The LM&lO trapped propellants contained in Section 5.6 have also been

updated.
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1.0 INTRODUCTION

1.1 SCOPE

‘The complete Spacecraft Operational Data Book for the manned missions
will consist of six separate volumes. These are defined as follows:

Volume I - CSM Data Book

Part T - Constraints and Performance
Part II - Launch Mission Rule Redlines

Volume II - LM Data Book

Part I - Constraints and Performance
Part II - Launch Mission Rule Redlines

Volume III - Mass Properties Data Book

Volume IV ~ EMU Data Book

Volume V - ALSEP Data Book

Volume VI - CSM EXPERIMENT Data Book for J—Miséions

Volume VII - LCRU/GCTA Data Book

Volumes I and II present operational information on the capabilities and
limitations of the spacecraft. A brief discussion of the purpose and scope
of Volume IIT follows:

1.2 PURPOSE

The purpose of this document is to provide spacecraft mass properties
data per mission for use in the mission planning activities, trajectory docu-
mentation, mission simulations, and to provide all necessary information and
documentation for consumable loading. The data contained herein represent
the latest predictions for the launch configuration mass properties and con-
sumable loadings. Updates to these data will be provided based on the actual
weight and balance data for each spacecraft. Mass properties data will be
maintained and updated through the actual consumables loading.

Section 2.0 presents relevant spacecraft configuration drawings and
station locations which may be useful in describing the location of various
spacecraft components and the relatlonshlp of coordlnate systems in the
launch and docked configuration.

Section 3.0 presents mass properties and consumable loading data for each
mission, Included in this section are the predicted mass properties for the
launch configuration, the docked configuration, the normal entry, and for
launch aborts.

SNA-8-D-027(1I1)REV 3



Sections 4.0 and 5.0 contain consumables mass properties data and mission
independent consumable loading information for the CSM and LM, respectively.
In addition, CM ablator material data are provided in Section 4.0 to aid the
user in determining CM mass properties during reentry.

Amendments to this document will be made by page additions or replace-
ments. Data changed by an amendment will be denoted by an amendment date
in the upper right hand corner and a vertical bar in the page margin to
locate the change.
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TABLE 1-1
SELECTED ABBREVIATIONS AND ACRONYMS

ACT Activation

ACQ - Acquisition

ALIGN Alignment

ANG Angle

ASCT Ascent

APS Ascent Propulsion Subsystem
A/S Ascent Stage

ASSY Assembly

BIOINST Bioinstrumentation

CANN Cannister

CAM Camera

CK Check

CIRC Circularization

CSC Close-Up Stereo Camera

COMPT Compartment

CDR Commander

CM Command Module

cmp Command Module Pilot

CSM Command Service Module

COMM Communication ‘

€si Concentric Sequence Initiation
CWG Constant Wear Garment

CONT Container

CLSRC Contingency Lunar Sample Return Container
DSEA Data Storage Electronic Assembly
DECONTAM Decontamination

DEPL Depletion

DSCT Descent

DOI Descent Orbit Insertion

DPS Descent Propulsion Subsystem
D/S Descent Stage

DOCK Docking

EQI Earth Orbit Insertion

ELECT Electrical

ECU ‘Environmental Control Unit
EQUIP Equipment

EXCL Exclude

EXC Excursion

EXP Experiment

EV Extravehicular

FWD Forward

HASS Hasselblad

INDIC Indicator

INFLT In-Flight

1-3 SNA-8-D-027 (III)REV 3
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I1CG
IV

JETT

LES
LEV
Lv
LH
LEB
LIQ
LEC
LM
LOI
LS
LMP
LUN

MC

MECH

MCC
N/A
0PS

PR
PGA
PROC

RAD
RCS
RELOC
RESTR
RT

RH
RHEB

SRC
SCRS
SEP
S
SLA
SPS
S/C
STG
STORE
STCW

TABLE 1-1 (CONTINUED)

In-FLight Coverall Garment
Intravehicular

Jettison

Launch Escape System
Launch Escape Vehicle
Launch Vehicle

Left Hand

Left Hand Equipment Bay
Liquid .
-Lunar Equipment Conveyor
Lunar Module

Lunar Orbit Insertion
Lunar Surface

LM Pilot

Lunar

Main Chute
Mechanism
Midcourse Correction

Not Available
Oxygen Purge System

Pair
Pressure Garment Assembly
Procedure

Radiation

Reaction Control System
Relocation

Restraint

Right

Right Hand

Right Hand Equipment Bay

Sample Return Container
Scissors

Separation

Service Module .
Service Module LM Adapter
Service Propulsion System
Spacecraft

Stage

Storage Tank

Stowage

1~4
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TABLE 1-1 (CONCLUDED)

SUBSYS Subsystem
SUMP Sump Tank
SURF Surface
SYS System
RSS Root Sum Square
TEMP Temporary
TBD To Be Determined
TEI Transearth Insertion
XFR Tranfer
TLI Translunar Insertion
TRANS Transposition
TRANS/DOCK Transposition and Docking
UMB UmbiTical
UPR Upper
UEB Upper Equipment Bay
UCTA Urine Collection Transfer Assembly
WT Waist Tether
W/ With
W/0 Without
1-5
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2.0 CONFIGURATION

This section provides relevant spacecraft configuration drawings and station
locations which may be useful in describing the location of various space-
craft components and the relationship of coordinate systems in the launch

and docked configuration for Block II CSM spacecraft and Lunar Modules.
Configuration data are presented in the following categories and order:

1. Apollo Vehicle Coordinate System.

2. Saturn V Vehicle Outboard Profiles and Reference
Dimensions.

3. Apollo Spacecraft Reference Stations, Thrust Chamber
Locations, and CSM Consumables Tank Locations.

4. Lunar Module Reference Stations, Thrust Chamber Locations

and IM Consumables Tank Locations.

Consumables mass properties data for the‘CSM and LM may be found in Sections
4,0 and 5.0, respectively, of this volume. These consumables mass property
data must be compared to the onboard consumable loading data for each mis-
sion in Section 3.0 to determine the actual mission tanked consumables mass

properties.

2-1 SNA-8-D-027(III)REV 3
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X| ~400.8
X, = 1484.2

XL

152
=332, 2— [42
\

——¥~——- 26.0" DIA

xA = 1055.715

"LAUNCH / Y,=0.0
ESCAPE |
SUBSYSTEM , Zo=40.914
' : 400.76 NAVIGATIONAL BASE
X, =118.3—
XC =83.5
Xe =133.5 , THIS NUMBER INDICATES
Xa = 1133.5 (NO ABLATIVE) ] - THE BOTTOM OF LET
(REF V14-15-2) 83,476 = 83.5
' z, - HZA\TIX ___ _ _
COMMAND 110.25" L - X, =0
TO HEATSHIELD ——— X, = 1083.5
MODULE STRUCTURE 7" l I A
Xa = 1000.0 _F_J_\ES ' TOP OF LONGERON = 82,688
Xc =0 a.00 T k
=362,0 —_ o -
, Xg B H——f
SERVICE
MODULE 162.0"
— | la—— 154,0" DIAMETER
Xa =838.0 XA =833.2 ENGINE GIMBAL
. PLANE
336.0"
SPACECRAFT
LM ADAPTER .
— 8° 58
E ! —— Xu =585 FLIGHT STIFFENER
AYTACHING
PLANE
X4 = 502.0
- 260.0" DIAMETER

FIGURE 2-2. APOLLO SPACECRAFT REFERENCE DIMENSIONS
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STA 4240.792

LES
STA 3890.055 —7 Al x J Xp = 1133500
STA 3841.182 ———— 1/ NY—
CM
STA 3756.555 I (g = X A = 1000.000
SM ——ﬁ-——m IN. DIA
STA 3594,555 | f Ay, -s38.000
. SLA v =
STA 3340, 045 A X,=583.490
STA 3258.555 - e [— XA = 502.000
STA 3222.555 S -
N .U,
260 IN.. DIA— e
gf/'“"l 5-1VB
STA 2746.500 NA— A
GIMBAL STA 2645,853 Ny
: ) II \
STA 2519.000 b Q
. (/ N
s-l1
'/”‘ \\‘\
STA 1760.000 - s A
NSNS
GIMBAL STA 1664.000 SN
[ ]
STA 1564.000 288 A
NOTE: STA 1541.000 Pl <
NO ABLATIVE MATERIAL 1
DIMENSIONS INCtuDED  p==—==—A
ON CM —‘
STA 3890.055 A XA = 1133.500
- —= 396 IN. DIA |=
STA 3841.182 XA = 1084.627
]
STA 3756.555 ’ \‘g_, X = 1000.000 N L
J . LTI 5-IC
"J\J’__/\J_‘
STA 3594.555 [ | Xy = T
SERVICE MODULE <A ~ 838.0
DETAIL )
GIMBAL
STA 100,000 ——
A SEPARATION
S 0 FIELD SPLICE

FIGURE 2-3, SATURN V/APOLLO CONFIGURATION

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



eV
ANV NOILISINOIV-WSD S
X - sz = Vx | |
I oy LIOAVL LNIWNOITV]_SdINLS INIWNDI Y
X §zle = szottl = Vx | A !
S A S SN0 IALDY Wi ~SSOHD HHOONVIL

™~

Ty ¥ILSNTD A

LHOIS LNIWNDITY ¥
NYWMIED ﬂ

Z+ e
o

NOTIVINATH0 @mMD0A WSO/WT *-7 mm_:wwmz

: (WSD) 9 A
(dAL) 1HDI17 NOILYININO A+

W1

NV
IR
pa

L 4315010 1y

i LHOIS INIWNDITY
< £ ¥3LSN1D IWIILO NYWMIID
Shio. R 1IO¥VL LINIWNDITY
aNY NOLLISINGDY WA . oS o0a SALL oY ey SSO¥D H0-anvs

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



+XA

+XA

6.750"

Xs =320.97

—
Xy =958.97— 41N
77,00 \&

(*)+ROLL THRUST

\

X LINE INTERSECTION |
0'94” .
| 3.12"  (9):PITCH AND YAW
| THRUST LINE 82.36" (8)
INTERSECTION
VIEW 1
83.00" (*) r
| - 10° (TYP)
I'ZA ] f—1.20"
!
83.56"
10° REFERENCE

— +YA
7° 15" (TYP)
(4 PLACES)
I LOCATION OF SM RCS CLUSTERS
+ZA

LOOKING FORWARD INTO SM
(IN THE DIRECTION OF THE +Xp AXIS)

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

- -2.15 DEG
oy XA YA PLANE +XA
A —
0.95 DEG \ A PROJECTION OF F IN
\ XA - ZA PLANE
GIMBALING R
. CAPABILITY \J GIMBALING
9= 4.5 DEG CAPABILITY
| ,«r ENGINE
¥y =-4.5 DEG . PITCH - — = -4,5 DEG
ENGINE !Ny 4.5DEG ENGINE
YAW ENGINE PITCH
YAW
=tV tZp

PROJECTION OF SPS ENGINE IN PROJECTION OF SPS ENGINE IN
XpA = YA PLANE XA—ZA PLANE

+ OR - SIGN ACCORDING TO ENGINE GIMBAL ANGLE SIGN CONVENTION

¥ = 0.95 DEG / _
PROJECTION OF F IN

/xA ~ Y, PLANE

PROJECTION OF F IN

XA - ZA PLANE

6 =-2,15 DEG A

2 ——F = SPS THRUST
VECTOR NULL
OFFSET

FIGURE 2-9, SPS THRUST VECTOR ORIENTATION
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— Srp [ —XE=254.0
\_ _(TYP)
4,6" =
(TYP)
VIEW AA
_ZE
66, 1"
(REF) | CLUSTER 2
CLUSTER 3
(TYP)
/ 4,6" TYP)
+YE
CLUSTER 4 CLUSTER 1.
47 LOCATION OF LM/RCS CLUSTERS
E LOOKING DOWN AT ASCENT STAGE

IN LANDING POSITION

FIGURE 2-13, IM/RCS THRUST CHAMBER LOCATIONS
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(GbA) Rotation . Commanded
Actuator of :  Change Vehicle
Response Engine Angular Acceleration
Extend - &80 + Pitch
Contract + 66 - Pitch
Contract - &y + Roll
Extend ' + &y - Roll
+ X PROJECTION OF DPS
E ENGINE F THRU SC c.g.
c.g
G / <
O/\/ P~C’

. ) N
| w‘r coy
PITCH GDA ~ ' , ROLL GDA
Np B
‘!. o

DPS ENGINE PIVOT

v 2 D
< - N2,
+PITCH + ROLL
E
+Xe X
ENGINE  PROJECTION ENGINE , PROJECTION
| ROLL OF F IN S ANE | PITCH OF F IN
5, ~ Xg = Yg PLAN s Xg - Zg PLANE
6
RTRIM - PTRIM
A’JFYE "+ZE

+ OR - SIGN ACCORDING TO ENGINE GIMBAL ANGLE
SIGN CONVENTION

. FIGURE 2~14. SIGN CONVENTION FOR DPS GIMBAL ANGLE
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FIGURE 2-15.

LM DOCKING INTERFACE
X =312,5
X\, = 3468.555

LUNAR MODULE
XE =0.0

XLv = 3156.055
APOLLO
X, =0.0

A
X, .= 2756.555

SATURN V LAUNCH VEHICLE

Xy XarXe

TO TRANSFORM:

1) APOLLO TO LAUNCH VEHICLE
Xpy = X, +2756.555

2) LUNAR MODULE TO LAUNCH VEHICLE
Xy = Xg +3156.055 ’

312.5
|
399.5 IN.
2756.555 IN.
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TO TRANSFORM:

N L
X

AUNCH VEHICLE TO APOLLO

A~ 4578.805 - XLV

N

APOLLO
X, =0.0
X,\, = 4578.805

A
LV

1110.25 IN.

LM DOCKING INTERFACE +XA i C!MDOCKING INTERFACE
XE=312.5 4 X+x -XA=H10.25

= E
XLV 3468 .,555

312.5 IN.

LUNAR MODULE i

X =0.0 —Z

XLV = 3156.055

FIGURE 2—16. DOCKED CSM/IM STATION REFERENCE
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\f: Zg
A/S WATER (2) +25.0 £13.7
D/S WATER (2) 43,2 +43,2
DPS FUEL (2) +54.,0 0.0
DPS OXIDIZER (2) 0.0 +54.0
APS FUEL (1) -71.3 0.0
APS OXIDIZER (1) +44.5 0.0
RCS FUEL (2) +44.5 +14.5
RCS OXIDIZER (2) 244.5 F14.5
TANK RADIUS = 7. 1-\55 Xy = 1110.25

XE =312.5

OO}
XE = 295,45 Xg = 294.6° T Xp = 295.49

L
res| | Res| ™ |
F ‘_;’_-65 o |25.26
Xg = 264.3 TANK RADIUS = 6.25 . n Xg = 257.73
Xg = 252,71 Xg = 25271 .
- APS APS
F o
X¢ = 203.31 :

TANK RADIUS = 24.7 X = 203.31
X = 200.00
= 197.6— % = 197
Xg 197 XE.186'9 E 97.6
| -
A <X =163.8] DPS
22,6 'O QKE OXIDIZER
X, = 124.0 X_ = 124,0
E TANK RADIUS = 25.5 E .

(NOT TO SCALE)

FIGURE 2-17. LIM-10 AND SUBSEQUENT PROPELLANT TANK LOCATIONS IN
M (XE) COORDINATE SYSTEMS
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3.0 SPACECRAFT MASS PROPERTIES AND LOADING DATA BY MISSION

The mass property data specified in this section represent the best pre-
diction of launch configuration mass properties for each spacecraft. The
data have been organ;zed logically by Apollo mission and the tables have
been organized according to basic mission profile. In addition, data are
presented by individual and composite spacecraft to reflect the variation

of centers-of-gravity, moments of inertia, and products of inertia as a
function of spacecraft weight to enable the user to reasonably predict space-

craft mass properties at any time in the mission profile.

These data represent the composite results of the detailed mass properties
data supplied to NASA (MSC-ASPO) by the contractors. Spacecraft mass pro-

perty data are presented as follows:
1. Section 3,1 Mission J1

2, Section 3.2 Mission J?

3. Section 3,3 Mission J3

3-1 SNA-8-D~027 (III)REV 3



SUPPLEMENTARY DATA APPLICABLE TO SEQUENTIAL MASS PROPERTIES TABLES

General Comments to be applied to Tables 3.1-1 through 3.1-8:

Inertia data dispersions are +10%.

Dispersions shall be used as 30 deviation values.

All initial propellant weights are total tanked.

The (+) or (-) sign following the name of an item indicates that the
item is added to or subtracted from the preceding total.

Table 3.1-1

SM/SPS gimbal angles for SPS abort sequence are:

Yaw = 1.838.

Table 3.1-2

Pitch = -0.581

IM propellants are in high end of the tanks, (greatest X-c.g. station),
for all docked configuration where the CSM is the controlling vehicle.
The Mass Spectrometer and Gamma-Ray Spectrometer are shown deployed after
For all other summations the M.S. and

each SPS firing following D.O.I.

G. R. Spectrometers are not deplaoyed.

The following are the individual

mass properties for the M.S. and G.R. Spectrometers in Apollo Coordinates.

Gamma-Ray
Retracted

Gamma-Ray
Deployed

Mass Spectrometer
Retracted

Mass Spectrometer
Deployed

Tables 3.1-7 and 3,1-8

Weight

(1b)

45.4

X~-Bar

(in)

865.1

865.1

865.1

863.1

863.1

863.1

Y-Bar
(in)

33.0

231.3
132.2

55.8

341.7
198.8

Z-Bar
(in)

-57.0

-312.4
-184.7

-40.5

~149.4
-94.9

CSM and LM consumables changes are preéented in Tables 3.1-7 and

3.1-8, respectively.

3.1

1

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



FAS A0 IR AN LT BCTR | v35 v~ £5852 LsoLe 01552 6°- v 2*v8l | 8-90z3¢ HONNYT HI¥V3 LV W1
2° e | s | vz st se- L6 05€8 1s221 €988 1 g°i- |o° 5°651 | €°549s¢ 39v1S 1N32530
s* | s | o1l Le2x 0 0 0 21 21 0 0°%s-{o0° %091 | s°966s + AXD $d0 W1

s° |s* | o1 21 0 0 0 2t zi 0 0*vs |o* 5091 | +*9655 + AXD SdQ W1

5° | s* | o°1] 1°2 ( 0 o L L 0 0° 0°%5-] ¥*091 | L*9sLE + 13N3 Sda W1

s* [s* | o°1] 1°2 o 0 o f L 0 0* o°%s | »*091 | Le9cLe + 13Nd SdU W

s* s | 0°1] o°sz 2 €6~ 101 09s¢ 1657 1759 9°1- |-z 8°951 | 0°6E19 + 39viS LIN32S30

€* |e* | 9o} 2o 1€ | wst 8- 8866 §12¢€ 0199 e'r |- o0°%vZ | $°19301 39V1S IN3IDSV
s* s | o1} 18 o 0 0 0 o 0 o* s*%y | o°8zZ2 | % iize + AXD Sdv w1

s* [s* | o1 »°s o 0 0 o { o 0 0* €°1L- 0°822 | £°1102 + 1303 Sdv W1

1° 1= | o-1] o-2 0 0 0 1 1 0 §*%1~ 1994 | vec1z | €-00ue + AXQ S3¥ W1

1 | 1° | o1} o°2 0 0 0 1 1 0 s°91 |9°9%-] »°s22 | €°002 + AX3 $2¥ W1

1 {1* | o°1f o°1 0 0 0 o - 0 [ s wi- |o-bw- | 1622 | z-z01 + 9304 S2¥ W1

i J1° | o=y o°1 ) 0 0 [ 0 0 s*v1 |9°vs | 1°s22 | 1°z01 * 3304 SJy W

s [s* [o-1 o-sz 65 | s11 91~ 821 | seoe 3€L2 6°2 zo- s*L52 | 612ty [+ 39v1S LN3JSV

za 1 ag ! xg 1ng ZAd & 7xg | axqg 21 AA] xxI 1 A X SANNDd

N1787 SNOIS¥3dSIa 214-907S s1In0J449 Z213-9N1S- SV IL¥ANT SIHONT °9 =3 142134 s NOIidTu2Js3a

$31483dJ¥d SSVW TVIANIND3S (03123dx3 OT1-W1
1-1°¢ 378Vl S3ILVYNIAB03D 3X

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

3.1-2




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

3.1-3

2° |2° | v | 961 | 6612 | 98 %302-| %1918 65561 v5€9€ | B°Y orv | 6-ees | L-98699 HINNY T H1¥V3 LV WSO
€ |e° | s° | ovesl | 1122 | €22 9L1- | 9L2Le | 3€lse 6620€ | 9°v 1°9 $°806 | L°¥91vs INV113d0¥d SdS HLIM WS
§* [s- {o°1 ort2t | 0 0 0 o012y 012% 0 9*9 £°8% | 0°L05 | % e6lul dWNS—0 SdS WS
s° |s* { o1 0*es | 0 0 0 8092 8092 0 9*9- |€°8y-| 8°906 | 2°u9B8 dwNS-4 SdS WS

s* fs* o1} octer | o 0 0 L%0€ L%0€ 0 g°Ly |8°v1 | 6°€0s | e-89L01 Ju¥0LS-] SdS WS
s s° 0°1] 2°6S ) 0 0 sl61 5161 ] 8Ly~ 1 8°%1-] 0°%0S L*3SL? 3401S-3 545 WS -
»* v L* yeqt TeELT-]| 9¢€9 99¢- kad-1-13 SE6L 1% 65991 S°t s° $°LLS 0°¢cbede AINVTI3d0¥d SdS SS3T WSD
§* |s° | o1 o-sz z 929~ | 6% 926% B5YS €965 9°s z°- | 1°1v01| o*zzsal 3INGOA ONVWWUD
s* js° | o1 o°sz | 9zei-| 19¢ | 48~ | 9162l | dizwl 1556 8°1 1°1 8°L16 | 0*eLvel 37N304 3D1A¥3S
o° [o- ] o-| o° 0 0 0 9 <9 0zl 9°9- |o0*z | L°ces | o0°B6 INIY V1S

za | A0 | xo |ma IAd Ixg | Axd 221 AAL Xx1 2 A X SGNNId

N1/87 SNOISd3dS1a Z13-9n15 S12N33¥d Z14-9115 SVILY3NI SIHOINI *9 *D 1H9 134 NOI1d1¥J$30

S3I1¥3dD¥d SS¥# IWIININDIS 031I3dX3 OTWT/ZTT WSI
S3LYNIQ¥IID

(QINILNOD) L—T°€ 318VL




2° |2 | £o | z-s61 | 1801~ €031 ovea~-| €os8%y | €152 | svels 02 6°1 s°€801| 8°8%E9L *1°0°7 1S0d W1/WS)D-
2* Lz | »~ | 2*s61 | 9edz | 1e09d ttsot} rszoss-| ossers | €919 S 6°2 2*vot1| sestLzotn *1°0°7 3ud WI/WSI
o° |o* jo*|[ o° o o 0 o 0 0 s°L- |o*et1 | L°s9ti| 1°9 20 SNJ3ISVS W)

o* fo° o] o° 0 o 0 S8 59 0z s*s6- | z°ev | 1°216 | 0°091 4000 WIS

o* Jo* | o] o 2- L 8- 2y 33 {3 S*tl-| L°8- | L°%€01| L°1€5 1°9013¥°d1IN03 W

o° |o- | o] o° 2 1. 0 33 L L€ S*11- | 176~ | 9*2v01| L-1€s 1°70134°dIN03 W)

2° [ 2= | » | 2°se1 | oos1 | 291s- @9so1f zrirss | isosis | sooze v g 0°¢ L°0%01] 1°Leveol a3andia WIZWs)
1° | €= | v | €-2v zev- | 20t oLy- | L0892 18332 50562 g° 9= 1°8€21| 1°9023¢ M¥)OO/SNVYL 4V W1
Z* leo | o] 9°ee1 | 1222 | 68 LooZ-| 69518 20551 8929¢ g*y 6% 6°€€5 | 0°E6899 ‘ YIOI/SNVEL LV WSD
2* 2| | 8661 ] 19se | ocer1] oo0e9 | 8z999s | €9z99L | zeizL L*2. |ezec 9°%08 | €°1e1L01 NIJ3/SNYYL 3dd VIS+WT+WSD
2e 12 | v« ]| 8°c61 ] €vse | 1se11| 2s29 | virsor | zse9sr | eviaL L2 rAd3 L°%08 | wewsiiot *1°0°3 LV VIS+4T1+ASD
2° |21 es | €102 | 9952 | zess | 99ee | €1evv2U Lisevel] 900€L ye2 o°€ 8°cvd | 1°L2E911 HINNVT LY S3T+VIS+RT4WS D
g+ | s= | o°1 o-s2 0 €6% L Z6782 £1582 128 6°- 0° 6°00€1} L°2L16 s31
s* s | o] o°se 82 911 Ly- oL%21 s6v2l 9666 P FR 6°8€9 | 6°095€ (ONI¥ INIONIIX3) V1S
2° |z | v | €2y 8Ll 856 yz- £5862 L5012 01652 6°- y* L°€8S | 8°30Z9¢ HONNVT HA¥VI 1V W3
2° |2 | o | 9°¢s1 ] 6612 | 98 »002-] %1918 56561 %SE9€ g%y 6°% 6°€ES5 | L°98699 HINNV 1 H14V3 LV WSD
20 1 20 ] xg lmag Zad | 7xd Axd 271 AAL xX1 y4 A X SANNJd

N1/87 SNOISu3dS1a 214-9N15 S1onG0wd Z13-3115 SvIL9aNI SAHONT 9 °9 1H9 I3M NOILdI 42530

$S31143d0ud SSva TVIIN

¢-1°c 3748vl

3NDIS 03123dX3 OIW1/2TT WSO
$31VYNIGYIID VX

SNA-8-D-027(1I1) REV 3

3.1-4




: *pegeas ATTedIITo°ds ssayun
padopdap jou a1® si9jomolldads ssew pue Lpvy-tunmen

z° [ L 2861 6811~ €%Bl14 #HS¥%l-q LlelsEy 708¢ceYy (113 8:34 G2 8°1 N-mmod 9°e9ayL NO11Vdvd3S LV W1/WSD
[+ g 0* [ 0* 0- o] 3 ‘0 0 0 0°- 0* IRE LA 1°1 1 WI-W14d4Xx°dInd3

[+ 2 0o* 0° o° 1- 0 .0 Z 1 K4 9°Z 9°6- 1°9%11) L1°9% 1°20734¥°d1IN33 W1

[+ 2 [ he 0° (¢ 0 0 0 L o] L 9°91-| 6°- €°e31l L°9¢% 1°30734°dIND3 W1

0° [\2d [ohd 0° t44 1 4 02 [ %4 6% 1°1Z—-; 9°9¢ 8°0L1T] 6°00S AT=-WI4¢dIND3+MIYD 2

|+ 2 (¢ 2d [+ 0 0° ot~ < €= 5e01 L1201 1261 5%~ 9°1 1°€0El] C°B88% NMOG ¥V3O ONIGNVT

0° [ o* 2 9- | 1 2= 1% Yoy 0%L L°- 1°1 §°90cl] 0°BS8Y dN dv3IS INIONVT

[ 0* 0° 2° 4 < 0 L1 8 t44 G°sl-| e°~ 9°0%01Y 9°L81 2°30734°dINd3 WD

[0 o* 0 [+ c- 1 [ 21 v %1 &*61—-| 61— €°8107 9°L81 2°307134°dINt3 wWd

[+ 2 0° 0° o 0 0 0 0 0 0 0°51-}] s°%¢ o°810W T°1 T WI-WI*udX"dIND3

0° 0~ 0* 0° - 1 2= [44 14 1¢ 2°01-} 0°¢€1 4°2¢%01l 9°00% WT-WJ*dINDBI+M3YD ¢

2 Zl° L- 2°861 2y0Z4q ¢e8- 9898-] HBESEY LileeY £L16% 6°1 6°1 1°L801 LtIELYL *Y¥*9 ANV °*S°W AUIdEQ
z° Zz° L1° ¢°g6l 6911 6es514 0281 oo—mmc. 3982e Y 8¢1LY 1°¢ L1 1°L80 Y L°0eLwt *1°0°0 1SOd Wl1/uWS)
c* c* i1° 2°861 69314 33514 5%e8q 1Z¢B9y seechy 816LY 0°¢Z 6°1 9°e80Y 6°S629L *1°0°0 3¥d WI/WSI
y{1] AQ Xq 1 M0 ZAd. ZXd AXd 221 AAL XX1 L A X SONNJd i

NI/87 SKOISd34SIa 214-9N71S S1371304d| Z2134-9715 SVILY3NI SIHINI *9 *3 1H9 13M NOILdIYIS3a

S311¥3d0¥d SSvw  WIININDIS @3123dX5 OINI/2TT WSI
(G3NNIINDODIZ-T1°¢ 37497 L S3LVYNIQUUID

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

3.1-5

L]

4



. *pa9iels A[{Ted13Idads ssapun
pakofdeop jou aie sislamoxldads ssew pue Aey-vuwe)

1J7JU

€° € 8° $°661 L5014 981- 2eT124 vLL9 1l 05%211 195¢2 82 S°¢e %°GLS 1°01.1% O3NNVK 39VLS INIISV/WSI
[ 9" 8° A X4 yoe~ 2 73 25- 6192 291¢ 162¢€ 2%ec- 1°y 8°%911Y 0°L89¢ ONINJ00 Lv 39VLS LN3ISV
[ E® 8° 9°¢6l 804~ <1t €0ee4 911e9 71€569 %L23¢ 3%t bt $°G%6 1°¢¢09¢ ONINDJ00 39VLS°LISV LV WSO
| €° 8° 9°eol L0914 2e€l 22624 Y9EHQ 5€CCo eivee ¢t 8%t S°SYe 1°L119¢ *Y*9 GNV °S°W ADTd3Q
| 3d €° 8° 9°es61 vel-} L6OIT 90224 S91£9 34€55 €Le0c 9°E »°e §°6H5 I°2119¢ 1 39NVYH) 3NVI¢ LSOd WSD
€° [ L° 9°¢e61 %99~ STIT L4 686¢9 99965 6£60¢ 9°c L°t 2° 996 g°06lLt 1 FONVHI 3NVId 3dd WSD
€° [ i 9° €61 €651 LZ¢E1 59624 L92%9 29909 661¢€¢ N{m 1°% € Y96 (R X -1 75 *d°9 ANV *S°*W A0Td3Q
€° €° L° 9°¢e61 0ZL~- 92601 8szzd 680%9 £6L65 L111¢ 9°e 9°¢ £°HY5 [P Rg N1 F 31 “Li3F "LiVS LV WSD
0° [/he [+ 2d 0° 0 0 0 0 . ) 0 €°*0s-] 0°¢¢ 0°*968 €°LL ={hS 113F IN3WIW¥3dX3
e* | 2 L I e61 LEL- 811 9L22- 1§1I%9 L685S wite St 9%t 2996 €' 0L6LE N3NG *J¥ID 1S0d WSI
¢ [ L* 9°¢e61 ocL-| 1s11 68¢¢ Heeyo 3%66% o1ete 3 Lt 6° €95 1°6v8LE N¥NG *JY1D 3ud WSI
20 AQ XG | MO ZAd IXd AXd 121 AAl XX 1 1 A X SANNJd
BRI YALRE d> 10U cI3-INTS CI3=INTS, 1d4NI ~ 53HONI LHO13M S NGILd13)S30

S311¥3d0Yd SSVA
(GINNILINGDIZ-T"€ 3T8vL

WIININDIS' 031I3dX3 OTW/2TT WSD

SILVNIQY0DD vX

SNA-8-D-027(I11) REV 3

3.1-6



‘pe3els LITedFIToeds sseTun

pafordap 1j0u 21 si9l;Mox3Ids ssvuw pue Ley-FUmEd)

L o L 2°1) 9*cel Y312~-] 66 490 1-| €88SY »0EIY SIsLl S°€ L°1 %°0L5 S°C1L9¢ *¥"9 NV °*S*wW AD1d3Q
[ Ad 9 21| 9°¢51 €ELZ1-| ¢e9 169- 98944 Z299SYy 98He T 0°y e*1i %°0L6 [ (13 *1°3°1 4S0d W3D
€° €° 8° 9°¢61 969~ 115 %302-| 0s5L29 Z868S 602072 £t L°E 0°9%6 0°5519¢ “1®3°1 3¥d wWSI
0° 0° (1 e 0° 6- Y 1~ 81 32 1€ 6°02-}1<"°s L*6101) 9°%6l + €430134°dINB3 WO

0° 0°* 0*° 0° 1 0 2 0c 5 [ 4 121~ | 1°2- 2*6E0T] 9°*%61 - £°00734°d1INd3 wd

€° £ 8- 9°e61 6561-] 6021 91%2~| 861%9 %9009 0Lg2¢ 1°t % 0°9%6 GTESEE °d°9 GNV °S°W ADI430
[ [ 2 8° 9°t61l 122~ B9S 8632-| 0209 50265 €eed? ¥°c 9°¢ 0°9% | S ESE3¢ Wdr 39VvIS IN3ISV LS04 WSSOI
€° [ e° 6°s61 0201-| 652 02L2-) 65211 666801 09¢¢e? Gt [ A2 6°€ELS 1°6691% [(ISNNVRWNN 39V1S AIN3IISV/WSI
0° 0° 0° 2° ) 8t~ ) e L1 681 Le s°l1 s°e Z°L901} s°*»8c - Wl-W3 *¥3X°dIN03

0° [0 [+ g 0° 2i- 11i- L4 &S 39 18 [ A L6 $°Se01} 6°% 1L + WO-W14gINDI+MINUD 2

0 [*he 0° 0° 0 0 0 0 0 0 B*0%~- | ¥°1¢ 2°%021] %»°*12 + €°20734°d1IN03 W

[+ g [t (¢ o* 0 (U 4 0 0 0 9°~ (¢ 1°Z2211] &°1¢ - €°20738°4 IND3 W1

[+he 0° a° 2° o 0 0 £9 €9 0 0*- [ 0°1sT1] s°vee + n1-W3 33X *dIND3

[ g 0* o° 0° 1 L- T4 Il 8L %91 gLl- | 9°¢2 6°8911| 1L = PNI-A14dIND3+MINI ¢
1 29 Ad xXa 1mM3 LA xd AXd F A AAL Xx1 Z A X SANNDd

N1/87 SNDIS¥34SIQ 213-9N7S S1INJIDAEd 213~-9N1S SVILA3INI S3IHONI *9 *D 1HOI3M S NOILdIdIS3Q

S31L4¥3d¥d SSVYNW

WIININDAS @3173dx3 OTWI/2TT WSD
(JINNILINDDIZ-1°€ 318vL

SALYNIQYIID VX

SNA-8-D-027(II1) REV 3

3.1-7



‘Pa3els ATTeoT3rdads ssaTun

pakordap jou a1e sia3swor3ldads ssem pup Ley-vouen

(G3NNILNDDIC-T"E 378vVL

S3LVNIGY3ID

VX

—
Lt f o | v ovze1| ieti-| ss» veg- | se9%1 L2ivt 6215 8-z 8°1 6°905 | v°B19E1l NO1iV¥Vd3S WS/WD 1SOd WS
e | v | 2°1 9°c61 ] o%i1-| €55 5§93~ | 819%% 56264 SCI6T z°y 8* €16 | 0°81%92 NOILVdVd3S WS/WD 3dd WSI
v> | »= | z°1] 9-e61 | €802-] 698 1901-] 9109+ LSE9Y 0T%L1 8¢ 91 6°0L6 | 6°62392 *3"9 ANV °*S°W AD1d30
v | »= | 2°d o9°es1 } 02z1-] o095 Svo- ] Lisvv €556y Loes1 €% Lt 6°045 o.opowm 03401S VOd/M WSI
o jo- | o | o 1 1 1 02 21 L2 L*31-| 8°1- | 2°6€01 9°681 +| $°20739*dIN0d3 W
0° |o* | o°] o £- v 1~ oz »1 81 €°91-| 9°% 1°1201 9°681 -1 <°25073¥°d1nd3 WO
v | v | 2°1 9-c61 | 11214 2125 €€9~- | 62194 BOYSY 6€€S T €y g° L°0s6 | 6°61992 VA2 1SDd WSO
o o] o | 0 ) 0 0 0 0 0 g°Le | L°92-| s 1v01| 9z - gv01440 VA3
o° | o | 0°| o* 0 v 0 9 6 £ ves1 | 2°ez~| »°0ze1} o-oo1 +| WO-WS *¥iax°dInd3
o° | ol o] o° 0 ) - st £1 1 e°es- | 6°8e | z°1€6 | o0°001 -1 WI-WS *ud4X°dInd3
v 1 o | 2°1 9°c61 | 8sz1q 629 869- | SElyY 1165% LEYGT 0°y 0°1 c°0L6 | g°z1L9e VA3 3¥d WSI
o o[ o] o° z R 0- 51 Y 81 3*e1-| 6°- ce2»d1| z°L9t +] »°2013u°4IND3 WD
0 [o* | o] o 8- 3 Z- vl 0 €2 yzz-| 0°% 2*6101] 2-191 =1 »°30733°41Nd3 WD
20 | Ad | xa ] ma ZAd Zxd AXd 271 AAL XXI 2 A X SANNUd

NI787 SNOISY3dS10 ci13a-an1s m»u:uoum— Z13-901S SVIT9INI S3IHONT 9 D 1H9I3M s ND11d1¥2530
S31L¥3dCud SSve  WIININDIS @3193dX3 OTWI/ZT1 WSI

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

3.1-8



9* 9° 1° J°s¢ | 24 86E~ 6% 9904y 51s% 619S 9°y %= L*°9€d 1] L°S95T1 1JOvdnl 1V W3
o o | o] o° . o 0 0 0 0 ] 0°.5 | 8°s- | 9°zzot| 1-zoz dWNd S2Y WD

o° | o[ o~ o° 0 0 0 1 2e 29 s*3 L 1°6801) %*10% JINHD NIVW

o | o | o°| o° 0 0 0 1 2 F4 8°5- | s°s 6°6801| s°5% S¥3SI¥+3LNHI LDT1d

§* | s | o3 o-<se o1 | zzv-| 69 6LEY 2€54 G085 9°g £°- €801 €°s1z21 ADTd30 31NHD NIVW LV WD
o° | o} o} o ] 0 ) 0 1. 1 6*€z | o 0°6801] 0°0¢ S123NNDIS 10+ 3N9040

o Jo* | o | o° 0 2 0 €2 32 »9 CRd g*- €°%601 0°01t QI3IHS LV3H QM4

o [o° | o} o° ¢ ) 0 0 0 0 §*29 | L*61-] 9°zz01| o°z - INIT0DD AYINT

o* |o° | o | o0° 0 0 ) gL 18 £01 veL 0° 1-1g01} o-o0s1 430NYNE  ¥OL1v1aY

s> | s* | o-1| o0-s2 L C1ev-1 69 ZeLy S1es 0209 L°3 £ - 6*6£01| 0°88L21 AYANI AV WD
s* [ s | o°1] o°sz 9 gev- | 69 €ELY 22€% L009 g°g £°- 6°6£01] 9°66LZ1 NOILVYVdIS WS/WD 1S0d W)
20 AQ Xa | Mg ZAd IXd AXd Z21 AAL XX1 Z A X SANMd .

Ni/871 SNDIS¥3dS1a Z14-9Nn7S S123130¥d 214-9N7TS SVILYIANI S3IHINI °*9 °*O 1HI I3M NU11d142S30

$31133d0¥e SSvW  WIININDAS g34934dx3 OIW1/Z1I1 wWSI
(O3NNILNCD)IZ-1°€ 378V SILVNIGHUID vX

SNA-8~0-027(111) REV 3

3.1-9



SNA-8-D-OZZ(III) REV 3

€-1°t 378vl

SILVNIQA00D 3X

2 z° 9° €y 31 2s8 1= 0si9¢ ev18c 8L89¢ [ 9° 0°581 Z2°L093%¢ *1°0°d 3J¥d W1
[ [ L s 1 3arA 2Ll oS8 0¢- ¢e692 coeye £2692 | v 2°s81 £°6699¢ N3I11Vvavd3is Lv w1
a° o* [+ 0° 0 o] b} (o} o] 0 9° 0° 0°00¢ 1°1 [ WO-W1%dd4X*dINDd3

0° 0° 0° (1 0 0 0 (o] 4 Y Lo5- AR 4 e ] ¥4 L°9% 1°3G738°d1IND3 W1

0° 0* 0° 0° 4 0 0 1 9 I3 s*L 6°%1~ | ¥°65¢ L°9% 1°307134°41IND3 w1

0° 0° 0* 0* 1 I- 2- 95 3 . 69 22y 0° 6° 152 9°00s T-KI4dINDI+M3IUI ¢

[+ o° 0° 0° o 0 0 0 0. 0 0°sl 0° 0°%se L9 20 SNJ3SVS WD

o° [+ 0* 124 0. 0 0 0 32 0 0°5¢- l8°B8 L*60¢ L°c ONIT8YI W1

o* [+hd a° 0o° 0 Y 0 1201’ 9401 1261 8°1 o* L°611 0°88Yy NMDQ ¥v3I OSNIGRV?

0° 0° o° o° 0 € 0 %% sgy 1323 €°1 0° - €°911 0°g8¥ dfi ¥¥32 ONIANVT

[ Zz° L o4 e°Zy 8L1 Wmm HZ~ £58852 L8aLe 0isse 6°- y* c°981 8°9029¢t HINNVYT H1dvV3 1vY W)
z0 AQ X3 M0 ZAd Ixd AXd 771 AAl XXT Zz A X SANNd

NI/87 SNOIS¥3dSIa 214-901S SLIONJ0¥d 214-3N7S 'SVILN3NI S3IHINI *9 =2 LHO IdM NOIid142S30

S3T143d0¥d SSVW IVIININDIS 031J3dX3 CI-W1

3.1-10



L A v | 8° L2 Ly CAXS H1- h%02 %c82 (4333 9°y | & y*Ls2 9°0SESy L1830 NI 39viS IN3ISV
0° [ [+ g 0° 0 0 0 0 3 Q Q° a° <tgez 0°01 - NOIiviav S/v

€£° €° 9° 2Lz | 8% s6l 11— Fwwm [ 5233 L699 [ 34 1° 0* %92 8°4¥SLO1 33G13417 Lv 39V4LS LN3IISV
o= 0* o* [t At 0 11~ [0 %1 T4 el s°te L1 HeL%e 8L + Z2°20713¥°dINd3 w1

0° 0° [+ (02 € i- Z=- o1 i (24 9°s1 T°€1-| L*1s2'| +»°*BL - €°20713u°d1INd3 Wl

0° Q° o° [+ €= 1 © 1 6 5 8 0°G6- 2*s1-] 0*ese Z+gsl +131IS°NNT 4V GVDIND

o 0> { o° 0* 9 02- 8- 184 ka3 oYy 9°9c 0“6~ 128 474 6°862 —{3LIS d¥NAT 1V 1337

€° [ 9° 2%2 o® 81 91— 916S SogE »5L9 1% 1°- 8 ey S *00501 NMOQHINGCL Lv 39viS IN3ISV
A [ s°® | 4 €51 €68 9L- IXAVA 9£861 186%1 g~ 8° 1*01¢ L°9¢lL1 NMDOHONOL iV W)
0° 0* 0* 0* 0 0 Q 0 J o] L°8- i%6 9*8s1 S8y + mwmmz<m* WN113H

0° 0° 0° o* 0 0 0 0 0 0 eoLly~| 2*Ly S*8v1 $°BY - YIISNVYL WNIT3H

0° [ o° [ e 0 T 0 3] 0 4] 0 .07 0° »o eyl 0°6¢ 1 - Zu—h44m< INIJS I

¢ AQ Xa ;| MO IAd ZXd AXd 221 AAT XX 1 Z A X SGNNDd

N1/871 SNDIS¥3dSia 214=-9N7S 5127300%d 214-9N71S SVILA3NT SFHINI i 1HI I13M S NOTLdI¥IS3a

S31143d08d SSYW TVIAININO3S Q3 LI3dX3I O~Lta RN
(O3INTINGIIE-T"€ 314Vl SILYNIJB0DD 33X

SNA-S-D-OZZ(III) REV 3

3.1-11




»° s* 6° A ¥4 sy 0st i- 8¢61 IL9e 600¢E €1’ g° 1°8s2 9°G¥%E5 NOSTLLI3F Lv 39viS IN3ISVY
[0 (1 0* (4 d 0 0 0 [¢] 0 0 9Ly *6l~ momﬁw, %12 £°30734°41nd3 W1

3° 0° 0° [+ 0 0 0 0 o 0 o o0° 0° 00t LAl &4 €°20734°dINd3I w1

0°: ] 0° [ A [+ o} D] 0 €9 &9 0 0- 0° w.ﬁhw [Ad 2:13 WI-W) *dd4X°dind3

0° 0° 0° 0° 91 T4 G- 88 €01 9491 2°6¢ kol T 8°¢e52 6°9 1L AJ-WT4dINBI+KIY] 2

L & y* 8° AN X4 es 0z1 Y1- L6l £08¢ 1s2¢ LYy 1° 0*1s92 0°L89¢ ONI®JI0GQ Lv 39VIS IN3ISV
L d L a° [ ¥4 -3 811 bi~ 8851 318 98¢t 3°y 1°- L AR RT4 L*99Ls *1°d°1l 1S)d 39Vv4S IN3ISV
A & »° 8- ecLe 6% w- y1- 910¢ ¥28e BOEE 9°y | e eelse 8°86L¢ *1°d*1l 3dd 39viS IN3ISV
1 .Z0 | AQ X0 ] MO ZAd Ixd AXd 271 AAl XX1 4 A X sakni4

N1/87 SNOISH3dSIQ ZLid4-9Ms mhu:cha ¢L3-9N7S - SVILY3INT SIHINE *9 ) 1HOT3M NOIid149530

$31183dJnd SSVW IVILN3NDIS G31)3dX3 Cl-n

(UG3NNTINGI)E~T*E 378VY

$31YN1Q¥I0D

3X

SNA~8-D-027(III) REV 3

3.1-12



0*h0!

6%LTT

a1l
o*wot
g0t
sehzt
s*6tl
s'g1t
S*°wZ1
S*hZ1
S*h2t
s*h2l
S*h2!

g*sotn

0°»01
6%g0!
0401
4°slit
S*s1t
hetll
he911
n*501
zZe921
Ze9ozt
281t
2stli
. 6921
sestt
GenZt

281t

Ze8ll
o*cot

*9°)3=7

S*hl
c*nt
tehi
mo.-—l
o*‘e
0°*
o°®
agcatl>
ae

o-

0°

Q.
S¢hl-

S%h 1=

M¢?—l
N.Q-
S*9
21t
1R}
ceof
o*
gz
Q.Q'

5*21=-

a*e
0*9
n*e
€9
o.

D*9
0°9
€~

¢D*)=1A

$*H8
teet
isgt
S'he
0+29
6%he
a*29
seoz1

a%he

6°h8
4°h8
6%h8
6°h8
§'hE
S5°ha
(ezzn
€e021
g0zt
s509z1
s¢921
0°821
t°021
peszt
se9zi

getlet .

sti1¢t
0*s21
se921
6°h8

ge1et
ge1et
0°€s

.u.U"

SILYNIGNOOD AMT

° - e
O =t o o =t g =

QNN MM InT
-

L g
.

92

6°1
€°e
0%t
8t

6°09h

SR

-

*YyiS MI¥I*1Y %0738

24

24

1g

1@ 3NOZ
Oty

g

Sy 3N0Z 40
oty

oty

oty

Oly

1437 = NOLLVILS
: 28
18

by

€1v 3NOZ
9y

X

Zly

2v

gny

Ly

ay

9y 3INOZ
9y 3INOZ
ity

&Y 3INOZ
Oly

9y 3INOZ
9y 3NnOZ

aNol
3INoZ
3aNoZ
¥VY3N
ANOZ
INO2
4431
INOZ
INQZ
3INOo2
3INOZ
M3u)
3INO2Z
3NO2Z
INo2
V3N
3INOZ
INOZ
anoz
INO2Z
INOZ
INg2Z
3INoZ2
¥V 3IN
HY3N
aNo2
d¥aN
iNOZ

HY3IN

¥V IN

*J4NS*NNT NO A0Id3a

NOILVI0T 39YMOLS

- et ) ) e A N ot (N e e vt e T et e M) ) ot et o ot ot (N ot ot e v ¢ ome

Wll

h*10013
Z¢*1o0t3
i*1o013

*10014
1*1g018
*€holY
*Zn01lY
*gzatyv
*L201%
*9101Vv
*siaty
*sQo1Y
teggtoy
T*igiov
*eh0nY
*HhS50H2
*8H0h9
€*ScOn9
Z2*5E0n?
*St0n9
*210m9
*50009
- *g00mno
L°€00m2
LAR A D]
S*E00m2
#*€00NO
€°€a0n?
2°C00mD
1°€00H?
‘000X

*u01S

ALd/n¥31*378Y)d

LINN qOMLINOD AL

~ H070) #VYWILSAS AL

SN3IT WwOOS/M Yy3IWY) WOl
dd/VHINYI LWL 'd4vLS

INNOW Y¥IWVYI*L13NDVHE

*S*7 WHOI*ASSY NIVd ¥340d/WYI
© 7 §N3I1'HsnuE

avIBI3SSYH 18133713 3IV1aNVYH
.QY1873sS¥n J1Hid3713% 839910l
WWHO9'SN3T

QvI813SSYN J18433713°6* 1% ve3uwyYd
. ONIZ1avI0d 3L
gvI833sSVYH JJ¥L1D313%aAINIZVoVN
VG WA9T*INIZVYYYR
ON1Qu¥O0D3u*HILINTNINId 002Z=S
ONITdWYS HYNNTI AVY 650=S
NOLI1D37710) VYuiX3tgveg 650~-S

. YINWYH 65Q=$
*1dWYS INEVLISNIrAY*do0IS 650=S
MI14HVD 1001 ONYH NyNAT 650«S
NOWONS 6G0=S

HION] ZE'S9NOL 650-S

NOISN3LX3 1001 650=S
43N1V13a+dvd SWILS 11130 650-S
SW31S IN18¥g 650=S

¥3SNIdSIU dv) 6S0~-S

S3gNi 3300 &S50=S
¥ISNIIS1a°8°S*A(O9vyd D2) 650=S
¥NINIVLINGD *Se*3°S 650=S
NOI1123170) 31dWVYSsoyg 65Q=S
310IH3A INJAOY dYynNNT

NOI11d1¥3S3q

ONIQIY m3¥0 Oml Hllam IuN1lyvd3a 4V A¥T

ISYIAVYL 1S4 - SITIYId0dd SSYW Ad1

L"e-17€ 9L

SNA-8-D-027(I1I) REV 3

3.1-13



Sont

ISYIAVYL L1SHIS - SITLYIM0Ud SSVW A1

(a3nNILNOD) L-€-1°€ F8vVL

-GoHZY e°hHe 1°s lHDlY = NOILVLIS M3yd I *100148 SSTd'LINA T0HLINGD 3L0W3N
STRIT SR TE TR TS T T e NOTIVIS ATeY T 1 T TTTTUwIgete Tt © S84 LINN V0UINGD F10W3IN
- S*m2t Senl 6°h8 2 iW91y = NOLIVIS m3y) 1 *e61208 dS1INI3IHI*13NI04d
BURIT T S'RTS A 2 1337 =~ NOLAVLS M3¥> 8 ‘61208 LSEMI3HI* 13904
S*h2t S'pt 6°he 2° lHOJN =~ NOLLVLIS M3y¥D | *glzoe SYOSSIJS ONY ASIINI3IHI*LIx)04d
SR TeRtE 4R g* 1437 - NOJAVLIS m3yd 1 7 *glzod S¥0SS19S ANy LSITNI3HI*L13IN304d
~GohZ1 sopnt 6°h8 91 lHO1Y » NOILIVLS M3yd | *L1208 H3144YD NOL VIINNKWOD
TTRIT m4a4n!:-u4ﬂﬂi«.142~ ULV TEONOTLIVIS TRy TTTTTTT sL1zoe o "HIHAVI NOISVITNNHKOD
S*h2t Sopl 6°h8 c° IMOIY = NOIAVLS M3yD ! *9iz08 NOJLNIWNYLASNIO|B*SSINYVH
E AT A SR -11 2 Y 111 A ¢ 1437 = NO1iviS M3ud *91208 NOTANIWNYASNIO B SSINYVYH
6°st! 14021 s* Iv 3aNoz i *240¢0 ON1¥4S 11180%331A30 3SIA
SSHZT T S N1 e'hRe T g°® luo1y = NOILYVIS W3y3 | *s120@ . 1InS = 3393'SS3INyVH
S*hEt Sohle 6°he s° 1437 « NOLLAVLS M3y) I ¢51208 1105 = 3373°'SSIANNVH
BYRIT T OESRT T UETEETT 92777 TIAslY - NOTIVIS WIW T 1T *eiZg¥ T T " TASSY [3WI3H
s*h2l Sopi=  6°ne 9%2 1437 = NOLAVLIS 38D °*h1208 ASSY L3IW13H
SYRIT SR T OOETRE T 12T 7 1WeT¥ - woi1Ivis w3uwy i tgizoe A3'S3A01D
S*hZt S*hil=  4°0 1*2 1437 = NOILVIS M3¥) I *¢rzo8 A3'S3A019
S*HZT TSR EYRE T gtsE IHN91E =« NOLILIVIS M3¥> ' T - ¥lr12gs (gWl) vsaii
S*nZt Stple 6the 0°Sh 4437 - NOLLVLS mM3y¥) ‘11208 tugld) vstl
TR SR YR Y T T T IAR IS ROTIVIS WIEyY VT *L0208 T 4938078 ASSY
SohZt Sonla 6*he ~ 2° 1437 = NOJAVLS m3yd | L0209 4730018'A5SV
S'RIT SR TTETRY TR T LV IY = NOTUVlS 3D 1 o “'gp2oe - 'TEL:
sep2t Sohle e°he s 4437 .- NOILVLS m3yd | *50z0*® vian
SURZT TSTRITTTEYRE gt TLHSTY ETNOIIVIS WINY L ‘ciloe INIWNTVYLINGD T¥3334l3iSASENS
S°n2t S°hil= 4°h8 €° 1337 = NOILYLS M3y) 1 “sgllpd AN3WNIVINGD 1vD340wILSASANS
SYRZT T STHRTT T EYRE T T IS IETS NOTIVIS NIy 1T T T T TUTRRBTOY T T T T T T T T T T T H A0 oN o R D
S*hZ1 S*hila 68 e 1437 « NOILVLS m3y) | *zazgv HJVYUSONOYNHI
S'RZT Q' T 6hE n._ olv 3n02 1 T elemiige T WI'SHVW 3Dv44nS d¥ynnd
“e°stt ce 1°021 o'z¢ tv Inoz 1 *L90¢0 SISSYMD L4Y A¥I*L3vvd
g*scT gCw=— O0°ZY . §*Z I - B |'T.Y 2| S*zo013 TLSYW*3I18VvDINIYD MoITYNNILNY
0091 Cohte sect €0t h3 3INOZ I hezZoota .»m<:om4n<u.¢Wuu.xw~:.<mzw»zm
OTEOT T O T 6YY T U RveE TTTTTTTTT 1 aNe 1420013 777 TLINA AYA399HWO0D JYNAI*nadA
$HIDLT e edma DS (HOIIM T T NOfLIVI0T 39YM0iS  *ON - d3¥ W3l .;o»m NO11d1y¥DS3g
T T SILyNTaH00D ANY
ON1QIY m3y) OMl Hilm 3UNLYVQGIO LV A¥T.

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

3.1-14



€o*hil gt 'Y AL}
Son2t Sonl *he
Son2i Stnt %4 1]
g6t Sopl F LYY
OeHOT  STal S*hE
nEenzt __0s°h 6258
s.o__ _.n 9¢€°2eL
G2t Sthi- 6*n8
SFRZT  EFRT T iSne
sep2t Sl %m0
BEHIZT TETRTETUECERD
s0p2t senl 6°he
STRZT  S%hT=  s%he
S*h21 sont Y3y |
STHZ1 Sohle &%hB
sea2t Sonl 6°h8
TYETT S ¢¥83
sep2Zt St 6%»9
EVHp21  Sthl- Y211
5911 (0°8l- se0Z1t
b AT 4 SR A ] vzt
G591t 0*él= s°021
GSRZIT TTEYRTT TR YRE
Sop21 Seple XY ]
E%HIT ~ &%KT  &'Wd
Sep2t Sohie~ s%H0
g'p2t sopl 6%h9
Sop2t Sopi= XXY:]
1Y% 2 -1 By 211
SopZt So'ple &%h8
o pZi  Sepl 6%h8
59421 Sohle 6%h9
Sinll Senl 6°h8
52t Sohl= b°he
eop2f Gohtla 6%h6
903a7 eBeJel *95.)

SILVYNIQ¥00D ANI

DLesbtl

592
z*0®
&°nt
Bl

Olenét-.
0Bepint

a*ceol
os2el

LMOIN = NOLAVLS M3ND
LHOIN = NOILVLS M3IYD
15> INOZ

*yl1S M3IYI*LN MOT3E

1437 = NOILVIS N3¥D
LHB1Y - NOIZVLIS M3yd
LHBIY = NOJLVLIS MI¥D

1437 -~ NOTLVLS N3O
LHOIN = NOJLVLIS M3¥)

1437 = NOILVLIS M3IN3
IHOTY = NOJAVLS MI¥D

1437 « NOTAVIS m3¥D
IM91¥ = NOILVIS M3¥)

T Ty 3802
IHBIN = NOILYLS M3y
1439 = NOIAVLS B3]
Sv 3INOZ 40 1437
Sv INogZ

. Sv 3INO2 40 1437
iH9i¥ = NOILVLIS MI¥D
1437 « NOLLYIS m3N)
LH9TY = NOLLViS m3wd
1437 = NOILVLS M3Y¥)
lHOIY « NOjLVLIS W3Iud
1437 = NOILVLS m3yd
lH91d = NOTLIVLIS may)
1437 = NOILVLIS M3IWD
lK9IY « NOLLVLIS M3IN)D
1437 = NOIAYLS M3IyD

lH91Y « NOILVLS M3¥D
1437 = NOILYIS M3yd
»uu4 - NOI1ViIS M34D

NO11ivJ0Y 39veoLs

ON1QIY m3y) OML Hile 3¥NLNV43Q LV ANT.

e mt St oy w e e S et e e e e —-——m--ﬁ-.u-n—-—-m— -

— e ot o

*ON

434

Lhdn9
hEALYD
*2s019
pétoo13

agl
as4
sgpzZou
‘*p0zoa
‘10203
*10202
*h»9018
*g9018
*65018
Rr{{11:2
*8h010
*gn018
*Lh018
*SHhO18
_*1n018
‘*gcotE
*Qco18
*52018
*hzO18
L°0Z01¥
_9+02018
*g1018
*glo18
*gi01€
*51Q18
*h101®
*h1014d
*z101d

wilt

ISYIAVEL 1SYI4 - SITLYI0Ud SSWH AY1

(g3anNIINOD) 1°€-1'€ I19vL

MID INO - FUNIMY4IA ISUIAVYEL LSUId A¥1

+5°7 0110dY* 4SSV 11140
ONIONVY HISYI¢y¥01D3T43W
ASSVY 575 Agagng
AL)/n¥dit37avd

*SW3LI HNIMOTIOd SNid

3 INOZ - INIWAINDI ONV MJYD INO SST

*MaLS

M3D OML - INLYVAIQ ISU3AVEL L1SdId AdT

43IANYWWO)

10714 W1
IVNOSH3Idty3LaAN]S0Q
TYNOS¥3Id*y3L3IN]ISO0

ASSY NOILIVINZuNYLSNIQIS
ASSY NOLAVINIRNELSNIQLS®
(dW1)*gIN0G3I*1039°SSANYYH
1303)°41NB3° 1039 SSINYYN
{Sd0) W3ILSAS 39ynd N39aX0
’ ASSY gs1s aggné
{4INS NI) ON[ANINQ*9VE
(LINS NI) ONININQ'SVE
INIT AL3JvseseItgve

1800 ¥yNNI'HSNYE

ti4 OGS uz~4 AlL34vs
oniq003 QINOT T IN3IWYYY
CONITN003 QINeLI*AININYYY
ASSY SJA3/Ss$d

ASSvY §JA3/s5d

YA LSIVYHM'¥ANLIL

YA3 LSIVN‘¥IHLIL

{4ivd) S3IOHSNIAD

1Y1Y¥d) S3IOHSHIA0

VA3 = S3A079

YA3 = S3A01Y

o<.>.uoa

o<o>ou.4

(Sd0) W3ILSAS 39ynd N3IDAXO

NO1Ldl¥IS3g

SNA-8-D-027(11I) REV 3

3.1-14.1



Sen21

Gopt
S*RZTT T gVRTE
GepZt Sont
S'h2ZT §%ht-
S*nZt Sople
SeR21 Gonl
Se*h2t S'hle
b AR 741 S*Ht
S'h21 Gopla
S*h2Z1 S*nt
S*hZi S*'hi~-
S3h21 So'n1
Gen2t S§ople-
S3KZ1 S'nl
Sen2t S'hl=
S'n2t Goh!
Sen2t Sohl=
S%H21 Sopt
S*hZ1. Gepl-
S*HZT  S*HT
Sep2l S*hi=-
§eh21 S'ht
se*p2t (1T E
1Y 41 Sont
Son2t Gohle
S*hZt 5oht
S*hZ1. Setple
S*p21? §o4p1
Sep2t Sipt~
S'p21 s*hl
S°hZ! S*hle
S*p2t [
*9ej=Z s9e3.m,

6%h8

T TavhE

6°h0
4°k8
6e'hHe
6°h0
6%hE
6'he
6% he
6°48

T6*h8

6%hP
L°h8
§%h8E
6*h8
6%p8 .
[ AX )]
6°h@
6°h8
5*hE’
6*h8
6°h8
6%h8
6°hEB
4°h8
6°hHE
bthB
6°ho
&*h8
b%h8
6*he
é*he

R L) §

S31VNI0N00) A¥)

L2

1H9 13N

1491y

NOILYLS m3N)"

- 1
1439 = NOLIVIS M3yd 1
AHG 1Y = NOILVLIS M3y) |
1437 = NOLLVIS w3IuD
1437 <« NOILYLIS m34d 1
LHO Y = NOLILAVLIS M3Iyd 1
L4371 =« NOILYLIS m3Iyd 1
LH91Y - NOLIVLS m3y) I
1437 = NOILVIS mM3y¥) I
l4nly = NOLILVLS m3y) 1
1437 = NOILVLIS m3y) I
IHD ]y = NOTAVLS M3ND I
1437 = nNOLAVLIS M3yDd 1
IHgly -« NOL1LAVIS M3ud 1
1437 = NOILAVIS M3¥D
IMDIN = NOLLVILIS M3y) |
1437 = NOILVLS M3yD I
lHD]¥ = NOPLAVLS w3N) I
1437 = NOJT'AVLS M3n) 1
IHO 18 & NOBLVYLS m3yD 1
14937 = NOILAVLIS #3yd> |
lH9jd « NOILVIS m3yd> !
1437 = NOLLVLS may> I
lH9iy « nNOlLVLS M3uD
1437 = NOJLVIS M3yd> I
lMgid = NOJLVLS M3y¥D
L3437 = NOTAVLS m3y) |
IHO N = NOJLVLS #3840 1
1437 = NOI1VLIS M3u) i
1H91Y8 = NOILVLIS m3y) |
1439 « NOJLIVLIS m3ud |
otv ancz 1|

NO11i9307 39VNO4S *ON 43

WILSAS M3y

‘51018
‘grata
*hiOIB
*hlO18
*Z10138
‘1oo1e
‘10019
*61204d
*s1208
*g1209
*B1Z09
L1204
L1203
*91203
*91204
*g12048
*51204d
‘hi2od
*hi2gy
't£1209
ez
‘11203
‘11209
*102013
*L0204d
*50203
*5020y9
*E1103
‘1103
*20Zot
*zozov
clentigy

W3l1l °*wmI1S

J AE1

ISYIAVHL 1SHUI4 - SI1LIYIdOdd SSYW AT

(a3anNIlNod) L°e-1"€ FnavL

YA3 = S3AQ7Y

VA3 = S3A0T9

.<o>ou.J

o‘o)...m.d

(Sd0) W3LSAS J9ynd N3I9AXO
SSId'LINN T0HLINOD 340W3H
SS1d'1INN T0MINDD FLOWIY
1S1INI3HD* L3N)od
ASTWAI3HICL3ANDN0M

SH¥0SSIJS ANy ASIAMI3HI*L13N)0d
S¥05S1JS any LSITAD3HI*13IN)OM
¥ITNAYI NOIJYIINNHANO)D
331¥8YI NOILVIINNWWG)D
NOTLINIWNNLSNIOTIE SSINNYN
NOTANIWNUASNIOIB*SSINYVYH
LINS = J393°*3SaNyVH

LINS = 2373°SS3INyVH

ASSY L13W13H

ASSY L3IWTIH

A3*S3A0TD

A3's3A019

(PTRIB LRI

tya03) vsil

4736018 4AsSY

1739018° A58V

vion

: visNn
ANIWNIVINDGD 1YD234%43545AS9NS
ANIWNIVLINDGD T¥3330W43ILSAS9NS
HyvVaDONONMI

HGVE9ONOYHD

WI'SdYW 3DV 48NS AYNNT

NO1ldiddS3g

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

3.1-14.2



Zhoezl oOlte Tz%se L AT Y Y
' h2t SVRl1e  E%he o*tel
St Sent 6*h8 0291
SepZ1 Sonl 49p8 he
Sep2t Gohle °h0 "
SH2T T /IRTTTTEYRE T ey
SepZt  Sohie  4°he 101
G521 SR T 6chHB s°1
Sep2t Sehile 4°08 ge!
(1% 2 DR 113 R 115 B &St
et Sepl r AT Y &°01
SIFTT T FRT T EIRE T g2
Seh21 §'mle 6°h8 8'2z
‘§Y¥T11Y 0*atl=-" §°D21 te
Z2*'n2t ¢ zez2i st
Qegtt Biele Sép21 €1
S'n2t S°h! 6°h0 €%h
BYHRIT T /IR FVhE c'h
Gop2t goh! 6°h3 g’tlal
S*n2t Gopi- 6°h8 g*tol
SepZt Sehi b°h8 s°
S'hZt Gohl- 4°h8 g®
g2t Goh! 6°h8 S%h
EEREL T gople  binE Gy
$9e95uF "enila) FHijay 1H913M

SILVyN1QNO00) AN

1439
iHD (Y
ICLYE ]

1439
IR ]

143%.
1HD N

1431
iNg 1Y
lHotYy <

1437 =

Sy

Sy
iH9 1Yy =
14317 =
idoty
1431
1Ho 1Y
1431
SR ]
4331

LI I I 2

O A S O A

NOILVLS

NO1LlVLS
NOILlvVLS
NOLLVLS
NOILVLS

‘nNOlivis

NOTLVLS
NOTLVLS
NOILViS

13
NOT1LVIS
NOI4VLS
aINOZ 40

Sy
3KR0Z 40
NO1LlVLS
NOILVIS

NOILVLS

NOILVLS
NOILVLS
NOlLVLS
NOILV1S
NOllviS

8°€Z1
L°9T1T
8°GET
€°8¢T

€921

9°€21
8°LT1T

NOTLlvI0T 319YMOLS

STyt 2798 0°6TT
0°2 0°0T 0°88
9°9- 1L 0°¢
08 0°29 LAR Y
€T
9l 2 €758 8°18¢
1°81
Sy~ - 6°Y 820y
9°0. TS 0°86
i X EL )

(3usmdynbzy 3 me1) IY3TY) O

(eeIv 2TOTYsA paemiog) I
(°P¥S 3397 waiy 3afosuo)) 4
(°PTS 348Tg ®axy 9TOSUO]) Q

(3uomdnby ®» mex) 3397) ¢

(1 INOYITH) D suoZ
Iuoz
auaoz

Uo7z
auoz

2u0Z

(3®3s 30 3I3V) V vuoz

(v x1pueddy ‘jooqpueH suoyieiadp A¥T SoUsrFY
auoz 1ad IYBTaM IWT] 10J) Iuoz Surpeo] Aq -3°D> pue IYSTeM IUSLINY

ael
aai
‘*ogzoQ
*00203

10203

*1020)

*»9018
*t€9018
*45018
*2¢0189
*gndt8

‘.n010

‘5p0te
*InQie
*0cO1ls

‘ggate’

1
1
i
|
i
1
t
1
1
1
|
I ‘en018
1
I
I
{
1
1 *sz014d
{ *hzZotH
1 L°0z018@
i 9°0z019
1 ‘81014
1 *g1018

438 w3ilLl

WILSAS M3y A¥I

-ASHIAVYL LSYI4 - SITLYId0Yd SSVW AYT

{Q3NNILNOD) L°€-1"€ F1avl

*NM01S

issv

ASSY
tdu1)
(803}
{sdo)
T t1in
(il

ti4 o
bLY]
uz~

AYI0L SAS M3~

¥3ANYHHOD

10714 W1
IYNOSEI4suILIN]SQ0
JvyNOSB3deNiianiged
NOTLVININNYISNIOI®
NOILVINIWNNLISNIQI®
*dINd3°1039SSIANYVYH
*dIN®3*1039'ssINYYH
WILSAS 3%und N3ISAXO
ASSY g515 Aggn®

S N1) ONIXNTuUievE
NS NI) ON[uNINQ*OVE
INIT Al3gys*S*Ttove
4SA0 HYNAT'HSNYS

O11°S* 13511 AL24¥S

Joou o~:a~4ﬂmzutz<g
1002 aine1 1P INInuve
ASSY S§JA3/5§14

ASSY SOA3/SS1d

YA3 LSIVvM'uINLIL
VA3 ASIVvA'd3H 3L
{31vd) SIQHSHIAO
(¥]vd) SIOHSYIAQ

NO1LeludS3g

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

3.1-14.3



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 Supplied at a Later Date
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TABLE 3.1-7
CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY

(To be used in conjunction with CSM sequential mass
properties Tables 3.1-2).

Weight Amount Total
EVENT Change Remaining Usage
From To Consumable (Pounds) {(Pounds) (Pounds)
Earth Orbit Pre Trans/Dock SM-Hydrogen
Tank 1 & 2 -0.8 54.4 -0.8
Tank 3 -0.8 26.8 -0.8
SM-Oxygen
Tank 1 & 2 -18.2 615.0 ~18.2
Tank 3 -4.1 312.5 ~4.,1
CM-Waste HZO +0.8 18.8
Pre Trans/Dock Post Trans/Dock SM-RCS -70.6 1,271.8 -70.6
Post Trané/Dock Pre L.0.I, SM-Hydrogen
' Tank 1 & 2 -3.8 50.6 -4.6
Tank 3 -9.9 16.9 -10.7
SM-Oxygen
Tank 1 & 2 -57.8 557.2 -76.0
Tank 3 -83.2 229.3 -87.3
SM~-RCS -111.3 1,160.5 -181.9
CM-Waste HZO +21.2 40.0
CM-Li0H +24.0 24,0
CM-Food -6.2 -6.2
Fecal +2.0 2.0
Pre L.O.I. Post L.O.I. SM-SPS -26,370.0 14,223.7 -26,370.0
Post L.O.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 -79.0
Tank 3 -7.7 221.6 -95.0
SM=-RCS -41.1 1,119.4 -223.0
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TABLE 3.1-7 (CONTINUED) .

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY

(To be used in conjunction with CMS sequential mass
properties Table 3.1-2).

- Weight Amount Total
- EVENT Change Remaining Usage
From To Consumable " (Pounds)  (Pounds) (Pounds)
Pre D.O.I. Post D.O.I. SM-SPS -1,565.2 12,658.5 -27,935.2
Post D.O.I, CSM/LM Sep. SM~Hydrogen
Tank 1 & 2 -3.0 46.8 -8.4
Tank 3 -0.7 15.9 -11.7
SM~Oxygen
.Tank 1 & 2 -10.,2 544.0 -89.2
Tank 3 =24.1 197.5 -119.1
SM~RCS -113.3 1,006.1 -336.3
CM-LiOH +6.0 30.0
CM~Food -3.8 -10.0
Fecal +3.0 5.0
CSM/LM Sep. Pre Circularization SM-Hydrogen
Tank 1 & 2 -0.2 46.6 -8.6
Tank 3 -0.1 15.8 -11.8
SM-Oxygen
Tank 3 -1.2 196.3 -120.3
SM-RCS ~22.5 983.6 -358.8
Pre Circulari~ Post Circularization  SM-SPS -278.8 12,379.7 -28,214.0
zation
Post Circulari- Pre Plane Change SM-Hydrogen
zation Tank 1 & 2 ~11.2 35.4 -19.8
Tank 3 -1.7 14.1 -13.5
SM-Oxygen
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
Fecal +3.0 8.0
3.1-20 SNA-8-D-027(1I1) REV 3



‘TABLE 3.1-7 (CONTINUED)

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY

(To be used in conjunction with CSM sequential mass
properties Table 3.1-2).

Weight Amount Total
EVENT ~ Change Remaining Usage
From To Consumable (Pounds) (Poundsg) = (Pounds)
Pre Plane Post Plane Change SM-SPS -1,133.2 11,246.5 =-29,347.2
Change . ' ) ' o '
Post Plane CSM/ASCT Dock SM-Hydrogen _
Change Tank 1 & 2 1.4 34.0 ~21.2
Tank 3 -0.4 13.7 -13.9
SM—Oxygen
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-Li0H +12.0 42.0
CM-Fecal +3.1 11.1
CSM/ASCT Pre T.E.I. SM-Hydrogen
Docking Tank 1 & 2 -8.6 25.4 -29.8
Tank 3 -2.2 11.5 -16.1
SM-Oxygen
Tank 1 & 2 -68.6 383.8 -249.4
Tank 3 -32.6 115.4 -201.2
SM~RCS -90,7 695.8 -646.6
CM-LiOH +5.0 47.0
CM-Fecal +3.0 14.1
CM~Food -3.8 -18.1
Pre T.E.I. Post T.E.I. SM~SPS -9,442.5 1,804.0 -38,789.7
Post T.E.,I. SM Jettison SM—Hydrogen
Tank 1 & 2 -9.8 15.6 -39.6
Tank 3 -3.1 8.4 -19.2
SM-0Oxygen
Tank 1 & 2 -99.6 284.2 =-349.0
Tank 3 -51.1 64.3 -252.3
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TABLE 3,1-7 (CONTINUED)

CSM 112 CONSUMABLES WEIGHT CHANGE SUMMARY

(To be used in conjunction with CSM sequential mass
properties Table 3,1-2).

_ Weight Amount Total

EVENT :Change Remaining Usage
From - To’ Consumable (Pounds) (Pounds) (Pounds)
Post T.E.I. SM Jettison 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 18.7 ‘

SM Jettison 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 0.0 -245.0
Deploy C
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TABLE 3.1-8
LM-10 CONSUMABLES CHANGE SUMMARY

(To be used in conjunction with the LM sequential mass properties Table 3.1-3)

 Weight Amount Total
EVENT Change Remaining Usage
From . To Consumable (Pounds) (Pounds)  (Pounds)
Earth Orbit CSM/LM Separation D/S~0Oxygen ~-1.0 95.0 -1.0
D/S-Water -15.0 375.0 -15.0
LM~-RCS -5.0 599.9 -5.0
CSM/LM Pre P.D.I. D/S-Oxygen - -0.6 . 94.4 -1.6
Separation D/S-Water -20.0 355.0 -25.0
LM-RCS -61.5 538.4 -66.5
Pre P.D.I. IM @ Touchdown D/S-0Oxygen -0.1 94.3 -1.7
D/S-Water ~2.0 353.0 -27.0
LM-RCS -98.0 440.4 -164.5
LM-DPS -18,741.4 764.,9 -18,741.4
LM @ Touch- A/S @ Lift-Off LM-RCS -5.0 435.4 -169.5
down :
LM @ Lift-0ff A/S in Orbit LM=-APS -4,894.2 334.5 -4,894.2
A/S in Orbit A/S Pre T.P.I. A/S-Water -4,2 90.8 ~4,2
A/S-Oxygen -0.2 4.6 -0.2
LM-RCS -47.4 388.0 -216.9
A/S Pre T.P.I. A/S Post T.P.I. LM-APS -32.1 302.4 -4,926.3
A/S Post T.P.I. A/S @ Docking A/S-Water -9.2 81.6 -13.4
A/S-0xygen -0.3 4,3 -0.5
LM-RCS -70.,2 317.8 -287.1
A/S @ Docking A/S Jettison A/S-Water -11.0 70.6 =24.4
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TABLE 3.1-9 (CONTINUED)

MISSION J-1 COMMAND MODULE STOWAGE VOLUME CENTROIDS
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SPACECRAFT 112
X

1011.0
1011.0
1016.0
1015.0°
1015.0
1017.0
1011.0
1011.0
1013.0

1050.0
1039.0
1031.0
1031.0
1031.0
1031.0
1024.0

1059.0
1048.0

1072.0
1072.0
1072.0
1075.0
1059.0
1048.0
1052.0
1038.0
1024.0

1033.0
1033.0
1033.0
1038.0
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TABLE 3.1-9 (CONCLUDED)

MISSION J-1 COMMAND MODULE STOWAGE VOLUME CENTROID

The following stowage locations have unique volume centroids not associated
with stowage volumes,

NOMENCLATURE LOCATION X Y z
G&N Signal Cond. Panel LEB 1069.0 25,0 29.0
Display Keyboard LEB 1060.0 26.0 32.0
Sleep Restraint Assy - Rt, & Center Aft UEB 1018.0 23,0 -50.0
Sleep Restraint Assy - Left. Aft UEB 1018.0 ~-23.0 =50.0 »
Entry Locations o ' '
Sleep Restraint - RH & Center Top of Area A8 1020.0 25,0 -8.0
ITLSA - IV (CMP) On RH & Ctr
Sleep Restraint 1020.0 25.0 -22.0
Food Container L3 1048.0 -47.0 12.0
Food Container Bl 1050.0 -27.0 39.0
Food Container A7 1011.0 22,0 8.0
Fecal Stowage Container RHEB 1039.0 47.0 12.0
PGA Container _ On Aft Bulkhead 1015.0 0.0 ~20.0
Under Center
. Couch
Forward Hatch Container Under LH Couch  1018.0 -24.,5 -15.0
Container, R12
(In~flight Location) RH Girth Ring 1034.0 41.0 -21.0
Helmet Stowage & Accessory
Bags (In-flight Location) - LH U2 1033.0 -23.0 -50.0
Helmet Stowage and Accessory
Bags (In-flight Location) - Ctr, Bl 1050.0 -27.0 39.0
Helmet Stowage and Accessory
Bags (In-flight Location) - RH L3 1048.0 ~-47.0 12.0
C02 Absorbers (2) In ECU 1031.0 -48.3 19.6
C02 Absorbers (2) Al 1011.0 -21.0 -22.0
C02 Absorbers (4) A3 1016.0 -24,0 28.0
C02 Absorbers (4) A4 1015.0 -7.0.  28.0
C02 Absorbers (4) A5 1015.0 9.0 - 28,0
C02 Absorbers (4) A6 1017.0 26.0 28.0
C02 Absorbers (4) A9 1013.0 0.0 16.0
C02 Absorbers (4) BS5 1031.0 -8.0 39.0
C02 Absorbers (4) B6 1031.0 13,0 39.0
' Order of Loca-
tions Used in
Sequential Mass
Properties Tables
for CO2 Absorbed
First 8.0 1b CO02 Absorbed B5 1031.0 -8.0 39.0
Second 16.0 1b C02 Absorbed (B6, A9) 1022.0 6.5 27.5
Remainder C02 Absorbed Composite Loca- 1016.8 -6,1 22,2
tion
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TABLE 3.1-9.1

MISSION J-1 LUNAR MODULE STOWAGE VOLUME CENTROIDS

IM=-10
" AREA X Y Z
AlB 7 262.8 - -20.8 15.4
AlC ICG Assy 240.5 -15.3 13.3
AlC 240.5 -18.0 13.3
AlD - 270.3 -15.0 19.0
AlE 265.9 -20,7 -6,0
AlF 257.4 -20,7 -6.0
AlG 257.5 ~20.0 -18,0
AlH 265.9 -20.0 ~18,0
AlK 281.0 -20.0 -8.5
AlL 273.7 -20.0 -8.5
A2 260.,0 -37.0 28.0
A3 280.,0 0 -10.0
Ad 244,1 -3.5 13.5
A5 224,13 -1.5 29,3
Al0 250.0 8.8 -11.8
All PLSS LiOH Cart 263.6 18.8 -2.4
All ECS LiOH Cart 261.2 20,7 5.9
A2 272.0 0 -18.0
A13 300.,0 0 0
Al4A 238.0 -9.2 -14,8
FlA 244 ,5 ~36.6 31.4
F1B 235.5 =35.5 38.5
F1C 242.5 -35.6 38.6
F1D 242.8 -35.4 47.2
FlE 237.9 -33.6 55,0
F1F 235.5 -37.6 46.6
Fl1G 228.0 ~40,2 43,2
F5 286.0 17.8 66,6
Fé6 270.3 0 52,8
F6B 270,3 0 52.8
F6C 270.3 0 52.8
F7A 238,0 38.0 49.8
F7B 238.0 38.0 49.8
F7C 238.0 38.0 41.0
F7D 238.0 38,0 38.4
F7E 238.0 38,0 32.7
F7F 238.0 38,0 31.6
F7H 238.0 38.0 45,5
F7J 238.0 38.0 39.2
F7K 238.0 38.0 42.7
3.1-28
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TABLE 3.1-9.1 (CONCLUDED)
MISSION J-1 LUNAR MODULE STOWAGE VOLUME CENTROIDS

LM=-10

AREA X Y Z

F7L 236.0 36,0 - 48.0
FIN 238,0 38,0 53.1
F7P 238.0 - 38.0 53.4
F8 221.0 18.0 51.0
F9 219.7 0 44,7
F10 221.0 -18.0 51.0
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TABLE 3.1-10

CONSUMABLES LOADING REQUIREMENTS AND TOLERANCES

MISSION J-1
SPS PROPELLANT

Pressure (PSIA) Temperature (°F) Quaritity Readout‘(Z)
Fuel . Oxidizer | Fuel Oxidizer Fuel Oxidizer
11024 110+4 7045 7045 See Figure See Figure
4'1-3 4.1-4
ISPS Propellant Load (1b) Loading Requirement _ Actual
- [Fuel Oxidizer Fuel Oxidizer
ILoad 15704.0 25092.0
2Trapped Outside Tanks 78.6 123.7
Tanked 15625.4 24968.3
2Trapped Inside Tanks 67.6 171.5
3Nominal Deliverable 15557.8 24796.8

“Service Module RCS Propellant

Secondary Fuel ~ Quads A, B, C, D - See Lbading Window - Figure 4,3-1.
Primary Fuel - Quads A, B, C, D - See Loading Window - Figure 4.3-2,

Primary and Secondary Oxidizer - Quads A, B, C, D - See Loading Window -

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

SCommand Module RCS Propellant

Oxidizer - System A and B - See Loading Window - Figure 4.3-5.

dHelium and Nitrogen

Loading'Reguirement

. ‘Actual

Consumable Pressurgd Temp | Weight Earth Launch Pressure Temp |
(PSIA) | (°F) (1b) Weight (1b) (PSIA) (°F) |
Helium - SPS Bottled 3600 70 ’ 87.6 87.6
Helium - Fuel Tanks 178 70 . 5.4
Helium - N,0, Tanks 178 70 )
Helium - SM/RCS
Quads A 4150 70
Quads B 4150 70
Quads C aso | 10 || 6.0 6.0
Quads D 4150 70
Helium ~ CM/RCS :
System A 4150 70
System B 4150 | 70 | 1.0 1.0
Nitrogen - SM
Primary 2500 85 l )
Secondary 2500 85 1.3 1.3

SNA-8-D-027 (IIL)REV. 3




TABLE 3.1-10 (CONTINUED)

Command Module Water and GOX

Pressure Loading Requirement Earth Launch Actual
(PSIA) Weight (1b) Weight (1b)
Waste Water6 18.0
Potable Water’ 1 36.0
_CM/GOX 90050 3.7 - 6.7 (Entry)

8service Module Hydrogen and Oxygen

Loading Req. Per Tank j(Earth Launch Weight
{pounds) Per Tank- (1b)

Hydrogen

Tank 1 29.3 27.6

Tank 2 29.3 27.6

Tank 3 29.3 27.6
Oxygen

Tank 1 330.1 316.6

Tank 2 330.1 316.6

Tank 3 330.1 316.6

NOTES :

lyndicated propellant load ies based on nominal pressure and temperature
prior to actual loading. This number will be updated after loading
is accomplished.

2gee Section 4.1 for explanation of trapped SPS propellant.
3See Table 3.1-13 for loading uncertainties.

4See Section 4.2 for SM/RCS loads and uncertainties to be used in Mis-
sion Planning. Actual SM/RCS loads and uncertainties will be published
in Table 3.1-15.

Ssee Section 4.2 for CM/RCS loads and uncertainties to be used in Mis-
sion Planning. Actual CM/RCS loads and uncertainties will be published
in Table 3.1-14.

6Launch Rule Redlines determine 1lift-off values.
7Launch Rule Redlines determine lift-off values.

8Launch Mission Rules will determine minimum lift-off quantities for

H2 and 02.

9CSM helium and nitrogen should be loaded in accordance with loading
windows contained in CSM/LM Spacecraft Operational Data Book, Volume I,
Part 2, SNA-8-D-027(1) P2,

SNA-8-D-027(III)REV 3
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TABLE 3,1-11

SPS PROPELLANT LOAD CALCULATION
FUEL " OXIDIZER

1. Enter SPS Quantity Readout at 110 PSIA (Table 3.1-12
item C ~ Percent)

2. Use Figures 4,1-3 and 4.,1-4 to obtain pro-
pellant load for above quantity readout.

3. Nominal propellant density at loading temperature
(use temperature - density graph below) (1b/ft3)

4. Cubic feet of propellant (item 2 divided by item 3)
5. Calculated density from Table 3.1-12 item f (Lb/fta)
6. Adjustment due to PUGS zero adjust (pounds) .

7. Resulting actual propellant load (item 4 times
item 5, less item 6) (pounds)

N
]

SPS SPS SPS Propellant Temperature/Density Graph
. Oxidizer FUEL at 110+5 PSIA
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TABLE 3.1-13

SPS PROPELLANT UNCERTAINTIES

ITEM . , : FUEL | OXIDIZER
LOADING UNCERTAINTIES D _(1b) (1b)
Tank Volume | _ ' +24 +39
Temperature Gauge (£2.0°F) +18 46
Standpipe Height t 6 +10
Propellant Gauge (+0.35% of Gaugeable) £54 +86
Density Measurement (1) £ 0 + 0
Batch Density (1) 94 +75
Loading Pressure (1) t 8 +14
RSS , | 2113 +130
TOTAL RSS : o £172
Loading Specification (1) (2) : iiﬁ +24
Tolerance on Propellant Temperature | +0.0 +0.0
___of Flight Load ’ ‘ , o —}  -46.0 -113.0
TOTAL LOADING UNCERTAINTTY fg%i

NOTES: (1) Data will be known after loading is accomplished.
(2) Loading specification is an allowable tolerance about

nominal, this number is added to the loading uncertainity
variable.
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TABLE 3,1-14

COMMAND MODULE RCS LOADING PARAMETERS AND,CALCULAIIONS
This table will be completed when loading is accomplished. For Mission -
Planning, reference should be made to Section 4.2 for nominal load, loading

tolerances, trapped and deliverable propellants.

FUEL . OXIDIZER
-Tank A Tank B Tank A Tank B

A. Tank Volume @0.0 PSIA (in)

B. Liquid Line Volume (in3)

C. Total A+ B (in3)

D. Initial Weight in Bleed Unit
Prior to Loading (1b)

E. Final Weight in Bleed Unit
After Loading. (1b)

F. Propellant Load (1tem D less
than E Weigh Tank)

G. Propellant Load by P.V.

H. Loading Temperature (°F)

1. Specificétion Propellant
Load @ 70+5°F (1b)

J. Total CM/RCS Propellant
Load from Item G above (1b)

K. Maximum Trapped Propéllant (1b)

L. Nominal Deliverable (1b)

3.1-93 SNA-8-D-027(IIL)REV 3



TABLE 3.1-15

SERVICE MODULE RCS LOADING SUMMATION

This table will be completed when loading is accomplished. For Mission Plan-
ning, reference should be made to Section 4.2, for nominal load loading
tolerances, and nominal deliverable propellants.

Quad A (1b)

Secondary Fuel
Primary Fuel

Total Fuel

Maximum Trapped
Nominal Deliverable

Total Oxidizer
Maximum Trapped
Nominal Deliverable

Quad C (1b)

Secondary Fuel
Primary Fuel

Total Fuel

Maximum Trapped
Nominal Deliverable

Total Oxidizer
Maximum Trapped
Nominal Deliverable

Total Fuel
Maximum Trapped
Nominal Deliverable

t0.7
2.1

2.3
4,5

0,7
2.1

2.3

— 4.5

Quad B (1b)

Secondary Fuel -
Primary Fuel

Total Fuel | , 0,7
Maximum Trapped 2.1

Nominal Deliverable

Total Oxidizer 2.3
Maximum Trapped 4,5

Nominal Deliverable

Quad D (1b)

Secondary Fuel
Primary Fuel

Total Fuel . 0.7
Maximum Trapped 2.1

Nominal Deliverable

Total Oxidizer : 2.3
Maximum Trapped 4,5

Nominal Deliverable

Total SM/RCS Propellant Load (1b)

8.4

1,4

Total Oxidizer 4,6
Maximum Trapped 18.0
Nominal Deliverable
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TABLE 3,1-16

LM-10 CONSUMABLE LOADING REQUIREMENTS
LM~10 APS PROPELLANT

Fuel (1b) . Oxidizer (1b)

Propellant Load 2017,2 3225.7.
Trapped Outside Tanks 5.9 8.3
. Tanked ' 2011,3_ __ 3217.4
Trapped Inside Tanks 10,1 _27.6
Nominal Deliverable 2001.2 .. J18s.8
Outage TBD o IBD
Total APS Propellant _TBD

The following table should be used to determine the amount of propellant
to be off-loaded from a full condition to arrive at the indicated load.
The allowable tolerance for the calculated off-load is 0.5 pounds per
weigh tank. i
A, Final tank pressure at overfill (PSIG)
B. Propellant loading temperature (°F) v
C. Nominal overfill quantity (lb)_ TBD __TBD
D, Correction for tank pressure (1b)
Fuel = 0,09 (Item A-40)
Oxidizer = 0,15 (Item A-40)
1E, Correction for loading temperature (1b)
Fuel = 1.16 (Item B-65)
Oxidizer = -2.84 (Item B-65)
2F. Measured density (GM/CC)
2G, Nominal density (GM/CC) 0.8994 1.4824
H. Delta density (GM/CC) (Item F-G)
31, Correction for measured density
Fuel = 2300 (Item H)
Oxidizer = 2300 (Item H)
J. Propellant in GSE
K. Overfill quantity (C+DH+E+I+J)
L. Target loading 2017.2 3225.7
M. Quantity required to fill RCS manifolds 10.0 15.8
N. Quantity to be off-loaded (Item K-L-M)

NOTES:
lLoading temperature correction will -always bé negative.
270 calculate the nominal density solve the following equation where T =
temperature in °C of the measured density (usually 4°C for oxidizer and

25°C for fuel). This equation is valid for 14.7 PSIA. Therefore, the
measured density must also be at 14.7 PSIA, ’

Nominal fuel density = 0.922904-0.0009377 (°C)
Nominal oxidizer density = 1.491539-0.0022832 (°C)

3Correction for measured density may be either positive or negative.
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TABLE 3,1-16 (CONTINUED)
LM=-10 CONSUMABLE LOADING REQUIREMENTS

LM-1.0 DPS PROPELLANT

Fuel (1b) Oxidizer (1b)

Propellant Load 7541.1 12042,1

Trapped Outside Tanks. 27.7 49.2
‘Tanked 7513.4 11992.9
Trapped Inside Tanks ' 21,9 39.6
Nominal Deliverable 7491,5 11953.3
Outage TBD TBD
Total DPS Propellant TBD

The following table should be used to determine the amount of propellant to be
off-loaded from a full condition to arrive at the indicated load. The allow-
able tolerance for the calculated off-load is 0.5 pounds per weigh tank.

Al,
Bl.
cl.
D1.

1g1.

2r1.
2a1,

Hi.
811,

Jl.
K1.
Ll.
Mi.
Nl.

Final tank preséure at overfill (PSIG)
Propellant loading temperature (°F)

Nominal overfill quantity (1b) TBD - TBD
Correction for tank pressure (1b)

Fuel = TBD
Oxidizer = TBD

Correction for loading temperature (1b)

Fuel = TBD
Oxidizer = TBD

Measured density (GM/CC)
Nominal density (GM/CC) 0.8994 1.4824
Delta density (GM/CC) (Item Fl-Item Gl)

Correction for measured density

Fuel = TBD
Oxidizer = TBD

Propellant in GSE .

Overfill quantity (Cl+DI+E1+I1+J1)
Target loading 7541,1 12042,1 -
Quantity required to f£ill RCS manifolds (APS only) _XXXXXXX XXXXXXX
Quantity to be off-loaded (Items K1-L1-Ml)

NOTES :

l10ading temperature correction will always be negative.

270 calculate the nominal density solve the following equation where
T = temperature in °C of the measured density (usually 4°C for oxidizer
and 25°C for fuel). This equation is valid for 14,7 PSIA, Therefore,
the measured density must also be at 14.7 PSIA.

Nominal fuel density = 0.922904-0.0009377 (°C)
Nominal oxidizer density = 1.491539-0.0022832 (°C)

3Correction for measured density may be either positive or negative,
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TABLE 3.1-~16 (CONTINUED)

LM-10 - RCS PROPELLANT (3 (3

lActual®

Required Ullage Raquirement Gnd) 1Actual®
Load (1b) S Hinimum Maximum* Load (1b) Ullage (in3)
System A Fuel 107.4%0.9 ~152.,5 164.5 ‘
System A Oxidizer 208,2%1,9 267.0 279.0
Syatem B Fuel’ 107,410.9 152.5 164.5
System B Oxidizer 208.2+1.9 267.0 279.0
FUEL OXIDIZER -
Propellant Load 214,8 416.4
Trapped OQutside Tanks 10.5 . 15.8
Tanked -204.3 400,6°
Trapped in Tanks 4.2 8.0
ble 200,1 392.6

.Nominal Deliveral

LM-10 - Helium & Nitrogen

Nominal Loading Requirement Actual :
Consumable Pressure ' Temp Weight Pressure Temp Weight |
. (PSIA) (°F) (1b) (PSIA) (°F) __(ib)
Helium - APS tank #1 (6) 3050 70 6.6 )
- APS tank #2 (6) 3050 70 6.6
~ RCS tank #1 (b) 3050 70 1.05
- RCS tank #2 (6) 3050 70 1.05
-~ DPS (SHe) 80+2 N/A - 48,5
- DPS (Ambient) (6) 1600 70 1.1
Nitrogen - Ascent 0.1
- Descent 0.6
LM-10 - Water & GOX
Nominal Loading Requirement Actual :
Consumable Pressure Weight Pressure Weight
(PSIA) (1b) (PSIA) (1b)
Ascent Water - tank #1 N/A 42,5 N/A
~ tank #2 N/A 42.5 N/A
Descent Water - tank #1 N/A n N/A
- tank #2 N/A @)) N/A
Ascent GOX - tank #1 (6) 830 2.4
- tank #2 (6) 830 2.4
Descent GOX - tank #1 (6) 2700 48.0
- tank #2 (6). 2700 48.0

NOTES ¢

lgee
2gae
35ee

Table 3.1-17 for actual propellant load calculation.
Section 5.6 for explanation of trapped propellants.
Table 3.1-18 for loading uncertainties.,

%PV ullage calculation should be 166, 5450 cubic inches for LM/RCS fuel and
280+50 cubic inches for LM/RCS oxidizer per tank.
SIM/RCS required load includes propellant required to fill RCS manifolds

to isolation valves.
propellants.

See Table 3,1-16.

See Section 5.6 for trapped

6The indicated items should be loaded in accordance with loading windows
contained in.the CSM/LM Spacecraft Operational Data Book, Volume II,

Part 2, SNA-8-D-027PT2.

7LM-10 Descent Water shall be loaded to provide 390-0.0+10.0 pounds

at Ear;h Launch.

3.1-97

Initial load will be determined by sampling requirements.
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TABLE 3.1-17

LOAD CALCULATION

APS PROPELLANT Fuel Oxidizer
1. Full tank - Item K, Table 3.1-16 (1b)

12. Density of off-load tables at loading
temperature and pressure (1b/ft3)

13, Propellant volume (divide item 1 by
item 2. (ft3)

g, Measured density (from Table 3.1-197
(1b/£t3)

5. Resulting full tank load (1b)
6. Off-load amount (1b)

7. Propellant required to fill RCS manifolds
(1b)

8. Propellant load (1b)

DPS PROPELLANT
9, Full tank - Item K1 Table 3.1-16

170. Density of off-load tables at 1oading
temperature and pressure (1b/ft?)

111. Propellant volume (divide Item 9 by Item
10 )(£t3)

112, Measured density (from Table 3 1-19).
(1b/£t3)

13. Resulting full tank load (1b)
14. .0ff-load amount (1b)
15. Propellant load (1b)

RCS PROPELLANT
P. V. Calculations Fuel Oxidizer
Tank A Tank B _Tank A Tank B

A. GSE Volume (in3)
B. Initial Ullage Pressure

(PSIG)

C. Initial GSE Pressure
(PSIG)

D. Final GSE - S/C Pressure
(PSIG)

E. Ullage Volume (in3) - Solve
the following equation by
substituting the values in
the indicated steps.

D-C) (A

B-D

Ullage Volume =
NOTE: IThese items will be completed only if a density sample is not

made prior to loading. If a density sample is made prior to
loading, then the items will be left blank.
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TABLE 3.1-18

LM-10 PROPELLANT LOADING UNCERTAINTIES
IM-10 APS PROPELLANT

Fuel (1b) Oxidizer (1b)

Vent Line Volume +0,2 0.3
Tank Volume 0.8 1.3
Pressure Measurement (x5 PSIA) +0.5 +0.8
Temperature Measurement (*1.5°F) +1.7 +4.,3
Measured Density £0.7 +0.5
‘Welght Measurement +0.5 +0.5
l10ading Tolerance +0.5 +0.5
Total Loading Uncertainity 14.8 . 8.2

LM-10 DPS PROPELLANT

Vent tine Volume 0.2 0.3
Tank Volume +3.62 ' +5.96
Pressure Measurement (%5 PSIA) x1.70 +2.77
- Temperature Measurement (1.5°F) +6.49 +15.76
Measured Density *2.55 +1.70
Weight Measurement 0.5 *0.5
1Loading Tolerance +0.5 | 0.5

Total Loading Uncertainity +15.6 +27.5

LM-10 RCS PROPELLANT

Loading Temperature » +0.6 +1,8
Ullage Calculation 0.4 +0.6
Tank and Manifold Volume - .i0.8 1.4
Total 1.8 3.8

lThese will be known quantities after loading is accomplished.
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TABLE 3.1-19

LM-10 APS PROEPLLANT LOADING PARAMETERS
(To Be Completed by KSC at Loading)

Fuel

Oxidizer

Loading Pressure - PSIA

58 Fuel

-Loading Temperature - Fill Line - Degrees F FT;ZSS Oxidizer

TT 59 Fuel

Loading Temperature - Return Line - Degrees FlTT259 oxidizer

GP0718 Fuel

Loading Temperature - Tank - Degrees F'GP1218 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 @ - °C; @ PSIA GM/CC.

Measured Oxidizer Demsity @ = °C; @  PSIA GM/CC
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TABLE 3.1-19 (CONTINUED)

LM-10 DPS PROPELLANT LOADING PARAMETERS

Fuel Oxidizer
Loading Pressure - PSIA \

TT 58 Fuel
TT258 Oxidizer

Loading Temperatdre

Fill Line - Degrees F

Loading Temperature - Return Line - Degrees Flggzgg g::zizer
Loading Temperature - Tank One - Degrees F‘ggz;igfgzizizer

GQ3719 Fuel
GQ4219 Oxidizer

Loading Temperature Tank Two - Degrees Fl

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 @ °c; @ PSIA  gM/cC

Measured Oxidizer Density @ °c; @ PSIA GM/CC .
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MISSION J-1 MASS PROPERTY DATA TABLES

Table 3.1-20 presents the CSM-112/LM-10(dockad) mass properties, in Apollo
coordinates, as a function of apacecraft weight for L.O.I.
SM/SPS burn, '

Table 3.1-21 presents the CSM-112/IM-10 (docked) mass properties, in Apollo
coordinates, as a function of spacecraft weight for the
D.0.1. SH/SPS burn,

Table 3.1-22 presents the CSM-112 mass properties, in Apollo coordinates,
as a function of CSM weight for the Circularization I SM/SPS
burn. _

Table 3.1-23 presents the CSM-112 mase properties, in Apollo coordinates,
as a function of CSM weight for the Plane Change I SM/SPS
burn,

Table 3.1—24 presents the CSM-112 mass properties, in Apollo coordinates,
as a function of CSM weight for the T.E.I, SM/SPS burn,

Table 3.1-25 presente the LM-10 mass properties, in LM coordinates, as a
function of IM weight for the P.D,I. DPS buen,

Table 3.1-26 presents the LM-10 ascent stage mass properties, in LM coordinates,
as a function of weight for the lunar liftoff APS burn.

Table 3.1-27 presents the LM-10 mass properties, in LM coordinates, as a
function of LM weight for the T .p,I, to docking LM/RCS burm,
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4.0 CSM REFERENCE CONSUMABLE MASS PROPERTIES DATA

The data presented in this section will enable the user to obtain the sep-
arate centers-of-gravity and moments-of-inertia for those spacecraft con-
sumables on-board that significantly affect overall CSM and CM performance.
CSM concumables mass property data must be compared to the current on-board
consumable loading data for each mission provided in Section 3.0. The mass
property data are presented in the following sectionms:
4.1 SPS Tank Consumables Mass Properties, Trapped Propellants,
SPS Density Equations and Graphs, and SPS Loading Windows.
4.2 RCS/ECS/EPS Consumables Mass Properties, and SM RCS Quad
Mass Properties
4.3 CSM RCS Load Calculation Tables and Loading Windows
4.4 CM Ablator Data

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



TABLE 4.1-1

Table 4.1-1 presents the mass characteristics for the SM/SPS propellant
tanks.
The following units apply to the indicated headings:
Height of Propellant - Inches Mass of Propellant - Pounds ’
Tank Volume Unstretched - Ft3 Center of Mass - X, Coordinates - Inches

. A
Tank Volume Stretched - Ft3 Moment of Inertia (IYY) - Slug—ft2

Further, Moment of Inertia I = Moment of Inertia I Y’ Moment of Inmertia I, =0.0

ZZ XX
for all propellant weights; tank pressure used in calculating this table was
17545 PSIA, propellant temperature was 70°F, density for fuel was 56.43 lb/ft
and oxidizer density was 90,21 lb/ft

The YAand ZA Center of Mass components for the individual tanks are constant

and are as follows:

YA (inches) ZA (lnches)‘

Fuel Storage -14.8 -47.8
Fuel Sump ~48.3 6.6
Oxidizer Storage 14.8 47.8
Oxidizer Sump 48.3 6.6

.

)
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TRAPPED SPS MASS PROPERTIES

TABLE 4.1

-2

SERVICE MODULE

1 sps - Trapped Outside Tanks
Engine - Fuel
- Oxidiéer
Feedline - Fuel
- Oxidizer
Transfer Line - Fuel
- Oxidizer

Total Outside Tanks
2 Trapped in Tanks
" Retention Reservoir - Fuel
~ Oxidizer
Vapor - Fuel
~ Oxidizer
Total Inside Tanks

Welight
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

Xa

846.9
843.0

832.0

832.0
829.0
829.0

836.0

Inches

YA

6.6
-7.1
-48.0
48.0
-27.0
27.0
4.5

Za

0.4
1.6
-25.0
25.0
~24.0
24,0
3.7

1 gps propellant trapped outside tanks should be subtracted from the total

SPS propellant load for a particular mission to arrive at the tanked

SPS,propellaﬁt. This tanked amount is then used in the preceeding

tables to arrive at the appropriate SPS propellant Mass Properties.

2 The total SPS propellant load for a particular mission less trapped

in tanks and outside tanks equals nominal deliverable SPS propellant.

4.1-22
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TABLE 4,1-3 o

o

SPS Propellant Density Equations (S/c 107 and Subsequent)

Equations for calculating SPS fuel and oxidizer derisities are: given below.
"In order to calculate the density for fuel or oxidizer of a given load
. on g particular mission using the measured density furnished by KSC AL

the following steps are necessary: R

A. Use the appropriate equation below and calculate the fuel ov oxidizer
»_density at the given pressure and temperature of the KSC sample.‘ This
will usually be 14.7 PSIA and 25 C for fuel, and 14, 7 PSIA aud 4°C for'

”oxidizer. '

B. ,Use the appropriate equation. below and- calculate “the: fudl.or oxidizer
- - ‘density at the final system pressure and temperature. This will
usually be 1105 -PSIA and 70%5° F.
C.. ‘Subtract the density obtained in step A from the measured density of
" the KSC sample, and add this amount (may be eirher positive or
negative) to the density obtained from step B, ‘

A-50 DENSITY EQUATION A S

- [57 6095 0. 058533( c)](c ) ; vg;if SO

b = A-50 density in 1b/ft3

Whers*—= g

°C = Temperature in degrees centigrade
fCF‘= Compressibility factor ~ obtain. this number from ‘the

pressure '~ compressibility graph on Figure 4. 1-1 of
this section..»' :

N,0,, DENSITY EQUATION.. .

= [93, 1048 0 14252( C)](Co)

where. = N30, density in lb/ft . ' o L

o
°C = Temperature in degrees centigrade
7?,; l ' fCo = Compressihility factor - obtain this number from the

pressure - compressibility graph on Figure 4,1-2 of
this section. .

4,1-23 |SNA-8-D-027 (111)REV. 3



jorbanp parbnd 21 .n.Tu' oD badt SIoe 1] T
fosse fRon Facgd Seaby feust 3ad: =z g patys
e 5 {3ass vt tout IR TR R} I RS ey
S sunes sone b et Iaan Eboetanes 1T 131; 1
(Rt e aseaEY dm yopy b solhs fbwes shov! 4114 P
e o : . be P taanan: iy jgoge
- 4 b pacd ppade i m3me 13 iy
n ? -lﬁn T et v}t 183 Pres
1 = t > t
< “H : 1) it jSseans ey s
e .
: W W ol = s sasst eiss s feast sRat: s
T - . 1 T - t s1ris pease hpus
ICECRCY Sesiaaia : RETasieys e
3 —_ 17 T o1 B * T
3 1w w h s jpeed bysus fosue i3t
aco 7 = : Fooes siees receass: —$H
: ' s o T T =it $hvwt Hiuvn dhand & i
T OO0 0O m . : manssbeas &1 jauns oy M._lf YL &S .Lumw il
T T ey hin b farkiy &l b . .
Nt~ s s gurps ot gy sws sagaa T IRERS ST
b T bt T 14 phabg [0S Sehd SPad ehd bl
woNnoog ] ~ = : T R jpons $641d mniing
A e 1 32 + 1 PuSEA S04 94 PRt Sibings
— 0 0 ~ SR T T it B3 33T feias $55H
b = 1 t WVT e o ¥ JuL eag: 258
Hh w 323 fee: et fikss el ssis fo= i
= : pans il
1 ml " o Jr.r - L + H uﬂu :
T ! =TT o e o
(14 T T 1 1 pius 2000 SNEE padid M [530d tohle
P + t T e 115 " +—+ poguS aie
: 1 SgamT somes ey " 1 e
[%9 + - — -
} w : 5 s : 84 1Oy Hort pofge
¢ - t 153 §=o08 ooy
> W oy S T 3 Eiifig
] 7 + 1 rthItJm...HI ¥ : I g ,.MA..I[.,
T ah 1T T H ITESe Loder
[T 1 T Sugay (oS gl
(o} o Eeay o
+ + 1t 11t rrm jdgos
M s .— .h “w + + —_——
1 E T 3 .r«: b Praat s
- i o : e
s $agu
T IS §EE T — .
1 s of ++ » a8 jag! ermv.
W_f ” } F, : Tt 4+ s v
: W T 114 bynud sodd
O : } 3 ke e gt
f O % : 3
i 14 bas 1 B g
T Joses PR
H a. ] ko 1 I : F
at - W HPaTIaT S oye: ke
P-4 onl So 7 o yreg s abe
z 1L A 1 T T 14 ot
e oN ~ : T
- h — Z e ui et y t 1 4 gou Tﬂ, v:...wLa.:
o n o THE T : i £
r H + jeppe oo y oy
- ! > @ R e T R R e, 3
Ir w H t + + e
14 I 8 Inpa . T By R
T o < et 1 S ¥ o pASOA 41
T gy 1 pousSe0ed el I
+H 4 - =4 + 1 2 yud Bugs
tH jsasa anua sor e asauasn: t ¥ Hit W. I
e B8 ! i I F3e 83220 FRena e e . _ HHHH .

1.00160

1.00140

100120

1.00100
1.00080
1.000€60

HOLOV4 ALITI8ISSIYIWOD

11.00040 p

1.00020 ¥

1.00000

240

200
SNA-8-D-027(IIL)REV 3

80 120 160
PRESSURE, PSIA
AEROZINE-50 COMPRESSIBILITY CORRECTION FACTOR
4,1-24

40

FIGURE 4.1-1.



COMPRESSIBILITY FACTOR

1.00180 S ———

i To = TODEG F

T3 = 50 DEG F ; it
T i il
I.w|60 : 3 I3
‘ E PHYSICAL PROPERTIES OF LIVE PROPELLANTS :
NITROGEN TETROXIDE : i
§ase i tegaatace H41 H THH gost
- H :7 [Tt R HEHEH H
1,00140 HH H i e HHH : JA_F LY L
FH L 1 I H i 1 8 " 3
& T T HH Hskes jeqdiedan bpadfpndal
i ! T
i 3 A R R L H .E;.
.00120 } L H HHHH rasncusl
l 0 T H T HHH] H HH £t : s L T T 4:4' Ruey .‘J ":ﬁ‘
0 Izdagdsics HHHRIT 1] i LFH T
L 4 »; u : N'
H T HEHH i H
1.00100 | il S
1.00080 FHmrH T L : :
fisi it asats aat gass
Exdd T s58
1.00060 [HHfiELHH it 2
CH §aapliffdsdnsazel
i 0!‘ A ] » HHEHE _51"
H (i ! { F L _: gass SEERT i o
2 4y §p g sy .gudndy ': gea ,lf 13
1.00040 + ; S e i
' g1 BT T sesnfdhsd (eenpfpanh sk dse FRaa ey
1.5 . Lt e
R e e T T i
e A IS
1.00020 [EfHHE oL i RS .
.E_ i —:FL i ¥ i ) ; : 5 i—-.—o--;:_ L l»— HC
L H £ HHH dldae T HH e £33 It
_ il st
i i T iR T R oy e P

1.00000 CiHERAEI B LR TE R R o) ] I
© 40 80 120 160 200 240

PRESSURE, PSIA
FIGURE 4.1-2, NITROGEN TETROXIDE COMPRESSIBILITY _CbRRECTION FACTOR

4.1-25 |SNA~-8-D~027 (III)REV 3



FUEL

FOR ULLAGE LOADING PRESSURE OF 110%4 PSIA

H] 51 eeaereas (97) - INOQVEE S9N IV AVOT THAIR:tHti- bbbt
1 TR m + { s HHT Pl Fo o
| . HH 18 | H + _ﬁ : "
S S % nniyredneating i T o Im B pEmaa =5 uLJWﬂﬁL ghassIdns _Wuwwm
= o <t o] NEHEHE WO {00 £ T -
papr== a5 ~ o =] ~ 0 g PN =t EespeTEias)
S ™~ N~ 4 o] QO O O O
+ w w (X3 w Lo w0 w w HH g
! — — — 5 H g bt 14 — b
’ Lot ~— T T
I } ) T T
" ~
w 1 ¥ 2
Il 1
¢
? 22
my s ™~
Ha,
i S g
—
F 1
= L o
= _ ~
. v
Th ...Nul_l + L FH
B et e e 5 N gEiEe
= {an] , son 1 P~H-H g
. <C + L H
o ! = _ fanss
o | ! H H4 i < HHH
x mas HridrE S T
i E gt iz SO o
f - ! HH T
: ; et ] b o
= : } r+H <5 ]
S —mun S
W e e T Fhmmn
: ! —
T =] T Amnnmm
' i o, e
, _ O P
“ if I2 S
1 SuEss
4 - =cH
= EEad ik co S5 FEH
: : ot B
i = R
= 1 T i
T L 1 Il T.l|.l|.l
1 1 1 H Y
: T o~ o
i L_ S
£ [~ qavans
h . |
t =1
ans s TY]|
[Yolaun sl ~ Wanawn
O S
4 ..l.lf.lle 1]
7 T t - hwme D.l.l -1
I EaEAERES b t anie i
T ” 2§ hass
s panaioee o [ T
Ty s : H SpapnpayaalE ;
= R o Y po: g wyaany BeEN pEEE
i — o =) 0 [ felwtn u =] (Fodubaf pwal = dunid spfypius: s ke
; B . X . - 13 et e . - ISR R 1T
* : oo ro (= oMo To 8 posw
T3 t T m = m 4_q O ﬁomﬂwm.r o w P O .M.o ..Tﬂwm _v.w ” W
: q”?. .N-“|: t N Emes aysas asnasndill: " g “~|...L| = |W|h T »
P i &) d,__l.l ) de ;.Fx
Eassizent ae: HH MWN.. v01 LH9I4 Lv 1n0av3d ALILNYNO S9Ndiis HHH

FIGURE 4.1-3.

SERVICE MODULE SPS FUEL LOADING WINDOW FOR SM 107 AND SUBSEQUENT

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

4,1-26



FUEL

SNA-8-D-027 (I1I)REV 3

4,1-26

FOR ULLAGE LOADING PRESSURE OF 1104 PSIA

. e ene (1) - LO0AVEY SOAd 1Y AVOT Taldbiihtis by pos sEenaie)
I v T ¢ 1 yun iy 4 { : m,ﬁ»..LTH Uga fuw
4 - 1 i § . + I 1
e san b = ﬁ HE THE nedEs H R
= o < 55 o T Py kel Py i l00 1 nalld g
Loy o o =) ™~ L < N o y T
AT ™~ ~ (Vo) Vo] o O WO (Vo) mal e
[T} wn 0 w0 w o) s} w0 +
= — — — — - = {5 = — T
- ; vt " + w
REsE T ~
T " 4
<
Ll ™~
Ha
+ <O
-+ —d
- Ll
e — 1 ™
t = ~
X [T
1m - T (4>} TIIH
= = ; F R M- T
e setani o N fassd
> i fan) =g ~0T B3
jraay fnawe ey | punas
+ o } G = i+
s . T < T
s 4 3 BEEE
. ~EE —
T i : panue
mas ! , Gnmnmu
i 1 t g
, F—-H1H
I 3 e a nH....mm.ﬁ
H H rnnmm
T —H5
' <C
v 1 gllan AT
: Ivs) L
1 - DU“ bnamn
=HH
T 1 R e
S
}},WLnum
e 1 (XN ]
-.uu}(
I - Fr
" ~ xTunﬂJu
m WO rlNl.uﬁvr.x
L~ of
h —
= L -1
T L2
+ : % .1APU
1 ) 34 bt 1 4
+ & T
; aha .
TH- rrtd
iy T
as an HH 0 IS
- b e
== t 1373 ; Saifrevyn
jaz i L C a1 it :
: . > T it
H o QJ. ﬂé. ~ oo _b.nrﬂ.‘;.dnu una{m i
T HtroblFtto o= o oo :
13 " 10I 4_ o TOmLIHT O o OL ﬁ O mo., panay
= 1+ — — lTLlJoLnIT -~ e — ..‘11l o
, n u Faas cEB Puen MY 8t o e g 1 v“UL . I w
b 770907 LHD1 T Ly LN0GY3¥ ALILNVAD S9ndii. HE

,,

FIGURE 4.1-3.

SERVICE MODULE SPS FUEL LOADING WINDOW FOR SM 107 AND SUBSEQUENT



OXIDIZER

FOR ULLAGE LOADING PRESSURE OF 110#4 PSIA
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TABLE 4.2

-1

CSM - CONSUMABLE LOADS AND UNCERTAINTIES

This table contains tﬁe consumable lcads, associated
tolerances, and/or uncertdinties at nominal loading
temperatures and pressurea.

«

WEIGHT

() CENTER OF GRAVITY

.chal Deliverable

POUNDS INCHES
.XA. YA ZA
- | coreuanp mopuLE
Nominal Load
RCS (2) | . .
Loaded System 1 - Fuel 44.2t0,9 1022,6 | -38.7 | 52.8
System 1 ~ Oxidizer 78.3%1.6 1022.6 26.6 | 59.8
~System 2 - Fuel 44,2¢0,9 1022.6 -52.8 | 38.7
System 2 - Oxidizer 78.3%1.6 1022.6 2.3 | 65.5
- Loaded ~ Fuel 88.4t1,3 1022.6 | -45.8 | 45.8
v - Oxidizer 156.6t2.3 1022.6 14,57 62.7
Total Loaded ’ 245.0¢2, ¢ 1022.6 | ~7.3 ) 57,0
Maximum Trapped :
System 1 - Fuel _ 6.9 1022.6 | -38.7 | 52.8
System 1 - Oxidizer 11.7 1022.6 26.6 | 59.8
System 2 - Fuel 6.4 1022.6 | -52.8 | 38.7
System 2 - Oxidizer 11.4 ;022.6 2.3 65.5
Trapped - Fuel 13.3 1022.6 | -45.5 | .46.0
- - Oxidizer 23.1 1022.6 14.6 62.6
Total Trapped (Maximum) 36.4 1022.6 | -7.3 | 56.5
Deliverable (6)
. System 1 - Fuel 37.320.9 1022.6 -38.7 52.8
System 1 - Oxidizer 66.6%1.6 1022.6 26,6 | 59.8
System 2 - Fuel 37.820.9 1022.6 | ~-52.8 | 38.7
) System 2 - Oxidizer 66.9t1.6 1022.6 2.3 | 65,5
Deliverable - Fuel 75.¥1.3 1022.6 | ~45.8 | 45.7
- Oxidizer 133.5:2.3 1022.6 14.4 | 62.7
208.622.6 1022.6 -7.3156.5

4 .2_1
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TABLE 4,.2-1 (CONTINUED)

SERVICE MODULE - Nominal Load vai s‘.ht‘. o '(l)c"““f?l::hf:“’“y '
RCS(2) ‘Pounds - - X, . ¥ ]
Quad A - Loaded Primary - Fuel ~59.9:0.8 962L.8 48?0 -6%.5
' Secondary-Fuel 40.3:0.8 | 985.1| -7.0..| -69.0
Oxidizer 225.423.4 | 926,9 | 8.0 | -68.5
Quad B - Loaded Primary - Fuel 69.920.8 [ 964.8 | 64.5 | -26.5
Sécondary~Fuel 1 40.3:0.8 | 985.1 | 68.0 | -11,0
Oxidizer 225.4%3.4 926.9 | 1 64.5 | -26.5.
Quad C - Loaded Primary - Fuel 69.9t0.8 |. 964.8 | -8.0 | 68.5
Secondary~Fuel - 40,30.8 985.1 7.0 69.0
. oxidizer 225.4¢3.4 | 926.9 | -8.0 | .68.5
Quad D - Loaded Primary - Fuel 69.90.8 | 964.8 | -64.5. | 26.5
Secandary~Fuel 40.3:0.8 | 985.1 | -68.0 | 11.0 '
oxidizer 225,4t3,4 ) 926.9 | -64.5 | 26.5
Loaded ~ - Primary - Fuel 279.6:1.6 | 964.8 | 0.0 0.0
Secondary-Fuel 161.2¢1.6 [ 985.1 | 0.0 | 0.0
Oxidizer 901.6#6.8 | 456 9 4. 0.0. "
Loaded - Fuel 440.8*2.3 | 972.9°| 0.0 | 0.0
-Oxidizer 901.626.8 1 926.9 | 0.0 0.0
TOTAL LOADED ‘ ' 1342.4¢7,2] 942.1 0.0 |- 0.0
Max, Trapped--Quad A ~- Primary Fuel 964 .8 8.0 -68.5
: - Secondary Fuel 985.1 | -7.0 -69,0. .
" - oxidizer 4.5 926.9 | 8.0 | -68.5 |
Quad B - Primary Fuel 1.4 964.8 | 4.5 | -2605 i
- Secondary Fuel 0.7 985.1 | 68.0 | ~11.0 -
- Oxidizer 4.5 926.9 64,5 -26.5 !
Quad C - Primary Fuel. 1.4 ' 964.8 | -8.0 68.5
~ Secondary Fuel 0.7 985.1 7.0 69.0 -
- Uxidizer 4.5 926.9 | -8:0 68.5 ©
Quad D - Primary Fuel 1.4 964.8 | -64.5 2.5 |
- Secondary Fuel 0.7 985.1 | -68.0 11.0 !
- Oxidizer 4.3 926.9 | -64,5 26.5
Trapped Primary Fuel 5.6 964.8 | 0.0 0.0
Secondary Fuel 2.8 985.1 0.0 0.0
Oxidizer 18.0 920.9 | 0.0 0.0
Trapped Fuel 8.4 971.6 0.0 0.0
) Oxidizer 18.0 926.9 0.0 0.0
TOTAL TRAPPED (MAXIMUM) 26.4 940.9 0.0 0.0 |
442=2 SNA-8-D-027 (LII)REV 3



TABLE 4.2-1 (CONTINUED)

‘ ficentor of Gravity
1 Veight 1aches .
Pounds X, L IA
o ' . ‘

Deliverable (6)

Quad A - Prisary Pusl 68,5:0,8 | '964.8 8.0 | -68.5

- Secondary Puel 39.620.8 ) ogs.a| 7.0 | -69.0

- Onidtsar - 1220.913.4 | 92,9 8.0 | -s8.s

Quad B - Priwary Fuel 68.5:0.8 9864.8 64.5 -28.5

' - Sscondary Puel 39.60.8} gps,1| 8.0 | -11.0

- Oxidizer 220.9%3.4 | 920.9| 64,5 | -26.5

Qusd C - Prinazy Puel 68.5:0.8| 9e.8] -8.0 8.5

' ~ Sacondary Fuel 39.6:0.8 | 985.1 7.0 69.0

- Oxtdiser 220.9:3.4 | '926.9] -6.0 | 68.3

Quad b - Primery Pual 68.510.8| 964.8] -64.3 26.%

- 3econdary Fuel + 39.6+0.8 9a5.1{ -63.0 11.0

- Oxtdiser o 220.943.6 | 92691 -64.5 | 26.5

_ Deliverable Primary Fuel 274.0%1,6 | 964.8 0.0 0.0

R Secondary Fusl - [158.41.61 a5y 00 | 0.0

Outdizer 883.626.8 926.9 0.0 0.0

Deliverable Feal l432.422.3 ) 972.9 0.0 0.0

Ouidizer 8383.6%6.8 926.9 0.0 0.0

Totel bgltvunbla 6) Em&qJ 942.1 0.0 - 0.0
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TABLE 4.2-1 (CONTINUED)

CSM 112 AND SUBSEQUENT MISCELLANEOUS .CONSUMABLES

WEIGHT CENTER OF GRAVITY
POUNDS INCHES
CSM MISCELLANEOUS CONSUMABLES X, N
CM/RCS = HELIUM 1.0 |1022.6 -3.1 25.8
CM/ECS
Oxygen - Entry (7). {1031.1 -26.9 -34.2
Potable Water (3) (7) [1022.6 -63.5 -16.4
Waste Water (4) (7) (1022.6 ~-19.7 62.5
SM/RCS - Helium 6.0 | 983.9 0.0 0.0
SM/SPS Helium - Storage Bottles 87.6 | 954.7 0.0 0.0
- Tanks (5) 5.4 | 976.0 2.7 8.9
SM/Nitrogen 1.3 | 874.0 0.0 0.0
SM/EPS /ECS
Oxygen - Hydrogen1 o
H, 29.3 | 974.6 37.0 ~46.0
Hy 29.3 | 859.4 -40.7 41.2
H, 29.3 | 892.9 ~40.7 41.2
0, 330.1 | 920.8 ~20.9 26.9
0, 330.1 | 920.8 -27.4 54.5
03 330.1 | 938.0 22.5 -30.0
Total - H, 87.9 | 909.0 -14.8 12.1
- o) 990.3 | 926.6 -8.6 17.1
Total on Board 1078.2 925.1 -9,1 16.7
Unusable - Hz 1.2 1 974.6 37.0 -46.0
- H; 1.2 | 859.4 -40.7 41.2
- W 1.2 | 892.9 ~40.7 41.2
- 0, 6.6 | 920.8 -20.9 26.9
- 0, 6.6 | 920.8 -27.4 54.5
- 0, 6.6 | 938.0 22.5 -30.0
Unusable -~ H2 3.6 1 909.0 ~14.8 12.1
-0 19.8 | 926.6 -8.6 17.1
Total Unusabfe 23.4 | 923.8 -9.6 16.4
Usable - H, 28.1 | 974.6 37.0 -46.0
- H, 28.1 | 859.4 -40.7 41.2
- H, 28.1 | 892.9 -40.7 41.2
- 0, 323.5 | 920.8 -20.9 26.9
- 0, 323.5 | 920.8 -27.4 54.5
05 323.5 | 938.0 22.5 -30.0
| vsable - H, 84,3 | 909.0 -14.8 12.1
; -0 970.5 | 926.6 -8.6 17.1
{ Total Usable 1054.8 | 925.1 -9.1 16.7

1Nominal Loading. For Liftoff values see individual Mission Section.

4.2-4
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| TABLE 4.2-1 (CONTINUED) ~ -

NOTES: (1) Referenced to the Apollo Coordinate System.
(2) All RCS propellant’weight'uncertaintiES prior'to loading are
"~ based on the maximum and minimum permissable 1oad deviation
 for the nominal load at 70°F. :
'(3)lvPotable water.tank nominal'capacity"isx40-ponnda.
(4) Waste water tank nominal capacity is- 60 pounds.
(5) ‘Based on full SPS propellant load "
. (Q)n.Deliverable SM/RCS propellant is that amount which can
""" be expelled from the tanks assuming nominal mixture ratio.
For pre~migsion budget planning the minimum guaranteed
- .usable propellant equals deliverable, less 20.0 pounds
. loading uncertainty, and less 80 pounds gauging inaccuracy.

) (7)f,See appropriate mission dependent section
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4.3 CM/RCS AND SM/RCS LOAD CALCULATION TABLES AND LOADING WINDOWS
4,3.1 CM/RCS

Table 4.3-1 is the CM/RCS load calculation table to be completed

by KSC for each mission. Figures 4.3-4 and 4.3-5 are the CM/RCS

fuel and oxidizer loading windows to be used by KSC for Mission
' -F and subsequent. '

4.3.2 SM/RCS

Table 4.3-2 is the SM/RCS lcad summary table to be completed

by 'KSC for each mission. ' Tables 4.3-3 through 4.3-6 are the load
calculation tables to be used by KSC to transmit to MSC the PV
parameters and calculations for each quad. All of these tables
are mission independent. Figures 4.3-1 through 4.3-3 are the
SM/RCS loading windows to be used by KSC for Mission F and sub-
sequent.

4,3.3 CSM/RCS Mass Calculations for Horizontal Tanks

The primary method for determining the amount of RCS propellant
loaded in the CSM horizontal tanks is by actual propellant welght
as determined by using the bleed unit scales. The weight as
determined by the bleed unit scales is verified by PV calculation
as outlined in Tables 4.3-1, and 4.3-3 through 4.3-6., If for
an individual tank the propellant weight as determined by the
bleed unit scales and the propellant weight as determined by the
" PV calculation do not correlate, then KSC, ASPO, and the appro-
priate sub-system manager will jointly determine which of the
above methods will be used.

4.3-1 SNA-8-D~027(III)REV 3



Gl.

TABLE 4.3-1

COMMAND-MODULE RCS LOADING REQUIREMENTS,
PARAMETERS AND CALCULATIONS

Load Parameters and Calculations

Tank.Voiume @ 0.0 PSIG (in3)

Liquid Line Volume (in3)

Total A + Al (ina)

Initial Weight in Bleed Unit Prior
to Loading (1b)

. Final Weight in Bleed Unit After

Loading (1b)

Propellant Load by Weigh: Tank;
Item B less Item C (1b)

Loading Temperature (°F)

Specification Load @ 70 +5°F (1b)

Total CM/RCS Propellant Load from

Fuel Oxidizer
Tank A Tank B Tank A Tank B
0.3

Item D above or Item P below (1b) +0.3

Ullage Calculation

‘Density (1b/in3); solve the following

equation where T = Temperature in E
above and pp = fuel density; Po =
oxidizer density.

pp = 0.0329456 - (0.186979) (10~%) (T)
Po = 0.451591(10'4)(ll.8-T)+O.05475906
Specification Ullage @ E above; Maximum

Minimum

Tank Stretch Factor (in3/PSI)

Volume of GHE~GSE Line (in3)

Volume of S/C GHE Line (in3)

GSE Line Pressure (PSIG)

Bladder Pressure (PSIG)

Stabilized Equilibrium Pressure (PSIG)

Ullage Volume (in3); solve the following
equation by substituting the values
contained in the above indicated steps.

L-N
N-M

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

Propellant load by P.V. (1b)

4.3-2 SNA-8-D-027 (IIIJREV 3



Actual:.

Secondary Fuel

Primary Fuel
‘Total '

Secondary Fuel .

Primary Fuel

Total

Secondary Fuél

Primary Fuel

Total-

Secbndary Fuel

Primary Fuel
Total

Fuel

‘TABLE 4.3-2

SERVICE MODULE RCS PROPELLANT LOAD SUMMATION

‘QUAD A

(Pounds):
. Total Oxidizer + 2.3
+ 0.7 '
QUAD B
(Pounds) " .~
'Toﬁalvaidizgr' + 2.3
5 + 0.7 ' :
‘QUAD C
¢ (Pounds)
‘_,Totai Oxidizer a + 2.3
+0.7 ‘ R ‘
QUAD D
(Pounds)
Total Oxidizer + 2.3
+ 0.7

Total SM/RCS Propellant Loaded (1b)

+ 1.4 Oxidizer + 4.6

4.3-3 | SNA-8~D-027 (III)REV 3



TABLE 4.3-3

SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD A

Fuel

Secondary Fuel

Oxidizer
Secondary Oxidizer

Loading Temperature (°F) A. Tank Volume (in3) @ 0.0 PSIG

Tank Volume (in) € 0.0 PSIG Al. Liquid Line Volume (in’)

Liquid Line Volume (in3) B. Tank Stretch Factor (in3/PSI) 0.045
Tank Stfetch Factor (in3/PSI) 0.034 ~ Primary Oxidizer

Initial Weight of Bleed Unit . C. Tank Volume (in’) @ 0.0 PSIG

Prior to Loading (1b)

Finai Weight of Bleed Unit

After Loading (1b) b

"Resulting Load (1b) (Item D less

Item E)

Specification Nominal Load
at 70 #5° F (1b)

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)
Bladder Pressure.(PSIG)

Stabilized Equilibrium
Pressure (PSIG) ) K.

Primary Liquid Close-0Out
Pressure (PSIG)

Specification Ullage @ A Above

Maximum

Minimum

Ullage Volume (in3). Solve the
following equation by substituting
the values contained in the indi-
cated steps.

Ullage Volume = H (J - L) -

L -K
(C+ 8L +K+ 14.7) + s(M)-1
Primary Fuel

Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG

N.

Liquid Line Volume (in?)

Tank Stretch Factor (inS/PSI) 0.0652

4.3-4

Cl. Liquid Line Volume (in3)

Tank Stretch Factor (inB/PSI) 0.088

PV Parameters for Combined

Primary and Secondary Oxidizer Tanks

an =~ o R B >

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)
Bladder Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Loading Temperature (°F)

Oxidizer Density (lb/in3);,solve
equation (4) below where T = Tempera-
ture @ J above

Specification Value @ Temperature J

above (1b) Maximum

Mimimum

PV Calculated Oxidizer Load (1b); solve
equation (5) and (6) below by sub-
stituting the values contained in the
above indicated steps where U =
Volume of tank gas (in3) in both tanks
and He system,and F, = PV calculated
oxidizer load for both tanks

+2.3

Specification Nominal Value @ Tempera-
ture J above (1b)

(4) Oxidizer Density = 0.451591(10_4)
(11.8 - T) + 0.05475906

G -1
I -H

(6) F, =K(A+C+A1+Cl-U+F)

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

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



TABLE 4.3-3 (CONTINUED)
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD A
T. Fuel Density (lb/in ); solve

equation (1) below where T =
Temperature @ P above

. PV Parameters for Combined
Primary and Secondary Fuel Tanks

_ U. Volume of GHE-GSE Line (1n%)
' Vqlume of $/C GHE Line (inB)
W. GSE Line Pressure (PSIG)

Bladder Pressure (PSIG)

Y. Stabiliied Equilibrium
Pressure (PSIG)

Z. Specification PV Value @
Temperature P above (1b)

Maximum

Minimum

Z1. PV calculated fuel load (1b)
Solve equations (2) and (3) below .
by substituting the values con= :
tained in the above indicated
steps where Uy = Volume or tanked
gas (in ) in the primary tank and
Fy, = PV calculated fuel load

Z2. Specification Nominal-
value @ temperature H above (lb)

Z3.v-Total fuel load (1b) +0.7
(Item F plus Item Zl)

(1) Fuel density = 10.0329456 -

(0.186979) (10”4 (1)
(2) Uy = U (¥ - §) ~(C+S) (Y+X4+ 14.7)
'*(3) FL=T>(Q+R—UV+V+VB+B1-'%) ‘

*7Z4, ,Secoﬁdary Fuel
Load by P.V. (1b)

% If gecondary fuel load is determined by P.V; calculagiong'then in Equation Three
(3), substitute item Z4 for item F. :
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TABLE 4.3-4
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD B

Fuel

Secondary Fuel

Loading Temperature (°F)
Tank Volume (in) @ 0.0 PSIG

. Liquid Line Volume (in3)

Tank Stretch Factor (in3/PSI) 0.034

Initial Weight of Bleed Unit
Prior to Loading (1b)

Final Weight of Bleed Unit
After Loading (1b)

Resulting Load (1b) (Item D less

Item E)

Specification Nominal Load
at 70 #5° F (1b)

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (ina)
GSE Line Pressure (PSIG)
Bladder Pressure (PSIGj

Stabilized Equilibrium
Pressure (PSIG)

Primary Liquid Close-Out
Pressure (PSIG)

Specification Ullage @ A Above

Maximum

Minimum
Ullage Volume (in3).' Solve the

following equation by substituting
the values contained in the indi-

cated steps.
J -1
H(L- K)'

(C+S)(L+ K+ 14.7) +‘s(M)- I

Primary Fuel
Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG

Ullage Volume =

Liquid Line Volume (in’)

Tank Stretch Factor (in3/PSI) 0.0652

A.

Oxidizer
Secondary Oxidizer
Tank Volume (in3) @ 0.0 PSIG L

Al, Liquid Line Volume (in3)

B.

C'

Tank Stretch Factor (in3/PSI) 0,045
- Primary Oxidizer
Tank Volume (in3) @ 0.0 PSIG

Cl. Liquid Line Volume (in3)

D.

4.3-6

Tank Stretch Factor (in3/PSI) 0.088

PV Parameters for Combined
Primary and Secondary Oxidizer Tanks

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)

. Bladder Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Loading Temperature (°F)

Oxidizer Density (lb/in3); solve
equation (4) below where T = Tempera-
ture @ J above

Specification Value @ Temperature J

above (1b) Maximum

Minimum

PV Calculated Oxidizer Load (1b); solve
equation (5) and (6) below by sub-
stituting the values contained in the
above indicated steps where U =

Volume of -tank gas (in3) in both tanks
and He system,and F, = PV calculated
oxidizer load for both tanks

+2.3

Specification Nominal Value @ Tempera-
ture J above (1b)
4

(4) Oxidizer Density = 0.451591(10 ')
(11.8 = T) + 0.05475906

@ -k (F

(6) Fp = KA+ C+ Al +Cl-U+F)

) - (B+D) (I4+H+14.7)

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



TABLE 4.3-4 (CONTINUED)
-SERVICE MODULE RCS LOADING PARAMETERS.AND CALCULATIONS - QUAD B
T. Fuel Density (lb/ina); solve

equation (1) below where T =
Temperature @ P above

* PV Parameters for Combined
Primary and Secondary Fuel Tanks

U.. Volume of GHE-GSE Line (ins)
V. Volume of S/C GHE Line (in3)
W. GSE Line Ptessure (PSIG)

Bladder Pressure (PSIG)

Y. Stabilized Equilibrium
Pressure (PSIG)-

Z. Specification PV Value @
.Temperature P above (1b)

Maximum

~ Minimum
Z1. PV calculated fuel load (1b)

Solve equations (2) and (3) below
by substituting the values con-
tained in the above indicated
steps where Uy = Volume or tanked
gas (in3) in the primary tank and
Fy, = PV calculated fuel load.

2. Specificatioﬁ Nominal
‘ _.value @ temperature H above (1b)

Z3. Total fuel load (1b) +0.7
(Item F plus Item Z1)

(1) Fuel density = 0.0329456 ~ -4
) (0.186979) (10 ")(T)

(2) UV=U(¥:§>—(C+S) (Y + X + 14.7)
*(3) FL=T(Q+R-UV+V+B+31—%)

*Z4., Secondary Fuel
Load by P.V. (1b)

*If secondary fuel load is determined by P.V. calculation, then in Equation Three
(3), substitute item Z4 for item F.
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TABLE 4.3-5
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD C

Fuel

Secondary Fuel

Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG

Liquid Line Volume (ins)
Tank Stretch Factor (in3/PSI) 0.034

Initial Weight of Bleed Unit
Prior to Loading (1b)

. Final Weight~of Bleed Unit

After Loading (1b)

" Resulting Load (1b) (Item D less

Item E)

Specification Nominal Load
at 70 #5° F (1b)

Volume of GHE-GSE Line (in3)

‘Volume of S/C GHE Line (in3)

GSE Line Pressure (PSIG)
Bladder Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Primary Liquid Close-Out
Pressure (PSIG)

Specification Ullage @ A Above

Maximum

Minimum

Ullage Volume (in3). Solve the
following equation by substituting
the values contained in the indi-
cated steps.

J - L> _
L -K

(C+ S)(L + K + 14.7) + s(M)- I

Primary Fuel
Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG ‘

Ullage Volume = H’(

Liquid Line Volume (in3)
Tank Stretch Factor (in3/PSI) 0.0652

Cl.

N.

4.3-8

Oxidizer
Secondary Oxidizer
Tank Volume (in3) @ 0.0 PSIG
Liquid Line Volume (in3)
Tank Stretch Factor (in3/PSI) 0.045

. Primary Oxidizer
Tank Volume (in3) @ 0.0 PSIG
Liquid Line Volume (in3)
Tank Stretch Factor (in3/PSI) 0.088

PV Parameters for Combined
Primary and Secondary Oxidizer Tanks

" (4) Oxidizer Density =

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)
Bladder Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Loading Temperature (°F)

Oxidizer Density (lb/in3); solve
equation (4) 'below where T = Tempera-
ture @ J above

Specification Value @ Temperature J

above (1b) Maximum

Minimum
PV Calculated Oxidizer Load (1b); solve
equation (5) and (6) below by sub-
stituting the values contained in the
above indicated steps where U =
Volume of tank gas (in3) in both tanks
and He system,and F, = PV calculated
oxidizer load for both tanks

+2.3

Specification Nominal Value @ Tempera-
ture J above (1b)

0.451591<1o'4)

(11.8 -~ T) + 0.05475906

G~-1
I -H

(6) Fp = K(A+C+ A1+ Cl-U+TF)

(5) U= £ (£23) - (mem) (14m14.7)

'SNA-8-D-027(III)REV 3



TALBE 4.3-5 (CONTINUED)
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD C
T. Fuel Density (1b/1n3), solve

equation (1) below where T =
Temperature @ P above

' PV Parameters for Combined
- Primary and Secondary Fuel Tanks

U. Volume of GHE-GSE Line (in3)
V. Volume of $/C GHE Line (in3)
W. GSE Line Pressure (PSIG)

X. . Bladder Pressure (PSIG)

Y. Stabilized Equilibrium
Pressure (PSIG)

Z. 'Speci%ication PV Value @
Temperature P above (1b)

Maximum

Minimum

Z1. PV calculated fuel load (1b)
Solve equations (2) and (3) below
by substituting the values con-
tained in the above indicated
steps where Uy = Volume or tanked
gas (1n ) in the primary tank and
FL = PV calculated fuel" 1oad

22.- Specification Nominal
value @ temperature H above (1b)

23. Total fuel load (1b) T 40,7
(Item F plus Item Z1)

(l) Fuel density = 0. 0329456 -
o (0.186979) (10 (D

() Uy =1 (¥ - ;) S (CH+S) (YHKH 14.7)
#() P =T (Q+R=-Uy+V+B+Bl-1)

%74, Secondary Fuel
Load by P.V. (1b)_

*1f secondary fuel load is determined by P.V. calculation, then in Equation Three
(3), substitute item 24 for item F. : ' '
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‘B.

Bl.

c.
D.

*F.

TABLE 4.3-6
SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD D

Fuel

‘Secondary Fuel

Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG
Liquid Line Volume (in3)

Tank Stretch Factor (in3/PSI) 0.034

Initial Weight of Bleed Unit
Prior to Loading (1b)

Final Weight of Bleed Unit
After Loading (1b)

Resulting Load (1b) (Item D less
Item E)

Specification Nominal Load
at 70 x5° F (1b)

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)
Bladdef Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Primary Liquid Close-Out
Pressure (PSIG)

Specification Ullage @ A Above

Maximum

Minimum

Ullage Volume (in3). Solve the
following equation by substituting
the values contained in the indi-

cated steps.
J~-L
H (L - K) h

(C+S)(L+K+ 14.7) + 5(M)-1

Primary Fuel
Loading Temperature (°F)

Tank Volume (in3) @ 0.0 PSIG

Ullage Volume =

Liquid Line Volume (in3) _
Tank Stretch Factor (in3/PSI) 0.0652

4.3-10 -

A.

Oxidizer
Secondary Oxidizer
Tank Volume (in3) @ 0.0 PSIG

Al. Liquid Line Volume (in3)

B.

C.

Tank Stretch Factor (in3/PSI) 0.045
Primary Oxidizer

Tank Volume (in3) @ 0.0 PSIG

Cl. Liquid Line Volume (in3)

D.

E.

Tank Stretch Factor (in3/PSI) 0.088

PV Parameters for Combined
Primary and Secondary Oxidizer Tanks

Volume of GHE-GSE Line (in3)
Volume of S/C GHE Line (in3)
GSE Line Pressure (PSIG)
Bladder Pressure (PSIG)

Stabilized Equilibrium
Pressure (PSIG)

Loading Temperature (°F)

Oxidizer Density (lb/in3); solve
equation (4) below where T = Tempera-—
ture @ J above )

Specification Value @ Temperature J

above (1b) Maximum

Minimum
PV Calculated Oxidizer Load (1b); solve
equation (5) and (6) below by sub-
stituting the values contained in the
above indicated steps where U =
Volume of tank gas (in3d) in both tanks
and He system,and F, = PV calculated
oxidizer load for both tanks

+2.3

Specification Nominal Value @ Tempera-
ture J above (1b)

(4) Oxidizer Density = 0.451591(10™%)
(11.8 - T) + 0.05475906

G-1
I -H

(6) Fg = K(A+C+ AL+ Cl - U+ F)

(5 U =E ( ) = (B+D) (T4H+14.7)
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TABLE 4.3~6 (CONTINUED)

SERVICE MODULE RCS LOADING PARAMETERS AND CALCULATIONS - QUAD D

Fuel Density (lb/in ); solve
equation (1) below where T =
Tamperature @ P above

PV Parameters for Combined

 Primarx7and Secondary Fuel Tanks

Szl

- z2.

23

©X3)

xZ4,

*If secondary fuel load is detefmined¢byvP.V.}calculatioh, then in

. Volume of GHE-GSE Line (1),

"Volumeé of S/C GHE Line (1n3)

' GSE Line Pressure (PSIG)
" Bladder Pressure (PSIG)

‘Stabilized Equilibrium
Pressure (PSIG)

. ' Specification PV Value @ -

Temperature P above (1b) .
Y Maximum
Mlnlmum

PV calculated fuel 1oad (1b)
Solve equations (2) and (3) below
. by substituting the values con-
tained in the above indicated
- steps where Uy = Volume or tanked
... gas (ind) in the primary tank and -
Fy = PV calculated fuel load.

’Spec1f1cation Nominal :
"value @ temperature H above (lb)

‘Total fuel load (1b) S +o 7
(Item F plus Item Z1):-

(1) Fuel density = 0.0329456 - 24
: (0.186979) (10™")(T)

(2) Uy

F
TQ+R-Uy+V+B+BlL-3)

Secondary Fuel

U (¥ ~ i) -(C+S8) (Y+X+ 14;7j'".

Equation Three (3), substitute item zh for item F.

4,3-11
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ULLAGE - VOLUME (IN3)

240 i ] MAXIMUM ULLAGE
i 234.5 g
230
220
210

200
190
180 i
R 172.0 ;
170 H MINIMUM ULLAGE ijj:sH
T L =£164.5
H ] P
160 ‘ i i i
65 67 69 71 73 75

TEMPERATURE (°F)

FIGURE 4.3-1. CSM 104 AND SUBSEQUENT SECONDARY FUEL TANK ULLAGE
VOLUME RANGE
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4,3-13

FUEL TEMPERATURE (°F)
SM RCS PRIMARY FUEL TANK LOAD WINDOW

FIGURE 4,3~2.



OXIDIZER WEIGHT (POUNDS)

-
231 Felili e MAXIMUM FLIGHT LOAD
stk EACH QUAD
230 [H229,6 (PV DETERMINATION) - FH
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OXIDIZER TEMPERATURE (°F)

FIGURE 4.3-3., SM RCS COMBINED PRIMARY-SECONDARY OXIDIZER TANK
LOAD WINDOW N
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FUEL ULLAGE (IN3)
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FUEL TEMPERATURE (°F)

CSM 104 AND SUBSEQUENT CM RCS FUEL TANK ULLAGES
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OXIDIZER ULLAGE (IN3)

360

350 347.8 H MAXTMUM

340 i 335,0

330

320 : ]
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300 F H OXIDIZER LOAD 78,3 LB #1.6 LB |
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-

230
64 66 68 70 72 74 76

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 data presented in this section will enable the user to obtain the
separate centers—of-gravity and moments-of-inertia for those LM space-
craft consumables that significantly affect overall LM performance. LM
consumables mass property data must be compared to the current on-board
consumable loading data for each mission provided in Section 3.0. The

mass property data are presented in the following sections:

5.1 1M Descent Tank Mass Properties
Table 5,1-1 LM 10 and Subsequent DPS Fuel Mass Properties
Table 5.1-2 1M 10 and Subsequent DPS Oxidizer Mass Properties
5.2 LM Ascent Tank Mass Properties
5.3 LM RCS Tank Mass Properties
5.4 1M Descent Water Tank Mass Properties
Table 5.4-1 LM 10 and Subsequent Descent Water Tank Mass Properties
5.5 LM Ascent Water Tank Mass Properties |

5.6 LM Trapped and Residual Propellants, and
Miscellaneous Consumables

5-1 SNA-8-D-027(III)REV 3



NOTE

. LUNAR MODULE DESCENT PROPELLANT

S W

_MASS PROPERTIES, . .

.;iMass Properties are g1ven for 11qu1d in 1nd1v1dua1 tanks.
~Moments of Inertia are about center of gravity of propellant
.in, individual tanks, coordinates of which are given..

. Centers of Gravity iny. and y4 d1rect1ons are g1ven at top of
. aach page. ‘

. = The number of tanks of a part1cu1ar k1nd is 1nd1cated by the
last number on the first line of each page
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TABLE 5,2-1
APS TANREDZFUEL MASS PROPERTIES

The following mags properties are to be uoed over the entire
,range of tanked fuel quantity: e

228,0 inches

cg
cg - ’-71.3 inches
g - 0.0 inchea"v
Ixi' ﬂ‘i . 0 'slug-feétz
I O 0. lu -feet
-y - | slug-fee "
Iz¢ - 0 llug-feet
I - 0 slug—feet2
Xy
I - 0 alug-feel;2
Xz s
. - e 2
Iyz Y alugvfoet
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TABLE -5,2-2

APS TANKED OXIDIZER MASS PROPERTIES

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

X - 228.0 1inches
g :
Y = 44,5 1nches
Cg
Z - 0.0 1inches
cg :
) 2
XX = 0 slug~feet
I = 0 slug-feet2
yy
1 = 0 slug-feet2
zz
2
Ixy 0 slug-feet
I = 0 slug-feet2
X2
I = 0 slug-feet2
vz

5.2-2 SNA-8-D-027(III)REV 3.



_NOTE: .

B W N

LUNAR MODULE RCS PROPELLANT

MASS PROPERTIES

Mass Properties are given for;]iquid in individual tanks.

‘Moments of Inertia are about center of gravity of propellant

in individual tanks, coordinates of which are g1ven

. . Centers of Grav1ty inY and Z directions are given at top of

each page.
The number of tanks of a particular kind is 1nd1cated

by the Tast number on the first line of each page..
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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 SECITON= 18.650.
DENSITY= 56.330 LBS/CU.FT.

(ULLAGE/ (VOL.OF LIQUID))x100= 4.093
WEIGHT

103.
103.
102.
102,
101.
101.
100.

OPOUTOTON—O0O—O0 =NV NNNNWLWOWRWOPRLPOPRPOPLPLAOTIOUION—O~O—NIN N

278.
277,

X-CG

279.
279.
279.
279.
279.
279.
278.
278.
278.
278.
278.
278.
278.
278.
278.
278.
278.
278.
278.
278.

277.
277.
277.
277.
277.
2717.
277.
277.
277.
277.
277.
277.
277.
277.
277.
276.
276.
276.
276.
276.
276.

IXX(S-FT.SQ)

COO0OO0COO0COOOO0O0O0OOO0OOO0OO0O0OO0OOO0O0OOOOOOODODDOO0OOOO0OOOO
e o & o & o & = e ® 8 2 ® & 8 & e 6 e e e . e 8 e e e s e e e e 4 e e e e e ae e e
OO0 O0OO0OO0OO0OOOO0OOO0OO0COOO0COOOO0COOOOCODOOOO0OOOOOODODOCOOOOO

5.3-2

WEIGHT= 103.7

IYY or IZZ(S-FT.SQ)

OO0 OOO0O OO OCOOOOOOOOOOOCOCOOODOOOODDOOOOOOOODOODOOOOOOO
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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 NEIGHT—'103 7
DENSITY= 56.330 LBS/CU.FT.

FT. SQ) ©. 1YY or IZZ(S-FT.SQ)

WEIGHT X-C6 IXX(S-
81.4 276.5 0.0. 0.2
80.9 276.4 0.0 0.2
80.4 276.4 0.0 0.2
79.8 276.3 0.0 0.2
79.3 276.2 0.0 0.2
78.8 276.2 0.0 0.2
78,3 276.1 0.0 0.2
77.8° 276.0 0.0 0.2
77.3 276.0 0.0 0.2
76.7 275.9 0.0 ° 0.2
76.2 275.9 0.0 0.2
75.7 275.8 ©0.0 - 0.1
75.2 275.7 0.0 0.1.
787 275.7 0.0 0.1
74.1. 275.6 0.0 0.1
73.6 275.5 0.0 0.1
73.1 275.5 0.0 0.1
726 275.4 0.0 0.1
721 275.3 0.0 0.1
7.6 275.3 0.0 0.1
7.0 275.2 0.0 0.1
70.5 . . 275.1 0.0 0.1
70.0 275.1 0.0 0.1
69.5 - 275.0 0.0 0.1
69.0 .. 274.9 0.0 .. 0.1
68.4 - - 274.9 0.0 0.1
67.9 - 274.8 0.0 0.1
67.4 274.7 0.0 0.1
66.9 274.7 0.0 0.1
66.4 274.6 0.0 0.1
' 65.8 274.5 0.0 0.1
65.3 " - 274.5 0.0 0.1
64.8 . 274 .4 0.0 0.1
64.3 274.4 0.0 0.1
63.8 274.3 0.0 0.1
63.3 -+ 274.2 0.0 0.1
62,7 274.2 0.0 0.1
62.2 - 274.1 ©0.0 - 0.1
61.7 1274.0 0.0 0.0
61.2" 274.0 0.0 0.0"
60.7 273.9 0.0 0.0
60.1 273.8 0.0 0.0
8 0.0 0.0

59.6 273.

~5.3-3 | SNA-8-D-027 (III)REV 3



LM RCS. FUEL MASS PROPERTIES-70°F—2 TANKS
Y-CG = + OR - 44.6 (CONST) z-CG = + OR - 14.5

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

WEIGHT X-CG IXX(S-FT.SQ) IYY or 1ZZ(S-FT.SQ)
59.1 273.7 0.0 0.0
58.6 273.6 0.0 0.0
58.1 273.6 0.0 0.0
57.6 273.5 0.0 0.0
57.0 273.4 0.0 0.0
56.5 273.4 0.0 0.0
56.0 273.3 0.0 0.0
55.5 273.2 0.0 0.0
55.0 273.2 0.0 0.0
54.4 273.1 0.0 0.0
53.9 273.0 0.0 0.0
53.4 273.0 0.0 0.0
52.9 272.9 0.0 0.0
52.4 272.8 0.0 0.0
51.8 272.8 0.0 0.0
51.3 272.7 0.0 0.0
50. 8 272.6 0.0 0.0
50.3 272.6 0.0 0.0
.8 272.5 0.0 0.0
49.3 272.5 0.0 0.0
48.7 272.4 0.0 0.0
48.2 272.3 0.0 0.0
47.7 272.3 0.0 0.0
47.2 272.2 0.0 0.0
46.7 272.1 0.0 0.0
46.1 272.1 0.0 0.0
45.6 272.0 0.0 0.0
45.1 271.9 0.0 0.0
44.6 271.9 0.0 0.0
44,1 271.8 0.0 0.0
43.6 271.7 0.0 0.0
43.0 271.7 0.0 0.0
42.5 271.6 0.0 0.0
42.0 271.5 0.0 0.0
41.5 271.5 0.0 0.0
41.0 271.4 . 0.0 0.0
40.4 271.3 0.0 0.0
39.9 271.3 0.0 0.0
39.4 271.2 0.0 0.0
38.9 271.1 0.0 0.0
38.4 271.1 0.0 0.0
37.9 271.0 0.0 0.0
37.3 270.9 0.0 0.0
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'LM RCS FUEL MASS PROPERTIES 70°F 2. TANKS

i CG

'RADIUS- 6,250 CYLINDRICAL SECTION= 18. 560
DENSITY= 56 330 LBS/CU.FT. L

JNEIGHT

36 .8
36.3

35.8

35.3
4.7

3/

337
33,20
_32 7

N
o o o =3
OO =N NUNNWOWOWOROHOPO!

+ QR - 44.6 (CONST) Z-CG =

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

Ixx(

ooooooooooooQoooooocooooooocqoooQopOQOOcooo

"+ OR- -.14 5 ;

FT SQ)

,c>c>c>c>c>c>c>c>E:c3c:c>c>c:c:c>t>c:c>c>c:::c>c>c>c;c:c>c3c>é;CDC>c;c;;)c5c>c>c:&:c:t: v

5.3-5
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LM RCS FUEL MASS PRORERTfES-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

14,
14,
13.
13.
12,

O— =N WWHBUCIUI0)O~I~ 00 00 WY

X-CG

267.
267.
267.
267.
267.
267.
267.
2€7.
267.
267.
267.
- 267.
266.
266.
266.
266.
266.
266.
266.
266.
266.
266.
265,
265.
265,
265.
265.
264,

CROPRCINMO—=NWR NN OO ) WL PO~ ~ 00 WO

OO0 O0COOOOO0COOOOCOOOOOOODOOOOCOOOO0O

IXX(S-FT.50)

5.3-6

1YY or 1ZZ(S$-FT.SQ)
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LM RCS OXIDIZER 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. , :

(ULLAGE/ (VOL.OF LIQUID))x100= 5.621

WEIGHT X-CG IXX(S-FT.5Q) IYY or 1ZZ(S-FT.SQ)
203.4 275.7 0.0 1.4
202.4 1275.6 0:0 1.4
- 201.4 275.5 0.0 1.4
200.3 275.4 0.0 - 1.4
199.3 275.3 0.0 1.4
198.3 . 275.3 0.0 1.3
197.3 275.2 0.0 1.3
196.3 275.1 0.0 1.3
195.3 275.0 0.0 1.3
194.2 274.9 0.0 1.3
193.2 274.9 0.0 1.2
192.2 274.8 0.0 - 1.2
191.2 274.7 0.0 1.2
190.2 274.6 0.0 1.2
189.2 274.5 0.0 1.2
188.1 274.5 0.0 1.2
187.1 274.4 0.0 1.0
186.1 274.3 0.0 1.1
185.1 274.2 0.0 1.1.
184.1 274.1 . 0.0 1.7
183.1 274.1 0.0 1.0
182.0 274.0 0.0 1.0
181.0 273.9 0.0 1.0
180.0 273.8 0.0 1.0 .
179.0° 273.7 0.0 1.00
178.0 - 273.7 0.0 0.9
177.0 - 273.6 0.0 0.9 .
175.9 273.5 0.0 0.9
174.9 273.4 0.0 0.9
173.9 273.3 0.0 0.8
172.9 273.3 0.0 0.8 .
171.9 273.2 0.0 0.8
170.9 273.1 0.0 0.8
169.8 273.0° 0.0 0.8
168.8 272.9 0.0 0.8
167.8 272.9 0.0 0.7
166.8 272.8 0.0 0.7
165.8 272.7 0.0 0.7
164.8 272.6 0.0 0.7
163.7 272.5 0.0 0.7
162.7 272.5 0.0 0.7
161.7 272.4 0.0 0.6
160.7 272.3 0.0 0.6
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LM RCS OXIDIZER MASS PROPERTIES-70°F-2 TANKS
Y-CG = + OR - 44.6 (CONST) Z-CG = - OR + 14.5

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

WEIGHT

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
128.1
127.1
126.1
125.1
124.1
123.1
122.0
121.0
120.0
119.0
118.0
117.0.

X-CG

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

IXX(S=FT.SQ)

oNoNoNoNoNoleNoNeNoNoNol - NoloNoNoloNoNoRoloNoNololoRaloNoNoNoloNo oo loloNo R o RolleNa el

a e o e o

5.3-8
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LLM RCS OXIDIZER MASS PROPERTIES 70°F~ 2 TANKS
+ OR - 44.6 (CONST) Z-CG

"v -C§ =

,RADIUS= 6.250 CYLINDRICAL SECTION- 25 260

DENSITY- 90.050 LBS/CU.FT.

‘_WEIGHI

115.9 -
114.9

113.9

112,9 -

11159

110.9 . .
- 109.8.-° -
.108.8. -
107.8 .
106.8
105.8 .

1048

103.7
102.7
101.7

100.7.

'99.7
98.6

97.6.

96.6 -
95.6
94,6

93.6

92.5
915
90.5 -

88.5

87.5
86,4

85.4 -
844
83:4 .
82,4 "
8l.4
80.3

79.3
78.3
77.3
76.3
- 75.3
74,2

73,2

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

.267.0

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

0000000000000 CO000000OO00000B00CO0BOCO0OO |
O COO OO0 OCOO 00O

  ¥X#(S;ﬁ$;SQ)

s e .

5.3-9
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WEIGHT— 203 4

IYY or 122 (S-FT.5Q)
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OO 00 0000000000000 0000000DO00OCODOOAO0OOO0O0

' SNA-8-D-027 (III)REV 3



LM RCS OXIDIZER 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 i IXX(S-FT.SQ) IYY or IZZ(S-FT.SQ)
72.2 265.3 0.0 0.0
71.2 265.3 0.0 0.0
70.2 265.2 . 0.0 0.0
69.2 265.1 0.0 0.0
68.1 265.0 - 0.0 0.0
67.1 264.9 0.0 0.0
66.1 ©264.8 0.0 0.0
65.1 264.8 0.0 0.0
64.1 264.,7 - 0.0 0.0
63.1 264.6 0.0 0.0
62.0 264.5. 0.0 0.0
61.0 264 .4 0.0 0.0
60.0 264 .4 0.0 0.0
59.0 264.3 0.0 0.0
58.0 264.,2 0.0 0.0
57.0 264.1. 0.0 0.0
55.9 264.0 0.0 0.0
54,9 264.0 0.0 0.0
53.9 263.9 0.0 0.0
52.9 263.8 0.0 0.0
51.9 263.7" 0.0 0.0 '
50.8 263.6 0.0 0.0
49.8 263.5 0.0 0.0
48.8 263.5 0.0 0.0
47.8. 263.4 0.0 0.0
46.8 263.3 0.0 0.0
45,8 263.2. 0.0 0.0
44,7 263.1 0.0 0.0
43.7 263.0 0.0 0.0
42.7 263.0 0.0 0.0
41.7 262.9 0.0 0.0
40.7 262.8 . 0.0 0.0
39.7 262.7 0.0 0.0
38.6 262.6 0.0 0.0
37.6 262.5 0.0 0.0
36.6 262.5 0.0 0.0
35.6 262.4 0.0 0.0
34.6 262.3. 0.0 0.0
33.6 262.2 - 0.0 0.0
32.5 262.1 0.0 0.0.
31.5 262.0 0.0 0.0
30.5 261.9 0.0 0.0
29.5 261.9 0.0 0.0
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LM RCS OXIDIZER MASS PROPERTIES-70°F-2 TANKS
Y-CG = + OR - 44.6 (CONST) Z-CG = -~ OR + 14.5

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

WEIGHT

28,
27.
26.
25.
24,
23.
22,
21.
20.
19.
18.
17.
16.
15.
14.
13.
12.
11,
10.

CORMPMEEMMHRERIBDINNMNNMNMNMNOVWWLWWWWEDREEERSPOWL

RFNWPRUON 0O

X-CG

261.8
261.7
261.6
261.5
261.4
261.3
261.2
261.1
261.0
260.9
260.8
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

IXX(S-FT.SQ)

-

[cNoNoNeoNaoNeoNoNoNollsRaleoBoBoNeNoBoeRolloleNolelololNalololol

COO0O0ODO0OOOCOO0ODO0OOO0OO0CODO0ODCOOOCOODODOOOOOCC0O

5.3-11

WEIGHT= 203.4

IYY or IZZ(S-FT.SQ)
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NOTE:

I S R

LUNAR MODULE DESCENT WATER
MASS PROPERTIES |

Mass Properties are given for Tiquid in individual tanks.
Moments of Inertia are about center of gravity of water in
individual tanks, coordinates of which are given.

Centers of Gravity in Y and Z directions are given at top of
each page. _

The number of tanks of a particular kind is indicated by

the last number on the first line of each page.

5. 41 SNA-8-D~027 (III)REV 3



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 Tank-1 Tank=-2 Height

Pounds X-CG X-CG Inches
333.0 166.0 142,9 ° 19.542
323.8 165.8 142,7 19.080
322,2 165.8 142,7 19.000
320.6 165.8 142,7 18.921
318.9 165.7 142,6 18.841
317.3 165.7 142.6 18.762
315.7 165.6 142.,5 18.683
314,1 165,6 142.,5 18,605
312,5 165.6 142.5 18,527
310.8 165.5 142,.4 18,449
309.2 165.5 142.4 18.371
307.6 165.4 142.,3 18.294
806.0 165.4 142.3 18,217
304.4 165.4 142.3 18.140
302.8 165.3 142,2 18.064
301.1 165.3 142,2 17.987
299.5 165.3 142.2 17.911

©297.9 165.2 142.1 17.835
296.3 165.2 142,1 17.760
294,7 165.1 142.0 17.684
293.0 165.1 142.0 17.609
291.4 165.1 142.0 17.534
289.8 165.0 141.9 17.459
288.2 165,0 141.9 17,385
286.6 165.0 141.9 17.310
284.9 164.9 141.8 17,236
283,13 164.9 141.8 17.162
281.,7 164,.8 141,7 17.088
280.1 164.8 141,7 17,014
278.5 164.8 141.7 16.941
276.8 164.7 141.6 16.867
275.2 164,7 141.6 16.794
273.6 164.6 141.5 16,721
272.0 164,6 141,5 16,648
270.4 164.6 141.5 16.575
268.8 164.5 141.4 16.502
267.1 164.,5 141.4 16,430
265.5 164.5 141.4 16.357

S.4-2 SNA-8-D-027(IITL)REV 3



TABLE 5 4Pl (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‘Nof 1 Y-CG = -43,2 (CONSTANT) TANK NO. 2 Y-CG = 43,2 (CONSTANT)

2-CG = =43,2 (CONSTANT) Z-CG = 43,2 (CONSTANT)
(ULLAGE/(VOLUME OF LIQUID)) X 100 - 37 757 ‘ :

Weight Tank-1 © " Tank=2 - . " ‘Height
Pounds X=C6 o X=CG . . Inches
263.9 S 164,64 . . 0 1413 16.285
262.3 SR 164.4 - - o 141,30 16,212
260.7 . 16443 L vler2 16.140
259.0 164,3 . .7 ° . 14,2 - - " 16,068
257.4 - 164.3 SRR (/5 U A 0. 15,996
255.8 - 164.2 oo 1el,n o0 15,924
254,20 164,2 RRE 175 S TR 15,852
252.6 o 164.1 © 141,00 ‘ 15,781
250.9 ‘ 164.,1. , C 141,00 15.709
249.3 164,1 . - 141,0 ‘15,638
247.7 164,0 - - 1409 o .. 15,566
2461 164.0 CSI 14049 ST 15,495
264,5 164.0 v 1:140.9 . 0 15,423
242,8 163.9 e 140,80 -+ 15,352
241.2 : . 163.9 140,80 15,281
239.6 ~163.8 . . S . 140,70 015,210
-238.0 . 163.8° . YT 140,77 15,139
236.4 163.8 14007 . -15,068
234 .8 163.7° .. 140.6 L 14,997
233.1 - 163.7 .. 140,65 14.926
231,5 - 163.6 . o .140,50 14,855
229.9 163.6:- 0 140,50 0 14,784
228.3 . . 163.6 L1405 0 - 14,713
226.7 163.5 G 16006 s 14,642
225.0° . . ¢ 163.5 14004 - 14,571
223.4 163.4 140.3 z 14,500
221,8 L 163.4 . 140.3 o 14,430
220.2 o 163.4 . 140.3 14,359
218.6 B 163.3 S 140,2 c 14,288
216.9 — 163.3 S 140,20 T 14,217
215.3. 163,2 " 140,1 T 14,146
213.7 . 163.2 - Y 140,1 14,076
212.1 - o 163.2 . . 140,1 - 14,005
210.5 . - 163.1 T 140,00 ’ 13,934
208.9 ° . 163.1 . 14000 s 13,863
207.2 - 163,0 . -0 139.9 L 13,792
205.6 " 163.0 e 139,90 -a3.722
204.0 . 163.0 o 139,90 o 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/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 Tank-1 Tank~2 Height
Pounds X=CG X=-CG - Inches
77.7 159.4 136.3 7.670
76.1 - 159,3 136.2 7.580
74,5 -159.3 136.2 7.489
72.9 159,2 136,.1 7.398
71.2 159.1 136.0 7.306
69.6 159.1 136.0 7.213
68.0 - 159,0 135.9 7,119
66.4 159.0 -135.9 7.024
64,8 158.9 135.8 6,929
63.1 158.8 . 135,7 6.832
61.5 158.8 135.7 6,735
59.9 158.7 135.6 6.637
58.3 158.7 135.6 6.538
56.7 158.6 135.5 6,437
55.0 158.5 135.4 6.336
53.4 158.5 135.4 6.233
51.8 158.4 135.3 6.129
50.2 - 158.3 135,2 6.024
48.6 158.3 ~135.2 5.917
47,0 158.2 135.1 5.809
45.3 158.1 135.0 5.700
43.7 158.1 135.0 5.589
42.1 158.0 134.9 5.476
40.5 157.9 "134.8 5,361
38,9 157.8 134,7 5,245
37.2 157.8 134,7 5.126
35.6 157.7 134,.6 5.005
34,0 157.6 134.5 - 4,882
32.4 157.5 134.4 4,757
30.8 157.4 134,3 4,628
29,1 157.4 134.3 4,497
27.5 157.3 "'134.2 4,363
25.9 157.2 134.1 4,225
24.3 157.1 134,0 4,083
22,7 157.0 133.9 3.937
21.0 156.9 133,8 3.787
19.4 156.8 133,7 3.631
17.8 156.7 133,6 3.469
16.2 156.6 133,5 3.301
14,6 156.5 133.4 3.124
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TABLE 5.4~1 (CONTINUED)
IM 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) 2-CG = 43,2 (CONSTANT)
(ULLAGE/ (VOLUME OF LIQUID)) X 100 = 37.757
Weight Tank-1 Tank—-2 Helght
Pounds X-CG X-CG Inches
13.0 156.3 133.2 2,939
11.3 156,2 133.1 2,742
9.7 156.1 133.0 2,532
8.1 155.9 132.8 2.305
6.5 155.8 132.7 2,055
4.9 155.6 132.5 1.774
3.2 155.4 132.3 1.442
1.6 155.1 132.0 1,015
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NOTE:

AW N

LUNAR MODULE ASCENT WATER
- MASS PROPERTIES

Mass Properties are given for liquids in individual tanks.

Moments of Inertia are about center of grav1ty of water in individual
tanks, coordinates of which are given. ‘

Centers of Gravity in Y and z d1rect1ons are given at top of each
page.

~The | number of tanks of a part1cu]ar k1nd is jnd1cated by the last

number on the first 11ne of each page
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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.

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

WEIGHT X-CG IXX(S-FT.SQ.)  IYY or IZZ(S-FT.SQ.)
41.2 300.3 0.0 0.0
41.0 300.3 0.0 0.0
40.8 £ 300.3 0.0 0.0
40.6 300.3 0.0 0.0
40.4 300.3 0.0 0.0
40.2 300.2 0.0 0.0
40.0 300.2 0.0 0.0
39.8 300.2 0.0 0.0
39.6 300.2 0.0 0.0
39.3 - 300.2 0.0 0.0
39.1 300.1 0.0 0.0
38.9 300.1 0.0 0.0
38.7 300.1 0.0 0.0
38.5 300.1 0.0 0.0
36.3 300. 0.0 0.0
138.1 300.1 0.0 0.0
37.9 300.0 0.0 0.0
37.7 300.0 0.0 0.0
37.5 300.0 0.0 0.0
37.3 300.0 0.0 0.0
37.1 300.0 0.0 0.0
36.9 299.9 0.0 0.0
36.7. 299.9 0.0 0.0
36.5 299.9 0.0 0.0
36.3 299.9 0.0 0.0
36.0 299.9 0.0 0.0
35.8 299.8 0.0 0.0
35.6 299,8 0.0 0.0
35.4- 299.8 0.0 0.0
35.2 299.8 0.0 0.0
35.0 299.8 0.0 0.0
34.8 299.7 0.0 0.0
34.6 299.7 0.0 0.0
34.4 299.7 0.0 0.0
34.2 299.7 0.0 0.0
34.0 299.6 0.0 0.0
33.8 299.6 0.0 0.0
33.6 299.6 0.0 0.0
33.4 299.6 0.0 0.0
33.2 299.6 0.0 0.0
33.0 299.6 0.0 0.0
32.8 299.6 0.0 0.0
32.5 299.5 0.0 0.0
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LM ASCENT WATER MASS PROPERTIES-2 TANKS
Y-CG = + OR - 25.0 (CONST)‘Z—CG = 4+ OR - 13.7 (CONST)

RADIUS=

, 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.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
299.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.

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

NNINNOOOOOOUOWWOWOUOWOOOOO-—med =TI NNLWWWWWPRhPRPPRPOITOIOTO

IXX(S-FT.SQ.)

OCOOOO0OOOOOOO0OO0OOOOOOCOCOOOOOOOOOOOOOODOOOOOOOOOOOO0O0OO0O

5.5-3

0.0

41.2

IYY or 1ZZ(S-FT.SQ.)

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

RADIUS=

WEIGHT

23.
23.

OMNONO—~WOINO—~WONO—~WOINONPROOORNRPSEOOOONPACCONUTINWOW—WO

X-CG

298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
298.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.

7.155 CYLINDRICAL SECTION=
DENSITY= 62.400 L.BS/CU.FT.

NN WOOWOOOOODOO—-wa—=NNONNNWWWWRER,EPELTOCICIOOOOOY

0.

COO0OO0OOOOOOOOOOOOOOOOOODOOCOCOOODOOOOOOOOCOOOOO0OO0O0
OO OO0OCOCOOCOOCOOCOOCOOOOOOOCOODO0OCOOOO0OO0CO OO OCOODOOOOOOCOOO0O

0.0 WEIGHT=  41.2

IXX(S-FT.SQ.) IYY or 1ZZ(S-FT.SQ.)

OO OCOCOCOOCOOOOOOOOOOCOOOODOOOOTCOODOOOOOOODOOLOODODOODOCOOO
COOOO OO OOOOOOODOODOOOODOOOOOOOOOOOODOODOODODOOODOODODOOOOOO
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LM ASCENT WATER MASS PROPERTIES-2 TANKS = o
Y-CG = + OR-- 25,0 (CONST) .Z-CG = + OR 7‘13.7’(CONST)

RADIUS= 7.155 CYLINDRICAL SECTION= 0.0, WEIGHT= 41.2

DENSITY= 62.400 LBS/CU.FT.
MEIGHT

4.6 .
14.4
4.2
14.0
13.8
13.6 -
13.4
13.2
13.0
12.8
12.6
12.4
12.2
11.9

OO NN~ OOV OOOD
O PO PONLNOON P NIO—WANO =W

X-CG -

297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297.
297
297.
297.
296.
296.
296.
296.
296.
- 296.
296.
296.
296.
296.
296.
296.
296.
296.

STTOORANNNOOOODOOVOWOOOO—--—txkOIMNNMNWWWWRERPOCICITOIOTOI OO NN

OO0 CO0000OOD0OOOO0O000000O0OOOOOCODO

IXX(S-FT.SQ.) IYY or 1ZZ(S-FT.SQ.)

OCOO0OO0OOCODODOO0OO0OO0COOCOODOCOOOOOOO0OOOO0COOOOCODOOOOOCOOOC O
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LM ASCENT WATER MASS PROPERTIES-2 TANKS .
Y-CG = + OR - 25.0 (CONST) Z-C& =+ OR - 13.7 (CONST)

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

WEIGHT X-CG IXX(S-FT.SQ.) IYY or 1ZZ (S-FT.SQ.)

296.
296.
296.
296.
296.
296.
296.
296.
296.
296.
296.
296.
296.
295,
295,
295,
295.
295,
295.
295.
295.
295.
295.
295.
295.
295.
295.
294,

[\ We e
o
o

OO0 —Addd RNV WWWWWhARRRDOIGIOTO
==Y =R=t==Re o=t = e ke e n === R =T =

RO 00 O N D O O — ) U1 ~d (Ot ) UT (O =t ) U1~ O =t
O PNWBRTIOAANNOOOOOO =N WW D BRSO
OO0 OO0OOOOCOOODOOOOOOOOCOOO
eYofefololofelolofafefoiolalofoieioieie=t==== ===
OO0 O0O
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LUNAR MODULE TRAPPED AND RESIDUAL PROPELLANTS
AND MISCELLANEOUS CONSUMABLES
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TABLE 5.6-2
LM-10 AND SUBSEQUENT MISCELLANEOUS CONSUMABLES

CENTER OF GRAVITY

sos cooLr: Jesir e
Ascent - Primary 32.1 251.9 9.9 -2.4
- 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 #1 48.0 185.6 38.9 =53.5
- Tank #2 48.0 185.2 41,5 48,2
WATER:
Ascent - Tank #1 42.5 300.4 25,0 13.7
~ Tank #2 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 #1 6.6 246.2 12.2 ~-48.6
- Tank #2 6.6 246.2  -12.2 -48.6
RCS - Tank #1 1.05 263.0 46.1 0.6
-~ Tank {2 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 in Section 3.0 for the required
Descent Water load for each mission.
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