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FOREWORD

The following table summarizes the consumables requirements for
the Apollo 10 mission. Percentages refer to nominal usage only and do
not include dispersions and contingencies.,

Consumable Percentage of aYai}able con§umable
used for mission planning

CM RCS 15
SM RCS 60
SPS

May 18 launch 92

May 17 launch 89
IM RCS 65
DPS 5
APS 100
CSM.0, 66
CSM H2 7
IM descent battery 36
IM ascent battery T3

These results were obtained from detailed consumables analyses
performed on the Apollo 10 RCS, SPS, APS, DPS, and EPS. A time history
of total consumables weight loss is also presented. The ECS analysis
will be supplied when the detailed operational trajectory time line is
available,

The principal sources of data were the data books (refs. 1, 2,
and 3), The RCS and EPS analyses were based on the Apollo 10 rough
draft preliminary flight plen (ref. 4). The operational procedures
described in this study are not intended to define mission rules or

iii



crew procedures but are merely an attempt to establish an estimate of
the consumables requirements.

Support was obtained from TRW Systems Group, from North American
Rockwell, from Grumman Aircraft Engineering Corporation, from the
Apollo Spacecraft Program Office, and from the Instrumentation and
Electronics Systems Division.
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AGS

APS
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Ccsl

CSM

DB

DAP

DOI

DPS

ECS

EECOM

EPS

F.T.P.

IMU

fe

sSp

LOI

LOS

ABBREVIATIONS

abort guidance system

ascent propulsion system

constant differential height

command module

crew optical alinement sight
concentric sequence initiation

command and service modules

deadband

digital autopilot

descent orbit insertion

descent propulsion system
envirommental control system
electrical, environmental, and communications

electrical power system

full throttle position
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inertial measurement unit

fuel cell current

specific impulse

lunar module

lunar orbit insertion

line of sight
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LPO
MCC
MI
MPAD

MSFN

ORDEAL

PGNCS
PTC
RCS
REV
RR
SCs
SEP
SLA
sM
SPS
SPS-n
T, D, and E

TEC

TLC

TIMC

lunar parking orbit

midcourse correction

minimum impulse

Mission Planning and Analysis Division
Manned Spaceflight Network

North American Rockwell

orbital rate display, earth and lunar

oxygen

primary guidance and navigation control subsystem

passive thermal control

reaction control system

revolution

rendezvous radar

stabilization and control subsystem
separation

spacecraft/LM adapter

service module

service propulsion system

number of the SPS burn; n=1, ..., 8
transposition, docking, and extraction
transearth coast

transearth injection

translunar coast

translunar midcourse correction
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TPI

TPF

WT

terminal phase initiation (of rendezvous)
terminal phase finalization (of rendezvous)
time

weight




'CONSUMABLES ANALYSIS FOR THE APOLLO 10 (MISSION F)

SPACECRAFT OPERATIONAL TRAJECTORY
By Martin L. Alexander, Sam A. Kamen, Arnold J. Loyd,

Samuel O, Mayfield, Dwight G. Peterson,
and Walter Scott, Jr.

1.0 THE CM RCS ANALYSIS

The CM RCS propellant data were taken from reference 1. Usage
data were taken from reference 5. The CM RCS propellant summary is
presented in table 1-I.

TABLE 1-I.- CM RCS PROPELLANT SUMMARY

Ttem RCS propellant § RCS propellant

used, 1b remaining, 1b
Loaded - 2L4s5.0
Trapped 36.4 208.6
Available for mission - 208.6

planning

Nominal usage 30.8 177.8
Margin - 177.8




2.0 THE SM RCS ANALYSIS

TABLE 2~I.- GROUND RULES AND ASSUMPTIONS FOR THE SM RCS ANALYSIS

The following ground rules were used to calculate the
SM RCS budget.

1. The transposition and docking phase of the mission
includes an SPS evasive maneuver.

2. The first and third MCC's (translunar) are executed
as SPS burns with the third MCC followed by an RCS trim.

3. Passive thermal control is assumed to be in the
PGNCS wide deadband control mode and to require 1 1b/hr,
compared with 1.1 to 1.7 1b/hr requirement on Apollo 8 in
the SCS control mode, except for the test periods under
manual control which required = 5 1b/hr on the Apollo 8
mission,

k, The sixth MCC (transearth) is executed as an RCS
burn of 5 fps.

5. The SM RCS propellant alloecation for a CSM-active
rescue of the IM is currently under study. The data is to
ve included in revision 1 to this document. :

6. The propellant profiles shown in figure 2-1 are
based on usable propellant remaining as a function of mission
time,




TABLE 2-IT.- SM RCS PROPELLANT LOADING AND USAGE SUMMARY

Nominal loasded propellant, 1b . . . . . . . . .
Initial outage caused by loaded mixture

ratio, 1b . . ¢« ¢ ¢ 4 v 0 4 e e e e e e
Total trapped propellant, 1 . . . . . . . . .
Gaging inaccuracy, 1b . . ¢« ¢« ¢« v 4 ¢ ¢ o« 4 . .
Deliverable SM RCS propellant, 1b . . . . . . .
Nominal propellant used, 1 . . . . . . . .

Propellant used for translunar phase, 1b . .

Propellant used for transposition and
docking, 1b . . <« .+ v v 0 0 v 0 e e

Propellant used for midcourse corrections,

1D v v e e e e e e e e e e e e e e e

Propellant used for passive thermal
control, 1b . . « . « .« o o 0 000 0

Propellant used for other items, 1b . . . .

Propellant used for lunar orbital phase
(LOI-TEI inclusive), 1b . . . . + . « « . .

Propellant used for docked CSM activities,
o

Propellant used for undocked CSM activitieg,
A L s e e e e e e e e e e e e e e e

Propellant used for transearth phase, 1b . .

Propellant used for midcourse corrections,
X o

Propellant used for passive thermal control,
1«

Propellant used for other items, 1b . . . .

Outage caused by mission duty cycle mixture
ratio, 1b ¢ ¢« ¢ ¢ v e e e e e e e e e e e e

Nominal propellant remaining, 1 . . . . . . .

.

13k2.4

15.6
26.4
80.4
1220
730
334

90
35

106
103

221
96

125
134

2k

TL
36

L1
490



TIME
(HR)

0

LR

443

TABLE 2-III.- SM RCS PROPELLANT BUDGET

EVENT

HISSION F
SM=RCS CHECKOUT
NON PROPULSIVE

TRANSPOSITION AND DOCKING
*X o8 FPSINULL )

PITCH To ACQUIRE Slve
PITCH 180 DEG 1 +SDEG/SEC

ROLL CSM AT Des DEG/SEC

X ARIS TRANSLAT]ONS

PMOTOGRAPHY AND SYSTEMS FaAMILIARIZAT
“1oN

INDEX AND DOcK
LANGLEY STUDY

LM EJECTION

SPS BURN 7O EvApE S51ve
3 AX]S ORIENT PGNCS

ATTITUDE HOLU

SPS BURN
BUILD UF
STEADY STATE AURN

TALLOFF

DAMP SHUTDOWN TRANSTENT

S/C wT
(L8s)

es8n7,

e58a7,

45877,

65875,

65874,

65860,

45830,

665804,

95836.

95831,

95831,

95828,

968793,

957581

‘957501

SM RCS
USED
(Las)

«0

0

10.58

24

o4

1493

2%.0

260

0

o 8

«0

SM RCS
WEFT
(LBS)

1342¢n

134204

13319

132%6

132942

131409

1285

125%¢}

1259}

12548

125%%

12545

12544

12536

125245

SM

RCS

LEFT

(s)

100

100,

.

9.

99.

98¢

%

944

4,

?3e

?3.

93

93.

93

?3.




TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIME EVEAT s/¢c #T SM RCS SM RCS sM
(R (_8s) USED LEFT RCS
(L8s} (LBS) LEFTY

(3}
4.4 ORIENT 7O MONITrR SLINGSHOT 8746, 4,3 1248¢2 93,

Q.2 DEG/SEC PGNCS

540 P52 IMU ALIGN 96742, 4,2 1244900 93,
5¢5 ORIENT FOR NAV sIGHTINGS 957318, 4¢3 1239¢7 92.
506 ORIENT FOR NAV &IGHTINGS 95733, 4.2 1235e5 92,
Se7 ORIENT FOR NAV SIGHTINGS 96729, 4,3 1231¢2 92,
S¢8 ORIENT FOR NAV SIGHTINGS 96725, 442 122740 Y1
S¢9 ORIENT FOR NAV SIGHTINGS 95721 He2 122207 9o
5¢9 MINIMUM [MPULSE MARKING FOQR ST6S 98715, S5e2 121706 9}
6¢0 ORIENT FOR PTC 98711, Je® 12137 90

3JAX1S5 Us2 DEG/SEC

6e0 ATTITUDE HOLn~ Ue2 DEG OB SCs 98711, «8 121209 90,

be0 £ESTe 043 DEG/SEC ROLL 95710, o4 12125 90,

6.0 PITCH AND YA, CONTKROL 93708, 2.7 12U9¢8 90

8,7 P52 IMU ALIGN 95705, 2.4 12074 90

92 M{OCOURSE CORKECTION NO 1} 957014 4¢3 12U3e1 90
3 AXIS OQRIENT PGNCS

P62 ATTITUDE HOLn S VEG DB 95701« o4 120247 90



TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIME EVENT
(MR}
9.2 SPS BURN
BUuiLo up
9.2 STEADY STATE eURN
2.2 TalLOFF
9.2 OAMP SHUT.DO.N TRANSIENT
101 P52 IMU ALIGN
10e4 JRIENT FOR PTC
3Ax1S 0.2 DEG/SEC
1044 ATTITUDE HOLn D2 DEG 08
1064 ESte 0.3 DEG/SEC ROLL

104 PlTCH AND YAR CONTROL

20.0 P52 (MU ALI

20,4 ORIENT FOR

20,8 ORIENT FOR

2142 ORIENT FOR

20+6 ORIENT FOR

2148 MINIMUN

GN

NAV SIGHTINGS

NAV SIGHTINGS

NAV SIGHTINGS

NAV SIGHTINGS

IMPULSE MARKING

it

sCs

S/7C w7
(188)

78698,

95662,

918421,

95620,

*sb618,

95614,

95413,

95é12.

994603,

95599,

95594,

95590,

9558646,

955A2.

95578,

SM RCS

USED
(LaS)

2.3

Je9

o4

Y4e2

o4

$M RCS

LEFT
(L8S!}

12U0247

12026

120] 9

12008

119845

SR AXYY

11938

119304

11838

11790

11754

1171t

11669

11627

11993

SM

RCS

LEFT

(8

0.

90,

0.

a9,

89,

89.

89,

89

88

a7,

87,

87,

B8ébe




T1ME
(WR)

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

EVELT

21.8 ORIENT FOR PTC

21 .8

21.8

21+8

254

26e¢b

2645

2645

27.0

2746

27.6

2746

Jz.u

38.0

4540

JAX1S 0.2 DEG/SEC

ATTITUDE HOLN Ue2 DEG o8

ESTe 0.3 DEG/SEC ROLL

PITCH AND YA.. CONTROL
P52 IMU ALIGN

M]DCQURSE CORRECTION NO 2
MNVR TO BURN ATT

ATT HOLD 5 DEG pB PGNCS
DELTA VEL = ~OMINALLY ZERO
ORIENT FOR S=BanD TEST

ORIENT FOR PTC
SAXIS Ds2 DEG/SEC

ATTITUDE HOLD

£EST» 043 DEG/SEC ROLL
FITCH AND YAWw CoNTROL
PITCH AND Yad CONTROL

P52 IMU ALJGN

sCs

SsC wT
fLas)

95574,

95574,

985713,

95570,

95545,

96561,

95561

95561 .

95557,

95583,

98552,

95552,

95543,

98535,

95530,

SM R(CS
USED
(LB8S)

3.9

]

]

o0

“.2

ol

o Y4

$M RCS
LEFT
(LBS)

11554

1i54e6

11542

115006

LY X!

11422

11419

114919

11377

11337

11333

113249

11242

111505

111162

SM

RCS

LEFT

(%)

Bb.

86,

8be

85.

85,

85,

85,

85,

[-1-1

84,

84,

4.

B4,

83

83,



TIME
(HR)

47,0

4%.0

§1.0

$3.0

TABLE 2-ITI.- SM RCS PROPELLANT BUDGET - Continued

EVENT

PTC TEST w/o aTT cowTROL

®TC TEST w/0 aTT CONTROL

PTC TEST w/0 aTT CONTROL

PS2 IMuU ALIGN

S4.1 MIDCOURSE CORRECTION NO 3

S4el

S4,l

S4el

5441

541

S4e1

§4.5

SHe5

545

54,5

MNVR TO BURN ATT

ATYITUDE HOLN
SPS BURN
BugLp uP
STEADY STAYE @URN
TAILOFF
DAMP SHUT.DOuWN TRANSIENT

RCS TRIM | FPS

ORIENT FOR PT(C
3AX1S 042 DEG/SEC

ATYITUDE HOLn Oe2 DEG DB

ESTe 0¢3 DEG/SEC ROLL

PITCH AND YAW CONTROL

il

SCs

S/C WY
(LBS)

95518,

95506,

9494,

95490,

5486,

95486,

95483,

98457,

925414,

95414,

95403,

95399,

95399,

95398,

95390,

SM RCS
USED
{LRS)

12.0

12.0

12,0

4,2

“'2

o4

o0

«0

™

110

4.0

o4

SM RCS
LEFT
(L8S)

10992

108742

10782

107140

106608

1066y

10664

106604

10685

10644

10535

10494

10487

10484)

10%0,5

SH

RCS

LEFTY

(8)

82,

81,

80.

80.

79.

79.

79,

79.

79

79.

78.

78.

784

78,

78,




TiMg
(WR)

62.0

70,1

711

711

711!

715

715

7145

715

715

7145

7544

75¢4

7642

7642

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

EVENT

PITCH AND YA cUnTROL

PS2 1MU ALIGN

MIDCOURSE CORRECTION NO 4
MNVR TO BURN ATT
ATT HOLD 0«5 CEG Db PuhNCs

VEL VEL = NOm ZERO

ORIENY FOR PTC
3ax1S 0.2 DER/SEC

ATTITUDE HOL: D+2 DEG DB SCs
ESTe 0e3 DEG/SEC RULL
PITCH AND YA. CONTROL

REONIENT

REORIENT

P92 MU ALIGNK

SEXTANY STAR CHFCRING'MIN IMPULSE

LUNAR ORBIT [NSERTION BURN |
3=aX1S ORIENT PGNCS

ATTITUDE HeoLw

S/c AT

95383,

95378,

79374,

95374,

95374,

95370,

98369,

95369.

953484,

983465,

983563,

98369,

9358,

95354,

95354,

SM R¢S
uskD
(LRS)

7.8

]

«0

(]

oY

SM R¢S
LEFT
(LBS)

1032047
1028+ 4
102902
102348
1023.8
101908
101940
101846
101746
1015+2
1012e8
1008
1008+ 2

106840

10036

SM
RCs

LEFT

(%)

77,

77

76,

76

Té,

76,

76,

76

76,

6.

75,

75.

75,

75,

75,



T I ME
{HR)

762

765

7645

7645

7645

7645

7645

765

796

79.6

80.6

8U.6

BlUeob

RD.9

80.9

10

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

EVENT

START TRANSIENT CONTROL

LOl BURN
BUILD UP

STEADY STATE RURN 11

TAILOFF

DAMP SHUT DOWN TRANSIENT

ORIENT TO TRACKING ATT]TUDRE
PITCH TU ORDFAL

HOLD ATTITUDE

TV ALLOWANCE
P82 MU ALIGN
STAR CHECK sMiN IMP CONTROL
Lol 2 LPO Cik¢
"NVR TO BURN ATT
ATTITUDE HWOLN
ULLAGE

2 JET 8B AND b QUADS 2

5PS BURN
BUILD UP

STEADY STATE BURN]4+5 FPS PGNCS

S/C AT
(LBS)

95352,

95349,

71766,

71725,

7]72”.

73721,

71715,

71711,

71708,

71708,

71704,

71704,

71688,

71686,

70708,

SM R(CS

USED
(LBS)

1¢3

«0

+b

3.5

o 4

3.5

oY

2

SmM RCS

LEFT
(LBS)

10023
10023
10017
10017
10006
9972
99240
9880
9845
9684 )
980;6
9802

965U

9650

9648

SM

RCS

LEFTY

78,

75

75.

75,

750

74,

T4,

T4

73.

73.

73,

73,

72,

72.

72,




TIME
(HR)

80.9

809

g8l.0

83¢5

83+5

83e¢5

RleS

845

85+5

8545

50,0

955

9545

9545

97.0

11

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

EVENT

TAILOFF

DAMP SHUTDOWN TRANSIENT

REORIENT FOR MSFN ACQUISITION

P52 1MU ALIGN

REORIENT

REQRIENT

MINIMUM TMPULSE MARKING

ORIENT FOR MSFw

MANEUVER TO ORBjJfAL SLEEP MODE

ASSUME SAME aS PTC

PITCH AND YAW CONTROL

P1TCH AND YAWw CONTROL

P52 IMU ALIGN

REORIENT

REORIENT

ORIENTATION RANEUVERS

§/7C AT
(LBg}

70668,

70647,

7n6s3.

7640,

70657

70653,

70653,

70649,

70646,

70641,

70637,

70633,

70632

70630,

70627,

sM RKRCS sM RCS

ugkDd
(LRS)

«U

3.

.4

o4

I

445

445

LEFT
(LBS)

9648
96347
96042
9569
9534
950e0
9496
P46 2
942+8
938.2
933;3
9304
92844
9268

9283

SM

rCs

LEFT

(s)

72,

72,

72

71

710

71

71

70,

70

70.

70.

69,

69,

69,

69,
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TABLE 2-III.~ SM RCS PROPELLANT BUDGET - Continued

TIME EVENT
{HR)
98.0 ORIENT TO UNPUCKING ATT

98.5 uNDOCK

98¢5 STATION KEEP FOR LM PHOTOGRAPHY
98.8 REORIENT FOR MsHN ACQUISIT{ON
98.9 ORIENT FOR SEP BURN

99,2 RCS SEPARATION RURN | FPS

99.2 REORJENT

99.4 REOR[ENT

99+6 REORTENT

99.8 REURIENT

99,.8 MINIMUM [MPU| SE CONTROL
log2.0 PS2 MU ALIGH

10245 2 MANEUVERS TO ACQUISITION ATT
lD2+9 MNVR 10 BURN aTrY

102.9 ATTITUDE HOLN AlTH M

S/C w7
(LBS)

70624,

40588,

40578,

40576,

4nS7S,

40570,

40570,

40569,

40569,

40548,

40545,

40563,

40580,

40559,

40858,

SM RCS
USED
(LBS)

J.4

5

5

5

147

2.7

147

3J

SH4 RCS
LEFT
(LBS)

92000

9159

905+9

904.3

9035

898.5

898.]

897 ¢a

89741

896

893.1

891.+5

887,

84,8

SM
RCS
LEFTY

(%)
69,

68.

67,

67,

67,

67,

67,

67,

67,

67,

64,

b6,

66,

LY %%
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TiME EVERT
{WR)

1032 P52 IMU ALIGN

10348 MNVR TO BURN ATTYT

1o3.8 ATT HOLD

1040 REORIENT SPACECRAFT 4 TIMES

1040 MINIMUM IMPU L SE CONTROL

1054 MANEUVER TO TP1 ATTITUDE

1054 ATT WOLD

1060 FQUR MANEUVERS 10 ATTITUDE

10640 HINIMUM TMPUIL SE CONTROL

106e5 REVURIENT FOR MSFN

106.4+% Tv ALLOWANCE

106¢9 ORIENT TO DOCKING ATTITUDE

1070 MAINTAIN BORESIGHT

1070 DOCKING

10845 MNVR TO JUETTISON ATY

S/C wT
t.8s)

40587

408555,

405683,

40548,

40545,

40544,

40543,

405138,

40536,

40535,

40931,

4p0529.

40527,

44189,

Yetne,

SM RCS SmM RCS

USED
(LBS}

17

1.7

17

9

1.7

2.5

LEFT
{LBS)

8854 )
8835
88147
87647
871347
8720
8712
8660 |
8648
86342
859;2
85745
8558
8532

852

SM

RCS

LEFT

(%)

bbe

660

86

65,

65,

65,

65,

a5,

64,

64

64,

64,

64,

64

63,
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

T1ME EVEANT 5/C wT SM RCS
(HR) (LBS) USED
(LBS)
10Bes ORIENT FOR SEP BURN 45186, l1e2
108,7 JETTISON LM | FPS 40517, 5.9
11040 €STARLISH SLEEP MODE 405816, o7
112.0 PITCH AND YAW COUNTROL 4nsi12. 40
1150 PITCH AND YAW CONTROL 40508. 4.0
[18.0 REORIENT FOR MSFN ACQUISITION 40506. 1e7
122.0 REV 24 1My ALIGN 410505, o8
122+5 REQRIENT FOR LANDMARKS 40502, 3.8
3 TIMES PER REV
1225 ROLL YO ACQUIRE MSFN 40501 . 3
122,5 MINIMUM IMPULSE MARKING 40501, 4
12‘4.0 REY 25 IMU ALIGN 40500, .8
124,5 KEORIENT FOR LANDMARKS 40496, 3.8
3 TIMES PER RtV

124,5 KoLL TO ACQUIRE MSFN 40496, 3
124,5 MINIMUM JMPULSE MARKING Yn496, ¥
126.0 REV 286 IMU ALIGN 4n49es5, o8

SM RCS

LEFT
(LBS)

850.9

84540

BY44.3

84043

8363

8406

8339

830

829.8

829,13

8288

82448

82445

8244}

8234)

SM

RCS

LEFT

(%)

63,

63

63,

63

62.

62

62

62,

62,

62,

62

61,

61l

61,

61,



T1ME
{HR)

12645

12645

126,.,5

128.0

128.5

128,.5

12845

1285

12845

128.5

129.0

129.0

129.8

129.8

129.8

15

TABLE 2-III.~ SM RCS PROPELLANT BUDGET ~ Continued

EVENT

REORTENT FOR LANDMARKS
d TIMES PER REV
RoLk TO ACQUIRE MSFN
HINIMUM IMPULSE MARKING
REV 27 IMuU aALlghN
REORIENT FOR LANDMARRS
3 TIMES PER REV
KoLL TO ACQUIRE MSFN
MINIMUM IMPU[ SE MARKING
P52 IMU ALIGN
REORIENTY 3X FOR PHOTOGRAPHY
AUTO ORB RATE
P52 IMU ALIGN
SXT STAR CHECK
TRANS=EARTH INJECTION
MNVR TO BURN ATT

= ATTITUDE HOLn

ULLAGE -
2 JET B AND D

TTHDO%40,.

S/¢ w7
(Lss)

50%91.,

40491,

40490.

40490,

50%ae.

40445,

4485,

4Yp4ad.,

40480,

40478,

4047s,

40476,

40474,

Y047%.

SM R(CS

UsED
(Las)

3.8

3

oM

3.8

3

oY

17

.“

.“

190

SM RCS

LEFT
(LBS)

8195
819.2
8188
818.0
8182
813+9
8135
8lle8
808+0
8063
80447
80442
802.4
802.2

78842

SM

RCs
LEFT

(%)

6l

[ Y

bl

6.

&l

6l

B8]

60

60

60.

0.

6Q«

6T,

é0.

59,



1298 SPS BURN
BuiLp uP

STEADY STATE HBURN 136 SEC PGNCS

DaAnP SHUTDOW.. TKANSIENT

MANEUVER FOR MSFN ACQUISITION

1317 P52 IMU ALIGN

132.0 ORIENT FOR PTC
JAX1S 0.2 DE/SEC

ATTITUDE MOLi U+2 DEG DB

0.3 DER/SEC ROLL
PITCH AND YA. CONTROL
143.U0 PY2

Imu ALIGN

14349 CISLUNAR NAVIGATIUN
STAR/LUNAR HQoRIZON ORIENT

IMPULSE MARKING

144s8 MIDCOURSE CORRECTION NO &

MEYR TO BURN ATT

ATTITUDE HOLNn ®1TW M]

S/7C wT
(LBS)

40487

31293,

312582,

3j1251.

31250,

31248,

31248,

1247,

31247,

31236,

31234,

31228,

31226,

31224,

31224,

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

S$M R(CS
USED
(LRS)

«0

2

o0

1.5

15

o7

ol

s

110

«3

sMm RCS

LEFT

{LBS)

786892
78840
78840
78609
785+ 4
7639
78342
78204
782.2
77102
76;07
7634
76le4
7599

7597

SM

RCS

LEFT

(%)

59,

59

59,

59,

S59.

SEoe

58

SHe

58,

S7.

57

57

S7.

S7.

$7.




A
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

Time EVENT
(HR)
144.8 DEL vVEL e NOm ZERD

14640 PTC TEST W/0 alT CONTROL
14840 PTC TEST #W/0 aTT CONTROL
150.,0 PTC TEST w/0 aTT CONTROL
Is0.0 Tv ALLOWANCE

156.0 PS2 MU ALIGN

15645 ORIENT FOR PTC

Jax1S De.2 DEG/SEC

18645 ATTITUDE WOLNn Oe2 DEG 0B

15645 ESTs 043 DEG/SEC ROLL
1sbeh P1YCH AND YAw CONTROL

1710 P52 IMU ALIGN

17345 ORIENTY FOR PTC
JAaxlS 0.2 DEG/SEC

173.5% ATTITUDE WOLN De2 DEG OB
172345 ESTe 03 DEG/SEC ROLL
173.5 PITCH AND Yaw CONTROL

sCs

5Cs

S/¢c T

3f22s.

31215,

31206,

31197,

31193,

31192,

31191,

31190,

31190,

31176,

31874,

31lrs,

31173,

31173,

31167,

SM R¢S
UgED
(LBS)

o0

145

7

2

14,0

145

o7

o2

%.0

SM R¢S
LEFT
(LBS)

75947
780.7
T41e7
73247
728¢7
72742
72645
72%¢7
72545
71)08
716-0
7093
70845
708¢23

70443

SM
RCS

LEFT

$7.

Sée

55,

56,

5%,

S4,

S4.

S4oe

54

53.

53

S3e

53,

$)e

S2.
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TABLE 2~ITII.- SM RCS PROPELLANT BUDGET - Continued

TIME EVENT s/C w7 SM RCS
(MR} (LBS) USED
tLRS)
1750 PS2 IMU ALILIGN 31187, 1489
17642 MIOCOURSE CORRECTION NO & EERYY- Job
MNVR TO BURN ATTY
17642 ATT HOLD +5 DEG DB  PGNCS 31165 oY
17642 RCS =X TRANS 5 FpS 31147, 1841
176.7 ORIENT FOR PTC 31146, 7
JAX]IS De2 DEG/SEC
17647 ATTITUDE HOLG Ue2 DEG 08 SCs 1146, 8
17647 ESTs 0e3 QBG/SEC ROLL Arl4s, o2
17647 PITCH AND YA. CONTROL 31137, 9.0
18740 P52 MU ALIGN 31135, 15
188¢3 MIDCOURSE CORRECTION NO 7 Ji11aa, 15
MNVR TO BURN ATT
lgBe3 ATT HOLD +5 DEG DB PGNCS 31133, K]
18843 PEL VEL = NOM ZERD 31133, o0
1896 P52 IMU ALIGN J1132. 1e5
191.0 MANEYVER To REENTRY ATTITUDE 31130, 1¢5

19140 ATTITUDE ®WOLD O0+2 DEG DS SCs  Ji1l29. o8

SM RCS
LEFT
(LB8S)

7028

7013

7010

682.8

68201

68143

681

67241

67008

669

'Y Y: XX

66849

66763

665.8

$65.0

SH

RCS

LEFT

($)

52

b2

52,

St

St

51

91

S0,

500

50

S50,

S0

50,

50.

S0
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Concluded

TIME EvEnT s/C wT sM RCs sM rCs sM
(HR (LBS) USED LEFT RCS
) (LAS) (LBS) LEFT

IR 3]
1910 PITCH TO ACQUIRE HORTZDN 3vi129. o7 &468%e3 ¥,
191,0 \ Y 4% DEG 3e¢las, o7 $63e06 49,
19140 ATYT HOLD 5 DEG DB PGNCS Jri128, ' ] 6632 WV,
7 0el %4302 49,

19340 CM/SM SEPARATIOx jatn7. 10

DELTYA VEL®] ¥PS

®This is the total propellant remaining and does not account for mission duty
cycle mixture ratio shift or other unusables. Usable propellant remmining is
490 pounds as shown in table 2-II.
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3.0 THE SPS ANALYSIS

Weight assumptions for the SPS analysis are shown in table 3-I

(ref. 3, amendment U41); SPS performance parasmeters were taken from
reference 1.

The SPS propellant budget for a May 17 launch, 72° lsunch azimuth,
first opportunity injection is presented in table 3-II(a). The
propellant budget for a May 18 launch with a 72° launch azimuth,
first opportunity injection, 6l-hour lunar orbit time, and 2-day
return is shown in table 3-II(b). Both budgets include a contingency
AV of 900 fps to provide the capability to perform a worst case IM

rescue, to return by use of the SCS, or to return from any lunar
orbit. '

The May 18 launch has two other sets of AV associated with it,
one which assumes a S5l-hour lunar stay (TEI of 3198.8 fps), and
the other which assumes a 6l-hour lunar stay and 3-day return
(TEI of 2818.8 fps). The propellant margins associated with these
trajectories are shown in table 3-II(b). The contingency AV of
900 fps would be used for a quick earth return or for a LM rescue in
the last case. Propellant margin for the May 17 launch [table 3-II(a)]
is 1837 pounds, and for the May 18 launch, fast return [table 3-II(b)]
is 818 pounds.
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TABLE 3-I.- ASSUMPTIONS FOR THE

SPS ANALYSIS

1. Each SPS engine start used 1k,

in nonpropulsive losses.

2. Spacecraft weights
CM, 1b . ¢« ¢« ¢« ¢ &« v « &
SM, 1b . . . . . 0.0 ..
SIA ring, 1 . . . . . .
Tanked SPS, 1b . . . . .
IM (ummanned), 1b . . .
Spacecraft at TLC, 1b . . .

4 1b of propellant

12 276.8
10 641.8

98.0
Lo 633.7
30 848.8
9k L99.1

3. ©SM RCS, EPS, and ECS weight losses

Mission Period

Lift-off toMCC-1 . . . . . . . .« .
MCC-1 to IOI-1 . & 4 &« o « & &

LOI-1 to LOI-2 & v & v & « & « &
IOI-2 o TET .« & + &« « o « o «

Tncremental weight
loss, 1b

89.L
185.5
30.5
23L4.8
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TABLE 3-II.- SPS PROPELLANT SUMMARY

(a) May 17 launch, 72° launch azimuth,
first opportunity injection

Ttem Propellant Propellant
required, 1b remaining, lb
Loaded - Lo 836.0
Trapped and unavailable L4l 4 Lo 394.6
Outage 78.5 Lo 316.1
Unbalanced meter bias 100.0 Lo 216.1
Available for AV - Lo 216.1
Required for AV
TIMC (120 fps) 1 128.4 39 087.7
LOI-1 (2866.3 fps) 23 00L4.0 16 083.7
LOI-2 (137.T7 fps) 962.9 15 120.8
TEI (3252.2 fps) 10 507.8 4 613.0
Nominal remaining ' - 4 613.0
Contingency AV (900 fps) 2 238.7 2 37h.3
Dispersions (-30) 537.6 1 836.7
Propellant margin 1 836.7
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TABLE 3-II.- SPS PROPELLANT SUMMARY - Concluded

(b) May 18 launch, 72° launch azimuth,

first opportunity injection

Item

Propellant
required, 1b

Propellant
remaining, 1b

Loaded
Trapped and unavailable
Outage
Unbalanced meter bias
Available for AV
Required for AV

TIMC (120 fps)

LOI-1 (2856 fps)

LOI-2 (137.k4 fps)

TEI (3693.5 fps)
Nominal remaining
Contingency AV (900 fps)

Dispersions (-30)

Propellant margina

Li1.k
78.5
100.0

1128.4

22 932.5
961.8

11 711.6

2 123.4
540.0

Lo 836.0
Lo 394.6
Lo 316.1
ko 216.1
4o 216.1

39 087.7
16 155.2
15 193.4
3 481.8

3 481.8

1 358.k

818.4

818.L4

a’For a 51-hour lunar orbit time and a TEI AV of 3199 fps,
propellant margin is 188L4.3 1b. For a 6l-hour lunar orbit time

and a TEI AV of 2819 fps (3-day return), the propellant margin

is 2852.9 1b.
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4,0 THE IM RCS PROPELLANT ANALYSIS

TABLE 4-I.- GROUND RULES AND ASSUMPTIONS

1. Data for the IM RCS engine performance and
propellant requirements were obtained from reference 2,

2. All orientation maneuvers were
made at 2.0 deg/sec.

3. All orientation maneuvers were
3-axis maneuvers.

4, Line-of-sight with the CSM was
maintained in the minimum impulse mode.

assumed to be

assumed to be

assumed to be

TABLE 4-II.- LM RCS PROPELLANT
Description
Toaded . « v« ¢« ¢ o o & o o s e 4 e o

Trapped .« ¢« ¢ ¢ ¢ ¢ v ¢« o 0 e e e w
Nominal deliverable . . . . . . « . .

Gaging inaccuracy and loading
tolerance . . ¢ v i e s e e e e s

Mixture ratio uncertainty . . . . . .
Usable . + ¢« & ¢ ¢ o« o s s o o
Nominal mission requirement . . . . .

Nominal remaining . « « « & ¢« « « « &

SUMMARY

Propellant
weight, 1b
. 633.0
4o.6
. 592.4

. 39.5
. 17.0
535.9
. 359.7
176.2



TIHF

HR

96

98

98
98
99
99
99
99
99
9Y
99
99
99
99
99
99
10U
100
10u
10u
1ov
100

100

M

33
47
20
28
29
29
29
b4
54
54
54
54
by
54
20
50
50
50
Sy
50

59

28

TABLE 4-III.- IM RCS PROPELLANT BUDGET

EVEN]  TITLE

ouTPuT PROPELEANT LOADINGS

RCS HOT FIRE

AGS ACCELERATIUN AND GYRO CALl

BRATIONS

UNDOCKING

MNVR FOR INSP AND FOR FLY
P20 RR LOCK ON

MAINTAIN RR TRACKING 8 MIN
IMU REALIGN SINGLE STAR
IMU REALIGN SINGLE STAR
IMU REALIGN SINGLE STAR
MNVR TO BURN AITITUDE
ATTITUDE HOLUL

ATTITUDE HOLD

2 JET ULLAGE

DESCENT ORBIT INSERT,., BURN
MOMENT CONTROL

ATTITUDE HOLD

RR LOCK ON

MAINTAIN RR TRACKING 25 MIN
PITCH DOWN 90 VEG.

YAW LEFT 180 UtG,

YAN RIGHTY |80 VEG.

PITCH UP 90 DtG.

MNVR TO BURN Al?l[UDE

S/7C Wt
(L8S)

74959,

94954,

94952,

31307,
31297,
31293,
3292,
31288,
31284,
31280,
31276,
31276,
31276,
31270,
3i03e.
31029,
3128,
aio024,
aio2z,
3tg2v,
31019,
31017,
3to017,

31013,

LM

RCS

USED
(Las)

0

10.0

4.0

LM

RCS

LEFT
(LBS)
833:0

62840

62640

6260
61640
61149
6111l
60741}
6030
59849
?9905
59408
?94-6
S88¢7
?8807
?3107
56102
57742
5747
57340
57145
57040
57040

96549

LM
RCS
LEFT
(%)

100.

99

99

99
97
97
97
96
95
95
94
94
94
93
93,
920
92
91
9.
91
90.
90.
90

89




TINE

HR

101
102
192
102
102
102
102
102
102
102
103

103

L

59
59

59

28
28
28

28

53
53
53
53
53
53
53
53

53

29

TABLE 4-III.- IM RCS PROPELLANT BUDGET - Continued

EVENT  TITLE

ATTITUDE nOLD
ATTITUDE HOLD

2 JET ULLAGE

DPS PHASING BUKRN
MOMENT CONTROL
ATTITUDE HOLD

YAW

PITCH

RR LOCK ON

MAINTAIN RR TRACKING
IMU REALIGN SINGLE STAR
IMU REALIGN SINGLE STAR
COAS CALIBRATIUN

RR LOCK ON

MAINTAIN TRACKING
ORIENT FOR STAGING
STAGING

START STAGING
COMPLETE STAGING

MNVYR TO BURN ATTITUDE
ATTITUDE HOLD
ATTITUDE HOLD

4 JET ULLAGE

MOMENT CONTROL lNSERT[ON BURN

NULL DVEL 1FPb XaAXIS

S/C WY
(LBS)

31ola,
3ioll,
3io07,
30394,
3pav2,
3nagvz.
3navl,
30389,
3paes,
30383,
30379,
30375,
3037!0
30367,
30359,
30355,
8364,
862,
8361,
8340,
8360,
8359,
8353,
8176,

8378,

LM

RCS
USED
(Les)
0
2
Se9
0
18
5

1ed

LM
RS
CEFT

(Les)

56549

5657

559.8

55948

558¢3

55748

55604

55447

55047

54849

54449

54009

53649

53249

92543

52143

52143

21945

51746

2168

Slbnb

LM
RcS
LEFT
(s
89,
89,
88
88,
88
88,
88,
88,
87
87
86
85
85,
84
83
82
820
82
82
82
82,
8l
8l
80

80



Ting

HR

104
103
103
103
103
103
103
103
103
103
1us
103
103
103
103
104
104
104
104
104
104
104

104

105

105

M

22
22
22
22
22
54
54
54
54
23
53
53
53
53
53
53

53

23

23

30

TABLE 4-III.- LM RCS PROPELLANT BUDGET - Continued

EVENT  TITLE

NULL DVEL 1FPS YAXIS
NULL DVEL IFPS ZAXIS
ATTITUDE HOLD

IMU REALIGN SINGLE STAR
IMU REALIGN SINGLE STAR
IMU REALIGN SINGLE STAR
RR LOCK ON

MAINTAIN RR TRACKING 25 MIN
MNVR TO BURN AITITUDE
ATTITUDE HOLD

ATTITUDE HOLD

€S1 RCS BURN

ATTITUDE HOLD

RR LOCK ON

MAINTAIN RR TRACKING
PLANE CHANGE

MAINTAIN KRR TRACKING
MNVR YO BURN ATTITUDE
ATTITUDE HOLD

ATTITUDE nHOLOD

CDH *Z BURN

ATTITUDE HOLD

UPDATE AGS NIIH RR DURING ATTI

TUDE HOLD
MNVR TO BURN ATTITUDE

ATTITUDE HOLD

S/¢ WY
(Lss)

0174,
8173,
8170,
8170,
8169,
8168,
8167,
8163,
8162,
8162,
8161,
8ils,
8113,
8112,
s108,
810s,
8101,
8101,
8100,
8100,
8094,
8091,

8079,

8078,

8078,

LM

RCS

USED
(LBS)

8
o2
9
1442
264
X ]
4.8
2.0
402
o8
2
9
S5e7
2.4

!213

2

“-m

RS

LEFT
(LBS)
5067
50547
5034
50205
50147
500.9
500.0
495.9
49540
494.9
494.0
479.8
4774
47606
47107
16947
4e508
16407
16406
46347
458.0
45546

44343

’“205

44243

LM
RS
LEFT
(%)
80.
80
80,
79
79
79
79
78,
78,
78,
78,
760
75
75
750
TH4e
78
73.
73.
73
72+
72

70.

70

70




TIME

HR

10%
108
105
105
109
106
106
106
106
106
106
106

106

M

23
29
29
51
51
12
12

12

NOTE:

during the APS burn to depletion (assumes Zc g

31

TABLE 4-III.- IM RCS PROPELLANT BUDGET - Concluded

EVENT  TITLE

ATTITUDE HOLD

TPI RCS BURN

ATTITUDE HOLD

ORIENT TO ATTITUpE
ATTITUDE HOLD

MNYR TO BURN AITITUDE
ATTITUDE HOLD
ATTITUDE HOLD

TPF +Z BURN

ATTITUDE HOLD
ATTITUDE MNVRS AND LOS CONTROL
FORMs FLYING

DOCKING

S/C Wt
(L8S)

8077,
8055,
8053,
8052,
8034,
8033,
8033,
8032,
7982,
7980,
7954,
7942,

71546,

LM

RCS
USED
(LBS)
?
14,2
24
8
1748
8
o2
9
49,7
2484
2640
1240

41.0

LM

RCS

LEFT
(.as)
1
42742
12400
42440
4062
405+4
40542
?04.3
354.7
35243
32643
31403

27343

The APS propellant used through the RCS for moment control

burnout) is 139 1b.

= 2.1 in. at

tn
Rcs
CEFT
(%)
70,
67
670
67
[ R X
64e
640
64
S6e
Sée
520
50

43
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5.0 THE DPS ANALYSIS

The assumptions for the DPS analysis are presented in table 5-I,
and the DPS propellant requirements are shown in table 5-II. The loading
numbers are from amendment 41 of reference 3. Burn requirements reflect
the following thrust profiles: DOI performed at 10 percent for
15 seconds and at 40 percent for 11.7 seconds, phasing performed at
10 percent for 26 seconds and F.T.P. at 10 percent for 15 seconds. A
propellant margin of 16 T67 pounds exists.

TABLE 5-I.- ASSUMPTIONS FOR THE DPS ANALYSIS

1. Mixture ratio = 1.6 + 0.02%.

2. Propellant cost for engine and valve operation is 8.6 1b per
engine start.

3. Buildup and tailoff cost is 19.15 1b of propellant per burn.

L, Propellant flow rates for various throttle settings were taken
from reference 2.
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TABLE 5-II.- DPS PROPELLANT SUMMARY

Ttem Propellant ProPellant
required, 1b remaining, 1b
Loaded 18 229,5
Trapped outside tanks® 95.5 18 134.0 ’
Tanked 18 13L4.0
Trapped inside tanks® 272.0 17 862.0
30 outage 21k .5 17 647.5
Available for AV 17 647.5
Required for AVb
DOI, 72.8 fps, 26.7 sec® 255.7 17 391.8
Phasing, 193.5 fps, 41.0 sec? 625.0 16 766.8
Propellant margin 16 766.8

®Reference 3, amendment 41.

bIncluées nonpropulsive usage and buildup/tailoff usage.
15 seconds at 10% and 11.7 seconds at Lo%.

dog seconds at 10% and 15 seconds at F.T.P.
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6.0 THE APS ANALYSIS

The assumptions for the APS analysis are presented in table 6-I.

The data for

usable propellant were taken from amendment 41 of reference 3 and as-

‘ The APS propellant budget is presented in table 6-II.

sume a 50 percent APS propellant loading.

The CSI was performed with

RCS propellant for 10 seconds and with APS propellant through the
- RCS/APS interconnect for 22 seconds. Because of the APS hurn to
depletion, a zero APS propellant margin exists.

TABLE 6-I.- ASSUMPTIONS FOR THE APS ANALYSIS

1. Isp = 306.3 * 1.5 sec.

burn.
‘ 5. Mixture ratio = 1.6 * 0.0183.

2. APS propellant tanks are 50% loaded.

3. Ascent stage at earth lift-off weighs 8012 1b (unmanned).

4, IM RCS and EECOM weight loss is 88.6 1b prior to insertion

6. Engine and valve operation uses 3.6 1lb of propellant per APS

burn.
TARLE 6-II.- APS PROPELLANT SUMMARY
Ttem Propeliant Propellant
required, 1b | remaining, 1b
- Loaded 2631.7
Trapped outside tanks® 12.7 2631.7
- Tanked® 2619.0
Trapped in tanks® 4o,k 2578.6
’ Available for AV 2578.6
Required for AV
Insertion, 213.3 fps, 1L.5 sec 182.1 2396.5
CSI, 50.3 fps, 22 sec through interconnect 32.3 236L.2
Burn to depletion 236L.2 o]
0

Propellant margin
. #Reference 3, amendment LI.




7.0 ASSUMPTIONS AND RESULTS OF THE EPS ANALYSIS

The power levels of each component were obtained from reference 1;
the cryogenic loading data were obtained from reference 3. However,
because the component data for F mission were not available, the D mis-
sion component values were used. Cislunar heater cyclic rates were
used for TLC and TEC.

The EPS profile presented in figure 7-1 indicates that no serious
problems exist. There are ample cryogenics (figs. 7-2 and 7-3) for the
May 17 launch date even with a one-tank failure at TEI. However, a
May 18 launch date will require powering the vehicle down during TEC
with a tank failure. The cryogenics become marginal because the mission
duration is increased by 24 hours. Figure 7-L4 presents the total DC
energy that accumulates during the mission.

The metabolic 02 requirements were altered to 0.197 1b/hr, rather

than 0.23 1b/hr, based on postflight analyses of Apocllo 7 and 8. This

alteration corresponds to approximately 400 Btu/hr as compared with
467 Btu/hr.

The 45 A-h rating mentioned in assumption 3 also was based on
postflight testing of the entry and postlanding batteries.
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TABLE T-I.- ASSUMPTIONS FOR THE CSM EPS ANALYSIS

1. The system was assumed to operate with three fuel cells and
two inverters.

2. The fuel cells were purged every 900 A-h.

3. Three entry and postlanding batteries were considered available
to supply the total spacecraft power required for entry, parachute descent
and postlanding time. ZEach battery was assumed to have a 40 A-h capacity

until splashdown, at which time the capacity was uprated to U5 Ash.

L. Two batteries were considered to be in parallel with the fuel
cells during ascent and for each SPS maneuver.

5. No cryogenic venting was assumed.

6. The EPS hydrogen consumption rate (1b/hr) = 0.00257 x I fo

7. The EPS oxygen consumption rate (1b/hr) = 7.936 x ﬁg.
8. Two SPS midcourse corrections were assumed.

9. Bix battery charges were assumed: three on battery A and three
on battery B. :

10. Five percent uncertainty in the EPS profile is included in the
cryogenic requirements.
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TABLE 7-II.- CRYOGENICS SUMMARY

Item H,, 1b 0, 1b

Loaded (two tanks) 58.60 660.2

Less residual 2.32 13.0

Less 2.65% instrumentation error 1.53 17.5
Total usable 54.75 629.7
Prelaunch requirements

t minus 28.5 hr to t minus 6 hr at LOA 2.38 18.4

6-hr built-in hold at LoA .63 k.9

t minus 6 hr to t minus 2 hr at LoA L2 3.3

ECS requirements (3 hr) - T

t minus 2 hr to t (hr) at T5A .39 3.1
Total 3.82 30.4
Mission requirements

EPS 35.21 268.5

ECS -— 9l1.5
Total 35.21 360.0
Uncertainties

4.5-hr launch window at T75A .87 7.8

5% uncertainty 1.76 13.4
Total 2.63 21.2
Total required 41.66 411.6
Margin 12.09 218.1
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8.0 THE CSM ECS ANALYSIS

The CSM ECS analysis will be supplied when the detailed cperational
trajectory time line is available.
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9.0 THE LM EPS ANALYSIS

The LM descent and ascent stage battery energy used for the nominal
mission is 550 A-h and U432 A-h, respectively. Unusables defined in as-
sumptions 2, 3, and 4 of table 9-I indicate that the descent stage and
ascent stage have 62 and 21 percent energy remaining, respectively.

This particular analysis was performed by an individual block type
approach rather than by the integration of crew procedures switch set-
tings through the mission. As Apollo 10 becomes more defined, more de-
talled data will be published, including total spacecraft current profiles.

TABLE 9-I.- ASSUMPTIONS FOR THE LM EPS ANALYSIS

1. Energy available for the descent stage batteries is 1600 A-h
and for the ascent stage batteries is 592 A-h.

2. Energy unusable for the descent stage batteries and the ascent
stage batteries because of lack of MSFN coverage is 21 A-h and T A-h,
respectively.

3. Energy unusable for the descent stage batteries and the ascent
stage batteries because of telemetry inaccuracy is 8 A-h for both vehicles.

4. Energy unusable for the descent stage batteries and the ascent
stage batteries because of equipment power dispersions is 28 A-h and
22 A-h, respectively.

_ 5. The descent stage batteries would go on the line at lift-off
minus 30 minutes with no recycle on the pad. They would go off the line
again at transposition and docking.

6. All RCS quad heaters were considered to be on continuously for
1 hour prior to the first RCS hot fire test.

7. All S-band equipment was considered to be on continuously from
initial activation until the completion of the mission.
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10.0 THE IM ECS ANALYSIS

The IM ECS analysis will be supplied when the detailed operational
trajectory time line is availabie,
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