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This final version of the Apollo 11 Flight Plan is number four of a set sent 
to Honeysuckle Creek Tracking Station, Canberra, Australia, for support 
of the mission. 

It is dated July 1, 1969 and was received at the station on July 11, just five days 
before launch.
Honeysuckle Creek was one of NASA’s three prime 26 metre dish tracking sites 
(the others being Goldstone, California and Madrid, Spain).
!is copy was designated for the Telemetry (TLM) and Computer sections.
It has been preserved by Honeysuckle Creek’s Bryan Sullivan, and includes his 
notations.
!e Flight Plan was scanned, and this PDF file assembled, by Colin Mackellar 
for www.honeysucklecreek.net, May 2014.
For authenticity, the pages have been assembled without rotation of those 
pages where text and charts are sideways (they can be easily rotated in a PDF 
viewer). Page 1-7 is a foldout chart. Blank pages have also been retained.
www.honeysucklecreek.net
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C S M C o m m a n d S e r v i c e M o d u l e
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* F L T F l i g h t
F M F r e q u e n c y M o d u l a t e d
F O V F i e l d o f V i e w
fps or FPS Feet per second
F T o r f t F e e t
F T O F l i g h t T e s t O b j e c t i v e
F T P F u l l T h r o t t l e P o s i t i o n

G B I G r a n d B a h a m a I s l a n d s
GBM Grand Bahama (MSFN)
GDC Gyro Display Coupler
GDS Golds tone, Cal i fornia
GET Ground Elapsed Time
GETI Ground Elapsed Time of Ignition
GLY Glycol
GMT G r e e n w i c h M e a n T i m e

• G&N Guidance and Navigation
GNCS Guidance Navigation Control System
GWM Guam
GYM Guaymas, Mexico

H2 Hydrogen
HA Apogee A l t i tude
HAW Hawai i
HBR High Bit Rate (TLM)
HD High ly Des i rab le
HGA High Gain Antenna
H I High
Hp P e r i g e e A l t i t u d e
HSK Honeysuckle (Canberra, Australia)
HTR H e a t e r
HTV U S N S H u n t s v i l l e

ICDU Ine r t i a l Coup l i ng Da ta Un i t
ID I d e n t i fi c a t i o n
IGA Inner Gimbal Angle
IGN Igni t ion
IMU I n e r t i a l M e a s u r e m e n t U n i t
I N I T I n i t i a l i z a t i o n
I N T I n t e r v a l o m e t e r
I P I n i t i a l P o i n t
I S A Inter im Storage Assembly
l U I n s t r u m e n t a t i o n U n i t
I V C I n t e r v e h i c u l a r C o m m u n i c a t i o n s
I V T I n t r a v e h i c u l a r T r a n s f e r

J E T T J e t t i s o n

KM K i 1 o m e t e r
kwh K i l o w a t t H o u r
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L A L a u n c h A z i m u t h
L A T L a t i t u d e
L B R L o w B i t R a t e ( T L M )
L B S o r l b s P o u n d s
L C G L i q u i d C o o l e d G a r m e n t
L D G L a n d i n g
L D M K L a n d m a r k
L E B L o w e r E q u i p m e n t B a y
L E C L u n a r E q u i p m e n t C o n v e y o r
L F H L u n a r F a r H o r i z o n
L G C L M G u i d a n c e C o m p u t e r
L H L e f t - h a n d
L / H L o c a l H o r i z o n t a l
L H E B L e f t - h a n d E q u i p m e n t B a y
L H F E B L e f t - h a n d F o r w a r d E q u i p m e n t B a y
L H S S C L e f t H a n d S i d e S t o r a g e C o n t a i n e r
L i O H L i t h i u m H y d r o x i d e
L L M L u n a r L a n d i n g M i s s i o n
L L O S L a n d m a r k L i n e o f S i g h t
L M L u n a r M o d u l e
L M P L u n a r M o d u l e P i l o t
L N H L u n a r N e a r H o r i z o n
L O I L u n a r O r b i t I n s e r t i o n
L O N G L o n g i t u d e
L O S L o s s o f S i g n a l o r L o s s o f S i t e
L P O L u n a r P a r k i n g O r b i t
L R L a n d i n g R a d a r
LRRR or LR3 Laser Ranging Retro-Reflector
L S L a n d i n g S i t e
L T L i g h t
L T G L i g h t i n g
L V L a u n c h V e h i c l e
L / V L o c a l V e r t i c a l
L V P D L a u n c h V e h i c l e P r e s s u r e D i s p l a y

M M a n d a t o r y
M A D M a d r i d , S p a i n
M A N M a n u a l
M A X M a x i m u m
M A X Q M a x i m u m D y n a m i c P r e s s u r e
M C C M i d c o u r s e C o r r e c t i o n
M C C - H M i s s i o n C o n t r o l C e n t e r - H o u s t o n

or MCC
M D C M a i n D i s p l a y C o n s o l e
M E A S M e a s u r e m e n t
M E R U S N S M e r c u r y
M E S A M o d u l a r i z e d E q u i p m e n t S t o w a g e A s s e m b l y
M E T M i s s i o n E v e n t T i m e r
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M G A M i d d l e G i m b a l A n g l e
M / I M i n i m u m I m p u l s e
M I N M i n i m u m
M L A M e r r i t I s l a n d , F l o r i d a
M N V R M a n e u v e r
M P S M a i n P r o p u l s i o n S y s t e m
MSFN Manned Space Fl ight Network
M T V C M a n u a l T h r u s t V e c t o r C o n t r o l

N 2 N i t r o g e n
N A V N a v i g a t i o n
N M N a u t i c a l M i l e s
N O M N o m i n a l
N X X N o u n X X

0 2 O x y g e n
O B S O b s e r v a t i o n
0 / F O x i d i z e r t o F u e l R a t i o
O G A O u t e r G i m b a l A n g l e
O M N I O m n i d i r e c t i o n a l A n t e n n a
O P S O x y g e n P u r g e S y s t e m
O R B O r b i t a l
ORDEAL Orbit Rate Display Earth and Lunar
O R I E N T O r i e n t a t i o n
O V H D O v e r h e a d

P P i t c h o r P r o g r a m
P A D V o i c e U p d a t e
P C M P u l s e C o d e M o d u l a t i o n
P C P l a n e C h a n g e
P D I P o w e r e d D e s c e n t I n i t i a t i o n
P G A P r e s s u r e G a r m e n t A s s e m b l y
PGNCS Primary Guidance Navigation Control Section
P IPA Pu lse In teg ra t i ng Pendu lous Acce le romete r
P L S S P e r s o n a l L i f e S u p p o r t S y s t e m s
P M P h a s e M o d u l a t e d
P O L P o l a r i t y o r P o l a r i z i n g
P R E P r e t o r i a , S o u t h A f r i c a
P R E F P r e f e r r e d
P R E P P r e p a r a t i o n
P R E S S P r e s s u r e
P R I M P r i m a r y
P R O P P r o p o r t i o n a l
P S E P a s s i v e S e i s m i c E x p e r i m e n t
P T P o i n t
P L ) P r o p e l 1 a n t U t i l i z a t i o n
PUGS Propel 1 ant Utilization and Gaging System

vi i



PTC P a s s i v e T h e r m a l C o n t r o l
PWR P o w e r
PXX Program XX

Qty Q u a n t i t y

R Ron or Range
R&B R e d & B l u e
RAD R a d i a t o r
RCDR R e c o r d e r
RCS Reaction Control System
RCU R e m o t e C o n t r o l U n i t
RCV R e c e i v e r
RED U S N S R e d s t o n e
REFSMMAT R e f e r e n c e S t a b l e M e m b e r M a t r i x
REG Regu la to r
REQD Requi red
RH Right-hand
RING Ringsi te
RLS Radius of Landing Site
RNDZ R e n d e z v o u s
RR R e n d e z v o u s R a d a r
RSI R o l l S t a b i l i t y I n d i c a t o r
RT R e a l T i m e
RTC R e a l T i m e C o m m a n d
RXX R o u t i n e X X

SA Shaft Angle
S/C Spacecra f t
SCE Signal Condi t ion ing Equipment
SCS S tab i l i za t i on Con t ro l Sys tem
SCT Scanning Telescope
SEC Secondary
SECO S-IVB Engine Cut-off
SECS Sequential Events Control System
SEP Separate
SEQ Sequence
S - I V B Saturn IV B(Third Stage)
SLA Service Module LM Adapter
SLOS S t a r L i n e - o f - S i g h t
SM S e r v i c e M o d u l e
SPOT Spot Meter
SPS Service Propulsion System
SR S u n r i s e
SRC Sample Return Container
SRX S-Band Rece iver Mode No. X
SS S u n s e t
S T X S-Band Transmi t Mode No. X
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s . v . S t a t e V e c t o r
s w c Solar Wind Composition
Sv; Swi tch
SXT S e x t a n t

T EPHEM Time of Ephemeris Update
TA Trunnion Angle
TAN Tananarive, Madagascar
TB T i m e B a s e
TCA Time of Closest Approach
TD&E Transposit ion Docking & LM Eject ion
TEC T r a n s E a r t h C o a s t
T E I T r a n s e a r t h I n s e r t i o n
TEMP Temperature
TERM T e r m i n a t e
TEX Corpus Chr is t i , Texas
TGT Ta r g e t
T I G Ti m e o f I g n i t i o n
TLC T r a n s L u n a r C o a s t
T L I T r a n s l u n a r I n s e r t i o n
T L M o r T M Te lemet ry
TPF T e r m i n a l P h a s e F i n a l
T P I T e r m i n a l P h a s e I n i t i a t i o n
TPM T e r m i n a l P h a s e M i d c o u r s e
T /R Transmi tter/Recei ver
TRANS T r a n s l a t i o n
TV Te l e v i s i o n
TVC T h r u s t V e c t o r C o n t r o l
TWR To w e r

US U n i t e d S t a t e s

V Veloci ty
VAN USNS Vanguard
VHF Very High Frequency
V LV V a l v e
V I I n e r t i a l Ve l o c i t y
VOX Voice Keying
VXX V e r b X X

W/0 W i t h o u t
WRT With Respect to
WTN U S N S W a t e r t o w n

XFER T r a n s f e r
X M I T T r a n s m i t o r T r a n s m i t t e r
XPONDER Transponder

Yaw

i x



A V V e l o c i t y C h a n g e
A V C V e l o c i t y C h a n g e
A R P o s i t i o n C h a n g e

8 - b a l l s F l i g h t D i r e c t o r

( D i f f e r e n t i a l )
a t Engine Cutoff
( D i f f e r e n t i a l )

Attitude Indicator (FDAI)

CAMERA NOMENCLATURE

EL/250/BW-BRKT

INT (f5.6,250,INF)

16mm/18/CEX-BRKT
MIR (f8,250,INF) 6fps

Electr ic Hasselblad/250mm Lens/
B l a c k & W h i t e fi l m - C a m e r a B r a c k e t

I n t e r v a l o m e t e r 1

(f-stop 5.6, shutterspeed=250 sec.
I n fi n i t y )

16mm Camera/lBmm Lens/Color Film
E x t e r n a l - C a m e r a B r a c k e t

Mirror (f-stop 8, shutterspeed
1

= '2^ sec. Infinity)
6 frames per sec

X



ENCLOSURE 2

SYMBOL NOMENCLATURE

x i R e v i s i o n A



INTRODUCTION

This Flight Plan has been prepared by the Flight Planning Branch, Flight
Crew Support Division, with technical support by TRW Systems.

This document schedules the AS-506/CSM-107/LM-5 operations and crew activities
to fulfil l , when possible, the test object ives defined in the Mission Re
quirements, G Type Mission Lunar Landing.

The trajectory parameters used in this Flight Plan are for July 16, 1969
launch, with a 72° launch azimuth and were supplied by Mission Planning and
Analysis Division as defined by the Apollo Mission G Spacecraft Operational
T r a j e c t o r y .

The Apollo 11 Flight Plan is under the configuration control of the Crew
Procedures Control Board (CPCB). All proposed changes to this document
that fall in the following categories should be submitted to the CPCB via
a Crew Procedures Change Request:

1. Items that impose addit ional crew training or impact crew procedures.

2. I tems that impact the accomplishment of detai led test object ives.

3. Items that result in a significant RCS or EPS budget change.

4 . I tems tha t resu l t i n mov ing ma jo r ac t i v i t i es to a d i f fe ren t ac t i v i t y
day in the Flight Plan.

5 . I tems that requ i re a change to the fl ight data fi le .

The Chief, Flight Planning Branch (FCSD) will determine what proposed changes
fal l in the above categories.

Mr. T. A. Guil lory wil l act as co-ordinator for all proposed changes to
the Apol lo n Fl ight Plan.

Any requests for addit ional copies or changes to the distr ibution l ists of
this document must be made in writing to Mr. W. J. North, Chief, Flight Crew
Support Division, MSC, Houston, Texas.

x i i
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MISS ION DESCRIPT ION

1. Launch and EPO (Duration 2:44) LIFT OFF - 2:44 GET

(a) Nominal launch time is 9:32 EDT, July 16, 1969, with a launch

w i n d o w d u r a t i o n o f 4 h r s . 2 4 t n i n .

(b) Earth orbit insertion into a 100 nm circular orbit at 11 min.

4 3 s e c . a f t e r l i f t - o f f

(c) CSn systems C/O in earth orbit

(d) Optional IMU realign (P52) to the pad REFSMMAT during the first

n i g h t p e r i o d

(e) TLI occurs at 2:44:26 GET over the Pacific Ocean during the
second revolution. (See Table 1-1 for burn data).

2. Translunar Coast (Duration 73:10) 2:44 - 75:54 GET

Af te r TL I , wh ich p laces the spacec ra f t i n a f ree l una r re tu rn t ra jec

to ry, the fo l low ing ma jo r even ts occur p r io r to LOI :

(a) Transposition, docking and LM ejection, including SIVB photo

graphy

(b) Separation from SIVB and a CSM evasive maneuver

(c) SIVB propulsive venting of propellants (slingshot)

(d) Two series of P23 cislunar navigation sightings, star/earth hori

zon, consist ing of five sets at 06:00 GET and five sets at 24:30

GET

(e) Four midcourse corrections which take place at TLI + 9, TLI + 24,

LOI - 22 and LOI - 5 hours with AV nominally zero (See Table 1-1).
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(f) Passive thermal control (PTC) will be conducted during all periods

when other activit ies do not require different attitudes.

(g) LM inspection and housekeeping

(h) LOÎ , performed at 75:54:28 GET, ends the TLC phase.

3. Lunar Orbit (Duration 59:30) 75:54 - 135:24 GET

LPI Day (Duration 25:00) 69:00 - 94:00

(a) LOÎ
(b) Photos of targets of opportunity

(c) LOÎ
(d) Post LOÎ  LM entry and inspection. S-Band/VHF B Voice

t e s t s w i l l b e c o n d u c t e d .

(e) Post LOÎ  Pseudo landmark tracking (one set of sightings)
(See Table 1-4)

(f) Rest period of 9 hours

DOI and EVA Day (Duration 28:00) 94:00 - 122:00 GET

(a) Docked LM activation and checkout

(b) Docked landing site landmark sighting (one set of sightings)

(See Table 1-3)

(c) Undocking and separation

(d) DOI thru landing (See Figure 1-3 Powered Descent)

(e) LM post touchdown and simulated liftoff

(f) Rest period (LM) of 4 hours

(g) CSM plane change

(h) Rest period (CSM) of 4 hours
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(i) EVA prep

(j) EVA for 2 hours 40 minutes

(k) Post EVA

(1) Rest period (LM) 4 hours 40 minutes

(m) Rest period (CSM) 4 hours 50 minutes

Ascent and TEI Day (Duration 25:00) 122:00 - 147:00 GET

(a) LM Lift-Off and Insert ion

(b) LM active rendezvous

C S I

PC

CDH

T P I

Braki ng

(c) Docking

(d) LM jet t ison

(e) TEI

( f ) Rest Per iod

4. Lunar Orbit Particulars (Average Values for a 60 x 60 nm orbit)

(a) Revolutions start at 180° longitude

(b) Revolution duration - 1 hr. 58.2 min.

(c) S/C night period duration - 47 min.

(d) MSFN coverage per rev. - 72 min.

(e) Orbit inclination - 1.25° for July 16, 1969 launch
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( f ) S/C orbi ta l rate - 3°/r i in. ( .05°/sec)

(g) Lighting change at fixed ground point - l°West/Rev.

(h) Horizon visibi l i ty +20° selenocentric angle on the

l u n a r s u r f a c e

(i) One lunar degree on lunar surface is 16.35 nm

(j) Site 2 will be visible (3° sun angle) at REV. 7

(k) S/C subvehicle point to horizon 327 nm.

Transearth Coast and Entry (Duration 59:39) 131:52 - 195:03 GET

Transearth coast begins with TEI at 135:24:34 GET and consists of

the fo l low ing ma jo r even ts ;

(a) Three midcourse corrections are scheduled at TEI + 15, EI - 23

and EI - 3 hours with AV nominally zero.

(b) CM/SM separation takes place at 194:51 GET and Entry Interface

o c c u r s a t 1 9 5 : 0 3 G E T.

(c) Splashdown will occur in the Pacific Ocean at a longitude of

about 172.4° West at 195:17 GET. This wi l l occur approximately

25 minutes prior to sunrise local time.
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TA B L E 1 - 3 L U N A R L A N D I N G S I T E D ATA

DAY S I T E D E S I G L AT I T U D E LONGITUDE 1

^JULY 16 2(IIP6)
^ 0932 EDT

JULY 18 3(IIP8)
11 3 2 E D T

0 G ° 4 2 ' 5 0 " N 2 3 ° 4 2 ' 2 8 " E
0 G . 7 1 3 8 8 8 8 9 ° N 2 3 . 7 0 7 7 7 7 7 8 ° E

(00.6914°N) (23.7169°E)^
0 0 ° 2 r i 0 " N 0 1 ° 1 7 ' 5 7 " W
0 0 . 3 5 2 7 7 7 7 8 ° N 0 1 . 2 9 9 1 6 6 6 7 ° W

JULY 21 5( I IP13) 01°40 '41"N 41°53 '57"W
1 4 0 9 E D T 0 1 . 6 7 8 0 5 5 5 6 ° N 4 1 . 8 9 9 1 6 6 6 7 ° W

LAUNCH AZIMUTH/
SUN ELEVATION

7 2 ° / 1 0 . 5 °

8 9 . 2 9 5 ° / l l °

94 .6775/9 .7 '

-LAUNCH AZIMUTH/
SUN ELEVATION

1 0 8 7 1 3 . 5 °

1087 13°

108° /11 .7 '

Data From TJ memo. Accuracy Estimates, Landing Site Landmarks,
May 12, 1969, TJ-69-499.

1 Sun Elevat ion Angles Are For Approximately 27 Hours After LOI, 1st Opportuni ty
T L I .

2 Inc ludes 2nd Oppor tun i t y TL I .
3 Data From MPAD memo, landing site coordinates for G,

June 12, 1969, 69-FM41-181.

TABLE 1-4 LANDMARK TRACKING DATA

July 16 Launch

LANDMARK
D E S I G . L AT I T U D E LONGITUDE

DELTA
A LT I T U D E

(nm)

A1(Pseudo) 2 ° N
2 .000°N

6 5 ° 3 0 '
6 0 . 5 0 0 ° E

0 0 0 . 0 0

IP(130) 1 ° 5 3 ' N
1 .885°N

2 8 ° 4 2 ' E
2 8 . 7 2 6 ° E

0 0 0 . 0 0

130(Prime
LDG SITE 2)

0 1 ° 1 5 ' 5 6 " N
0 1 . 2 6 5 5 5 5 5 6 ° N

(01.24307°N)

2 3 ° 4 0 ' 4 4 "
2 3 . 6 7 8 8 8 8 8 9 ° E

(23.6880°E)̂

- 0 0 1 . 6 8

123(Alternate
LDG SITE 2)

0 0 ° 3 0 ' 1 9 " N
0 0 . 5 0 5 2 7 7 7 8 ° N

2 4 ° 5 3 ' 2 0 ° E
2 4 . 8 8 8 8 8 8 8 9 ° E

- 0 0 1 . 7 1

129(Alternate
LDG SITE 2)

0 1 ° 1 7 ' 0 6 " N
0 1 . 2 8 5 0 0 0 0 0 ° N

2 3 ° 4 4 ' 3 7 " E
2 3 . 7 4 3 6 1111 ° E

- 0 0 1 . 7 6

133(A l te rna te
LDG SITE 2)

0 0 ° 4 7 ' 1 4 " N
0 0 . 7 8 7 2 2 2 2 2 ° N

2 3 ° 3 0 ' 5 5 " E
23 .51527778°E

- 0 0 1 . 6 8

1 Data from MPAD memo, landing site 2 position,
June 20, 1969, 69-FM41-199.
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TABLE 1-4 LANDMARK TRACKING DATA (CONT'D)

July 18 Launch

LANDMARK
D E S I G . L AT I T U D E LONGITUDE

DELTA
ALTITUDE SUN

(nm)

IP(Gl) 0 ° 1 6 ' N
0 . 2 6 7 ° N

3 2 ° 1 9 ' E
3 2 . 3 1 7 ° E

-

Gl(129) 0 1 ° 1 7 ' 0 6 " N
01 .28500000°N

2 3 ° 4 4 ' 3 7 " E
2 3 . 7 4 3 6 1 1 1 1 ° E

- 0 0 1 . 9 7

IP(143) 0 0 ° 1 8 ' N
00 .300°N

3 ° 2 3 ' E
3 . 3 8 3 ° E

-

143(Prime
LDG SITE 3)

0 0 ° 3 6 ' 5 1 " N
0 0 . 6 1 4 1 6 6 6 7 ° N

0 1 ° 0 4 ' 3 9 " W
0 1 . 0 7 7 5 0 0 0 0 ° W

- 0 0 1 . 0 1

150(Alternate
LDG SITE 3)

0 0 ° 1 6 ' 5 9 " N
00 .28305556°N

0 1 ° 2 5 ' 4 3 " W
0 1 . 4 2 8 6 1111 ° W

- 0 0 1 . 0 1

147(Alternate
LDG SITE 3)

G 0 ° 0 3 ' 4 2 " N
00 .06166667°N

0 1 ° 1 6 ' 3 6 " W
0 1 . 2 7 6 6 6 6 6 7 ° W

- 0 0 0 . 9 9

26
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TABLE 1-4 LANDMARK TRACKING DATA (CONT'D)

July 21 Launch

LANDMARK
D E S I G . L AT I T U D E LONGITUDE

DELTA
A LT I T U D E

(nm)

IP(Gl) 0 ° 3 0 ' S
0 . 5 0 0 ° S

2 6 ° 3 3 ' W
26.550°W

-

G1 1 ° 4 2 ' N
1 . 6 9 6 ° N

3 2 ° 1 Q ' W
32.162°W

- 0 0 1 . 7 7

IP(180) 0 ° 3 6 ' N
0 . 6 0 8 ° N

3 6 ° 3 4 ' W
36.567°W

-

180(PRIME
LDG SITE 5)

0 1 ° 3 0 ' 3 7 " N
01 .51027778°N

4 1 ° 4 9 ' 0 5 " W
41.81805556°W

- 0 0 1 . 2 5

171(Alternate
LDG SITE 5)

0 r 2 0 ' 0 4 " N
0 1 . 3 3 4 4 4 4 4 4 ° N

4 0 ° 4 7 ' 3 4 " W
4 0 . 7 9 2 7 7 7 7 8 ° W

- 0 0 1 . 2 9

178(Alternate
LDG SITE 5)

0 1 ° 4 5 ' 3 3 " N
0 1 . 7 5 9 1 6 6 6 7 ° N

4 1 ° 3 4 ' 1 2 " W
4 1 . 5 7 0 0 0 0 0 0 ° W

- 0 0 1 . 2 2

184(Alternate
LDG SITE 5)

0 2 ° 0 3 ' 1 0 " N
02 .05277778°N

4 2 ° 1 3 ' 4 1 " W
4 2 . 2 2 8 0 5 5 5 6 ° W

- 0 0 1 . 2 3

8 . 9 '
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FLIGHT PLAN NOTES

A . C r e w
1

2 .

3 .

Crew designations are as follows:
D e s i g n a t i o n P r i m e B a c k u p
C o m m a n d e r ( C D R ) A r m s t r o n g L o v e l l
C o m m a n d M o d u l e P i l o t ( C M P ) C o l l i n s A n d e r s
L u n a r M o d u l e P i l o t ( L M P ) A l d r i n H a i s e

Crew positions during the mission are as follows:
C S M 1 ^

L e f t C e n t e r R i g h t L e f t

L a u n c h t h r u T L I C D R L M P C M P
T & D t h r u E n t r y C M P C D R L M P
M a n n e d L M C M P C D R

R i g h t

LMP

The crew wi l l eat and s leep s imul taneously throughout the mission.
Eat periods will be normally 1-hour duration, with additional activ
ities held to a minimum during this time frame. Sleep periods will
normally be 8 to 10 hour duration with two 4 to 5 hour sleep periods
w h i l e t h e L M i s o n t h e l u n a r s u r f a c e .

4 . A c t i v i t y

L a u n c h t o i n s e r t i o n
I n s e r t i o n t o T L I
T L I t o e v a s i v e m n v r
T L C & L O I 1 & 2
L M a c t i v a t i o n & c h e c k o u t

Undocking through touchdown

Touchdown through pre lift-off

L i f t o f f t h r o u g h L M j e t t i s o n

LM jett ison through splashdown

PGA Configuration

PGA's with helmet & gloves (H&G)
PGA's w i thout H&G
P G A ' s w i t h H & G
Constant wear garments
P G A w i t h o u t H & G
(CMP H&G donned for latch

cocking & CDR/LMP H&G
donned for pressure integrity
check and cabin reg check)

PGA's with H&G except CMP
w i t h o u t H & G a f t e r D O I

PGA's without H&G except
for CDR/LMP simulated count
down & EVA

PGA's with H&G (except
H&G off after docking)

Constant wear garmets
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5. Two crew status reports via air-to-ground commmunications will be
made by t he fl i gh t c rew du r i ng each ac t i v i t y day. The fi r s t r e
port will be given after the first meal of the day and will con
cern the sleep obtained during the previous sleep period. The
second repor t w i l l be g iven fo l lowing the fina l meal o f the day
and will concern the radiation dose received during the previous
24 hours and medication taken if any. The following information
should be logged:
a. Food Consumption
b . E x e r c i s e
c. Used fecal bags marked as to crewman and GET

6. Negative reporting will be used in reporting completion of each
c h e c k l i s t .

7. Continuous CSM biomedical data are automatically transmitted to the
ground.

8. LM biomedical switching is performed manually by the LMP from undock-
ing to docking as scheduled in the t imel ine.

9. All onboard gage readings will be read directly from the gages,
and will not be corrected by the appropriate calibration factors.

B . P h o t o g r a p h y
Photographic requirements were derived from the following:

a. Lunar Sur face Operat ions Plan
b. Photographic Operations Plan

C . P r o c e d u r e s
1 . ^

Crew procedures called out in the flight plan may be found in the
fo l lowing documents:
a. Apollo Operations Handbook - CSM-107 (AOH), Volume 2
b . C r e w C h e c k l i s t
c . C S M R e n d e z v o u s P r o c e d u r e
d. Abort Summary Document
e. Apollo Entry Summary Document
f . Pho tog raph ic Opera t i ons P lan
g. Descent Procedures Document
h . A s c e n t P r o c e d u r e s D o c u m e n t
i . Lunar Landmark Track ing A t t i tude S tud ies
j. Lunar Orbit Attitude Sequence for Mission G
k. Data Pr io r i t y Documents
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2 . m
Crew procedures called out in the flight plan may be found in the
fol lowing documents:
a. Apollo Operations Handbook LM-5 Volume 2
b . C r e w C h e c k l i s t
c . L M R e n d e z v o u s P r o c e d u r e s
d. LM Descent/Ascent Summary Document
e. Lunar Landing Phase Photographic Operat ions Plan
f . Da ta P r i o r i t y Documen ts
g. EVA Procedures
h. Apo l lo Lunar Sur face Operat ions P lan

Communi cat i ons
1 . G e n e r a l

a . C S H a n d L M H B R d a t a t r a n s m i s s i o n s i n l u n a r o r b i t w i l l n o r m a l
ly require the use of the h igh gain or s teerable antennas

b . Du r i ng commun ica t i ons , t he spacec ra f t w i l l be re fe r red to
by name (Apollo 11) and MCC-H will be referred to as Houston.

c. The preferred S-Band conmunicat ions are:
(1) CSM

Uplink Mode 6 (Voice, PRN, and Updata)
(b) Downlink Mode 2 (Voice, PRN, TLM-HBR)

(2) LM
Ja) Uplink Mode 7 (Voice, Updata)
(b) Downlink Mode 1 (Voice, TLM-HBR)

d . L M v o i c e r e c o r d e r h a s a m a x i m u m u t i l i z a t i o n o f 1 0 h o u r s . T h i s
recorder wi l l be used dur ing LM operat ions to record al l LM
voice data during undocked operations (27 hours 42 minutes).
This recorder will be operated in the VOX mode.

e . A sma l l po r tab le vo ice recorder w i l l be ca r r ied in the CM to
b e u s e d a t t h e d i s c r e t i o n o f t h e c r e w a s a v o i c e r e c o r d e r b a c k
up . Th is recorder w i l l no t be t rans fe r red to the LM fo r use
dur ing undocked operat ions.

f. The S-band"sque1ch" will be on during the sleep periods in or
der to prevent MSFN fade-out noise from disturbing the crew.

2. DSE Operat ion
a. The DSE will normally be operated via ground command except for

spec ia l cases where the opera t ion i s t ime l im i ted . In these cases
the crew may be asked to rewind the tape.

b. During the earth orbit period when the CSM is not over a MSFN
s t a t i o n , C S M T L M - L B R d a t a w i l l b e r e c o r d e d o n t h e D S E a n d w i l l b e
dumped during the pass over the US and over CRO prior to TLI if
p o s s i b l e .

c. DSE will be used for CSM HBR and voice recording during all CSM
e n g i n e b u r n s .

d. DSE data and voice recordings will be made in CSM LBR mode
whenver possible in order to minimize the DSE dump time.
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e. During PTC using the HGA REACQ communications mode the DSE
w i l l b e u s e d t o r e c o r d L B R d a t a w h e n t h e H G A i s n o t i n t h e
M S F N fi e l d o f v i e w .

f . Dur ing lunar orb i t LM operat ions, the DSE wi l l be used to record
LM-TLM-LBR data during all docked LM activites that occur on the
lunar farside. For undocked LM activites only DOI will be record
ed as VHF ranging is required.

g. DSE wi l l be used to record al l HBR entry data dur ing the blackout
r e g i o n .

3 . L a u n c h - E a r t h O r b i t P h a s e
a . O M N I B a n d V H F L E F T w i l l b e s e l e c t e d f o r l i f t o f f . O M N I D w i l l

be selected by the crew during boost phase if the launch azimuth
is less than 96° or OMNI C if the launch azimuth is greater than
96°. OMNI D will probably be the best antenna for earth orbit.

b. VHF Duplex B will be used for launch, and Simplex A for earth
o r b i t o p e r a t i o n s .

c. VHF Simplex A will be used for entry to be compatible with
recovery forces communicat ions.

4 . T r a n s l u n a r a n d T r a n s e a r t h C o a s t P h a s e
The translunar and transearth sleep communications mode will be as
follows. The CSM x-axis will be placed normal to the ecliptic
plane. The CSM will be rolled at a rate of approximately three
revolution per hour. During the near earth sleep periods prior
to 30 hours GET (range less than IZOKnm) omni antennas B and D
will be used. During the other sleep periods (beyond 120Knm)
the high gain antenna may be required (in the REACQ mode). The
REACQ configuration will provide approximately 210 degrees of HGA
coverage per CSM/LM revolution or 35 minutes of MSFN coverage per
hour. The REACQ configuration will also allow MCC-H to use real
time control to select TLM HBR or LBR and to dump the DSE during
each spacec ra f t revo lu t i on .

5 . Lunar Exp lo ra t ion Phase
a. Normal CSM communications between MSFN/LM will be by S-Band

during the lunar exploration period.
b. If addit ional communications capabil i ty is required the

S-Band erectable antenna will be deployed by the EVA crewman
and wi l l be ut i l ized for al l LM/MSFN/CSM cotmiunicat ions.

c. During periods when both crewmen are EVA, the "AR" position
(Relay Mode) will be the normal communication mode on each of
the Extravehicular Communication System (EVCS). The CDR
will relay the LMP VHF voice and data to the LM which in
turn wi l l relay to MCC-H via S-Band.
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CSM Notes
1. Electrical Power System and Water Management

a. Spacecraft lift-off switch positions are listed in the Apollo
Operations Handbook (Volume 2) for CSM 107.

b. The CSM will remain fully powered up throughout the mission
(CMC, IMU and SCS in the "operate" configuration and optics
power-up as required).

c. Fuel cell H2 and 02 purging is scheduled as follows H2 approx
imately every 48 hours and 02 approximately every 12 hours.

d. The hydrogen and oxygen VAC ION pumps will be inactive through-
o u t t h e m i s s i o n .

e. Potable water will be chlorinated once a day before each sleep
period, starting with the First sleep period (GET 13:30).
The POT H20 inlet valve will be opened prelaunch.

f. FC purges and waste water dumps will not be scheduled within
one hour prior to optical sightings.

g. Waste H20 dumping will be managed to allow:
XT) Maximum QTY:85-90%
(2) Minimum QTY:25%
(3) At LOI:QTY = 75%
(4) At CM-SM SEP;QTY = 90% to 100%
(5) No dumping after MCC3 until after LOI
(6) Dumps will be performed (if required) within 2 hours pre

ceding MCC maneuvers
(7) In lunar orbit if dumping is required, dumps will be per

formed immediately prior to sleep periods
(8) The water dump will not be operated in the automatic mode

at anytime during the mission
h. The cryogenic heaters will be in AUTO during the mission and

the fans will be operated manually. The fans will be cycled
for one minute before and after each sleep cycle.

i. The batteries will be charged according to the following
s c h e d u l e :

2. Environmental Control System and Cabin Pressurization
"a:^ One C02 odor absorber fil ter (LiOH canister) is changed

approximately every 12 hours or if C02 partial pressure is
greater than 7.6mm Hg. There are 20 filters (2 in the
canisters onboard and 18 stowed).

T i m e B a t t e r y
5 : 2 0 : 0 0

1 2 : 2 0 : 0 0
4 8 : 1 0 : 0 0
8 0 : 2 5 : 0 0

1 0 3 : 3 0 : 0 0
1 4 8 : 0 0 : 0 0
1 5 4 : 0 0 : 0 0

B
A
B
A
B
A
B

1 - 1 7



b . T h e c o o l a n t l o o p o p e r a t i o n w i l l b e a s f o l l o w s :
( 1 ) L a u n c h - p r i m a r y l o o p o p e r a t i o n
(2) Earth Orbit - primary loop operation and secondary

l o o p t e s t
(3) Post TLI - deactivate both evaporators
(4) Pre LOI sec rad leak ck only,
(5) At 112:30 act ivate primary evaporator
(6) Post TEI - deactivate primary evaporator
(7) Entry interface minus 1 hour - activate primary and

s e c o n d a r y e v a p o r a t o r .

3 . Gu idance and Nav iga t i on
a . Du r i ng l una r o rb i t , t he CSM and LM

win ut i l ize the same landing s i te
REFSMMAT such that the gimbal angles
would be 0,0,0 at landing with the
LM sitting face forward on landing
s i t e n u m b e r t w o a n d t h e C S M o v e r
the landing site pitched up 90°
from local horizontal "heads up".

b. During PTC the CSM/LM x-axis is Ditched up 90° (North)
for TLC and down 90° (South) for TEC with the Y-Z axes
in the plane of the ecl ipt ic. This change in x-axis
pointing is to enable simultaneous viewing of the earth
and moon through the side windows while maintaining a
favorable high gain antenna position.

c. The CSM tracking light will be on continuously from undock-
ing to landing and from LM lift-off to docking.

4 . L a n d m a r k Tr a c k i n g
The following ground rules were used for landmark tracking.
a. IMU to be realigned on the dark side preceding each track

i n g p e r i o d .
b. MSFN is reacquired after each tracking period. The

tracking data will be acquired by MSFN after all the
marks have been made and while N49 (aR,aV) is displayed.
MSFN will give a GO when data acquisition has been verified.

c. The pseudo landmark tracking (Al) will be used to determine
the altitude of an area in which the LM will be making al
titude checks after DOI. The data will be processed during
the sleep period after the trackings and relayed to the LM
prior to undocking.
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7 .

d . I n t h e d o c k e d c o n fi g u r a t i o n t h e C S M / L M
app roaches t he l andmark i n an i ne r t i a !
h o l d a t t i t u d e . T h i s i n e r t i a ! a t t i t u d e
places the spacecraft 2° below the
l o c a ! h o r i z o n t a l a t t h e 3 5 ° e l e v a t i o n
angle point. At 35° elevation angle a
pi tch down of 0.3°/sec is in i t iated.
F i v e m a r k s a r e t h e n t a k e n w i t h t h e
t i m e b e t w e e n m a r k s a m i n i m u m o f 2 5
seconds. (See tracking profile)

e . I n t h e u n d o c k e d c o n fi g u r a t i o n t h e C S M
approaches the landmark in ORB RATE and
pitched down 22° from the local horizon
tal . At 35° elevat ion angle f ive marks
a r e t a k e n w i t h t h e t i m e b e t w e e n m a r k s a
m i n i m u m o f 2 5 s e c o n d s . O R B R AT E i s
continued throughout the marking period.

f . In the undocked COAS t rack ing the CSM
will approach the LM in ORB RATE heads
up and pitched down 40° from the local
h o r i z o n t a l . W h e n t h e L M i s c e n t e r e d
i n t h e C O A S t h e C S M w i l l i n i t i a t e a
variable pitch rate to keep the LM
c e n t e r e d i n t h e C O A S .

5. CSM/LM and CSM attitude maneuvers will normally be at a rate
of 0.2°/sec or 0.5°/sec. unless other rates are required.
NOTE: At 0.2°/sec,15 minutes is required to maneuver 180°.

At 0.5°/sec, 6 minutes is required to maneuver 180°.

6. Passive thermal control mode wil l be init iated after MCCl or
as soon as MCCl is scrubbed and maintained throughout the
mission (except in lunar orbit) until at least three hours
before entry except for interruptions for midcourse corrections,
communications orientation (maximum interruption of three
hours). PTC wil l not be ini t iated before approximately 7:00
G E T.

Service Propulsion System A11 SPS burns wi11 be initiated
on Bank A except LOIl which will be initiated on Bank B.

L M N o t e s
1 . E n t r i e s i n t o t h e L M

a . T h r e e e n t r i e s i n t o t h e L M a r e s c h e d u l e d i n t h e t i m e l i n e
at 56:30, 81:30 and 95:52 GET respectively.
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b. The first entry (56:30 GET) will be for LM familiarization
and will be performed by the CDR and LMP in the constant
wear garments. During this period there will be approxi
mately 5 minutes of VHF-B LBR data which will be recorded
by the DSE in the CSM. The LM will remain on CSM power
during the crew familiarization period.

c. The second entry (81:30 GET) will be for LM housekeeping
and will be performed by the LMP in constant wear garments.
During this period the LM will go to internal power for the
S-Band/VHF B voice act ivat ion.

d. The third entry into the LM (95:52 GET) will be performed
by the LMP in LCG's to prepare the LM for undocking and
descent to the lunar sur face. Dur ing th is per iod the LMP
and CDR initially transfer to the LM in LCG's then return
to the CSM for PGA donning.

2. Env i ronmenta l Contro l System and Cabin Pressur izat ion
a . T h e L M c a b i n w i l l c o n t a i n a m b i e n t a i r a t l i f t o f f a n d w i l l

bleed down to zero pressure psi during the launch.
b . The LM wi l l be pressur ized fo r t ranspos i t ion and dock ing

after which it will be isolated and the pressure periodically
m o n i t o r e d .

c. The LM will be pressurized prior to the first entry (LM
familiarization) after which it will be isolated again
for the remainder of the TLC period.

d. Prior to the second entry (LM housekeeping) it will be
pressurized again and will remain pressurized.

3. Guidance and Navigat ion
a. Two LGC erasable memory dumps and MCC-H verifications will

be accomplished prior to DOI. If a significant number of
e r ro rs a re found , memory co r rec t i on and re -ve r i fica t i on
will be performed before DOI.

b. The LM IMU will be manually aligned to the CSM IMU during
the DOI Day LM activation and checkout. P52/A0T alignments
will be performed as close to DOI as possible.

c. All translations during the undocked manned LM operations will
b e u n d e r P G N C S c o n t r o l .

d. The capability for MCC-H to update the LGC via uplink will
normally be blocked by the LMP UP-DATA LINK switch (panel 12).
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4. RCS Operat ion and Inter face Constra ints
a. During CSM/LM docked checkout operations, the LM steerable

and/or RR antennas will not be powered down once they have
b e e n a c t i v a t e d . T h e S M B 3 a n d C 4 t h r u s t e r s w i l l b e
deactivated before the LM steerable and/or RR antennas have
been unstowed in order to prevent SM-RCS impingement on these
a n t e n n a s .

b. The CSM roll jets and LM yaw jets wil l be disabled when the
probe is preloaded (docking latches are cocked) and the tunnel
is pressurized prior to undocking. The jets will be activated
a f t e r t u n n e l v e n t i n g .

c. LM RCS two jet ullage (System B) will be used for unstaged
ullage maneuvers in order to prevent asymetrical RCS thrust
caused by impingement on the descent stage.

d . The RCS in te rconnect w i l l be used dur ing the APS l i f t -o f f
and ascent, but wil l not be used during the rendezvous maneuvers.

5 . R e n d e z v o u s
a. The rendezvous radar will be pointed away from the sun

and will be turned off when no functional use is required
to prevent overheating of the antenna.

b. The LM t rack ing l ight w i l l be on cont inuous ly between
separation and touchdown and between launch and docking ex
cept during PGNCS/AOT alignments. During PGNCS/AOT align
ments (LM P52), the tracking light would interfere with the
alignments, (dark adaption)
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UPDATE FORMS

This sect ion contains the update pads which are in the

Fl ight Data F i le onboard the spacecraf t .
T h e C S M f o r m s a r e a s f o l l o w s :

1 . T L I M a n e u v e r

2 . P 3 7 B l o c k D a t a

3. P27 Update
4. P30 Maneuver (External AV)
5 . P 7 6

6 . C S M R e n d e z v o u s R e s c u e

7. Lunar Entry
8. Earth Orbit Entry
9 . E a r t h O r b i t B l o c k D a t a

The LM fo rms a re :

1. P27 Update
2. AGS State Vector Update
3. Phasing P30 LM Maneuver
4 . P 3 0 L M M a n e u v e r

5 . D O I D a t a

6 . P D I D a t a

7 . L u n a r S u r f a c e

8 . L M A s c e n t

9 . C S I D a t a

1 0 . C D H D a t a

1 1 . T P I D a t a
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T L I P A D

T B 6 p X : X X : X X P R E D I C T E D T I M E O F B E G I N N I N G O F
(HR:MIN:SEC) S-IVB RESTART PREPARATION FOR

TLI (TB6 = TLI IGN -578.6 SEC)
R X X X ( D E G ) P R E D I C T E D S P A C E C R A F T I M U
P X X X ( D E G ) G I M B A L A N G L E S A T T L I
Y X X X ( D E G ) I G N I T I O N

B T X : X X ( M I N : S E C ) D U R A T I O N O F T L I B U R N

^ V C X X X X . X ( F P S ) N O M I N A L T L I A V S E T I N T O
EMS AV COUNTER

V I + X X X X X ( F P S ) N O M I N A L I N E R T I A L V E L O C I T Y
DISPLAYED ON DSKY AT TLI
CUTOFF

R S E P X X X ( D E G ) P R E D I C T E D S P A C E C R A F T I M U
P S E P X X X ( D E G ) G I M B A L A N G L E S A T C O M P L E T I O N
Y S E P X X X ( D E G ) O F S - I V B M N V R T O C S M / S - I V B

S E P AT T I T U D E

R E X T X X X ( D E G ) P R E D I C T E D S P A C E C R A F T I M U
P E X T X X X ( D E G ) G I M B A L A N G L E S A T T I M E
Y E X T X X X ( D E G ) O F C S M E X T R A C T I O N O F

LM FROM S-IVB

2 - 3



P 3 7 B L O C K D A T A

G E T !

X X A V T

X X L O N G

^̂ ^400K
G E T I

X X a V T

X X L O N G

^̂ ^400K
G E T I

X X A V T

X X L O N G

^̂ ^400K
- a
CaJ
V I

G E T I C O

X X A V T

X X L O N G
i

i

•

' ^̂ ^400K
G E T I

X X A V T

X X L O N G

^̂ ^400K
O".
« o

G E T I
O v

X X A V T

X X L O N G

Q - ^̂ ^400K
<

G E T I

X X A V T

X X L O N G

^̂ "̂ 400K
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P37 BLOCK DATA

G E T I X X X r X X D E S I R E D T I M E O F I G N I T I O N
(HR:MIN)

A V T X X X X ( F P S ) T O T A L V E L O C I T Y O F M N V R

L O N G + X X X ( D E G ) L O N G I T U D E O F T H E L A N D I N G
POINT FOR ENTRY GUIDANCE

G E T 4 0 0 K X X X r X X T I M E O F E N T R Y I N T E R F A C E
(HRrMIN)
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P27 UPDATE

PURR V V V

G F - r
• •

• •
• •
• •

• •
• •

3 0 4 J 1

02

03

0 4

05

0 6

07

10

11

12

13

14

15

16

17

2 0

21

2 2

23

2 4

I N D E X I N D E X I N D E X

N 3 4 H R S
M I N

N A V C H E C K S E C

X X X X X X

X X X X X X X X

X X X X
1

ft

N 4 3 L A T

L O N G

A L T

0 0

i .

+ 0 + 0 1
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P27 UPDATE - CSM

PURP

V

GET

3 0 4 0 1

0 2 - 2 4

N34 NAV CHECK

N 4 3

L AT

LONG

A L T

XXX

XX (VERB)

X X X ; X X : X X
(HR:MIN:SEC)

XX (OCTAL)

XX (OCTAL)

X X X : X X : X X . X X
(HR:MIN:SEC)

TYPE OF DATA TO BE
RECEIVED (SUCH AS:
CMC TIME)

TYPE OF COMMAND LOAD
(70-71-72-73)

TIME DATA RECORDED

INDEX NO. OF COMMAND
WORDS IN LOAD

CORRECTION IDENTIF IERS

TIME FOR CONFIRMATION
OF GROUND TRACK

XX.XX (DEG) LAT ITUDE FOR GROUND
TRACK CONFIRMATION

XXX.XX (DEG) LONGITUDE FOR GROUND
TRACK CONFIRMATION

X X X . X ( D E G ) A LT I T U D E F O R G R O U N D
TRACK CONFIRMATION
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P30 MANEUVER

P U R P O S E

SET STARS f PROP/GUID
+ 3 (fi c? 1 W T N 4 7

•̂ ALIGN 0 0 0 , 0 1 ''trim N 4 8

" O
C O '̂ Al inN 4 - 0 0 Cf 6 "̂TRIM o

C O
o

"^Al IGN + 0 0 \ a 7 HRS G E T I
Q -

+ 0 0 0 M I N N 3 3

+ 0 3 s r SEC

1I I 1 AGF 3 ySr X
>< ] N 8 1

*+- o b $ 9, AVy
- 0 z . n AVz
X X X A R

X X X o s L P

X X X N m Y

k/a-1
+ "A N 4 2

Hp
+

i
A V T

h o r i z o n A v i n d o w
X X X BT

X 1 \ A V C

X X X X SXTS

+
i 1

0 SFT

+ 0 0 T R N
o
V O
C N

X X X BSS

X X
i » S P A

l O
— I X X X S X P
Q ;
Q _

< O T H F R 0 L A T N 6 1

L O N G

+ R T G O E M S

+ V I O

1 G E T 0 . 0 5 G
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P30 MANEUVER

PURPOSE

PROP/GUID

WT

P T R I M

Y T R I M

GETI

AVX
AVY
AVZ

R
P
Y

HA

HP

AVT

BT

AVC

SXTS

SFT

TRN

XXXXX

XXX/XXX

+XXXXX (lbs)

+ X.XX (DEG)

+̂ X.XX (DEG)

X X : X X : X X . X X
(HRS:MIN:SEC)

+XXXX.X (FPS)
+XXXX.X (FPS)
+XXXX.X (FPS)

XXX (DEG)
XXX (DEG)
XXX (DEG)

XXXX.X (NM)

+XXXX.X (NM)

+XXXX.X (FPS)

X:XX (MIN:SEC)

XXXX.X (FPS)

XX (OCTAL)

+XXX.X (DEG)

+XX.X (DEG)

XX (OCTAL)

TYPE OF MNVR TO BE PERFORMED

PROPULSION SYSTEM (SPS/RCS)/
GUIDANCE (SCS/G&N)

PREMANEUVER VEHICLE WEIGHT

SPS PITCH GIMBAL OFFSET TO
PLACE THRUST THROUGH THE CG

SPS YAW GIMBAL OFFSET TO
PLACE THRUST THROUGH THE CG

TIME OF MNVR IGNITION

P30 VELOCITY TO BE GAINED
COMPONENTS IN LOCAL VERTICAL
COORDINATES

IMU GIMBAL ANGLES OF
MANEUVER ATTITUDE

PREDICTED APOGEE ALTITUDE
AFTER MANEUVER

PREDICTED PERIGEE ALTITUDE
AFTER MANEUVER

TOTAL VELOCITY OF MANEUVER

MANEUVER DURATION

PREMANEUVER AV SETTING IN
EMS AV COUNTER

SEXTANT STAR FOR MANEUVER
AT T I T U D E C K

SEXTANT SHAFT SETTING FOR
MANEUVER ATTITUDE CK

SEXTANT TRUNNION SETTING FOR
MANEUVER ATTITUDE CK

BORESIGHT STAR FOR MANEUVER
ATTITUDE CK USING THE COAS
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S PA

SXP

L AT
LONG

RTGO

V I O

GET (.05G)

SET STARS

R , P, Y
(ALIGN)

ULLAGE

HORIZON/WINDOW

OTHER

+XX.X (DEG)

+X.X (DEG)

+XX.XX (DEG)
+XXX.XX (DEG)

+XXXX.X (NM)

+XXXXX (FPS)

X X X : X X : X X . X X
(HRS:MIN;SEC)

XX (OCTAL)
XX (OCTAL)

XXX (DEG)
XXX (DEG)
XXX (DEG)

X (JETS)
XX.X (SEC)

XX.X (DEG)

BSS PITCH ANGLE ON COAS FOR
MANEUVER ATTITUDE CK

BSS X POSITION ON COAS FOR
MANEUVER ATTITUDE CK

LATITUDE AND LONGITUDE OF THE
LANDING POINT FOR ENTRY
GUIDANCE

RANGE TO GO FOR EMS
I N I T I A L I Z A T I O N

I N E R T I A L V E L O C I T Y AT . 0 5 G F O R
E M S I N I T I A L I Z AT I O N

T I M E O F . 0 5 G

STARS FOR BACKUP GDC ALIGN

AT T I T U D E TO B E S E T I N
ATTITUDE SET TW FOR BACKUP
GDC ALIGN

NO. OF SM RCS JETS USED AND
LENGTH OF TIME OF ULLAGE

WINDOW MARKING AT WHICH
HORIZON IS PLACED AT A
SPECIFIED TIG (ATT CK)

ADDITIONAL REMARKS VOICED
UP BY MCC-H

2 - 1 0
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P76 UPDATE PAD

1 PURPOSE

+ 0 0 4 - 0 0 H R N 3 3

M I N T I G

S E C

+ 0 0 0 + 0 0 0

+ 0 + 0

A V X N 8 4

A V Y

A V Z

" D

O
o

a .

PURPOSE
+ 0 0 + 0 0 H R N 3 3

M I N T I G

SEC

+ 0 0 0 + 0 0 0

APRIL 5, 1969

+ 0 + 0

A V X N 8 4

A V Y

A V Z

P U R P O S E

+ 0 0 + 0 0 H R N 3 3

M I N T I G
S E C

+ 0 0 0 + 0 0 0

+ 0 + 0

A V X N 8 4

A V Y

A V Z

PURPOSE

+ 0 0 + 0 0 H R N 3 3

M I N T I G

SEC

+ 0 0 0 + 0 0 0

+ 0 + 0

A V X N 8 4

A V Y

A V Z

2 - n



P76 UPDATE PAD

P U R P O S E X X X X X P U R P O S E O F M A N E U V E R

N 3 3 T I G X X ; X X : X X . X X T I M E O F I G N I T I O N
^ ( H R : M I N : S E C )

N 8 4

A V X X X X X . X ( F P S ) C O M P O N E N T S O F
A V Y X X X X . X ( F P S ) A V A P P L I E D A L O N G
A V Z X X X X . X ( F P S ) L O C A L V E R T I C A L A X I S

AT TIG (LM)

2 - 1 2
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CSM SEP PAD

3 3

81

22

D P I PA D

84

33

GETI

DELTA VX
DELTA VY
DELTA VZ

R
P
Y

DELTA VX
DELTA VY
DELTA VZ

GETI

P D I + 1 2 A B O RT PA D

8 4

3 3

DELTA VX
DELTA VY
DELTA VZ

GET I

"CSM RESCUE" PAD

PHAS 33

T P I 3 7
(PDI 10)

T P I 3 7
(PDI 10)

GET I

GET I

GET I

X X X : X X : X X . X X
(HRS:MIN:SEC)

+XXXX.X (FPS)
+XXXX.X (FPS)
+XXXX.X (FPS)

XXX (DEG)
XXX (DEG)
XXX (DEG)

XXXX.X (FPS)
XXXX.X (FPS)
XXXX.X (FPS)

X X X : X X : X X . X X
(HRS:MIN:SEC)

XXXX.X (FPS)
XXXX.X (FPS)
XXXX.X (FPS)

X X X : X X : X X . X X
(HRS:MIN:SEC)

X X X : X X : X X . X X
(HRS:MIN:SEC)

X X X : X X : X X . X X
(HRS:MIN:SEC)

X X X : X X : X X . X X
(HRS:MIN:SEC)

GET OF CSM/LM SEPARATION
BURN

LOCAL VERTICAL
VELOCITY COMPONENTS
OF SEP BURN

SEPARATION BURN
INERT IAL G IMBAL ANGLES

LM LOCAL VERTICAL
VELOCITY COMPONENTS
FOR DOI BURN

GET OF DOI BURN

LM LOCAL VERTICAL VELOCITY
COMPONENTS FOR FIRST
OPPORTUNITY PDI
PLUS 12 MIN ABORT

G E T O F P D I + 1 2
MIN ABORT BURN

GET OF CSM
ABORT PHASING BURN

GET OF TPI FOR
LM ABORTS BETWEEN
P D I A N D P D I + 1 0 M I N

GET OF TPI FOR
LM ABORTS AFTER
P D I + 1 0 M I N

"CSM RESCUE UPDATE" PAD

PHAS 3 3 G E T I X X X : X X : X X . X X
(HRS:MIN:SEC)

GET OF CSM
ABORT PHASING BURN
FOR 2ND OPPORTUNITY
(1 REV DELAY)
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T P I ( P D I 1 4 . 5 ) G E T I X X X : X X : X X . X X
3 7 ( H R S : M I N : S E C )

T P I ( T 2 ) G E T I X X X : X X : X X . X X
3 7 { H R S : M I N : S E C )

RESCUE TWO PAD

4 7 W T X X X X . X ( l b s )

4 8 P T R I M X . X X ( D E G )

Y T R I M X . X X ( D E G )

3 3 G E T I X X X : X X ; X X . X X
(HRS:MIN:SEC)

8 1 D E L T A V X X X X X . X ( F P S )
D E LTA V Y X X X X . X ( F P S )
D E LTA V Z X X X X . X ( F P S )

2 2 R X X X ( D E G )
P X X X ( D E G )
Y X X X ( D E G )

A V c A V c X X . X ( F P S )

11 GET I

3 7 GET I

X X X : X X : X X . X X
(HRS:MIN:SEC)

X X X : X X : X X . X X
(HRS:MIN:SEC)

GET OF TPI
FOR LM ABORTS
BETWEEN PDI AND
P D I + 1 4 . 5 M I N
FOR 2ND OPPORTUNITY

GET OF PREFERRED
L M L I F T O F F T I M E

PREMANEUVER
CSM WEIGHT

SPS PITCH & YAW
GIMBAL OFFSET TO
PLACE THRUST
THROUGH THE CG

GET OF RESCUE
BURN

LOCAL VERTICAL
VELOCITY COMPONENTS
OF RESCUE BURN

RESCUE BURN
GIMBAL ANGLES

VELOCITY TO BE
SET IN EMS
COUNTER FOR RESCUE
BURN

GET OF CSI
BURN BASED ON
RESCUE BURN

GET OF TPI
BURN BASED ON
RESCUE BURN

THE FUTURE APS I DAL
CROSSING (APOLUNE
OR PERILUNE) OF
T H E A C T I V E V E H I C L E
AT WHICH CDH SHOULD
OCCUR
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CSI ONE

n

81

GET I

DELTA VX
DELTA VY
DELTA VZ

X X X ; X X : X X . X
(HRS:MIN:SEC)

XXXX.X (FPS)
XXXX.X (FPS)
XXXX.X (FPS)

X

CDH

13

81

TP I

37

81

5 9

LOS BT

P22 PAD

T1

GET I

DELTA VX
DELTA VY
D E LTA V Z

DELTA VX
DELTA VY
D E LTA V Z

AV (LOS)

X X X : X X : X X . X
(HRS:MIN:SEC)

XXXX.X (FPS)
XXXX.X (FPS)
XXXX.X (FPS)

X X X : X X : X X . X
(HRS:MIN:SEC)

XXX (FPS)
XXX (FPS)
XXX (FPS)

XXX (FPS)

X : X X M I N r S E C

X X X : X X : X X . X X
(HRS:MIN:SEC)

GET OF CSI ONE
BURN

LOCAL VERTICAL
VELOCITY COMPONENTS
OF CSI ONE BURN

THE FUTURE APS I DAL
CROSSING (APOLUNE
OR PERILUNE) OF
T H E A C T I V E V E H I C L E
AT WHICH CDH SHOULD
OCCUR

CSI TWO. THREE. FOUR

SAME AS ABOVE EXCEPT CSI TWO. THREE. FOUR

GET OF CDH
BURN

LOCAL VERTICAL
VELOCITY COMPONENTS
OF CDH BURN

GET OF LM TPI
BURN

LOCAL VERTICAL
VELOCITY COMPONENTS
OF TPI BURN

VELOCITY COMPONENTS
ALONG THE LINE
OF SIGHT TO TARGET

BURN DURATION ALONG
T H E L I N E O F S I G H T

GET AT WHICH
LANDMARK APPEARS
ON HORIZON
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T 2

NM (N OR S)

8 9 L A T
LONG
ALT

N O M I N A L L M I G N I T I O N T I M E S

C S I 1 1 G E T I

P C 3 3 G E T I

T P I 3 7 G E T I

X X X : X X : X X . X X G E T A T W H I C H
( H R : M I N : S E C ) L A N D M A R K L O S I S

35° ABOVE LOCAL
HORIZONTAL

X X . X ( N M ) D I S T A N C E O F
LANDMARK NORTH OR
SOUTH OF ORBITAL
TRACK

+XX .X (D EG) L AT ITU D E OF L AN D MAR K
+ X X ( D E G ) L O N G I T U D E O F L A N D M A R K

ALTITUDE OF LANDMARK
ABOVE OR BELOW MEAN
LUNAR RADIUS

X X X : X X : X X . X N O M I N A L G E T
(HRS:MIN:SEC) ' OF LM CSI BURN

X X X : X X : X X . X X N O M I N A L G E T
(HRS:MIN:SEC) OF LM PLANE CHANGE

BURN

X X X : X X : X X . X X N O M I N A L G E T O F L M
( H R S : M I N : S E C ) T P I B U R N
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m t —

o
v O
o

m

c t ;
Q -

<

L U N A R E N T R Y

A R E A

X X X X X X R 0.05 G

P 0 . 0 5 G

Y 0 . 0 5 G

X X X X X X

X X X X X X

G E T H O R

PX X X X X X

0 0 L A T N 6 1

L O N G

X X X X X X M A X G

+ + V4OOK N60
r 4 0 0 K- 0 0 - 0 0

+ + R T G O E M S

V I O+ +

RRT

X X X X R E T 0 . 0 5 G

+ 0 0 + 0 0 L̂ ̂ AXN69
D̂_MIN
V|_MAX

M I N

+ 0 0 + 0 0

+ +

+ +

X X X X X X ^0
RETX X X X

X X X X RETBBO

RETEBO

R E T D R O

X X X X

X X X

X

X

X X X X X X X SXTS

+ 0 + 0 SFT

+ 0 0 + 0 0 T R N

X X X X X X BSS

X X X X S PA

X X X X X X SXP

X X X X X X X X L I F T V E C T O R

Q i

D Z
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LUNAR ENTRY PAD

AREA

R . 0 5 G
P . 0 5 G
Y . 0 5 6

GET
(HOR CK)

P
(HOR CK)

LAT

LONG

MAX G

V 4 0 0 K

4 0 0 K

RTGO

V I O

RRT

R E T . 0 5 G

DL MAX

DL MIN

VL MAX

XXXXX

XXX (DEG)
XXX (DEG)
XXX (DEG)

X X X : X X : X X

(HRS:MIN:SEC)
XXX (DEG)

+XX.XX (DEG)

+XXX.XX (DEG)

XX.X (G's)

+XXXXX (FPS)

-X.XX (DEG)

+XXXX.X (NM)

+XXXXX (fps)

X X X : X X : X X
(HRS:MIN:SEC)

X X : X X
(MINrSEC)

+X.XX (G's)

+X.XX (G's)

+XXXXX (FPS)

SPLASHDOWN AREA DEFINED BY
TARGET L INE

SPACECRAFT IMU GIMBAL ANGLES
REQUIRED FOR AERODYNAMIC
TRIM AT .05G

TIME OF ENTRY ATTITUDE
HORIZ CHECK AT EI -17 MIN.

PITCH ATTITUDE FOR HORIZON
CHECK AT EI -17 MIN.

LATITUDE OF TARGET POINT

LONGITUDE OF TARGET POINT

PREDICTED MAXIMUM REENTRY
ACCELERATION

INERTIAL VELOCITY AT ENTRY
INTERFACE

INERTIAL FLIGHT PATH ANGLE AT
ENTRY INTERFACE

RANGE TO GO FROM .05G TO TARGET
FOR EMS INITIALIZATION

INERTIAL VELOCITY AT .05G
FOR EMS INITIALIZATION

REENTRY REFERENCE TIME BASED
ON GET OF PREDICTED 400K
(DET START)

TIME OF .05G FROM 400K (RRT)

MAXIMUM ACCEPTABLE VALUE OF
PREDICTED DRAG LEVEL (FROM CMC)

MINIMUM ACCEPTABLE VALUE OF
PREDICTED DRAG LEVEL (FROM CMC)

MAXIMUM ACCEPTABLE VALUE OF
EXIT VELOCITY (FROM CMC)
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VL MIN

DO

RET VCIRC

RETBBO

RETEBO

RETDRO

SXTS

SFT

TRN

BSS

SPA

SXP

L IFT VECTOR

+XXXXX (EPS)

X.XX (G's)

XX: XX
(MIN:SEC)

X X : X X
(MIN:SEC)

X X : X X
(MIN:SEC)

XX:XX
(MIN:SEC)

XX (OCTAL)

+XXX.X (DEG)

+XX.X (DEG)

XXX (OCTAL)

+XX.X (DEG)

+ X.X (DEG)

XX (UP/DN)

MINIMUM ACCEPTABLE VALUE OF
EXIT VELOCITY (FROM CMC)

PLANNED DRAG LEVEL DURING
CONSTANT G

TIME FROM EI THAT S/C VELOCITY
BECOMES CIRCULAR

TIME FROM EI TO THE BEGINNING
OF BLACKOUT

TIME FROM EI TO THE END OF
BLACKOUT

TIME FROM EI TO DROGUE DEPLOY

SEXTANT STAR FOR ENTRY ATTITUDE
CHECK

SEXTANT SHAFT SETTING FOR
ENTRY ATTITUDE CHECK

SEXTANT TRUNNION SETTING FOR
ENTRY ATTITUDE CHECK

BORESIGHT STAR FOR ENTRY
ATTITUDE CHECK USING THE COAS

BSS PITCH ANGLE ON COAS FOR
ENTRY ATTITUDE CHECK

BSS X POSITION ON COAS FOR
ENTRY ATTITUDE CHECK

LIFT VECTOR DESIRED AT .05G's
BASED ON ENTRY CORRIDOR
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EARTH ORBIT ENTRY UPDATE

X X
1

A R E A

X X - X X - A V T O

X X X X X X R 0 . 0 5 G E M S
X X X X X X P 0 . 0 5 G

X X X X X X Y 0 . 0 5 G

+ + R T G O E M S
+ + V I O

X X X X R E T 0 . 0 5 G

0 0 L A T N 6 1

L O N G

1969
X X X X R E T 0 . 2 G

DRE (55°) N66

o
R R /

/ R R / B A N K A N

- J
X X X X RET RB

a . X X X X RETBBO
<

X X X X RETEBO

X X X X R E T D R O G

X X X X X X (90°/fps) CHART
X X X X DRE (90°) UPDATE

P O S T B U R N

X X X X X X P 0 . 0 5 G
+ + R T G O E M S

+ + V I O

X X X X R E T 0 . 0 5 G

m
X X X X R E T 0 . 2 G

. >

O ^z D R E ± 1 0 0 n m N 6 6

R R /
/ R R /

/ B A N K A N LU Z
L U

X X X X RETRB

X X X X RETBBO

X X X X RETEBO

R E T D R O G T O M A I NX X X X
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EARTH ORBIT ENTRY UPDATE

AREA X X X - X

AV TO

EMS

R 0 . 0 5 G
P 0 . 0 5 G
Y 0 . 0 5 G

EMS

RTGO

V I O

R E T 0 . 0 5 G

N61

L AT

LONG

N 6 6

RET
. 2 G

ORE (55°)

BANK AN

XX.X (EPS)

XXX (DEG)
XXX (DEG)
XXX (DEG)

XXXX.X (NM)

XXXXX (FPS)

XX:XX (MIN:SEC)

+XX.XX (DEG)

+XXX.XX (DEG)

XX:XX (MIN:SEC)

+XXXX.X (NM)

XX/XX (DEG/DEG)

RECOVERY AREA - F IRST
3 DIGITS DENOTES REV
IN WHICH LANDING OCCURS.
LAST D IG IT DENOTES
RECOVERY AREA AND SUPPORT
C A PA B I L I T I E S

AV DUE TO ENGINE TAILOFF

SPACECRAFT IMU
GIMBAL ANGLES REQUIRED
FOR AERODYNAMIC TRIM
A T 0 . 0 5 G .

RANGE TO GO FROM
.05G TO TARGET

I N E RT I A L V E L O C I T Y
AT .05G FOR EMS
I N I T I A L I Z A T I O N

TIME FROM RETROFIRE
T O . 0 5 G

LATITUDE OF IMPACT LANDING
P O I N T

LONGITUDE OF IMPACT LANDING
P O I N T

TIME FROM RETROFIRE
T O . 2 G

DOWNRANGE ERROR
A T . 2 G

BACKUP BANK ANGLE
FOR SCS ENTRY:
ROLL RIGHT/ROLL LEFT

2 - 2 2



RETRB

RETBBO

RETEBO

RETDROG

CHART UPDATE

90° /FPS
DRE (90°)

POST BURN

P 0 . 0 5 G

EMS

RTGO

VIO

R E T 0 . 0 5 G

RET 02G

DRE

BANK AN

RETRB

XX:XX (MIN:SEC)

XX:XX (MIN:SEC)

XX:XX (MIN:SEC)

XX:XX (MIN:SEC)

+ X X
+XXX

XXX (DEG)

+XXXX.X (NM)

+XXXXX (EPS)

XX:XX (MIN:SEC)

XX:XX (MIN:SEC)

+XXXX.X (NM)

XX/XX (DEG/DEG)

XX:XX (MIN:SEC)

TIME FROM RETROFIRE
TO REVERSE BACKUP
BANK ANGLE

TIME FROM RETROFIRE TO
BEGINNING OF COMMUNICATIONS
BLACKOUT

TIME FROM RETROFIRE TO END
OF COMMUNICATIONS BLACKOUT

TIME FROM RETROFIRE TO
DROGUE CHUTE DEPLOYMENT

VALUES USED TO RE-PLOT
BACKUP ENTRY CHART -
AV AND DOWN RANGE ERROR
(DRE) (3 90° BANK ANGLE

PITCH ANGLE @ ENTRY
INTERFACE

RANGE TO GO FROM 0.056
TO TARGET FOR EMS COUNTER

INERTIAL VELOCITY @ 0.05G

TIME FROM RETROFIRE TO 0 .5G

TIME FROM RETROFIRE TO 0 .2G

DOWN RANGE ERROR

BACKUP BANK ANGLE FOR SCS
ENTRY: ROLL RIGHT/ROLL LEFT

TIME FROM RETROFIRE TO
REVERSE BACKUP BANK ANGLE
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R E T B B O X X : X X ( M I N : S E C )

R E T E B O X X : X X ( M I N r S E C )

R E T D R O G X X : X X ( M I N : S E C )

TIME FROM RETROFIRE TO
BEGINNING OF COMMUNICATIONS
BLACKOUT

TIME FROM RETROFIRE TO END
OF COMMUNICATIONS BLACKOUT

TIME FROM RETROFIRE TO
DROGUE CHUTE DEPLOYMENT
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o

o

a .

<

a ?

o b
^ •

EARTH ORBIT BLOCK DATA

X X — X X — A R E A

X X X X X X
•

L A T

L O N GX X X X

i i G E T I

AVcX X X X X X

X X X X A R E A

X X X X X X L A T

L O N GX X X X

G E T I

AVcX X X
i 1

X X X

X X X X A R E A

X

Y "
X X X X X L A T

L O N GX X X

G E T I

AVcX X X
i >

X X X

X X X X A R E A

X X X X X X L A T

L O N GX X X X

: G E T I

AVcX X X X X X

X X X X A R E A

X X X X X X L AT

L O N GX X X X

*
!
i

G E T I

AVcX X X X X X

R E M A R K S ;
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EARTH ORBIT BLOCK DATA

A R E A X X X - X

L A T + X X . X X ( D E G )
L O N G + X X X . X ( D E G )

G E T I X X X : X X : X X . X X
(HR:MIN:SEC)

A V C X X X . X ( F P S )

RECOVERY AREA
F I R S T 3 D I G I T S -
LANDING REVOLUTION
L A S T D I G I T -
RECOVERY AREA AND
S U P P O RT C A PA B I L I T I E S

COORDINATES OF THE
DESIRED LANDING AREA

D E O R B I T I G N I T I O N T I M E
FOR THE DESIRED
LANDING AREA

DEORBIT MANEUVER
AV TO BE LOADED INTO THE
EMS COUNTER.
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LM P27 UPDATE

PURP V V V

G E T
• •
• •

• •
• •

• •
• •

1 1 7 4 0 1

0 2

03

0 4

05

0 6

0 7

10

11

12

13

14

15

16

17

2 0

21

2 2

23

2 4

I N D E X I N D E X I N D E X

" U
K 3
V J

i x
C N
Q .

APRIL 16, 1969
N 3 4 H R

M I N

N A V C H E C K S E C

X X X X X X

X X X X X X X X

X X
f

X X

N 4 3 L A T

L O N G

A L T

0
1 >

0

1

+ 0 + 0
>
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P27 UPDATE-LM

PURR

V

GET

11 7 4 0 1

0 2 - 2 4

N34 NAV CHECK TIME

N 4 3

L AT

LONG

A LT

XXX

XX (VERB)

X X X : X X : X X
(HR;MIN:SEC)

XX (OCTAL)

XX (OCTAL)

X X X : X X : X X . X X
(HR:MIN;SEC)

XX.XX (DEG)

XXX.XX (DEG)

XXX.X (NM)

TYPE OF DATA TO BE
RECEIVED (SUCH AS:
LDG TIME)

TYPE OF COMMAND
LOAD (70-71-72-73)

TIME DATA RECORDED

INDEX NO. OF COMMAND
WORDS IN LOAD

CORRECTION WORD
I D E N T I F I E R S

TIME FOR CONFIRMATION
OF GROUND TRACK

LATITUDE FOR GROUND
TRACK CONFIRMATION

LONGITUDE FOR GROUND
TRACK CONFIRMATION

ALTITUDE FOR GROUND
TRACK CONFIRMATION

2 - 2 8



AGS STATE VECTOR UPDATE

PURP

2 4 0

24 1

2 4 2

2 6 0

26 1

2 6 2

+ + 2 5 4

2 4 4

2 4 5

2 4 6

2 6 4

2 6 5

2 6 6

+ + 2 7 2C N
NO
C N

l o

a c
Q -

<

>
O
t / 1

0 0

<

R E M A R K S :

2 - 2 9



AGS STATE VECTOR UPDATE

PURP

2 4 0

241

2 4 2

+XXXXX (TOO FT)

+XXXXX (100 FT)

+XXXXX (100 FT)

PURPOSE FOR AGS STATE
VECTOR UPDATE

LM STATE VECTOR-POSITION
COMPONENTS

2 6 0

261

2 6 2

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

LM STATE VECTOR-VELOCITY
COMPONENTS

2 5 4 +XXXX.X (MIN) LM TIME FOR WHICH
THE STATE VECTOR IS
ACCURATE

2 4 4

2 4 5

2 4 6

+XXXXX (100 FT)

+XXXXX (100 FT)

+XXXXX (100 FT)

CSM STATE VECTOR-POSITION
COMPONENTS

2 6 4

2 6 5

2 6 6

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

CSM STATE VECTOR-VELOCITY
COMPONENTS

2 7 2 +XXXX.X (MIN) CSM TIME FOR WHICH
THE STATE VECTOR IS
ACCURATE

2 - 3 0
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5
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X

2 1
O o o X X X X X X

_ J

o
+ + + + + X X X X X X

C O
C i .
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o

o o
C D X X X X X

1 — 1 o o o
t n
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X X X X X X
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PHASING

N 3 3 P H A S I N G T I G

N81 LOCAL VERTICAL AV

AVX

AVY

AVZ

N42 ORBITAL PARAMETERS

HA

HP

AVR

BT

F D A I

R

AGS AV

AVX AGS
AVY AGS
AVZ AGS

BSS

SPA
SXP

X X X : X X : X X . X X
(HR:MIN:SEC)

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (NM)

+XXXX.X (NM)

+XXXX.X (FPS)

X:XX (MINrSEC)

XXX (DEG)

XXX (DEG)

+XXXX.X (FPS)
+XXXX.X (FPS)
+XXXX.X (FPS)

XX (OCTAL)

+XX.X (DEG)
+XX.X (DEG)

I G N I T I O N T I M E O F
LM MANEUVER

LOCAL VERTICAL AV COMPONENTS
OF THE MANEUVER

PREDICTED APOGEE RESULTING
FROM MANEUVER

PREDICTED PERIGEE RESULTING
FROM MANEUVER

TOTAL AV REQUIRED FOR
THE MANEUVER

DURATION OF THE MANEUVER

I N E R T I A L F D A I A N G L E S
AT THE BURN ATTITUDE

LOCAL VERTICAL aV
COMPONENTS OF THE
MANEUVER TO TARGET
THE AGS

BSS STAR FOR MANEUVER
ATTITUDE CHECK

BSS PITCH ANGLE ON
COAS, & BSS X POSITION
ON COAS FOR MANEUVER
ATTITUDE CHECK

2 - 3 2



P 3 0 L M M A N E U V E R

P U R P O S E

+ 0 0 + 0 0 H R N 3 3

+ 0 0 0 + 0 0 0 M I N T I G

+ 0 + 0 SEC

1 A V X N 8 I

A V Y L O C A L

1

A V Z V E R T
+

* •
+ Ha N 4 2

Hd

+ + A V R

X X X X X X 1 ) B T

X X X X X X R F D A I

X X X X X X P I N E R

i i
A V X A G S N 8 6

A V Y A G S

{ • A V Z A G S

X X X X X X B S S

X X X X S P A

X X X I X X X S X P

R E M A R K S :

2 - 3 3



P30 LM MANEUVER

PURPOSE

N33 TIG OF MANEUVER

N81 LOCAL VERTICAL AV

AVX

AVY

AVZ

N42 ORBITAL PARAMETERS

HA

HP

AVR

BT

FDA I

R
P

N86 AGS AV

AVX AGS

AVY AGS

AVZ AGS

BSS

SPA

SXP

X X X X X P U R P O S E O F M A N E U V E R
(SUCH AS DOI TARGETING)

X X X : X X : X X . X X I G N I T I O N T I M E F O R T H E M A N E U V E R
(HR:MIN:SEC)

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

LOCAL VERTICAL AV
COMPONENTS OF THE
MANEUVER

+XXXX.X (NM)

+XXXX.X (NM)

+XXXX.X (FPS)

X:XX(MIN:SEC)

PREDICTED APOGEE AND
PERIGEE RESULTING FROM
THE MANEUVER

TOTAL AV REQUIRED FOR THE
MANEUVER

DURATION OF THE MANEUVER

XXX (DEG)
XXX (DEG)

INERTIAL FDAI ANGLES AT
THE BURN ATTITUDE

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

XX (OCTAL)

+XX.X (DEG)

+XX.X (DEG)

LOCAL VERTICAL AV
COMPONENTS OF THE
MANEUVER USED TO
TARGET THE AGS

BSS STAR FOR BURN
ATTITUDE CHECK

BSS PITCH ANGLE ON
COAS, & BSS X POSITION
ON COAS FOR MANEUVER
ATTITUDE CHECK

2 - 3 4
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DOI DATA CARD

N 3 3 D O I T I G

N81 LOCAL VERTICAL aV

AVX

AVY

AVZ

N42 ORBITAL PARAMETERS

HA

HP

AVR

BT

F D A I

R

P

N86 AGS AV

AVX AGS
AVY AGS
AVZ AGS

BSS

SPA
SXP

X X X : X X : X X . X X
(HR:MIN;SEC)

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (NM)

+XXXX.X (NM)

+XXXX.X (FPS)

X:XX (MINrSEC)

XXX (DEG)

XXX (DEG)

+XXXX.X (FPS)
TXXXX.X (FPS)
+XXXX.X (FPS)

XXX (OCTAL)

+XX.X (DEG)
+XX.X (DEG)

I G N I T I O N T I M E O F
LM MANEUVER

LOCAL VERTICAL aV COMPONENTS
OF THE MANEUVER

PREDICTED APOGEE RESULTING
FROM MANEUVER

PREDICTED PERIGEE RESULTING
FROM MANEUVER

TOTAL AV REOUIRED FOR
THE MANEUVER

DURATION OF THE MANEUVER

I N E R T I A L F D A I A N G L E S
AT THE BURN ATTITUDE

LOCAL VERTICAL AV
COMPONENTS OF THE
MANEUVER TO TARGET
THE AGS

BSS STAR FOR MANEUVER
ATTITUDE CHECK

BSS PITCH ANGLE ON
COAS, & BSS X POSITION
ON COAS FOR MANEUVER
ATTITUDE CHECK

2 - 3 6
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MIN 1 o

o o o o

o o o o o o

+ + + +++

1

1

o
o .
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PDI DATA CARD

P D I PA D

T I G P D I

T 6 0

CROSS RANGE

F D A I A T T I G

R
P
Y

DEDA 231

(IF REQ'D)

XXX:XX:XX.XX
(HR:MIN:SEC)

XXtXX (MINrSEC)

+XXXX.X (NM)

XXX (DEG)
XXX (DEG)
XXX (DEG)

XXXXX (100 FT)

P D I I G N I T I O N T I M E

TIME TO HIGH GATE

OUT-OF-PLANE DISTANCE
B E T W E E N T H E I N I T I A L L M
ORBITAL PLANE AND THE
LANDING SITE (POSITIVE
I N D I C AT E S L A N D I N G S I T E
IS NORTH OF ORBITAL PLANE)

I N E RT I A L F D A I A N G L E S
AT I G N I T I O N

LUNAR RADIUS AT THE
L A N D I N G S I T E

PDI ABORT <10 MIN

T P I T I G X X X : X X : X X . X X
(HR:MIN:SEC)

T P I I G N I T I O N T I M E

PDI ABORT >10 MIN

PHASING T IG

T P I T I G

X X X : X X : X X . X X
(HR:MIN:SEC)

XXX:XX:XX.XX
(HR:MIN:SEC)

T I M E O F I G N I T I O N O F
LM PHASING MANEUVER

T P I I G N I T I O N T I M E

2 - 3 8



NO PDI +12 ABORT

N33 ABORT T IG

N81 LOCAL VERTICAL AV

AVX

AVY

AVZ

N42 ORBITAL PARAMETERS

HA

HP

AVR

BT

FDA I

R

P

N86 AGS AV

AVX AGS

AVY AGS

AVZ AGS

N i l C S I T I G

N 3 7 T P I T I G

X X X : X X : X X . X X
(HR:MIN;SEC)

I G N I T I O N T I M E F O R
ABORT BURN

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

LOCAL VERTICAL AV
COMPONENTS OF THE
PHASING MANEUVER

+XXXX.X (NM)

+XXXX.X (NM)

XXXX.X (FPS)

X:XX (MIN:SEC)

PREDICTED APOGEE
RESULTING FROM MANEUVER

PREDICTED PERIGEE
RESULTING FROM MANEUVER

TOTAL AV REQUIRED
FOR THE MANEUVER

DURATION OF MANEUVER

XXX (DEG)

XXX (DEG)

I N E RT I A L F D A I A N G L E S
AT THE BURN ATTITUDE

+XXXX.X (FPS)

+XXXX.X (FPS)

+XXXX.X (FPS)

X X X : X X : X X . X X
(HR:MIN:SEC)

X X X : X X : X X . X X
(HR:MIN;SEC)

LOCAL VERTICAL AV
COMPONENTS OF THE
MANEUVER TO TARGET
THE AGS

T I M E O F I G N I T I O N
FOR CSI BURN

T I M E O F I G N I T I O N
FOR TPI BURN

2 - 3 9
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LUNAR SURFACE DATA CARD

T2 ABORT

T 2 T I G

N 3 3 P H A S I N G T I G

N i l C S I T I G

N 3 7 T P I T I G

T3 ABORT

T 3 T I G

CSM PERIOD

p + a t

N i l C S I T I G

N 3 7 T P I T I G

X X X : X X : X X . X X L I F T O F F T I M E -
(HR:MIN:SEC) SECOND PREFERRED

TIME AFTER TOUCH
DOWN (-vT.D. +12 MIN.)

X X X : X X : X X . X X T I M E O F I G N I T I O N
(HR:MIN :SEC) FOR PHASING BURN

X X X : X X : X X . X X T I M E O F I G N I T I O N
( H R : M I N : S E C ) F O R C S I B U R N

X X X : X X : X X . X X T I M E O F I G N I T I O N
( H R : M I N : S E C ) F O R T P I B U R N

X X X : X X : X X . X X L I F T O F F T I M E A F T E R
(HR:MIN:SEC) FIRST CSM REVOLUTION

X X X : X X : X X . X X C S M O R B I T A L P E R I O D
(HR:MIN:SEC)

X X X : X X : X X . X X C S M P E R I O D P L U S T H E
(HR:MIN:SEC) TIME INTERVAL BETWEEN

CLOSEST APPROACH AND
L I F TO F F T I M E S

X X X : X X : X X . X X T I M E O F I G N I T I O N F O R
( H R ; M I N ; S E C ) C S I B U R N

X X X : X X : X X . X X T I M E O F I G N I T I O N F O R
( H R : M I N : S E C ) T P I B U R N

2 - 4 1



LM ASCENT PAD

+ 0 0 + 0 1 0 HRS

M I N T I G

SEC

+ 0 0 0 + 0 0 0

+ 0 + 0

+ +
< 1 V (HOR)

V (VERT) N76
rCROSSRANGE

+ +

0 0

DEDA 047

DEDA 053

DEDA 225/226
DEDA 231

* N O T E : L
COMMENTS

OAD 8 NM IF CROSS RANGE IS GREATER THAN 8 NM

2 - 4 2



LM ASCENT PAD

ASCENT T IG

N76 INSERTION TARGET

V(HOR)

V(VERT)

CROSSRANGE

DEDA 047

DEDA 053

DEDA 225

DEDA 226

DEDA 231

X X X ; X X : X X . X X
(HR;MIN:SEC)

XXXX.X (FPS)

XXXX.X (FPS)

+XXX.X (NM)

XXXXXX (OCTAL)

XXXXXX (OCTAL)

XXXXXX (100 FT)

XXXXXX (100 FT)

XXXXXX (100 FT)

T I M E O F A P S I G N I T I O N
FOR LM ASCENT

HORIZONTAL VELOCITY
AT O R B I T I N S E RT I O N

V E RT I C A L V E L O C I T Y AT
O R B I T I N S E RT I O N

CROSSRANGE DISTANCE
AT O R B I TA L I N S E R T I O N

SINE OF LANDING
AZIMUTH ANGLE

COSINE OF LANDING
AZIMUTH ANGLE

LOWER LIMIT OF ct^
AT O R B I T I N S E RT I O N

U P P E R L I M I T O F
AT O R B I T I N S E RT I O N

R A D I A L D I S TA N C E
OF LAUNCH SITE
FROM CENTER OF
MOON

2 - 4 3
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CSI DATA CARD (P32 LM MANEUVER)

N i l C S I T I G X X X : X X : X X . X X C S I I G N I T I O N T I M E
(HR:MIN:SEC)

N 3 7 T P I T I G X X X t X X r X X . X X T P I I G N I T I O N T I M E
(HR:MIN;SEC)

N81

A V X X X X . X ( F P S ) L O C A L V E R T I C A L A V
COMPONENTS OF THE

A V Y X X X . X ( F P S ) C S I M A N E U V E R

F D A I P I T C H X X X ( D E G ) F D A I I N E R T I A L P I T C H
ANGLE AT THE CSI
BURN ATTITUDE

D E D A 3 7 3 X X X X . X ( M I N ) A G S I G N I T I O N T I M E O F
NEXT MANEUVER

D E D A 2 7 5 X X X X . X ( M I N ) D E S I R E D T P I T I G ( F O R
CSI CALCULATION ONLY)

N86 AGS AV

A V X A G S X X . X X ( F P S ) L O C A L V E R T I C A L A V
COMPONENTS OF CSI USED

A V Y A G S X X . X X ( F P S ) T O T A R G E T A G S E X T A V

A V Z A G S X X . X X ( F P S )

2 - 4 5
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CDH DATA CARD

N 1 3 C D H T I G X X X : X X : X X . X X I G N I T I O N T I M E F O R
( H R : M I N : S E C ) C D H M A N E U V E R

N81 LOCAL VERTICAL aV

A V X + X X X . X ( F P S ) L O C A L V E R T I C A L A V
A V Y + X X X . X ( F P S ) C O M P O N E N T S O F C D H
A V Z + ? < X X . X ( F P S ) M A N E U V E R

P L M F D A I X X X ( D E G ) F D A I I N E R T I A L
PITCH ANGLE AT
CDH BURN ATTITUDE

D E D A 3 7 3 X X X X . X ( M I N ) A G S I G N I T I O N T I M E O F
NEXT MANEUVER

N86 AGS AV

A V X A G S + X X X . X ( F P S ) L O C A L V E R T I C A L A V
A V Y A G S + X X X . X ( F P S ) C O M P O N E N T S O F C D H
A V Z A G S + X X X . X ( F P S ) U S E D T O T A R G E T A G S

EXT AV

2 - 4 7
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TPI DATA CARD

N 3 7 T P I T I G X X X : X X : X X . X X
(HR:MIN:SEC)

I G N I T I O N T I M E F O R
THE TPI MANEUVER

N 8 1 L O C A L V E RT I C A L AV

AVX
AVY
AVZ

N42 A VR

RLM
PLM

N 5 4 T I G - 5

R TP I

R TP I

N59 A V LOS

F/A
R / L
D/U

+XX.X (FPS)
+XX.X (FPS)
+XX.X (FPS)

+XX.X (FPS)

XXX (DEG)
XXX (DEG)

XX.XX (FT)

+XXX.X (FPS)

+XX.X (FPS)
+XX.X (FPS
+)(X.X (FPS)

LOCAL VERTICAL AV
COMPONENTS OF THE
TPI MANEUVER

TOTAL AV REQUIRED
FOR THE MANEUVER
ROLL AND PITCH
F D A I A N G L E S AT T P I
BURN ATTITUDE

R A N G E AT T P I T I G - 5 M I N

R A N G E R AT E AT T P I T I G - 5 M I N

L I N E - O F - S I G H T AV
COMPONENTS OF THE
TPI MANEUVER

BT XX:XX (MIN;SEC) DURATION OF THE MANEUVER

2 - 4 9
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SECTION IV - DETAILED TEST OBJECTIVES
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SECTION 4

D E TA I L E D O B J E C T I V E A C T I V I T I E S

This sect ion conta ins the ac t iv i ty summar ies which reflect the tes t
objectives for Mission 6 as described in "Mission Requirements G Type Mission",
SPD9-R-038, Change A dated May 1, 1969. These activity summaries are presented in
the approximate sequence in which they are planned to occur during the mission.

Each activity summary provides the following information:

A. TEST OBJECTIVES. This is the listing of the Functional Test
Objectives (complete or partial) which relate to the
p a r t i c u l a r a c t i v i t y ;

B. TEST REQUIREMENTS. Here the special test prerequisites (and
mission phase if necessary) are presented in addition to brief
statements of the requirements for performing the activity;

C. TEST PROCEDURES/CHECKLISTS. These are the procedural
references for the performance of the activity as far as
the test object ives are concerned; and

D. DATA REQUIREMENTS. This part of the summary identifies the
gross data which are needed for evaluation of test results
in terms of flight crew and ground support requirements.

Cross references for relating Detailed and Functional Test Objectives with
the activity summaries and relating activities to Functional Test Objectives, are
provided as the initial part of this section.

The following ground rules are to be used in implementing data requirements:

A. The collection of highly desirable (HD) data should not constrain
the t imel ine of the crew procedures.

B. Post-flight debriefing requirements which are fulfilled by real time
transmission of data per the DATA REQUIREMENTS sections may be deleted
from the post-flight debriefing.

All of the Test Requirements have not been totally implemented into the
miss ion t imel ine. These i tems are ident ified in th is sect ion as "Not Implemented"
or with the condit ions by which they wil l be implemented.
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TA B L E 4 - 1
M I S S I O N A C T I V I T Y A N D

TEST OBJECTIVE CROSS REFERENCE

A C T I V I T Y

L M D e s c e n t

Lunar Surface Navigation

EVA Preparation and Egress

Surface Sample Collection

External LM Observations and Photography

Lunar Surface Observations and Photography

Experiment Deployment/Conduct

Post EVA Operations

C o n t a m i n a t i o n P r e v e n t i o n

FTP

D-1 , G -1 , G -3 , H -1 , M-1

G - 1 , G - 2 , G - 3 , L - 4 , M - 2

B-1, B-2, C-1, C-2, C-3, L-1

A - 1 , E - 1 , F - 1 , F - 2 , 1 - 3 , J - 2 , J
J - 4 , M - 3

D - 1 , D - 2 , D - 3 , D - 4 , L - 2 , M - 3

E - 1 , E - 2 , E - 3 , H - 2 , J - 5 , L - 3 , L
M - 3

S - 0 3 1 , S - 0 7 8 , S - 0 8 0

B - 1 , C - 1 , C - 2

I - l , 1 - 2
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LM DESCENT

A . Te s t O b j e c t i v e

D-1 LM Landing Gear Performance Under Landing Conditions
G - 1 L o c a t i o n o f t h e L a n d e d L M f r o m L M D a t a
G-3 Capability of Locating the Landed LM in Real Time from

LM/CSM/MSFN Data
H-1 Data on Landing Aids and Final Approach Visibility
M-1 Photograph Lunar Surface During LM Descent

B. Test Requirements

1. Determine landing site visibil i ty, extent of washout and visibil i ty
of landing site landmarks. [H]

2. Photograph the landing site during the approach through the LM pilot's
window with the data acquisition camera. [G, H, M]

3. Evaluate landing aids, i.e., Landing Point Designator, maps, photo
graphs. [G, H]

4. Assess visual phenomena during LM landing which are significantly different
from expected. [H]

5 . Vo ice ano ta te l oca t ion and iden t i t y o f fea tu res du r ing fina l descen t .
[G]

6. Determine landing location in real time by description of terrain
features during descent. [G]

7. Assess LM landing conditions on the lunar surface. [D]

C . P r o c e d u r e s / C h e c k l i s t

1. Photographic and Television Operations Plan.

2 . D e s c e n t P r o c e d u r e s D o c u m e n t .

D. Data Requirements

1. Fl ight Crew Reports/Logs/Photographs

a. LM crew comments on landing site visibility during final approach
and landing phases and on effectiveness of the Landing Point Desig
nator and landing site recognition aids. [H] (M)

b. GET at start of data acquisit ion camera photographs during LM
final approach. [H] (M)

c. Voice track regarding observations of surface features during the
descent phase. [G] (M)

d. Photographs of the landing s i te and surrounding lunar sur face
features taken through a LM window during descent. [G, M] (M)
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e. Data Acquisi t ion Camera photographs of the landing si te f rom
high gate to touchdown. [H, M] (M)

f. Photographs of the landing site and surrounding lunar surface
features taken through a LM window during descent. [G, M] (M)

g. Comments on any lunar dust observed during the final approach,
the sever i ty o f the land ing and veh ic le s tab i l i ty a f ter touchdown.
[D] (M)

2. Ground Support

a. LM TM HBR. [D, G, H] (M)

b. LM TM LBR. [D, G] (M)

c. LM BET from DOI through touchdown. [G, H] (M)

d. MSFN tracking data of LM from acquisition of signal through
touchdown, [G] (M)
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LUNAR SURFACE NAVIGATION

A . Te s t O b j e c t i v e s

G-1 De te rm ine the Loca t ion o f t he Landed LM f rom LM Da ta
G - 2 D e t e r m i n e t h e L o c a t i o n o f t h e L a n d e d L M f r o m C S M D a t a
G-3 Determine Capability of Locating the Landed LM in Real Time

from LM/CSM/MSFN Data
L-4 Panoramic Coverage of Distant Terrain Features
¥[-2 Photograph Lunar Surface Post Touchdown/Pre EVA

B. Test Requirements

1 . Cor re la te lunar sur face fea tures sur round ing the land ing s i te w i th
photomaps and mark the LM location. [G, L, M]

2. Photograph terrain features thru the LM window to correlate LM location.
[G, M]

3. Obtain two sets of LM IMU alignments after landing [G]

4. Provide TV coverage of prominent terrain features. [G, L]

5. Track the landed LM from the CSM during two orbital passes. Mark
on a landmark near the landed LM. [G] - (Only one pass is implemented.)

6. Track the CSM with LM RR during one pass. [G] - (Not Implemented.)

7. Obtain 70 MM photographs of the landed LM or its shadow and the sur
rounding lunar features. [G]

8. Assist MCCH in determining the landing LM location in real time. [G, L]

C . P r o c e d u r e s / C h e c k l i s t

1. Photographic and Televis ion Operat ions Plan.

2. LM AOH, "PGNCS Lunar Surface Align Program (P57)".
3. LM AOH, "Lunar Surface Navigation Program (P22)".

4. CSM AOH, "Orbital Navigation (P22)".

D. Data Requirements

1. Fl ight Crew Reports/Logs/Photographs

a. Estimate of the landed LM location on lunar photomaps. [G] (M)
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b. Comments by LM crew regarding any difficult ies encountered in
estimating the location of the LM with respect to lunar surface
features. [G] (HD)

c. Comments by LM crewman on location of landed LM with respect
to prominent terrain features. [G] (M)

d. Obtain high resolution photographs of the landing area from the
CSM. [G] (M)

e. Photographs of the landing site and surrounding lunar surface
features taken through a LM window after landing. [G, M] (M)

f. Provide TV coverage of the lunar surface as viewed from the LM.
[6. L] (M)

2. Ground Support

a. LM TLM HBR. [G] (M)

b. LM TLM LBR. [G] (M)

c. BET of CSM during the lunar surface phase. [G] (M)

d. BET of LM from DOI through touchdown. [G] (M)

e. Photographs of the landing area obtained during previous lunar
missions. [G] (M)

f. Post-scan conversion video tape of all TV coverage. [L] (M)

g. Estimate solar illumination established by mission geometry. [L] (M)
h. Reflectivity and geometry of surfaces contributing to indirect

i l luminat ion. [L ] (HD)
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EVA PREPARATION AND EGRESS

A . Tes t Ob jec t i ves

B-1 Demonstrate Egress-to/Ingress-from the Lunar Surface
B-2 Evaluate Crew Lunar Surface EVA Capability
C-1 EMU Capabil ity to Provide a Habitable Environment
C-2 EMU Effects on Crew Mobi l i ty /Dexter i ty/Comfort
C-3 Data/Voice Communications Capability During EVA
L-1 TV Coverage of an Astronaut Descending to the Lunar Surface

B. Test Requirements

1. Perform EVA preparations. [C]

2. Release the MESA pallet with pre-mounted TV camera and turn camera
power on pr ior to descent to the lunar sur face. [L ]

3. Egress to the lunar surface. [B, C]

4. Deploy and set the TV camera to provide TV coverage of the lunar surface
EVA. [L]

5. During EVA, communicate with MSFN via the EVA-LM-MSFN two way voice
r e l a y . [ C ]

6. Two-way voice communications to be performed between two EVA crewmen.
[C]

7. EMU and biomedical data from two EVA crewmen will be simultaneously
transmitted to MSFN via EVA-LM-MSFN one-way relay. [C]

C . P rocedu res /Check l i s t

1 . EVA P rocedu res Documen t .

2. Lunar Surface Operations Plan.

D. Data Requirements

1. Flight Crew Reports/Logs/Photographs

a. Not i fy MSFN of the in i t ia l and final pos i t ions of the PLSS water
d iver ter va lve, pr imary oxygen shutoff va lve and water shutoff /
relief valve each time they are changed. [C] (M)

b. Notify MSFN when PLSS; High O2 flowrate, low vent flow, low feed
water pressure or PGA pressure low remote control unit status
indicators and audible warning tone come on. [C] (M)
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c. Record EMU radiat ion dosimeter readings just prior to the EVA.
[C] (M)

d. Notify MSFN if noxious odors occur or any condensation on the
visor assembly, [C] (HD)

e. Comment on the adequacy of procedures and difficult ies encountered
during donning of EMU equipment. [C] (HD)

f. Comment on time required and adequacy of the EMU checkout pro
cedures . [C] (HD)

g. Comment on the adequacy of EMU thermal environment when walking
from a sunlit area to shadow and vice versa. [C] (M)

h. Comment on estimated energy expenditure and comfort as compared
to simulation experience. [C] (HD)

i. Provide data on the adequacy of hardware and procedures, and the
time required to perform the egress from the LM. [B] (M)

j. Comment on voice quality for EVA-EVA and EVA-LM-MSFN communications.
[C] (M)

k. Provide sequence camera coverage and TV camera coverage of: [B, M]
(M)

1) A crew member descending to the lunar surface.

2) A crew member walking on the lunar surface.

3) A crew member performing lunar surface EVA operations.

2. Ground Support

a. LM TM FM. [B, C] (M)

b. Ground recorded TV signals. [B] (HD)

c. LM TM LBR. [L] (HD)

d. Post-scan conversion video tape of all TV coverage. [L] (M)

e. Record of S-band signal strength during video transmission. [L] (HD)

f. GET at beginning and end of TV transmission. [L]

g. Time period, if any, when LBR TM (in lieu of HBR TM) transmitted
simultaneously with TV data. [L] (M)
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h. Identity of ground station(s) used to record video transmission
from LM. [LJ (M)

i . Time per iod, i f any, when erectable antenna used to t ransmit
TV data. [L] (M)

j Es t imate o f inc ident i l luminat ion . [L ] (M)

k. LM position on lunar surface. [H] (HD)

1. MSFN recording of EVA-LM-MSFN voice. [C] (M)
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SURFACE SAMPLE COLLECTION

A. Tes t Ob jec t i ves

A-1 Provide a Contingency Lunar Surface Sample
E-1 Behavior and Character ist ics of the Lunar Surface
F-1 Collect Rock Samples and Fine Grained Material
F-2 Photograph Collection Area of Samples
1-3 Obtain a Lunar Sample for Quarantine Testing
J-2 Obtain a Core Sample of the Lunar Surface
J-3 Collect Lunar Geologic Samples
J-4 Collect a Lunar Environment Sample
M-3 Obtain Photographs of Geologic Inspection & Sampling

B. Test Requirements

1. Contingency Sample - Obtain upon first descending to the lunar surface.
[A]

2. Bulk Material - Obtain 30 pounds consisting of 1/3 fragmentary and 2/3
loose samples. [F]

3. Core Sample - Obtain with the drive tube. [I, J]

4. Geologic Samples - Obtain using tools stowed in the MESA. Photograph
sample areas. [J, M]

5. Lunar Environment Sample - Seal in gas analysis container. [J]

C . P rocedu res /Check l i s t

1. Lunar Landing Mission Flight Plan.

2. Lunar Surface Operat ions Plan.

3. Photographic and Television Operations Plan.

D. Data Requirements

1. Flight Crew Reports/Logs/Photographs

a. Record areas in relation to LM where samples were collected.
[A, F, J] (M)

b. Record unusual lunar surface observations. [A, F, J] (M)

c. Comment on soil behavior during collection of Bulk Sample. [E] (M)

d. Comment on soil behavior during collection of Documented Sample.
[E] (HD)

e. Est imates of vo lume of fine gra ined mater ia l co l lec ted in one
bag of the Documented Sample. [E] (HD)
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f. Take photographs during sample collection. [A, F] (HD)

g. Photograph the lunar surface sample areas and of the samples
defined in the Photographic Operations Plan. [J] (M)

Ground Support

a. LM position on lunar surface. [J] (M)

b. MSFN recordings of all MSFN/EVA voice conferences. [J] (M)

4 - 1 4



EXTERNAL LM OBSERVATIONS AND PHOTOGRAPHY

A . Te s t O b j e c t i v e s

D-1 Effects of Landing on LM Landing Gear
D-2 Effects of Landing on LM Structure and Components
D-3 Descent Engine Skirt Damage and Clearance After Landing
D-4 Effects of RCS Plume Impingement on LM Structure and Components
L-2 TV Coverage of External Landed LM
M-3 Obtain Photographs of Landed LM

B. Test Requirements

1. Operate the TV camera to provide an external view of the LM. [L]

2. Photograph any observed LM external structural damage. [D, M]

3. Determine descent engine skirt ground clearance. [D, M]

4. Photograph any effects of RCS plume impingement observed, [D, M]

5. Obtain photographs of any lunar material collected on the LM. [D, M]

C . P r o c e d u r e s / C h e c k l i s t

1. Mission G Photographic and Television Operations Plan.

D. Data Requirements

1. Fl ight Crew Reports/Logs/Photographs

a. Comment on any LM component damage to include any visible dis
coloration or lunar soil accumulation. [D] (M)

b. Comments describing any descent engine skirt damage and estimate
of any skirt ground clearance. [D] (M)

c. If the landing gear strut assembly photographs cannot be obtained,
estimate the amount of stroking of each primary and secondary strut
assembly. [D] (M)

d. Photograph the landing gear to show the stroking of the primary and
secondary strut assemblies. [D, M] (M)

e. Photograph the LM exterior showing any structural damage. [D, M] (M)

f. Photograph each landing gear assembly along the Z axis and the
Y axis. [D, M] (HD)
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g. Photograph the descent engine skirt. [D, M] (HD)

h. Photograph the LM base heat shield. [D, M] (HD)

i . Photograph the LM ex ter io r, i .e . , s t ruc tu re an tenna, RCS je ts ,
windows and foot pads. [D, M] (HD)

j. Photograph soil accumulation on the LM. [D, M] (HD)

k. Photographs by the close up stereo camera of lunar material
adhering to LM surfaces. [M] (HD)

Ground Support

a. LM TM HBR. [D] (M), [L] (HD)

b. LM Mass, center of gravity and mass moment of inertia calculations.
[E] (M)

c. Video tape of all TV coverage. [L] (M)

d. Record of S-band signal strength during TV coverage. [L] (HD)

e. GET at beginning and end of TV operations.

f. Time period of simultaneous LBR TM and TV transmission. [L] (M)

g. Identification of ground station(s) used to record video transmission.
[L] (M)

h. Time period when erectable antenna was used to transmit from lunar
surface. [L] (M)
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LUNAR SURFACE OBSERVATIONS AND PHOTOGRAPHY

Test Object ives

E-1 Behavior and Character ist ics of the Lunar Surface
E-2 Erosion of Lunar Surface by DPS Plume Impingement
E-3 Effect of Any DPS Venting on the Lunar Surface
H-2 Crew Performance of Visual Tasks on the Lunar Surface
J-5 Study and Description of Lunar Topography Features
L-3 TV Coverage of Lunar Surface Near LM
L-4 TV Panoramic Coverage of Distant Terrain Features
L-5 Coverage of Astronaut Act iv i t ies on the Lunar Surface
M-3 Obtain Photographs During EVA

Test Requirements

1. Provide TV coverage of the lunar surface in the vicinity of the
LM and panoramic scenes of distant terrain features. [L]

2. Photograph the lunar terrain at various azimuths with respect to the
including 9, 90 and 180 degrees. Comment on ability to see terrain
features in these areas. [H, M]

3. Estimate the distance to prominent terrain features within the field
of view of photographs taken. [H]

4. Observe lunar surface characteristics including texture, consistency,
compressibility, cohesiveness, adhesiveness, density and color. [E]

5. Study and photograph the mechanical behavior of the lunar surface
from interactions of astronauts boots and equipment with the lunar
soil, erosion by DPS plume impingement and DPS venting. [E, M]

6. Describe and photograph field relationships such as shape, size,
range, pattern of alignment or distribution of all accessible types
of lunar topographic features. [J,M]

7. Photograph the structure of lunar surface material in its natural
state. [M]

Procedures/Check l is t

1. Mission G Photographic and Television Operations Plan.

Data Requirements

1. Fl ight Crew Report /Logs/Photographs

a. Repor t cond i t ion o f the tempera ture ind ica tor v iewing por ts
on the TV camera at the beginning and the end of the TV
operations. [L] (M)
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b . P o s i t i o n o f t h e T V c a m e r a s c a n r a t e s w i t c h a t s t a r t o f T V
operat ion. [L] (M)

c. Comments describing the interaction between astronaut boots and
lunar surface while walking. [E] (M)

d. Comments on slope and roughness characteristics of the landing
terrain to include descriptions of craters, depressions, embank
ments or other obstacles. [E] (M)

e . C o m m e n t s o n t h e c o l o r a n d t e x t u r e o f b o t h u n d i s t u r b e d a n d
mechanica l ly d is turbed areas of the lunar sur face. [E] (M)

f. Comments on lunar soi l condit ions adjacent to DPS vents to include
any discoloration. [E] (M)

g. Comments describing the lunar surface penetrat ion by the Solar
Wind Composition Staff and core sample tool under their own weight
and the estimated force. [E] (Mandatory for either the staff or the
core sample tool: highly desirable for the other.)

h. Comments on lunar soil erosion as caused by the DPS plume im
pingement during landing. [E] (M)

i. Record vent valves opened. [E] (M)

j. Photograph the lunar surface showing DPS plume impingement erosive
effects. [E, M] (M)

k. Photograph the lunar surface adjacent to DPS vents if soil discolora
tion is observed. [E, M] (M)

1. Photograph an astronaut footprint showing interaction between
astronaut boots and lunar surface. [E, M] (M)

m. Photograph the Solar Wind Composition Experiment Staff and core
sampling tool after being inserted to their maximum depth as
penetrometers. [E, M] (HD)

n. Photograph the natural slopes, crater walls and embankments
in the vicinity of the landing site. [E,M] (M)

0. Photograph from the CSM of the lunar surface surrounding the LM.
[E, M] (HD)

p . Comments on the v is ib i l i t y o f the lunar te r ra in as a func t ion o f
the sun/v iewing angle and on thei r abi l i ty to per form v isual tasks
while on the lunar surface. [H] (M)
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q. Comments on color/contrast perception. [H] (M)

r. Comments on and significant unexpected visual phenomena. [H] (M)

s. Estimate of distance to at least one prominent terrain feature within
the field of view of the photographs in item t below. [H] (M)

t . Photograph the lunar ter ra in at var ious sun az imuths to inc lude 0
degrees, 90 degrees and 180 degrees. [H, M] (M)

u. Photograph any unexpected visual phenomena. [H, M] (HD)

v. Photograph a representative depression caused by use of the
scoop in collecting fine grained fragmental material. [E, M] (M)

w. Photograph one scoop of fine grained fragmental material placed in
one of the pre-numbered bags. [E, M] (HD)

X. Photograph of each LM foot pad and surrounding lunar soil exhibiting
evidence of LM foot pad-lunar soil interaction. [M] (HD)

2. Ground Support

a. LM TM HBR. [E, L] (HD)

b . E s t i m a t e o f i n c i d e n t i l l u m i n a t i o n . [ D ] ( M )

c. Video tape of all TV coverage. [L] (M)

d. Record of S-band signal strength during TV transmission. [L] (M)

e. GET at beginning and end of TV transmission. [L] (M)

f. Time period when LBR TM was transmitted simultaneously with TV.
[L] (M)

g. Identity of ground station(s) used to record LM video trans
m i s s i o n . [ L ] ( M )

h. Time period when erectable antenna was used to transmit from the
lunar surface. [L] (M)
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EXPERIMENT DEPLOYMENT/CONDUCT

A . Tes t Ob jec t i ves

S-031 Deploy the Passive Seismic Experiment Package
S-078 Deploy the Laser Ranging Retro-Reflector Experiment
S-080 Conduct the Solar Wind Composition Experiment

B. Test Requirements

1. Emplace, level and orient the Passive Seismic Experiment Package
(PSEP). Deploy the solar panels and aim the antenna at the earth.
[S-031]

2. Photograph the deployed PSEP and deployment area. [S-031]

3. Remove the Laser Ranging Retro-Reflector (LRRR) from the descent
stage and carry it to the deployment site. [S-078]

4. Emplace, level and orient the LRRR to the alignment marks corresponding
to the landing site. [S-078]

5. Remove the Solar Wind Composition Experiment from the LM MESA and
deploy it on the lunar surface. [S-080]

6. After one hour operation, disassemble the Solar Wind Composition
Experiment, place the reel and foil in a teflon bag and store in a
sample return container. [S-080]

C . P r o c e d u r e s / C h e c k l i s t

None

D . D a t a R e q u i r e m e n t s

1. Flight Crew Reports/Logs/Photographs

a. Comment on deployment of experiment. [S-031] (M)

b. Photograph deployment area. [S-031, S-078, S-080] (HD)

c. Comment on location of deployed experiment with respect to the
LM, attitude of deployed foil with respect to the sun and total
time foil was deployed, [S-080] (M)

d. Retrieve reel and foil from the Solar Wind Composition Experiment.
[S-080] (M)

e. Comments on orientation and elevation setting used for deployment.
[S-078 ] (HD)

2. Ground Support

a. Experiment TLM Data [S-031] (M)
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POST EVA OPERATIONS

A . Te s t O b j e c t i v e s

B-1 Demonstrate Egress-to/Ingress-from the Lunar Surface
C-1 EMU Capability to Provide a Habitable Environment
C-2 EMU Effects on Crew Mobility, Dexterity/Comfort

B. Test Requirements

1. Perform post EVA preparations and ingress. [B]

2. Perform PLSS shutdown. [C]

C . P rocedures /Check l i s t

1 . EVA P rocedu res Documen t .

D. Data Requirements

1. Flight Crew Reports/Logs/Photographs

a. Notify MS FN of the initial and final positions of the PLSS water
diverter valve, primary oxygen shutoff valve and water shutoff/
relief valve each time they are changed. [C] (M)

b. Notify MS FN when PLSS; High Op flowrate, low vent flow, low feed
water pressure or PGA pressure low remote control unit status
indicators and audible warning tone come on. [C] (M)

c. Provide data on the adequacy of hardware and procedures, and the
time required to perform the ingress to the LM. [B] (M)

d. Comment on the adequacy of procedures and difficulties encountered
during doffing of EMU equipment. [C] (HD)

e. Record quantity of water drained from PLSS at end of EVA period.
[C] (M)

f. Record EMU radiation dosimeter readings after completion of the EVA.
[C] (M)

g. Provide sequence camera coverage and TV camera coverage of a crew
member ascending the LM ladder. [B] (M)
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C o n t a m i n a t i o n P r e v e n t i o n

A . Te s t O b j e c t i v e s

I- l Prevent Earth Contamination by Lunar Exposed Materials
1-2 Minimize Crew/CM Contamination by Lunar Exposed Materials

B. Test Requirements

1 . A l l con tam ina t i on r e l a ted ope ra t i ons f r om the i n i t i a l as t r onau t
egress to the lunar sur face unt i l postfl ight c rew/cm quarant ine
wil l be completed per procedures contained in the documents l isted
b e l o w . [ I ]

C . P r o c e d u r e s / C h e c k l i s t

1. Lunar Surface Operations Plan

2 . E V A P r o c e d u r e s D o c u m e n t

3. Quarant ine Procedures

D. Data Requirements

1. Fl ight Crew Reports/Logs/Photographs

a. Crew comments on the adequacy of Biological Isolation Garment,
sample return conta iners. Mobi le Quarant ine Faci l i ty and re lated
equipment and procedures used to prevent back contamination. [I] (M)

b. Photograph boots, clothing and equipment showing adhesion of
pa r t i c l es . [ I , M ] (HD)

2. Ground Support

a. Deliver samples, CM and Mobile Quarantine Faci l i ty to the Lunar
Receiving Laboratory. [I] (M)

b. Comment on ground procedures and hardware used for retrieval,
biological isolation and CM transfer to the Lunar Receiving
L a b o r a t o r y. [ I ] ( M )

c. Report on the existence of contamination of the crew on CM. [I] (M)
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SECTION V - CONSUMABLES ANALYSIS
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NOTE

Acknowledgement is made to the Consumables Analysis Section (CAS) of the
Mission Planning and Analysis Division (MPAD) for their work in the
preparation of the consumable analysis presented herein and to the Crew
Systems Division for the PLSS Consumables.

5 - i



CSM-107/LM5 PROPELLANT BUDGET

The results of the Propel 1 ant Budget Analysis are summarized in the
fol lowing Tables and Figures:

TA B L E 5 - 1 SM RCS Propel 1 ant Loading And Usage Summary

TA B L E 5 - 2 SM RCS Budget

TA B L E 5 - 3 CM RCS Propel 1 ant Summary

TA B L E 5 - 4 SPS Propel 1 ant Summary

TA B L E 5 - 5 SPS Assumptions

TA B L E 5 - 6 LM RCS Propel 1 ant Loading And Usage Summary

TA B L E 5 - 7 LM RCS Budget

TA B L E 5 - 8 DPS Propel 1 ant Summary

TA B L E 5 - 9 DPS Assumptions

TA B L E 5 - 1 0 APS Propel 1 ant Summary

TA B L E 5 - 11 APS Assumptions

FIGURE 5 -1 Total SM RCS Propel!ant Profile

F I G U R E 5 - 2 Quad A SM RCS Propellant Profile

F I G U R E 5 - 3 Quad B SM RCS Propellant Profile

F I G U R E 5 - 4 Quad C SM RCS Propellant Profile

F I G U R E 5 - 5 Quad D SM RCS Propellant Profile

F I G U R E 5 - 6 Total LM RCS Propel lant Profile
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g ^ - R C S B U D G E T

G R O U N D E U L E S a n d A S S U M P T I O N S

1 . T h e t r a n s p o s i t i o n a n d d o c k i n g p h a s e o f t h e m i s s i o n i n c l u d e s

a n S P S e v a s i v e m a n e u v e r .

2 . The fi rs t and th i rd m idcou rse co r rec t i ons ( t r ans luna r ) a re

executed as SPS burns vith the third MCC followed by an RCS trim.

3 . N o S M R C S p r o p e l l a n t i s r e q u i r e d d u r i n g P T C o r l u n a r o r b i t

c o a s t .

The sixth midcourse correct ion ( t ransearth) is executed as

an RCS burn of 5 fps.

5 . The ind iv idua l quad p lo ts are inc luded fo r re ference on ly

as quad management is determined by the flight control lers during

t h e m i s s i o n .

T A B L E 5 - 1

S M R C S P R O P E L L A N T L O A D I N G A N D U S A G E S U M M A R Y

N o m i n a l l o a d e d 1 3 ^ + 2 . ^ + l b

I n i t i a l o u t a g e d u e t o l o a d e d m i x t u r e r a t i o I 5 . 6

T o t a l t r a p p e d 2 6 . U

G a u g i n g i n a c c u r a c y 8 0 . J +

D e l i v e r a b l e S M - R C S p r o p e l l a n t 1 2 2 0 . 0

N o m i n a l u s a g e 5 9 O

T r a n s l u n a r p h a s e ( t h r o u g h L O I - 2 ) 2 0 ^

L u n a r o r b i t p h a s e 3 I I

T r a n s e a r t h P h a s e ( i n c l u d e s T E l ) 7 5

N o m i n a l r e m a i n i n g 6 3 O l b
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T A B L E 5 - 2

SM-RCS PRUPt t tANt bUU&fc f , V
(a ) ( t ) ( b )

T i M t
I H R )

t V t N T s / c r t T
( L B S )

S M - R C S
O S E u

( L B S )

S il - ri C i

L E F T
( L B S )

S M .

R C S
L E F T
( i )

• U M I S S I O N ( ] 6 3 4 b 7 . . U 1 2 2 0 . U 1 Ou*

* U I N l T l A t U t P R O P L U A U I N C i 6 3 H i > / , • u 1 220 . u I Oy .

1 . 7 S M K C S C H t C K W J T b . b 1 Qu .

3 , 2 TKANSPOSITION ANO DOCKINCj
♦ * U , d F P S 6 3 H H a , 6 . 1 1 2 0 8 . 1 V y .

3 . 2 - A 0 . 3 F p S 6 3 H S 3 . 2 . M i 2 0 b . 7 9 V .

3 . 2 PUCH TO AC^KUIKE S IVB
P I T C H I S O D t G A T l . b l J E . ( j / S f c C

6 3 ' ^ H U . 2 . 3 1 2 0 3 . H 9 V .

3 . 2 R O L L C S M 6 a U t G 2 O t G / ' S E C 6 3 H 3 y , 1 . 3 1 2 0 2 . i Vv •

3 . 2 N U L L R L L A T I V L O t L V
O . b F P S

6 3 H 3 b . . 0 U 9 a . I 9 « .

3 . b I N O t x A N O D O C K 6 3 ' < U V . 2 6 . 0 1 1 7 2 . 1 9 6 .

L M E J E C T I O N
- X b S t C H J E l

7 . 1 1 6 H . 6 9 b .

s . s SPS BURN fo LVAIJE SJVB
O R I E N T A T 0 . 2 D L ( , / S E ( ,

9 6 7 l i . I l 6 Q » i 9 b .

H . b ATTlTUOt MOLD U.b OEG OB P(,NCS V 6 7 U . . b I l b 9 . ' < 9 b .
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(a) Spacecraft weights are approximate and are included for reference only,
("b) Note: These refer to usable SM ECS propellant.
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•>0 A T T i T O u t M O l o Q . b O L G D i i P u N L b V 6 3 3 b , , 8 M OH , 7 9 l .

2 6 , 7 D E L T A V E L » N O M l N A L i - Y Z E K O V o 3 J ^ , , 0 1 1 0 4 , / 9 1 .

2 7 , U O K I E N T F O K P T C
J A X l S 0 , 2 O E G / S L C

V 6 3 3 1 , • < , 2 1 1 0 0 , b 9 u .
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1 2 7 . V M A I N T A I N d O R t S K i H T 3 7 b / 4 . 3 . 1 / 4 U . i j 6 1 .

i 2 8 , U Q O C K I N ( i • < 3 2 1 2 . 2 6 . U 7 I 4 . b b y .

1 31 .b M N V R T O J E l T l S O N a T T ' < 3 2 1 0 . 1 . 1 7 1 3 . 3 b b .

U 2 . 0 J E T T I S O N L M 1 F P S 3 7 b 4 2 . H . / 7 0 6 . 6 b b .

1 3 2 . U O R I E N T T O T R A C K l N l i A T T 3 7 b 4 U . 1 . 6 / 0 7 . U bB .

5 - 1 3



TABLE 5-2 (CONT'D)

S M - R C S P K o P E L t A l ^ f d u D t i t T

TIME.
I K R )

t V E N r s / c r t T S M - K c S S ( i - R C S
U t F T

( L B S )

S M -

f t C b
L f c F T

( 2 )

1 3 2 . U

1 3 2 . 6

4 3 2 . 6

4 3 H , b

U H . b

1 3 5 . U

1 3 5 . U

1 3 6 . U

4 3 5 . b

1 3 5 . b

1 3 5 , b

1 3 5 . b

1 3 6 , U

1 3 6 . U

♦ 3 6 , U

t r a c k L M

h o l d I N t R T l A I . A T T

P b i : I M U A L U N

P b 2 I M U A u l C i N

b X T S T A H C H E C K

t k a n s - e a k t h i n j e c t i o n
m n v k t o b u r n A T r

A l T l T O O t h o l d 0 » b D B P C j N C b

U L L A C i E

b P b B U K n
B U I L O U P

S T E A u r S T A T E b P b B U K N

T A l L o F f -

D A M P S h U T U O f t N T R A N S I E N T

P b < ! I H U A t - l f a N

O R I E N T F O R P T C

a t t i t u d e h o l d 0 » b D E t » O B P i a N t b

3 7 & H O .

3 7 5 3 9 ,

3 / 5 3 9 .

3 7 b 3 B ,

3 7 5 3 7 .

3 7 5 3 6 .

3 7 5 3 b

3 7 b 2 l .

3 7 5 1 8 .

2 7 H 7 a .

2 7 H 3 7 .

2 7 H 3 6 #

2 7 H 3 6 .

2 7 4 3 5 .

2 7 4 3 H ,

. 4

. 7

. 7

1 . 6

I ' ^ . i

. 0

1 . 1

1 . 1

* B

7 U 6 . 6

7 0 6 , I

7 0 b , b

7 C l H , a

7 0 H , H

7 0 2 . 7

7 0 2 . U

6 8 7 . 6

6 8 7 . 6

6 8 7 , H

6 B 7 , 4

6 8 6 , 3

6 8 5 , 7

68H , 6

6 B 3 , U

5 8 ,

5 B ,

5 8 ,

5 8 ,

5 8 ,

5b •

5 8 <

b 6 '

5 6 <

5 6 ^

5 6 .

5 6 ,

5 - 1 4



TABLE 5-2 (CONT'D)

5 M - K C S P H i O P E L t A N f t t u D G t T

I l M t . £ V t N T 5 / c < » T S M - i ^ C S S M - R C b S M -

I H R ) . ( L B b J oSLa - - l e f t . R C S

( L B b ) a b S ) l e f t
( i i )

t 3 6 , Q K O L L 0 . 3 U E f c i / S E C 2 7 H 3 H . * 1 6 8 3 . 7 b 6 .

T t R M I N A T t P I C 2 7 H 3 2 . 1 . 3 6 8 2 . 3 b 6 »
D A M P K AT E S

J H 7 . 6 P b 2 I M U A t l ^ N 2 7 H 3 2 . . 6 6 S t * B b 6 *

i S O . U M I D C O U R S E . C O R S t c T l O N N O b 2 7 ' < 3 0 . 1 * 3 6 8 0 . b b 6 .
m n v k t o b u r n A T T

t b O « U ATTlTUOt HOLD O.b OE<a OB P(»N(.b 2 7 H 3 0 . . a 6 7 9 . 7 ^ 6 .

I & 0 * U O E L V E L « N O M Z E R O 2 7 M 3 0 . * Q 6 7 9 . 7 b 6 .

l S O « b O R I E N T F O R P T C 2 7 H 2 a . 1 • 1 6 7 8 . b b 6 .

I S O t b a T T I T U O E H O L O O . b O E < a U B P & N C b 2 7 H 2 8 , . s 6 7 7 . 8 b 6 *

1 5 0 . S » R O L L 0 . 3 U E < » / b E C 2 7 H 2 8 , . 1 6 7 7 , 6 & 6 *

i 7 1 . U t e r m i n a t e p t c 2 7 2 6 . 1 . 3 6 7 6 . 3 b b .

1 7 2 * 0 P b ^ I M U A L l & N 2 7 H 2 6 . . 6 6 7 b . B b b «

1 7 2 . 5 M I U C O u K S t C O R R E C T I O N N O 6 2 7 H 2 ' » , 1 . 3 6 7 H . b b b .
m n v R t o b o r n A T T

1 7 2 . & A T T I T O U ^ h o l d o . b O t t i O B P { , N C b 2 7 ' i 2 ' i , . 8 6 7 3 . 7 b b .

i 7 2 . b R C b - X T R A N S b F P S 2 7 ' i l 3 8 . l b . 9 6 b 7 . 8 b 4 .

1 7 3 . 0 O R I E N T F O R P T C 2 7 H U 7 . 1 . 1 6 b 6 . 6

5 - 1 5



TABLE 5-2 (CONT'D)

i M - R C S P K O P L L L A N T t i u U C j LT

I I M £ S / c w T S M - R c b S M - R C S i M -

i H R i ( L B S ^ Oi>Eo t E F I R C S

(UBS ) ( L B S ) L E F T
( !4>

i ; 3 . u A T T l T O i > t H O u O O . b 0 £ t » D B P C i N t i 2 7 H 0 6 . . 8 6bb . 8 b H .

1 7 3 . U R O L L 0 . 3 O t a / S E C 2 7 H Q 6 . . 1 6 b b . 7 b<i .

J 9 0 . U T t K M l N A T t P T C 2 7 H 0 < * . 1 . 3 i » 4 .

1 9 1 . 2 P b 2 i M u A L I & N 2 7 H U S . . 6 6 S 3 . 8 b H .

4 9 2 . U M I U C O U H S E C O S H t c T l O N N O 1
M N V K T O B O R N A T I

2 7 H 0 i i , 1 . 3 6 b 2 . b 5 3 .

i 9 2 . U A T T l T O O E N O L O 0 t ( i U B P & N C b 2 7 H 0 2 . . 8 6 b l . 7 & 3 »

; 9 2 . U D E L V E L ■ N O M Z E K O 2 - 7 H 0 2 . . 0 6 S l f 7 5 3 .

4 9 2 . 0 S T A R C H t C K
M I N I M P O U S E

2 7 ^ 0 1 . 6 b l . 3 5 3 .

1 9 3 . 0 M A N E U V E R T O R L E N T R r AT T I T O U E 2 7 3 9 9 . 2 * 6 6 H 8 . 7 5 3 .

1 9 3 . 0 a t t i t u d e n o l o O . b l ) £ . G O B P ( i N C S > 2 7 3 9 0 . 8 . 6 6 H 0 * 1 5 ^ .

1 9 H . B M A N t U V t R T o S E P A T T I T U U E 2 7 3 8 7 . 2 . 6 6 3 7 . 5 2 .

1 9 H . 6 C M / S M S E PA R AT I O N
D E l T a v t | , « 3 F P S

1 bOO 1 . / . 9 6 2 9 . 6 5 2 .

5 - 1 6
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TA B L E 5 - 3

CM RCS Propellant Sxmmary

I t e m

P r o p e l l a n t
r e q u i r e d ,

l b .

P r o p e l l a n t
r e m a i n i n g ,

l b .

L o a d e d — 2^+5.0

Trapped 36.^ 2 0 8 . 6

A v a i l a b l e f o r
m i s s i o n p l a n n i n g

— 2 0 8 . 6

Nominal usage 3 9 . 3 169.3

N o m i n a l r e m a i n i n g — 169.3

5 - 2 2



S E R V I C E P R O P U L S I O N S Y S T E M

SERVICE PROPULSION SYSTEM (SPS). - The budget presented in table
is for a July 16 launch, 72 degree launch azimuth, first opportuni ty in
j e c t i o n , 5 9 - 5 h o u r l u n a r p a r k i n g o r b i t , a n d f a s t e a r t h r e t u r n . T h e a s s u m p
t i o n s u s e d i n p r e p a r i n g t h i s b u d g e t a r e p r e s e n t e d i n t a b l e 5 - 5 . AV r e q u i r e m e n t s
• w e r e c o o r d i n a t e d w i t h I M A B i n M P A D .

I t s h o u l d b e n o t e d t h a t t h e m i s s i o n fl e x i b i l i t y a l l o v / a n c e o f 9 0 0 f p s h a s b e e n
u s e d i n a d d i t i o n t o t h e f a s t r e t u r n . I n r e a l t i m e h o w e v e r , i t i s h i g h l y l i k e l y
t h a t a s l o w e r e a r t h r e t u r n w o u l d b e p e r f o r m e d i n t h e m i s s i o n fl e x i b i l i t y A V
had already been used (e.g., for LM rescue). Table 5-^ shows 3906 lbs of pro-
p e l l a n t r e m a i n i n g n o m i n a l l y a n d a t o t a l p r o p e l l a n t m a r g i n ( a c c o u n t i n g b o t h f o r
the flex ib i l i t y AV and the fas t re tu rn ) o f 1268 lb .

TABLE 5-i+ - APOLLO 11 SPS PROPELLANT SUMMARY

I T E M P R O P E L L A N T

REQUIRED, LB
P R O P E L L A N T

REMAINING, LB

Loaded ^ - - 1+0803.0
T r a p p e d a n d u n a v a i l a b l e U ^ l . ^ 1+0361.6
Outage 5 9 . 5 1+0302.1
U n b a l a n c e m e t e r 1 0 0 . 0 1+0202.1

A v a i l a b l e f o r A V - - 1+0202.1

R e q u i r e d f o r A V

TLMC (120 fps)̂ 1166.1+ 3 9 0 3 5 . 7

LOI-1 (2921+ fps, 5 min. 59 sec.) 23862.4 1 5 1 7 3 . 3

LOI-2 (157.8 fps, 16.k sec.) 111^.h 1^057.9
LOPC (16.6 fps, .9 sec.) 75.8 I398I+.I
TEI (3292.7 fps, lk9 sec.) 10077.8 3906.3

N o m i n a l r e m a i n i n g - - 3906.3
M i s s i o n fl e x i b i l i t y ( 9 O O f ^ s ) 2212.1+ 1693.9
Dispersions (-3 a) 1+26.0 1267.9
P r o p e l l a n t m a r g i n - - 1267.9

^ 15712.0 lb of fuel and 2509I.0 lb of oxidizer; this is loaded on CSM-IO7.

^ Includes 19^7 fps for evasive maneuver

5 - 2 3



TABLE 5-5 - ASSUMPTIONS FOR THE APOLLO 11 SPS PROPELLANT BUDGET

1. There is a non-propuls ive propel lant loss of l^ i .U lb for each engine
s t a r t . L M r e s c u e a s s u m e d t h r e e e n g i n e s t a r t s .

2 . A m i s s i o n fl e x i b i l i t y AV o f 9 0 0 f p s h a s b e e n i n c l u d e d i n t h e S P S
b u d g e t t o p r o v i d e t h e c a p a b i l i t y t o p e r f o r m a w o r s t c a s e L M r e s c u e ,
or to handle several other contingencies (such as loss of PGNCS),
o r t o p e r f o r m a q u i c k e r e a r t h r e t u r n .

3 . S p a c e c r a f t w e i g h t :

C M 1 2 2 8 0 . 0 l b

S M 1 0 5 5 1 . 3 l b

S L A R i n g 9 8 . O l b
T a n k e d S P S 1 | 0 6 O O . 7 l b
L M ( u n m a n n e d ) 3 3 2 7 8 . 3 l b

T o t a l 9 6 8 0 8 . 3 l b
L u n a r O r b i t A c t i v i t y

Total weight transfer (CSM to IM) = I+36.7 lb
Total weight transfer (LM to Cgyi) = 28U,0 lb

5. SM RCS, EPS^ and ECS weight losses:

M i s s i o n P e r i o d I n c r e m e n t a l W e i g h t L o s s , l b
E L . t o T L M C 1 5 1 . 8
T L M C t o L O I - 1 3 2 7 . 1

L O I - 1 t o L O I - 2 3 2 . 0

L O I - 2 t o L O P C I k 6 . 3
L O P C t o T E I 2 1 6 . 1

6. SM RCS usage (above nominal rendezvous requirement) for LM rescue was
2 1 6 l b .

5-2I+



L M E C S B U D G E T

Ground Rules and Assumpt ions

1. Data for the IM RCS engine performance and propellant requirements

were obtained from the Spacecraft Operational Data Book and postflight

a n a l y s i s f r o m A p o l l o 9 a n d A p o l l o 1 0 .

2. All orientation maneuvers were assumed to be made at 2.0 °/sec.

3 . A l l o r i e n t a t i o n m a n e u v e r s w e r e a s s u m e d t o b e t h r e e - a x i s m a n e u v e r s .

5 - 2 5



TABLE 5-6
LM RCS Propel lant Loading and Usage Summary

L o a d e d 6 3 3 . 0

T r a p p e d ^ 0 . 6

N o m i n a l d e l i v e r a b l e 5 9 2 . ^

G a g i n g I n a c c u r a c y a n d l o a d i n g t o l e r a n c e 3 9 . 5

M i x t u r e r a t i o u n c e r t a i n t y I 7 . O

U s a b l e 5 3 5 . 9

N o m i n a l m i s s i o n r e q u i r e m e n t 2 5 2 . 7

N o m i n a l r e m a i n i n g 2 8 3 . 2

5-26



TA B L E 5 - 7

I W - P f t n P F I 1 A N i T ! : ; t l l i r , p T 1

T T M r p y r r M T T T T I F
® W T

L f ^ 1 Wl ̂ I M
H H S i v ( L B S ) RCS

i i s ^ n
RCS
L E F T

R C S
L E F T

L 3 S ) ( L B S ) ( % )

0 Q OUTPUT PROPtlLLANT LOADINGS 3 3 7 1 4 . . 0 6 3 3 . 0 1 0 0 . 0

9 9 2 5 R C S H O T F I R E 3 3 7 0 9 . 5 . 0 6 2 8 . 0 9 9 . 2

i O O i s U N D 0 C K l i \ l 6 3 3 7 0 9 . . 0 6 2 8 . 0 9 9 . 2

1 0 0 i £ N U L L U N C O C K I N G V E L O C I T Y 3 3 7 0 7 . 1 . 9 6 2 6 . 1 9 8 . 9

1 0 0 2 0 LM MNVR FOR INSPECTION YAW 3 3 7 0 5 . 1 . 7 6 2 4 . 4 9 8 . 6

1 0 0 £ 0 LM MNVH FOR INSPECTION PITCH 3 3 7 0 3 . 2 . 0 6 2 2 . 4 9 8 . 3

x O O 2 5 LM MNVH FOR INSPECTION YAW 3 3 7 0 2 . • s 6 2 1 , 6 9 8 . 2

1 0 0 2 b f o r m a t i o n F l y i n g 3 3 6 9 0 . 2 . 0 6 1 9 . 6 9 7 . 9

1 0 0 b Q R H l o c k o n M N V R 3 3 6 8 7 . 3 . 6 6 1 6 . 0 9 7 . 3

1 0 1 C I M U r e a l i g n s t a r 1 3 3 6 8 3 . 3 . 6 6 1 2 . 4 9 6 . 7

1 0 1 Q I M U R L A L I G N S T A R 2 3 3 6 8 0 . 3 . 6 6 0 8 . 8 9 6 . 2

x O l u I M U R E A L I G N S T A R 3 3 3 6 7 6 . 3 . 6 6 0 5 . 2 9 5 . 6

1 0 1 3 2 M N V R T O D O I 3 U R N AT T I T U D E 3 3 6 7 2 . 3 . 6 6 0 1 . 6 9 5 . 0

1 0 1 5 2 a t t i t u d e H O l O 3 3 6 7 2 . . 1 6 0 1 . 5 9 5 . 0

1 0 1 d t 2 v J E T u l l a g e 3 3 6 6 7 . 5 . 9 5 9 5 . 6 9 4 . 1

1 0 1 i d D O I B U R N 3 3 ^ + 1 9 . . 0 5 9 5 . 6 9 4 . 1

1 0 1 0 8 M O I v E N T c o n t r o l D e l B U R N 3 3 ' + l 4 . 5 . 0 5 9 0 . 6 9 3 . 3

1 0 1 T R I M H O R I Z O N T A L R E S I D U A L 3 3 4 0 7 . 7 . 6 5 8 3 . 0 9 2 . 1

1 0 1 3 b a t t i t u d e h o l d 3 3 4 0 7 . . 3 5 8 2 . 8 9 2 . 1

1 0 1 3 a P I T C H D O W N 3 3 4 0 6 . 1 . 0 5 8 1 . 8 9 1 . 9

1 0 1 H E R R L O C K O N M N V R 3 3 4 0 2 . 3 . 6 5 7 8 . 2 9 1 . 3

1 0 1 t 3 5 F I T C H D O W N 3 3 4 0 1 . . 6 5 7 7 . 6 9 1 . 3

1 0 1 5 5 y a v » l e f t 3 3 4 0 1 . • 6 5 7 7 . 0 9 1 . 2

1 0 2 0 A L l G N f - i E N T C H E C K 3 3 4 0 0 . 1 « 2 5 7 5 . 8 9 1 . 0

1 0 2 l u R K L O C K O N M N V R 3 3 3 9 6 . 3 . 6 5 7 2 . 2 9 0 . 4

^ These weights were used for analysis only and do not reflect the actual weight
a f t e r c o n s u m a b l e s l o a d i n g .

^ECS propellant remaining of total loaded 5.-27



TABLE 5-7 (CONT'D)

l . M - K C S P R n P E L L A i ^ ^ T t U i i f t F T P fl G F ?

T l N i t i F V F N T T I T L E <;/C WT® 1 M L M 1 M

H R S M ( L B S ) RCS
l i ^ F n

RCS
L F F T

R C S
1 F f - T

( L 8 S ) ( L B S ) { % )

1 0 2 l i t M i n V R T O P D l A T T I T U D E 3 3 3 9 2 . 3 . 6 5 6 8 . 6 8 9 . 8

1 0 2 ; H i m a i n t a i n L O S 3 3 3 9 1 . 1 . 0 5 6 7 . 6 6 9 . 7

l O i : ^ 9 a t t i t u d e h o l d 3 3 3 9 1 . . 1 5 6 7 . 5 6 9 . 7

1 0 2 3 5 2 O E T U L L A G E 3 3 3 8 5 . 5 . 9 5 6 1 . 7 8 6 . 7

1 0 2 3 b P D I 8 U R N 1 6 7 5 3 . . 0 5 6 1 . 7 8 8 . 7

1 0 2 3 5 POv i iERED DESCENT 1 6 7 1 0 . 3 4 . 1 5 2 7 . 5 8 3 . 3

1 0 2 H I TOUCHDOWK 1 6 7 1 0 . . 0 5 2 7 . 5 8 3 . 3

1 1 2 4 0 A D D L U N A R S A M P L E S 1 6 5 8 0 . . 0 5 2 7 . 5 8 3 . 3

1 2 4 2 3 L U N A R L I F T O F F 1 0 8 4 0 . . 0 5 2 7 . 5 8 3 . 3

1 2 4 2 3 POWERED ASCENT PhASE WITH RCS/
A P S I N T E R C O N N E C T

6 0 8 7 . . 0 5 2 7 . 5 8 3 . 3

1 2 4 2 ; ^ P O W E R E n A S C F n T P H A ^ E W I T H O U T R f S 9 6 g . . q 5 ? f t . 7
C S / A P S I N T £ R C 0 N r 4 E C T

1 2 4 2 5 R H L O C K O N M N V R 5 9 6 9 . . 4 5 2 6 . 2 8 3 . 1

1 2 4 3 0 I N S E R T I O N B U R N C O N T R O L 5 9 6 7 . 1 . 8 5 2 4 . 4 8 2 . 8

1 2 4 3 0 T R I M O U T O F P L A N E E R R O R 5 9 6 4 . 3 . 3 5 2 1 . 2 6 2 . 3

1 2 4 3 G a t t i t u d e h o l d 5 9 6 2 . 1 . 3 5 1 9 . 9 8 2 . 1

1 2 4 3 7 I N i U R E A L I G N S T A R 1 5 9 6 2 . . 4 5 1 9 . 5 8 2 . 1

1 2 4 3 7 l l M U R E A L I G N b T A R 2 5 9 6 1 . . 4 5 1 9 . 0 8 2 . 0

1 2 4 3 7 I , M U R E A L I G N S TA R 3 5 9 6 1 . . 4 5 1 8 . 6 8 1 . 9

1 2 4 5 5 R R L O C K O N M N V R 5 9 6 1 . . 4 5 1 8 . 1 8 1 . 9

1 2 4 5 5 M A I N T A I N L O S 5 9 5 8 . 2 . 7 5 1 5 . 5 8 1 . 4

1 2 5 1 5 A T T I T U D E H O L D 5 9 5 7 . 1 . 3 5 1 4 . 2 8 1 . 2

1 2 5 2 1 C S I E U H N R C S + 2 5 9 2 3 . 3 3 . 6 4 8 0 . 6 7 5 . 9

1 2 5 2 6 M A I N T A I N L O S 5 9 2 0 . 3 . 3 4 7 7 . 2 7 5 . 4

1 2 5 4 4 MNVR TO PLANE CHANGE ATTITUDE 5 9 1 9 . . 4 4 7 6 . 8 7 5 . 3

a f t e r c o n s u m a b l e s l o a d i n g .

RCS p rope l l an t r ema in i ng o f t o t a l l oaded

d o n o t r e fl e c t t h e a c t u a l w e i g h t

5 - 2 8



TABLE 5-7 (CONT'D)

1 I V , - K C S P j ^ n P F i L A h T P fi P . F

T1 NU- t - V v r t - J T r f T l F K/C WT® 1 1 M ̂
H H S 1 ' ( L B S ) R C S

i i S F H
R C S
1 FFT

RCS
1 F F T

( L B S ) ( L a s ) ( % )

i 2 5 H b a t t i t u d e h o l d 5 9 1 8 . 1 . 3 4 7 5 . 5 7 5 . 1

1 2 b b u RCS PL/ i .Kc ; CHANGF: BURN 5 9 1 4 . 4 . 1 4 7 1 . 4 7 4 . 5

l ^ i o o R K L O C K 0 ( \ K N V R 5 9 1 3 . . 4 4 7 1 . 0 7 4 . 4

l ^ t 0 M M i r n A l h L O S 5 9 1 1 . 2 . 0 4 6 9 . 0 7 4 . 1

1 2 6 1 5 A T T I T U i E h o l d 5 9 1 0 . 1 . 3 4 6 7 . 7 7 3 . 9

1 2 6 1 9 C C H R C S b u r n 5 9 0 6 . 4 . 0 ' + 6 3 . 7 7 3 . 3

1 2 6 1 9 W A I K T A I N L O S 5 9 0 2 . 4 . 0 4 5 9 . 7 7 2 . 6

1 2 6 5 3 A T T I T U w E H O L J 5 9 0 1 . 1 . 3 4 5 8 . 4 7 2 . 1 +

1 2 b i j £ . H C S T H I B U R N 5 8 6 4 . 1 7 . 0 1 + 4 1 . 4 6 9 . 7

x 2 6 b f a N I A I N T A I N L O S 5 8 8 3 . 1 . 3 4 4 0 . 1 6 9 . 5

127 36 f ^ ' C C A K L B K A K I w 6 5 8 4 9 . 3 3 . 9 4 0 6 . 3 6 4 . 2

127 36 A T T I T L L E A N u L O S C O W T h C L 5 8 3 3 . 1 6 . 0 3 9 0 . 3 6 1 . 7

1 2 8 0 0 L K i C C M R C L C S i V. A C T I V E D 0 C K I , N 5 5 8 2 3 . 1 0 . 0 3 8 0 . 3 6 0 . 1

9 These weights were, nsed fm- analyRiR nnly anti f^r> not rpfl ppf. tTip ant.nal wpi ght.
a f t e r c o n s t m a b l e s l o a d i n g .

^ RCS propeliant remainittg 6f total loaded

5 - 2 9
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D E S C E N T P R O P U L S I O N S Y S T E M P R O P E L L A U T B U D G E T

Descent Propulsion Subsystem (DPS) - The DPS budget is shown in table ,5-8
a n d t h e g r o u n a r u l e s a n d a s s u m p t i o n s i n t a b l e 5 - 9 .

Previously, the uncertainty in the low-level sensor (68.7 Iti) has been shown
as a contingency al lowance. This is now included as part of the unusables.
Also, there has previously been a contingency allowance for manual hover to
a l l o w f o r 2 m i n u t e s o f b u r n t i m e f r o m 5 0 0 f e e t t o t o u c h d o w n . T h e p r e s e n t
budget shows a nominal AV which includes a manual allowance of ^77 fps (90
sec) from 500 feet to touchdown. Any addit ional hover t ime wil l be used
from the propellant margin (unassigned capability). The rate of use for
hover is approximately ^.1 lb/sec.

Propellant loads are those actually loaded on LM-5, and trapped and residual
propellants are from Volume III, SODB. Engine performance data and AV re
quirements have been coordinated with LAB in MPAD.

Three sigma dispersions represent total propel lant cost due to 3 a uncertaint ies
in propellant loading, trapped, I3P, AV, separation weight, non-AV consumables
weight, and mixture ratio. There is a total propellant margin of 669 lb or
a p p r o x i m a t e l y 7 3 s e c o n d s o f h o v e r t i m e ,

TABLE ^-8 - APOLLO 11 DPS PROPELLANT SUMMARY

P R O P E L L A N T P R O P E L L A N T
I T E M REQUIRED, LB REMAINING, LB

Loaded ^ - - l 8 l 8 i ^ . 2

Tr a p p e d a n d u n a v a i l a b l e 2 2 3 . 5 17960.7

O u t a g e l i f . O 179^6.7
L o w - L e v e l S e n s o r U n c e r t a i n t y 68.7 17878.0
A v a i l a b l e f o r A V - - 17878.0
Nominal Required for AV of 6728.6 fps 16799.7 1078.3

Dispersions {-ys) 22i+.7 853.6

C o n t i n g e n c i e s

Engine Valve-Pair Malfunction (z^R=:+,. 0 1 6 ) 8 1 . 1 7 7 2 . 5

Redesignation (60 fps) lOi l - .O 668.5

Margin (73 sec. hover) - - 668.5

^ 697^+.8 lb fuel and 11209.^+ lb oxidizer; this is loaded on the LM-5 spacecraft.

5 - 3 1



TABLE 5-9 - ASSUMPTIONS FOR THE APOLLO 11 DPS PROPELLANT BUDGET

1. Integrated average I^ = 5OI.9 + 5.5^ seconds
2 . L M s e p a r a t i o n w e i ^ t = 3 5 7 ^ 6 . l b

5 . M ix tu re ra t i o = 1 .596 + 0 .0108
k. Nominal AV = 6728.6 + 96 fps

5. Non-AV consumables of lb from separation to DOI and IO6.I lb
f r o m D O I t o t o u c h d o w n

A S C E N T P R O P U L S I O N S Y S T E M P R O P E L L A N T B U D G E T

Ascent Propulsion Subsystem (APS) - Tables 5-10 and 5-11 present the ascent
prope l lan t budget fo r the cur ren t m iss ion . Prope l lan t loads a re those ac tua l l y
o n L M - 5 . M i s s i o n AV w a s c o o r d i n a t e d w i t h L A B i n M PA D . T h e b u d g e t s h o w n i n
table 5-10 accounts for an engine valve-pair malfunction, a PGNCS to AGS switch
over, and a touchdown abort. There is a total propellant margin of 68 lb or
a b o u t 6 s e c o n d s o f b u m t i m e .

TABLE 5-10 - APOLLO 11 APS PROPELLANT SUMMARY

P R O P E L L A N T P R O P E L L A N T
I T E M REQUIRED, LB REMAINING, LB

Loaded ^ — 5238.

Tr a p p e d a n d U n a v a i l a b l e I18.9 5189.5

Outage 1 7 . 5 5 1 7 2 . 0

A v a i l a b l e f o r A V - - 5 1 7 2 , 0

Nominal Required for AV of 6072.5 fps 4965.8 2 0 6 . 2

D ispers ions ( -5 57.8 i h Q . k

C o n t i n g e n c i e s

Engine Valve-pair Malfunction (Z!MR==+.016) 19 .6 1 2 8 . 8

PGNCS to AGS Switchover (hO f^s) 23.8 1 0 5 . 0

Touchdown Abort (/^W=+99.9 lb, AAV=-■1 5 f p s ) 3 6 . 8 6 8 . 2

M a r g i n ( 6 s e c o n d s ) — 6 8 . 2

^ Includes 2OI9.9 lb fuel and 5218.5 lb oxidizer; this is loaded on the IM-5
s p a c e c r a f t .

5 - 3 2



TABLE 5-11 - ASSUMPTIONS FOR THE APOLLO 11 APS PROPELLANT BUDGET

1. I „ = 508.97 + 3-555 seconds
s p —

2 . M i x t u r e r a t i o = 1 . 6 0 2 + 0 . 0 2 2 5

5, Nominal AV = 6072.5 + 35-5 fps
J4-. Ascent stage l i f t -off weight = 10875-6 lb

5 - 3 3



C$M-107/LM5 CRYOGENIC/EPS AND ECS BUDGET

The results of the Cryogenic, EPS, and ECS analysis are summarized in the
fo l l ow ing tab les and figures :

TABLE 5-11 CSM Cryogenic Loading And Usage Summary

TABLE 5-13 LM EPS Summary

TABLE 5-14 LM ECS Summary

FIGURE 5 -■7 CSM O2 PROFILE
FIGURE 5 -•8 C S M P R O F I L E

FIGURE 5 -■9 CSM POWER PROFILE

FIGURE 5 -■10 CSM BUS VOLTAGE VS TIME

FIGURE 5 -•11 LM DESCENT POWER PROFILE

FIGURE 5 -•12 LM ASCENT POWER PROFILE

FIGURE 5 -■13 LM TOTAL CURRENT PROFILE

FIGURE 5 -•14 LM DESCENT O2 PROFILE
FIGURE 5 -•15 LM ASCENT O2 PROFILE
FIGURE 5 -•16 LM DESCENT H2O PROFILE
FIGURE 5 - 17 LM ASCENT ĤO PROFILE

5 - 3 4



C S M E P S B U D G E T

ASSUMPTIONS AUD GROUND RULES

1. The system was assumed to operate with three fuel cells and two
i n v e r t e r s .

2 . F u e l c e l l p u r g i n g i s i n c l u d e d i n t h e E P S r e q u i r e m e n t s .

3. lOOPjo fill for both and 0^.

U. Three entry and post landing bat ter ies were considered avai lable
to supply the tota l spacecraf t power requi red for entry, parachute
descent, and postlanding time. Each battery was assumed to have a
^0 A-h capacity unti l splashdown, at which time the capacity was
uprated to ^5 A-h.

5. Two bat ter ies were cons idered to be in para l le l w i th the fue l
c e l l s d u r i n g a s c e n t a n d f o r e a c h S P S m a n e u v e r.

6. Wo cryogenic venting was assumed in flight.

7. The EPS hydrogen consumption rate (ib/hr) = 0.00257 x

8. The EPS oxygen consumption rate (Ib/hr) = 7.936 x

9. Six battery charges were assumed: three on battery A and three
o n b a t t e r y B .

5 - 3 5



T A B L E 5 - 1 2

APOLLO 11 CRYOOENIC SUMMARY

I . P l a n n i n g A l l o w a n c e H , l b 0 , l b

A . T o t a l L o a d e d 5 8 . 6 0 6 6 0 . 2 0

B . L e s s R e s i d u a l 2 . 3 2 I 3 . O O

C . L e s s I n s t r u m e n t a t i o n E r r o r 1 . ^ 0 1 7 . ^ 0

A v a i l a b l e f o r M i s s i o n P l a n n i n g 5 ^ . 7 8 6 2 9 . 7 0

I I . P r e d i c t e d U s a g e s

A. Prela-unch ^

1 . I n l i n e H T R + P r e s s u r e R e l i e f I . 6 I I 8 . 6 O

(T-28 to T-3 (Incl 12.5 hr hold))

2. Power Production (plus ECS 0^) .57 6.96
( T- 3 t o l i f t o f f )

T o t a l P r e l a u n c h r e q u i r e m e n t s 2 . 1 8 2 5 . 5 0

B . F l i g h t

1 . EPS Requ i rements ( i nc l FC Purge) 36 .60 288 .33

2 . C M E C S ( i n c l C a b i n P u r g e ) - 7 2 . ^ 4 0

3 . L M P r e s s u r i z a t i o n s - 1 0 . 3 5

T o t a l F l i g h t R e q u i r e m e n t s 3 6 . 6 0 3 7 1 . 0 8

III. Nominal Reserves (RSS)

E P S U n c e r t a i n t y ( 5 p e r c e n t ) I . 8 3 I U 0 U 2

E C S U n c e r t a i n t y ( . 0 8 I b / h r ) - 1 5 . 6 0

T a n k U n b a l a n c e ( A O H ) . 8 0 1 2 . 9 0

L a u n c h W i n d o w . 8 6 1 0 . 2 0

E S S S u b t o t a l 2 . 1 7 2 6 . 8 7

I V . O p e r a t i o n a l R e s e r v e s

A . A v a i l a b l e f o r M i s s i o n P l a n n i n g 5 ^ . 7 8 6 2 9 . 7 0

B . L e s s N o m i n a l P r e d i c t e d U s a g e 3 8 . 7 8 3 9 6 . 5 8

C . L e s s N o m i n a l R e s e r v e s 2 . 1 7 2 6 . 8 7

O p e r a t i o n a l R e s e r v e 1 3 . 8 3 2 0 6 . 2 5
^ KSC Supplied Data 5-36
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L M E P S A N A L Y S I S

G R O I M D R U L E S A W D A S S U M P T I O N S

1 . T h e d e s c e n t s t a g e b a t t e r i e s g o o n t h e l i n e J O m i n u t e s p r i o r
t o e a r t h l i f t o f f .

2. A 3.8 hour checkout was assumed for lunar orbit.

3 . A s c e n t a n d d e s c e n t b a t t e r i e s w e r e p a r a l l e l e d f o r t h e p o w e r e d
d e s c e n t b u r n a n d p r i o r t o l i f t o f f f r o m t h e l u n a r s u r f a c e .

U. The S-band equipment was assumed on 100 percent from initial
a c t i v a t i o n i n l u n a r o r b i t u n t i l c o m p l e t i o n o f t h e m i s s i o n .

5 . T h e r e n d e z v o u s r a d a r e l e c t r o n i c s w a s a s s u m e d t o b e o p e r a t i o n a l
f o r t h e p e r i o d o f t i m e d i c t a t e d b y t h e c u r r e n t G M i s s i o n fl i g h t
p l a n .

6. The primary navigation and guidance subsystem (PGNCS) was left
i n t h e o p e r a t e m o d e f o r t h e e n t i r e l u n a r s t a y.

7 . T h e f o r w a r d w i n d o w h e a t e r s w e r e l e f t o f f f o r t h e e n t i r e m i s s i o n .

5 - U l
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I M E C S B U D G E T

G R O U M D R U L E S M P A S S U M P T I O N S

1. Cabin 0̂  leakage rate was 0.2 Ib/hr while pressurized
2 . M e t a b o l i c r a t e s w e r e v a r i e d a c c o r d i n g t o Vo l u m e 2 o f t h e

S p a c e c r a f t O p e r a t i o n a l D a t a B o o k

3. Metabolic 0^ consumed was (1.6^3 x 10 x (metabolic rate)
h. LM pressurization requires 6.62 lb of 0^
5. Cabin pressure regulator check requires 2.65 lb of 0^
6. HgO consumed because of sublimator cooling was total heat

removed divided by 10^0 (btu per lb) of H^O

7. H^O lost due to urination was 0.11 Ib/hr per man
8. Cabin temperature control was set to 72° F
9. Average glycol flow rate was 250 Ib/hr

10. Budget was performed on the operational trajectory and may
c h a n g e w h e n t h e r e v i s i o n 1 i s a n a l y z e d .

T A B L E 5 - 1 3
LM ECS Summary

(a) Descent Stage

D e s c r i p t i o n 0 ^ , l b H ^ O , l b
L o a d e d U 8 . 0 0 2 1 0 . 6
U n u s a b l e 3 - ^ 0 i G . k
A v a i l a b l e f o r m i s s i o n 4 i + . 6 0 1 9 ^ . 2

R e q u i r e d f o r m i s s i o n 2 6 . 1 7 l k 2 . k
U s a b l e r e m a i n i n g i n t a n k s 1 0 . ^ 3 5 1 . 8

(b) Ascent Stage
L o a d e d k . Q 6 8 5 . 0 0
U n u s a b l e . 7 ^ U . 2 0
A v a i l a b l e f o r m i s s i o n ^ + . 1 2 8 O . 8 O

R e q u i r e d f o r m i s s i o n 1 . 9 5 U 5 . 4 8
U s a b l e r e m a i n i n g i n t a n k s 2 . 1 7 3 5 . 3 2
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MISSION G PLSS CONSUMABLE ANALYSIS

THE RESULTS OF THE PLSS BATTERY, OXYGEN, WATER AND LiOH CONSUMABLE
ANALYSIS ARE SUMMARIZED IN THE FOLLOWING FIGURES:

LMP AND CDR PLSS
BATTERY PROFILE

CDR OXYGEN PROFILE

LMP OXYGEN PROFILE

CDR H2O PROFILE
LMP H2O PROFILE
LMP AND CDR LiOH CO
PROFILE

5 - 5 0

F I G U R E 5 - 1 8

F I G U R E 5 - 1 9

F I G U R E 5 - 2 0

F I G U R E 5 - 2 1

F I G U R E 5 - 2 2

F I G U R E 5 - 2 3
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