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APOLLO 9 CARRIES LUNAR MODULE 

Apollo 9, scheduled for launch at 11 a.m.' EST, Feb. 28, 

from the National Aeronautics and Space Admlnistration~s 

Kennedy Space Center Launch Complex 39A, is the first manned 

flight of the Apollo spacecraft lunar module (LM). 

The Earth-orbital mission will Include extenslie ppefor- 

mance tests of the lunar module, a rendezvous of the lunar 

module with the command and service modules, and two hours 

of extravehicular activity by the lunar module' pilot. 

To the maximum extent possible, the rendezvous In Earth 

orbit will resemble the type of rendezvous that will take place 

in lunar orbit following a lunar landing. ~endezvous and dock- 

ing of the lunar module with the command and service modules, 

extensive testing of the lunar'module engines and other systems, 

and extravehicular activity are among the missionts objectives, 



Apollo 9 crewmen a r e  Spacecraft Commander James A. 

McDivitt, Command Module P i l o t  David R. Scot t  and Lunar ~ o d u i e  

p i l o t  Russell  Schweickart. The mission w i l l  be the  second 

space f l i g h t  f o r  McDivitt (Gemini 4)  and Scot t  (Gemini 8), 

and the  f irst  f o r  Schweickart. 

Backup crew is comprised of spacecraft  Commander Charles 

Conrad, Jr., Command Module P i l o t  R i c h a r d ' ~ .  Gordon and Lunar 

Module P i l o t  Alan L. Bean. 

Mission events have been arranged i n  a work-day bas l s  i n  

what i s  perhaps the most a m b i t i ~ u s  NASA manned space mission 

t o  date. The first f i v e  days a r e  packed with lunar module 

.engine tests a n d  systems' checkouts, . burns 'of  the  service  . ' 
. . . .  . 

module~s 20,500-pound-thrust engine while the command/service 

module and lunar module a r e  dbcked, the  lunar module p i lo t1  s 

hand-over-hand t r ans fe r  I n  space from the lunar module t o  the 

comiand module and back again, and rendezvous. The remainder 

of  the  10-day, open-ended mission w i l l  be a t ,  a more , l e i s u r e l y  

pace. 



The f i r s t  day's mission a c t i v i t i e s  revolve around dock- 
. . 

ing  the  .hommand module t o .  the lunar module s t i l l  at tached t o  . 

the  Saturn V launch vehicle S-IVB t h i r d  stage. When docking 

i s  complete and the  tunnel j o in t  between the  two spacecraf t  

i s  r i g i d , . t h e  e n t i r e  Apollo spacecraf t  w i l l  be spring-ejected , 

from the  S-TVB. Maneuvering more than 2,000 f e e t  away from 

the  S-IVB, the  Apollo 9 crew w i l l  observe t h e  first of two 

restarts of the  S-NB1s 5-2 engine -- the  second of which 

w i l l  boost the  s tage  i n t o  an Earth-escape t r a j ec to ry  and i n t o  

s o l a r  ' o r b i t  .' . 
Other f i r s t -day  mission a c t i v i t i e s  include a docked 

se rv ice  propulsion engine burn t o  improve o r b i t a l  l i f e t ime  

and t o  t e s t  the  command/service module (CSM) d i g i t a l  auto- 

p i l o t  (DAD) during service  propulsion system (SPS) burns. 

The d i g i t a l  au top i lo t  w i l l  undergo addi t iona l  s t a b i l i t y  

t e s t s  du r ing . the  second work day when the  SPS engine is ign i ted  

th ree  more times. Also, the  three  docked burns reduce CSM 

weight to~enhance  possible contingency rescue of the  lunar  

module during rendezvous using the  service  module react ion 

con t ro l  t h rus t e r s ,  

A thorough checkout of lunar  module systems takes  up most 

of the  t h i r d  work day when the  spacecraf t  commander and lunar  

module p i l o t  t r a n s f e r  through the  docking tunnel t o  t he  

LM and power i t  up. 
-more - 



I FLIGHT CREW PREPARATION ORBITAL INSERTION' - '103 N: MILE ORBIT 

SEPARATION DOCKING DOCKED SPS BURN 
. . 





9 THIRD DAY 

CREW TRANSFER LM S Y S T E M  EVALUATION 



Ap8bbO 9 F O U R T H D A Y  

C A M E R A  D A Y - N I G H T  E V A  

G O L D E N  SLIPPERS T V  - T E X A S ,  F L O R I D A  



Among LM tests w i l l  be an out-of-plane docked burn of 

the  descent 'stage engine under con t ro l  of the LM d i g i t a l  
. . .  

a u t o p i l o t ,  with t h e  . .. last  p o r t i o n o f  ' the  bu rn  manually 

t h r o t t l e d  by the  spacecraf t  commander. 

After  LM power-down and crew t r a n s f e r  back t o  the command 

module, the  f i f t h  docked service  propulsion engine burn w i l l  
. . .  . .  . . . . 

c i r c u l a r i z e  t he :  b r b i t  a t  133 nau t i ca l  miles as a base o r b i t  . 
. . . . .  . . .  

for the :  . LM . ' ac t ive  ,rendezvous two days 'later. " 

The' four th  mission work day cons i s t s  of f'urther lunar 

module checks and extravehicular  a c t i v i t y .  The spacecraft  
1 

commander and lunar  module p i l o t  again crawl through the  tunnel 

t o  power the  LM and prepare the  LM p i l o t ' s  extravehicular  mo- 

b i l i t y  u n i t  (EMU -- EVA s u i t  with l i f e  support backpack) f o r  

h i s  .two-hour s t a y  outs ide  the  spacecraft .  

Ebth spacecraft  w i l l  be depressurized f o r  the  EVA and the  

LM p i l o t  w i l l  climb ou t  through the  LM f r o n t  hatch onto the 

"porch". From 'there, he w i l l  t r a n s f e r  hand-over-hand along 

handra i l s  t o  the  open command module s ide  hatch and p a r t l y  

e n t e r  the  cabin t o  demonstrate a contingency t r ans fe r  capabi l i ty .  



The LM p i l o t  w i l l  r e t r ieve  thermal samples on the space- 

c r a f t  ex ter ior  and, returning t o  "golden s l ipper"  foot r e -  

s t r a i n t s  on the LM porch, w i l l  photograph both spacecraft from 
'. 

various angles and t e s t  the lunar surface te levis ion camera 

fo r  about 10 minutes during a pass over theFunited States.  

Th i s  is  a new model camera that has not been used In  previous 

missions. . 

- .  . 

Both spacecraft' .  w i l l  be closed and repressurized a f t e r '  

the LM p i l o t  'gets  in to  t h e  LM, the L M ' w i l l  b e  powered down. 
. . . . . < . . . . 

' and 'both " c r e k e n  w i l l  ' re turn t o  the command module. 

The' commander and LM p i l o t  re turn t o  the LM the foliowing 

day and begin preparations f o r  undocking and a sequence simu- 

A small th rus t  with the CSM reaction control  system 

th rus te r s  a f t e r  separation from the Lbl places 'the CSM In an 

o r b i t  , for a. small-scale rendezvous, "mini-foofiball" , in' which 

the maximum distance between the two spacecraft i s  about 'three . . 

. .  . 

' nautical' m i l e s .  'The .LM rendezvous radar is  locked on t o  . the ' 
. . 

CSM transponder f o r  an i n i t i a l  t e s t  during t h i s  period. 

one-half~~revolut ion after,:separation, the LM descent 

engine . . 1s . .. igni ted to .p lace  the  LM i n  an o r b i t  ranging 11.8 
. . . . 

naut ica l  'miles above and below the CSM orb i t , .  and . a f t e r  

revoiu t ions  it: i s  f i r ed '  a second 'time, t o  place. .. the LM i n  an 

' ,orbit  l l ~ n a u t i c a l  miles above. the  CSM., , . 
. . 

. . 



The LM descent stage w i l l  be jettisoned and the LM 

ascent stage reaction control  thrusters  w i l l  next be f i r ed  t o  

lower' LM perigee eb 10 miles below the CSM o r b i t  and s e t  up 
. . 1 . .  . 

conditions f o r  circul 'arization. Maxlmum LM-to-CSM' range w i l l  
. . ' . . . .  , .  

. . be '95: ,n?utical 'mi les  during th i s '  sequence. 

~ i r c u l a r i z a t i o n  of . the ascent stage o r b i t .  10 naut ica l  
. . . . 

milesbelow the CSM and cioslng range w i l l  be . . t h e  f i r s t  duty 
. . . . 

i n  the  mission f o r  the 3;500-~ound ' th rus t  ascent engine. 

As- the ascent stage approaches t o  some .20 naut ical  m i l e s  

behind and 10 naut ica l  miles below the CSM, the commander w i l l  

t h rus t  along the l i n e  of s ight  toward the CSM with the ascent 
. . . . 

s tage .' . R C S  . t h k s t e r s ,  making necessary midcourse corrections 
. . 

and braking maneuvers u n t i l  the rendezvous i s  'complete. 

When the two. vehicles dock,. the ascent, stage .crew w i l l '  
. . . . 

. . . . 

prepare 'the . . ascent stage . fo r  a ground-commanded a s c e i t  engine . 
, . 

burn t o  propellant  depletion and t r ans fe r  back in to  the cormnand 

module, Af te r  the f i n a l  undocking, the CSM w i l l .  maneuver . . t o  
. .  . a s a f e d i s t a n c e  . . t o  observe the ascent engine. . depletion . burn , ,, 

. . . . . , 

: . , which"wil1 place the LM ascen t  stage in an b r b i t  .with an . . . 

a s h a t e d  apogee of 3,200 naut ica l  miles. . 

The s ix th  mission day i s  a t  a more le i sure ly  pace, with 
. . . . 

' the  : major event being a .  burn of the service propulsion system. 
. . . . .  .. . . 

t o  . lower . perigee.  t o  95 n a u t i c a l m i l e s  f o r  improved RCS th rus te r  . , 



9 FIFTH D A Y  

VEHICLES UNDOCKED L M  - BURNS FOR RENDEZVOUS M A X I M U M  SEPARATION 

APS BURN FORMATION FLYING AND L M  JETTISON ASCENT BURN 
DOCKING 



bbo 9 SIXTH THRU NINTH D A Y S  

SERVICE PROPULSION BURNS LANDMARK SIGHTfNGS, PHGTOGRAPH 
SPECIAL TESTS.  



The seventh SPS bum i s  scheduled fo r  the eighth day to  

extend o rb i t a l  l ifetime and enhance RCS deorbit capability by 
. . 

' I . . . . . . . .  . . . 
. . . . . . . .  ' . ' I . .  . , 

rais~g:apogee'to~l~nauti~al miles.. " ' .  ' 

Theaajor  a c t ~ v i t i e s  planned during the s ixth through 
. . .  

. . .  

tenth mission. . kork . days include landmark tracking exercises, : . 
. . .  . . 

spacecraft syste'ms exercises, and. a multispectral . . . . terraln: 
. . . . .  . . . . . .  . . . . .  

photog$aphy experiment . for  Earth'. resources s tudies .  " . . .  
. . 

. . 

. . . . . . . . .  

': . . 
The.eleventh . . work period .begins with: sto&ge. of onboard 

. . . . . .  . . 
. . . . . . . . . .  ..: 

'equipment : a n d  . .  preparations f o r  the SPS deorbit. burn 700 miles 
I . .  . . 

southe&st'.&f . . . .  ' H a w a i i  near the.  end of the 150th:: revolution.. 
, ' 

. . 

Splashdown for  a 10-day mission w i l l  be' a t  9:46 a.m. EST 

. . .  , ' : i238 :46 :3~: .0~~)  . . . . . . .  . . . . i n  t h e ,  West Atlantic: some. 250miles ESE of'. 

Bermuda and 1,290 miles eas t  of Cape Kennedy (30.1 degrees 
. . .  . . . :  . . . . .  . . . . . . .  

north: la t i tude  b y  39.9 degrees west longitude). :. , 

m e  Apollo 9 urew and spacecraft w i l l  be picked up by 

the 'landing platform-helicopter (LPH) USS (tuadalcanal. The 
. . . .  . . 

. . . . - " *  . . 
. . . - . . cre'w. . . w i l l  be "a i r l i f t ed  by helicopter the following morning ' 

. . . . .  . . . . .  . . 

: t o  . . .   orf folk, Vai , and thence to  the Manned spacecraft Center;, . 
' 

.... . . .  . . . . . . . .  . . 
. . 

. Houston., ' . h e  spacecraft  w i l l  be taken off the Guadalcanal a t  . . 
. . . . . . . . 

. . . .  

............... . Norfolk, deactivated, and flown t o  the North l American Rockwell. :: . . .  . . - 
. '  . . . . .  ,. :Spac'e ~ 1 , v i s i o n  .p lant  '..in. Downdy, Calif., - fo r  postf l ight  analysis. 



The Saturn V launch vehicle with the  Apollo spacecraf t  

on top s tands  363 f e e t  tall .  The f i v e  f i r s t  s tage  engines 

of Saturn V'develop a combined t h r u s t  of 7,720,174 pounds 

a t  f irst  motion. Thrust increases  with a l t i t u d e  u n t i l . t h e  

t o t a l  is  ' 9,169,560 pounds an  i n s  t'ant before , 'center engine 
. . . . 

h i t o f f ,  - kcheduled f o r  2 minutes 14 seconds a f t e r  l i f t o f f .  

~t t h a t  the  vehicle 4 8 expected t o  b e  a t  an.  a l t i t u d e  

of  about 26-nm (30 sm, 45 hm) and have a ve loc i ty  of :about 

5,414' f/sec (1,650 m/sec, 3,205 knota, 3,691 mph). A t  first 

s tage  ign i t ion ,  the  space vehicie w i l l  weigh 6,486,915 pounds. 

. ~ p o l l o / ~ a t u r n  . . V vehic les  were launched Nov. 9, 1967, 

Apr i l ' 4 ,  1968, and Dec. 21, 1968, on Apollo mlsslons. The 
- 

last vehic le  ca r r ied  the  Apollo ?t crew, the  first two were 

unmanned. . 

me   pol lo 9 s a t u r n  v launch vehicle is ' d i f f e r e n t  from 

the  previous Saturn V's i n  , the following aspects:  . 

Dry weight of the  f irst  s tage  has been reduced from 

304,000 t o  295,600 pounds. 

'The first s tage  fueled weight a t  i gn i t i on  has been ln-. 

creased from. 4,800,000 t o  4 ,96 ,337  pounds. 

Instrumentation measurements i n  the  first s tage  have been 

reduced from 891. t o  648. 



The camera instrumentation e l e c t r i c a l  power system was 

riot insta ' i led,on the first stage, and the stage car r ies  

nei ther  a film nor te levis ion camera system. 

The second stage w i l l  be somewhat l igh te r  and s l i g h t l y  

more powerf'ul than previous S-11's. Maximum vacuum thrus t  

f o r  5-2 engines was increased from 225,000 t o  230,000 pounds 

each. This changed second stage t o t a l  th rus t  from 1,125,000 

t o  3-, 150,000 pounds. The maxirmun S-I1 th rus t  on t h i s  f l i g h t  

i s  expected t o  be 1,154,254 pounds. 

The approximate dry weight of the 23-11 has been reduced 

from 88,000 t o  84,600 pounds. The inters tage weight was re-  

duced from 11,800 t o  11,664 pounds. 'Weight of the stage fueled 

' has been increased from 1,035,000 t o  1,069,114 pounds. 

The $011 instnunentatj.on system was changed from research 

and development t o  operational, and instrumentation measure- 

ments were reduced from 1,226 .to 927. 

Major differences between the S-IVB used on Apollo 8 and 

the one fo r  Apollo 9 lnc1ue.e: 

D r y  stage weight decreased from.26,421 t o  25,300 pounds. 

This does not Include the 8,081-pound in te rs tage  section. 

Fueled weight of the  stage has been decreased from 263,204 t o  

259,337 pounds 4 



T E N T H '  D A Y  

C M / S M  S E P A R A T I O N '  RE-ENTRY 

ATLANTIC  - S P L A S H D O W N  



Stage measurements evolved from research and development 

to operational atatus, and instrumentation measurements were 

reduced from 342 to 280. 

In the instrument unit, the rate gyro tlmer, thermal 

probe, a measuring distributor, tape recorder, two radio fre- 

quency assemblies, a source follower, a battery and six measur- 

ing racks have been deleted. Instrumentation measurements were 

reduced from 339 to 221. 

During the Apollo- 9 mission, communications between the 
! 

spacecraft and the Mission Control Center, the spacecraft will 

be referred to as "Apol-lo 9" and the Mission Control Center as 

ll~ousten". This is the procedurs followed in past manned 

Apollo missions. 

~owcver, during the' periods when the lur~ar module is manned, 

either docked or undecked, a mod5fied call system will be used. 

Conunand Module Pilot David Scott In the coinmand module 

w i l l  be identified as lfQwndropfl and Spacecraft Commander James 

McDivitt and Lunar Module Pilot Russell Schweickart will use 

the cal l  sign "Spider, " 



Spider, of course in derived'from the bug-like con- 

figuration of the lunar module. Gumdrop I s  derived from the 

appearance of the command and service modules when they are 

transported on Earth. During shipment they were wrapped In 

blue wrappings giving. the appearance of. a wrapped gumdrop. 

(END O F  GENERAL RELEASE; BACKGROUND IN {Mb 



APOLLO 9 COUNTDOWN 

The clock f o r  the  Apollo 9 countdown w i l l  s t a r t  a t  
T-28 hours, with a s i x  hour built-in-hold planned a t  T-9 
hours, p r io r  t o  launch vehicle propellant loading, 

The countdown i s  preceded by a pre-count operation 
t h a t  begins some 54 days before launch, During t h i s  period 
the  tasks  include mechanical buildup of both the '  command/ 
service module and IM, f u e l  c e l l  act ivat ion and servicing and 
loading of the super c r i t i c h l  helium aboard the Dl descent 
stage. A 54 hour built-in-hold i s  scheduled between the end 
of the  pre-count and s t a r t  of the  f i n a l  countdown, 

Following a r e  some of the  highlights of the  f i n a l  count: 

T-28 hrs ,  --Official countdown s t a r t s  

T-27 hrs ,  --Instal l  launch vehicle fllat 
ba t t e r i e s  ( t o  23 hrs , )  

--I23 stowage and cabin closeout 
( t o  15 hrs ; )  

T-24 h r s .  30 mlns. --Launch vehicle systems checks 
( t o  18:30 hrs , ) '  . .  . . .  

T-20 hps , , --Top off ,IM super c r i t i c a l  helium 
, ( t o  17 hrs , )  

T-16 hrs ,  --Launch vehicle range s a f e t y  checkr 
( t o  1 5 . h r s , ) '  

T-11 hrs. 30 mins, . - - Insta l l  launch . . vehicle: destruct  
' .devices  
--Command/service module pre-ingresl 

, operat ions 

T-10 hrs. 30 mins,. --Start mobile service s t ruc ture  
move t o  park s i t e  

T-9 hrs,  --Start s i x  hour built-in-hold 

T-9 hrs. counting --Clear blast area f o r  propellant 
loading 

T-8 hrs ,  15 mins. --Launch vehicle propellant loading, 
three stages ( l iquid oxygen i n  
f irst  stage; l iqu id  oxygen and 
l iqu id  hydrogen i n  second, th i rd  
stages).  
Contlnuee thru T-3:30 hrs ,  



--Spacecraft closeout crew on 
s t a t ion  

T-2 hrs.  40 mins. - -s tar t '  f l i g h t  crew ingress 

T-1 hr.  55 rniris; --Mission Control Center-Houston/ 
spacecraft command checks 

T-1 hr.  50 rnins. --Abort advisory system checks 

T-1 hr.  46 mins. --Space vehicle Emergency Detection 
System (EDS) t e s t  

. . 
. ~ - 4 3 ? ' ~ i i ~ .  . 

. . 
--Retrack Apollo a c c e i s  arm t o  s tand-  

,. . . by posit ion . (12 degrees) .* . . 
. . . . . . 

T-42 mime --Arm launch escape system 

T-40 mins. --Final launch vehicle range safe ty  
checks 

T-30 mins. --Launch vehicle power t r ans fe r  
t e s t  

T-20 mins. --IN switch over t o  in te rna l  power 

T-15 mins. --Spacecraft t o  in te rna l  power 

T-6 mins. --Space vehicle f i n a l  s t a t u s  checks 

T-5 mins. 30 sec. --Ann destruct  system 

T-5 mins. --  pol lo access a m  f u l l y  re t racted 

T-3 mins. 10 sec. - - In i t ia te  f i r i n g  command (automatic 
sequencer) 

T-50 sec. --Launch vehicle t r ans fe r  t o  in t e rna l  
power 

T-8.9 sec. --Ignition sequence- s t a r t  

T-2 sec. - - A l l  engines runnlng 

*NOTE: Some changes In the  above countdown a r e  possible as a 
r e s u l t  of experience gained i n  the Countdown Demonstration 
Test (CDMI) which occurs about 10 days before launch. 



$EQUENCE OF EVENTS 

NOMINAL MISSION 

~ i m e  from ' ~ i f t o f f  Date Time - Event 

(~r:Min:Sec) (EST) 

. 0O:OO:OO Feb. 28 11 :OO A M "  F i r s t  Motion 

T i l t  I n i t i a t i o n  

Maximum Dynamic Pressure 

S-IC Center Engine Cutoff 

11:02:39 AM S-IC Outboard Engine Cutoff 

S-TC/S-11 Separation 

11:02:1+2 AM S-I1 Igni t ion  

S-11 Aft Inters tage 
Separation 

00:03:15 11:03:15 AM Launch Escape Tower.Jettison 

00:03:21 I n i t i a t e  I G M  

00:08:53 11:08:53 AM S-I1 Cutoff 

S-II/S-NB Separation 

S-IVB ~ g n i t i o n  

S-IVB ' ~ i r s t  Cutoff 

Inser t ion  i n t o  Earth 
Parking Orbit 

S-NB Enters Transposition 
Attitude . 

Spacecraft separation 

Spacecraft Docking 

Spacecraft Final  Separation 

CSM RCS Separation Burn 



-15- 

Time from Li f tof f  Date - Time Event 

3: 45 PM S-IVB Reignition 

3:46 PM S-IVB Second Cutoff 

S-NB Inser t ion i n t o  
Intermediate Orbit 

5 : O l  PM SPS Burn No. 1 (~ocked)  

5:07 PM S-IVB Reignition 

5:11 PM S-IVE Third Cutoff 

S-IVB Inser t ion i n t o  
Escape Orbit 

5:12 PM S t a r t  S-IVEl LOX Dump 

5:23 PM S-M3 LOX Dump Cutoff 

S t a r t  S-IVB LH2 Dump 

5:42 PM S-IVB LH2 Dump Cutoff 

.22: 12:OO Mar. 1 9: 12 AM SPS Burn No. 2 ( ~ o c k e d )  

25:18:30 12:18 PM SPS Burn No. 3 ( ~ o c k e d )  

28:28:00 .3:28 . PM SPS ,Burn No. 4 (~ocked)  
. . 

.40:00:00' . Mar. 2. 3:00 AM LM Systems .Evaluation 

9:29 PM LM TV Transmission 

12:43 . PM ' ~ o c k e d  LM Descent Engine 
Burn ; 

5:26 PM SPS  urn No. 5 ( ~ o c k e d )  

Mar. 3 7:00 AM . Begin Preps f o r  EVA 

' 12: 10 PM EVA by LM P i l o t  

2:05 PM EVA TV 

2:20 ' PM . EVA Ends 

~ a r . . 4  4:OO AM Rendezvous Preps Beg 



Time from L i f t o f f  Date - Time - 
93:05:45 Mar. 4 8:05 

93:50:03 8:50 

3:26 

Mar.5 12:59 

Mar. 7 12:47 

Mar.10 9:10 

Event 

AM CSM RCS Separat ion DU,,I 

AM LM Descent Engine Phasing 
Burn 

AM LM Descent, Engine I n s e r t i o ~ .  
Burn 

AM LM RCS concent r ic  Sequence 
. Burn.  

PM LM Ascent Engine 
C i r c u l a r i z a t i o n  ,Burn 

PM ' LM RCS Terminal Phase Burn 

PM ~ e r k n a l  Phase F i n a l i z a t i o n  
Docking 

PM LM'APS Long Dura t ionBurn  

PM SPS Burn No. 6 (CSM only)  

PM SPS Burn No. 7 ' 

A M  Main Parachute Deployment 

A M  Splashdown 
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APOLLO 9 MISSION OBJECTNES 

The Apollo 8 lunar o r b i t  mission i n  December f u l l y  
demonstrated t h a t  the Apollo command and service modules a r e  
capable of operating a t  lunar distances, But a missing l ink  
i n  f ly ing  an Apollo spacecraft t o  the Moon f o r  a lunar land- 
ing i s  a manned f l i g h t  i n  the lunar module, 

Apollo 9's primary objective w i l l  be t o  forge t h a t  m i s -  
s ing l i n k  with a thorough checkout i n  Earth o rb i t  of the lunar 
module and i ts  systems i n  a se r i e s  of t e s t s  including maneuvers 
. i n  which the LM is the act ive rendezvous vehicle -- para l le l ing  
an ac tua l  lunar o r b i t  rendezvous, 

Apollo 9 w i l l  be the most ambitious manned space f l i g h t  t o  
date, including the  Apollo 8 lunar o rb i t  mission, Many more 
t e s t s  a r e  packed i n t o  the mission, and most of these deal  with  
the  yet-untried lunar module, While the lunar module has been . 
flown unmanned i n  space  p pol lo 5/m-1, Jan, 22, 1968), the 
r e a l  t e s t  of a new spacecraft type comes when it i s  flown manned, 
Many of the planned t e s t s  w i l l  exceed the  conditions t h a t  w i l l  
e x i s t . i n  a lunar landing mission, 

Although Apollo g w i l l  be followed by a lunar o r b i t  m i s -  
s ion  i n  which the IEI descends t o  50,000 f e e t  above the Moonls 
surface, but does not land, there  w i l l  not be any other long- 
duration burns of the  descent engine before the first lunar 
landing -- possibly on Apollo 11, 

I 

Top among mission p r i o r i t i e s  a re  rendezvous and docking of 
t h e  command module and the lunar module, The'.vehicles w i l l  
dock twice -- once when the LM A s  still  attached t o  the S-IVB, 
and again following the rendezvous maneuver sequence, The dy- 
namics of docking the  vehiclea can be likened t o  coupling two 
f r e i g h t  caps i n  a ra i l road  switching yard -- but using a coup- 
l i n g  m.echanism b u i l h i t h  the precision of a f ine  watch, 

. . 

Next i n  mission.pr ior i ty  a r e  spec ia l  t e s t s  of lunar module 
systems, auch as p e r f o m n c e  of the  descent and ascent engines 
i n  *rarious guidance control  modes and' the IduI environmental con- 
t r o l  and e l e c t r i c a l  power systems t h a t  can only ge t  f i n a l  check- 
out i n  space, 

The preparations aboard the  Dl f o r  EVA -- checkout of the  
p i l o t l s  extravehicular mobility un i t  and configuring the IM 

t o  support EVA a r e  a l s o  of high p r io r i ty ,  The Apollo 9 EVA 
w i l l  be  the  only planned EVA i n  the  Apollo program u n t i l  the  
f irst  lunar landing crewmen climb down the LM f ront  leg t o  walk 
upon the lunar surface, 



MISSION TRAJECTORY AND MANEUVER DESCRIPTION 

(~ote: Information presented hareill is based upon 
~minalmission and is subject to change prior 
mission or in real time during the mission to meet 
changing conditions,) 

Launch 

Apollo 9 is scheduled to be launched at21 a.m. EST from 
NASA Kennedy Space Center Launch Complex 39A on a 72-degree. 
azimuth and inserted into a 103 nm (119.sm, 191.3 la) circular 
Earth orbit by Saturn V launch vehicle No, 504, Insertion will 
take place at 10 minutes 59 seconds after liftoff., 

Transposition and Docking 

' Following insertion into orbit, the S-1VB.third stage 
maintains an attitude level with the local horizontal while 
the-Apollo g crew conducts post-insertion CSM systems checks 
and prepares for a simulated S-IVB translunar InJection restart, 

At 2 hours 34 minutes ground elapsed time (GGT) the S-IVB 
enters transposition and docking attitude (15 degree pitch, 35 
degree yaw south); and the CSM separates from the S-IVB at 2 
hours 43 minutes GET at one fps to about 50 feet separation, 
where velocity is nulled and the CSM pitches 180 degrees and 
closes to near the lunar module docking collar for station 
keeping, DocWng is completed at about 2 hours 53 minutes GGP 
and the LM is pressurized with the command module surge tanks 
and reentry bottles, 

IN Ejection and Separation 

The lunar module is edected from the spacecraft LM adapter 
by spring devices at the four W landing gear "kneel/attach 
points, A three-second SM RCS burn separates the CSM/LM for 
crew observation of the first S-IVB restart. 

S-IVB Restarts 

After spacecraft separation, the S-TVB resumes a local 
horizontal attitude for the first 5-2 engine restart at 4:45:41 
GET. The CSM/IM maintains a separation of about 2,000 feet 
from the S-IVB for the restart, A second S-IVB restart at 
6:07':04 GET followed by propellant dumps place the S-IVB in an 
Earth escape trajectory and into solar orbit. 



CMS/S-IVB ORBITAL OPERATIONS 



TRANSPOSITION, DOCKING. 

NASA HQ MA69-4178 
1 -28 -69 

. . 



S- IVB SOLO OPERATIONS 

. . . . 

S E C O N D S - I V B  BURN . .. 

,, DURATION 62 SEC.. 

I 
I-' 

!! .P  
'1 

I 

(P 
I 

INTERMEDIATE ORB IT. 

ALT 1318 MI. 
DURATION 241 SEC.* . . 



service Propulsion System (SPS) Burn No. 1 

A 36.8 fps (11.2 m/sec) docked SPS burn at 6:01:40 GET 
enhances spacecraft orbital lifetime and demonstrates stability 
of the CSM digital .autopilot. The new .orbit is 113 x 131 nm 
(130 x 151 sm, 290 x 243 km). . . . 

. . 

Docked SPS Burn No. 2 

This burn at 22 :12 :00 GET reduces CSM weight by 7,355 
pounds (3,339 kg) so that reaction control propellant usage 
in a contingency LM rescue (CSM-active rendezvous) would be 
lessened; provides continuous SM RCS deorbit capability; tests 
CSM digital autopilot in 40 percent amplitude stroking range. 
The burn is mostly out.of plane adjusting orbital plane east- 
ward (nominally) and rain- anoaee to 192 nm (221 sm, 355 km). 

Docked SPS Burn No. 3 

Another : out-of -plane burh at 25 :18 :3O GET. with a' velocity 
change of. 2,548.2 fps (776.7 m/sec), further, reduces CSM .weight 
and : shifts orbit 10 .degrees eastward .to Improve lighting .and 
tracking covera e duri rendezvous.' The burn.will consume. 
18,637 pounds ( ,462 3 of propellant. Apogee is raised to 
270 nm (310 am, 500 km and the burn completes the CSM digital, 
autopilot test series. A manual control takeover .also is 
scheduled for this. 

D o c k e d ' . ~ ~ ~ ~ u r n  No. 4 . ' .  

A 299.8 fps (91.4 m/sec) out-of-plane burn at 28:28 :00 
GET shifts the orbit one degree eastward without changing apogee 
or perigee, but if launch were delayed more than 15 minutes, the 
burn will be partly in-plane to tune up the orbit for optimum 
lighting and tracking during rendezvous. 

LM Systems Checkout and Power-Up 
. . . . 

' The cokander and lunarmodule pilot enter the LM through. 
the docking tunnel to power-up the IN. and. conduct systems . check- 
out',and,to prepare for the docked LM descent engine burn. Pre- 

. mission intravehicular transfer timeliness 'will. also 'be evalu-. , . 

.. . ' ated during. this period. 

Docked I;EI Descent Engine Burn 

The W digital autopilot and crew manual throttling of the 
descent engine will be evaluated in thia 1,714.1 fps (522.6 
m/sec) descent engine burn at; 49:43:00 GET. $he burn w i l l  shift 
the orbit eastward 6.7 degrees (for a nominal on-time launch) 
and will result in a 115 x 270 nm (132 x 310 sm, 213 x 500 
orbit. 'After the burn, the IN crew will power down the LM and 
return to the command module. 

-more- 



DOCKED SPS BURNS 



DOCKEQ DP.S BURN 



Docked SPS Burn No. 2 

4 Apollo 91s o r b i t  is ci rcular ized t o  133 nm 153 am, 246 
h) by a 550.6 fps  (167.8 m/sec) SPS burn a t  54: 6:16 ~fi. The 
133 nm c i r c u l a r  o r b i t  becomes the  base o r b i t  f o r  the  M-active 
rendezvous. 

Extravehicular A c t i v i t ~  

The commander and the  UI p i l o t  w i l l  t r ans fe r  t o  the  I&! 
through the  docking tunnel a t  about 68 hours GET and power up 
the  spacecraft  and prepare f o r  EVA. The Ib3 p i l o t  w i l l  don the  
extravehicular  mobil i ty u n i t  (EMU), check it out, and leave 
the  IM through the  f ron t  hatch a t  73:10:00 GET. Tethered by a 
nylon rope, the  LM p i l o t  w i l l  move with the  a i d  of handrails  
t o  the  open command module s ide  hatch and place h i s  lower t o r s o  
i n t o  the  cabin t o  demonstrate EVA IM crew rescue. He then wi l l  
r e tu rn  t o  t h e  IM "porch" co l lec t ing  thermal samples from the  
spacecraft  e x t e r i o r  enroute. The IM p i l o t ,  res t ra ined by 
"golden s l ippe r s "  on the  LM porch, photographe various components 
of the  two spacecraft. .  The commander w i l l  pass the  IN t e l e -  
v is ion camera t o  the  LM p i l o t  who w i l l  operate it f o r  about 10 
minutes beginning a t  75:20:00 GET during a s t a t e s ide  pass. The 
IPI p i l o t  w i l l  en t e r  the  LM a t  75:25:00 GE2 through the  f r o n t  
hatch and the  spacecraft  w i l l  be repressurized. Both crewmen 
w i l l  t r ans fe r  t o  the  command module a f t e r  powering down the  1.24 
sys.:ems. 

CSM RCS Separation Burn 

The commander and the  Iyi p i l o t  t r a n s f e r  t o  the  IlvI a t  about 
89 hours GET and begin I24 power-up and preparations f o r  separa- 
t i o n  and IM-active rendezvous. The first i n  the  s e r i e s  of ren- 
dezvous maneuvers 1s a 5 fps  (1.5 m/sec) r a d i a l l y  downward CSM 
RCS burn a t  93:05:45 Qm' which places the CSM i n  a 131 x 132 rxn 
(151 x 152 sm, 243 x 245 km) equiperiod o r b i t  . fo r  the  'h in i -  
foo tba l l "  rendezvous with a maximum vehicle separat ion of less 
than two nau t i ca l  miles. During the  mini-football, the  IN radar  
i s  checked out and t h e  LM i n e r t i a l  measurement unit (mu) i s  
aligned. 

LM Descent Engine Phasing Burn 

A n  85 fps  (25.9 m/sec) LM descent engine burn radial1.y 
u ward a t  93:50:03 GET places the  LM i n  an equiperiod 119 x T: 1 5 nm (137 x 167 sm, 220 x 268 km) o r b i t  with apogee and 
perigee about 11.8 miles above and below, respectively,  those 
of the  command module. Maximum range following t h i s  maneuver 
i s  48 nm and permits an ea r ly  terminal phase maneuver and ren- 
dezvous i f  t h e  f u l l  rendezvous sequence f o r  some reason is no-go. 
The burn is  the  only one t h a t  is controlled by the  XkI abort  
guidance system with the  primary system act ing as a backup. 

-more- 

- - 



EXTRAVEHICULAR ACTIVITY 

. . 

NASA HO MAA9-4 18 1 
1-28-69 





E V A  SCHEDULE- 6'AOSSOON D A Y  

QABOUT 11 HOURS (GET 68:lO TO 78:50) INCLUDING: 

D.ONIDOFF LCG AND PGA'S (1.HR. EA.) - 2 HRS 

TUNNEL HARDWARE AND IVT..OPNS - 2 112 HRS 

EVA PREPARATIONS AND POST EVA - 3 HRS 

EAT ' 
- 1 HR 

t 
IU 
0 

?EVA DURATION 2 HRS., 10 M I N  (GET 73:lO TO 7520)  INCLUDES:. 0 1 

EGRESS, EVTTO CM, AND INGRESS CM - 20 MIN.  

RETRIEVE THERMAL SAMPLES AND REST - 15 MIN. 

EGRESS CM, EVT TO LM, AND RETRIEVE 
SAMPLES - 15 MIN, 

EVALUATE NIGHT LIGHTING - 35 MIN.  

' PHOTOGRAPHY, TV, AND INGRESS LM. . - 45 M IN. 



I 9k05 
CSMIRCS . 
C S M o D M  
10.9 SEC. 
5 FPS' 

9350 
DPS -AGS 
UP - 

25.2 SECe 
$5 FPS 

BACKUP 
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ABORT 
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DPS-PGNCS MIWCS APS-PGNCS LMIRCS 
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24- 8 SEC. 30.6 SEC. 3-1 SEC. 17.6 SEC. 
40 FPS 138 FPS 

' 

1 38 FPS 1 22 FPS 

I CSM 'CSM MI RROR IM-RCS CSM MIRROR 2 , 
INSERTlW - IMAGE BURN OR IMAGE BURN 
CANCELLING CSM MI RROR 
BURN IMAGE BURN 

- 

'TWO IMPULSE TECHNIQUE TO REDUCE RETURN DOCK IMG 
Tim To ABOUT 56 M1N. (NmINAuY 



"D" MISS ION RENGENOUS PROFILE 
(CSM-CENTERED.RELATIVEMOTION) 



LN Descent m i n e  Xnasrtlon Burn 

This burn a t  95 :41:48 GET of 39,9 fps (9.2 m/sec) i s  at 
a 10-percent throLtle se t t ing  and places the LM i n  a 142 x 144 
rnrn (163 x 166 sm, 263 x 265 h) near circular  orbi t  and 11 miles 
above tha t  of the CSM, 

CSM Backup Maneuvers 

For c r i t i c a l  rendezvous maneuvers a f t e r  the insertion 
burn, the  CM p i l o t  w l 1 1  be prepared t o  make a 'tmlrror-lmage" 
burn of equal velocity but opposite i n  direction one mlnute 
a f t e r  the scheduled 3M maneuver time i f  f o r  sane reason the I14 
cannot make the  maneuver, Such a CSM burn a11 cause the ren- 
dezvous t o  be completed i n  the same manner a s  i f  the  IM had 
maneuvered nominally. 

ZM RCS Concentric sequence Bum (CSI) 

A retrograde 37,8 fps (815 m/sec) RCS burn a t  96:22:00 GET 
lowers I24 perigee to.about 10 miles below that of the CSM, The 
Uf RCS i s  Interconnected t o  the a ~ c e n t ~ e n g i n e  propellant tankage 
fo r  the burn, and the descent stage is jettisoned pr ior  t o  the  
s t a r t  of the burn, 

The CSI burn is nominally computed onboard the LM t o  cause 
the phase angle a t  constant de l ta  height (CDH) t o  resu l t  ( a f te r  
CDH Is performed) in8properstime for  terminal phase i n i t i a t e  
(TPI) , 

M. Ascent m i n e  Circularization Burn (CDH) . . 

The IN ascent stage orbi t  i s  circularized by a 3?,9 fps  
(8.5 m/sec) retrograde burn a t  97 :06:28 GET at  LM perigee, A t  
the end of the burn, the I24 ascent stage is  about 75 miles be- 
hind the CSM and i n  a coel l ip t ic  orbi t  about 10 miles below 
t h a t  of the CSM, The new IN ascent stage orbi t  becomes 119 x 
121 nm (137 x 139, 220 x 224 lad), 

3;M RCS Terminal. Phase In i t i a l i za t ion  Burn 

At.97:59:21 Om, when the IEI ascent stage. is about 20 nm 
behind and 10.m below the CSM, a LM RCS 21.9 fps (6.6 m/sec) 
burn along the l i n e  of s ight  toward the CSM'begins the f i na l  
rendezvous sequence, Midcourse corrections and braking 'maneuvers 
comple!te the rendezvous and docking is estimated t o  take place 
a t  98:31:41, ' ' 



LM' ACTIVE RENDEZVO.US 

NASA HQ MA6.i-41b2 
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APS BURN TO DEPLETION 



NASA HQ MA6Y-4184 
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Ascent Emtine Lam-Duration Burn 

E'ollowing docking and crew t r ans fe r  back i n t o  the  CSM, 
t he  W ascent  s tage 1~ je t t i soned and the  CSM maneuvers out 
of plane for  separation. The IN ascent engine i n  ground con- 
manded t o  burn t o  deplet ion a t  100:26:00 GhT,. with LM RCS pro- 
pe l l an t  augmented by the ascent  tankage crossfeed. The bur l  
w i l l  r a i s e  I24 ascent  stage apogee t o  about 3,200 nm (3,680 3x2, 
5,930 km). The burn is  5,658.5 fps (1,724.7 m/sec). 

SPS Burn No. 6 

A t  121 :59:00 GET, the  SPS engine i s  ign i ted  i n  a 66.1 .?ps 
(20.1 m/sec)'retrograd(? burn lower perigee t o  95 nm (109 sm, 
176 h) t o  improve the  space craft.'^ backup capabi l i ty  t o  de.>rbit  
with the  RCS thrus te rs .  

.SPS Burn No. 7 

Apollo 9 o r b i t a l  l i f e t ime  is  extended and RCS deorbit  
capabi l i ty  improved by t h i s  173.6 fps  (52.6 m/sec)posigrade 

. b u r n  at 169:47:00 GET. The burn r a i s e s  apogee t o  210 nm (241 
sm, 388 Ian). The burn a l s o  s h i f t s  apogee t o  the  southern hemi- 
sphere t o  allow longer f r e e - f a l l  time t o  entry  a f t e r  a nominal 
SPS deorbi t  burn. 

' SPS Burn No. 8 

The SPS deorbit  burn 1s scheduled f o r  238:10:47 GET and 
. . i s  a 252.9 fps  (77 m/sac) retrograde burn beginning about, 700 

nm southeast of Hawali. 

Entry 
. . 

After' d e o ~ b i t  burn cu tof f ,  the  CSM w i l l  be yawed 45 degrees 
. out of plane f o r  service  module separation. Ehtry (h0,000 f e e t )  

w i l l .  begin about 15 minutes a f t e r  deorbi t  burn, and main para- 
chutes will deploy a t  238:41:110 GET. Splashdown w i l l  be a t  238: 
46:30 a t  .30.1 degrees north la t i tude ,  59.3 degrees. west 
longitude. 
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APOLLO 9 MISSION EVENTS 

Event 

Insertion ' 

CSN separation, docking 

LM ejection 

CSN RCS separation burn 

Docked SPS burn No. 1 

Docked SPS burn No. 2 

1 
'3 

Docked SPS burn No. 3 
0 
I 

Docked SPS burn No. 4 

Ground  lapsed Tine Velocity Change 
hrs: mln: sec fps (m/sec) 

Purpose (~esultant Orbit) , 

00: 10: 59 25,245.6(7,389.7)* Insertion into 103 nm (191.3 km) circular 
. Earth parking orbit 

02: 43: 00 1 (.3) Hard-mating of CSM and LIS docking tunnei . 

04: 08: 57 .4 (.12) Separates >LM from S-IVIi/SLA 

04: 11: 25 . 3 (01) Provides separat1on.prior to S-?XB restart . 

36.8 (11.2) Orbital, lifetime, first test of CSM digital 
autopilot (orbit: 113x128 nm) 

LM Systems evaluation 40: 00: 00 

Docked LM descent engine burn 49:43:00 

Docked SPS burn No. 5 54: 26: 16 

Extravehicular activity 73: 10: 00 

:a- - *,\ .' ' * 

~educ'es-,CSM weight ' &r Lk rescue and 
RCS deorbit; Second digital autopilot 
stroking. test (113x192 nm) 

2,548.2,(776.7) Reduces CSM weight; completes test of & 
digital autopilot stroking (115x270 nm) I 

299.8 (91.4) Out-of -plane burn adjusts orbit for 
launch delays; no apogee/perigee change 
if on-time launch. Late launch: 
apogee between 130 and 500 nm. 

Demonstrate crew intravehicular trans- 
fer to LM; power up and checkout LM . 

1,714.1 (522.6) Demonstrate LM digital autopilot con- 
trol, manual throttling of descent 
engine. 

550.6 (167.8) . Circularizes orbit to 133 nm for 
rendezvous 

ilot demonstrates EVA transfer from IJ4 
to ~ S M  and re ?-' rn; evaluates CM hatch, 
collects samp es on spacecraft exterior, 
evaluates EVA lighting, performs EVA 
photography and !!?V test. 



Event - Ground Elapsed Time 
hrs: min: sec 

k r p o s e  ( ~ e s u l t a n t  orbit). 

CSM RCS separation burn 93: 05: 45 

IN descent engine phasing burn 93:50:03 

LM descent engine in- 95: 4 1: 48 
ser t ion burn 

fi 
LF9 RCS concentric sequence 96: 22: 00 

3 
burn 

3 
3 
t 

LM APS circularization burn . 97: 06: 28 

LM RCS te&inal  phase burn 97: 59: 21 

Terminal phase f inalization,  98: 31:41 
rendezvou'3 

LM APS long duration burn 100: 26: 00 
(unmanned 

SPS burn NO. '6 (CSM alone) 121: 59: 00 

5.0 (1.5) Radially downward burn t o  place CSM in 
equi-period o rb i t  f o r  mini-football 
rendezvous (131x132) 

85 (25.9) Demonstrates LM abort  guidance system con- 
t r o l  of descent engine burn, provides 
rad ia l  separation fo r  LM-active rendezvous 
(U+f 119x145) 

39.9 (9.2), Adjusts height d i f fe ren t ia l  and thus phase 
angle between LM and CSM at  time of C S I  
maneuver (LM 142x144) . 

37.8 (8.5) Retrograde burn adJusts LM perigee t o  
about 10 m below tha t  of CSH; LM i s  
staged be fore burn I 

37.9 (8-5) Retrograde burn c i rcular izes  LM o r b i t  
t o  about 10 nm below and 75 nm behind 
and closing on the CSM (LM 119x121) 

21.9 (6.6)  thrusts along l ine  of s ight  toward 
CSM t o  begin intercept t ra jectory 
(LM 121x133) 

28.4 (8.6) Stat ion keepl.ng, braking maneuvers t o  
-. . complete rendezvous (LN/CSM 131x133) ; 
' - docking should occur a t  99: 18 

5,658.5 (1,724.7) ascent engine ground commanded to  burn 
t o  depletion a f t e r  CSM undocks; demon- 
s t r a t e s  ascent engine a b i l i t y  fo r  
lunar landing mission prof i l e  (LM 131~3,200' 

Lowers CSM perigee t o  enhance RCS de- 
o rb i t  capabil i ty (95x130) 



Event Ground Elapsed Time Velocity 
hrs:mln: sec ' T j j q q S c  ) 

sPS burn No. 7 (cSM alone) 169: 47: 00 173.6 (52.6) 

SPS burn No. 8 (CSM aione) 238: 10: 47 252.9 (77) 

Main parachutes deploy . 238: 41: 41 

Splashdown 238:46: 30 

* This f igure  i s  o rb i t a l  insert ion velocity 

Purpose ( ~ e s u l t a n t  o rb i t )  

Extends o r b i t a l  l i fe t ime and lessens .  
RCS deorbit requirements by ra is ing 
apogee (97x210) 

Deorbits spacecraft (29x210) 

Landing a t  30.1 degrees North Latitude 
x 59.9 degrees West Longitude 
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.FLIGHT PLAN SUMMARY ,: ; 

Following is  a b r i e f  summary of t a s k s  t o  be accomplished 
i n  Apollo 9 on a day-to-day schedule. Apollo 9 work days are 
n o t  on a 24Lhour b a s i s  but r a t h e r  on a v a r i a b l e  mission phase 
and crew a c t i v i t y  basis. Rest per iods  a r e  scheduled a t  i r r e g u l a r  
i n t e r v a l s  between mission phases. 

Launch Day (0-19 hours elapsed t ime):  

* CSM systems checkout fol lowing i n s e r t i o n  i n t o  103 nm o r b i t  

* Prepara t ions  f o r  t r anspos i t ion ,  docking and IM e j e c t i o n  

*.-'CSM separa t ion ,  ' t r a n s p o s i t i o n  and docking with l u n a r  module 

* IdvI p r e s s u r i z a t i o n  t o  equal  of CSM 

* IN ejection from &pacecraft/lN adap te r  

* Spacecraf t  evasive maneuver $0 observe S-IVB r e s t a r t  

* Docked posigrade s e r v i c e  propulsion system burn raises apogee 
t o  128 nm 

* ~ a y l i g n t  star check and sex tan t  c a l i b r a t i o n  

Second day (19-40, hours GET) : 

* Second SPS docked burn tests digital  a u t o p i l o t  s t a b i l i t y  a t  
40 p e r  cent  of f u l l  amplitude gimbal s t r o k e  posigrade,  
r a i s e s  apogee t o  192 nm 

* Third SPS docked burn tests d i g i t a l  a u t o p i l o t  s t a b i l i t y  a t  
f u l l  s t roke;  a l though mostly out-of-plane, burn raises apogee 

. t o  270 nm . . 

* Fourth docked SPS burn, out-of-plane; o r b i t  remains 115x270 
nm 
' 

~ h i r d  day ,(40-67 GET) : 

Commander and IN p i l o t  t r a n s f e r  t o  IN 

. . * .'IM systems checkout . .. 

, * IM alignment o p t i c a l  t e l e scope  d a y l i g h t ,  s tar  v i s i b i l i t y  
. .check . . . . . 

. . . .  . 
. . * . IN S- and s t e e r a b l e  antenna check 

. . 



* LM platform a l ignment  with combination of known CSM 
a t t i t u d e s  and voiced d a t a  from ground . . . .  

* LM RCS engines h o t  f i r i n g  

* Docked LM descent  engine burn: out  of plane, no o r b i t  change 

* LM crew t r a n s f e r  baok i n t o  command module 

* F i f t h  SPS docked burn c i r c u l a r i z e s  o r b i t  t o  133 nm 

Fourth day (67-87 GET): 

* Commander and LM p i l o t  t r a n s f e r  t o  LM and begin prepara t ions  
f o r  EVA 

* CSM and LM depressurized and hatches opened 

* LM p i l o t  l eaves  through IPI f r o n t  hatch,  mounts camera; command 
module p i l o t  mounts camera on command module open hatch 

* I24 p i l o t  c a r r i e s . o u t  two-hour EVA i n  t r a n s f e r  t o  command 
module and back t o  LM f o r  per iod i n  "golden s l i p p e r s "  on 
LM porch; t e s t s  LM TV camera ' 

* IM p i l o t  e n t e r s  IM, c l o s e s  hatch; IM and command module 
re-pressurized;  IN crew r e t u r n s  t o  command module 

F i f t h  day ( 87-114 GET): 

* Commander and IN p i l o t  t r a n s f e r  t o  LM and prepare f o r  un- 
docking 

* LM checkout s imula t ing  prepara t ions  f o r  l u n a r  landing descent  

* LM rendezvous radar s e l f  - t e s t  

* M/CSM separa t ion ,  command module p i l o t  i n s p e c t s  and photo- 
graphs ZM landing gea r  

* IM rendezvous r a d a r  lock-on with CSM transponder 

* ~ e s c e n t .  engine phasing burn p laces  IM i n  119x145 nm o r b i t  
f o r  rendezvous radial separa t ion  

* LEI descent  engine posigrade burn i n s e r t s  IM i n t o  142x144 nm 
o r b i t  f o r  c o e l l i p t i c  rendezvous maneuver 

* LM RCC re t rograde  burn and s t ag ing  of IN descent  s tage ;  LM 
aszen t  s t a g e  now i n  120x139 nm o r b i t  

. . 

* IM ascen t  engine c o e l l i p t i c  burn p laces  IM i n  119x121 nm 
o r b i t ;  . . LM'orbit  now constant"about  10 nm'below CSM . 

. . '-more- . . . 



* IM RCS terminal  phase i n i t i a t i o n  burn along l i n e  of 
sight toward CSM, followed by midcourse correct ion burns 

* Rendezvous and docking 

* IM'crew t r a n s f e r  t o  command module 

* IN je t t i soned and ascent  engine ground-commanded f o r  
burn t o  deplet ion 

S ix th  day (114-139 GET): 

* Six th  SPS burn lowers CSM perigee t o  95 nm 

Seventh day- (139-i62 GET) :. 

* Landmark t racking over U.S. and South At lant ic  

Eighth day (162-185 GET) : 

* .. Seventh 'SPS burix r a i s e s  apogee t o  210 nm ' 

: ' Ninth d a y  (185-208 GET) : 
. . 

, . * No major mission a c t i v i t i e s  planned 

Tenth day (208-231 GET): 

* No major mission a c t i v i t i e s  planned 
> . .  .. . 

. .  . . 
. . .  . , . . . . . Eleventh . day (231 GET t o ,  splashdown) : : 

* . h e r y  preparat ions 
, . 

* - . SPS . f p s  retrograde deorbi t  burn 
. . . . 

. *' CM/SM separat ion,  en t ry  and splashdown. 
. . 



. '  
. APOLLO 9 ALTERNATE. MISSIONS 

An of t he  severa l  a l t e r n a t e  mission plans poss ible  f o r  
Apollo fl w i l l  focus upon meeting the  most lunar  module t e s t  
object ives.  %pending upon when i n  the  mission t imeline a 
f a i l u r e  occurs, and what t he  nature  of t h e  f a i l u r e  Is, an 
a l t e r n a t e  mission plan w i l l  be chosen i n  r e a l  tlme. 

Fai lures ,which would requ i re  a s h i f t  t o  an a l t e r n a t e  mission 
p lan  are cross-matched againat  mission t ime l ine  periods i n  an 
a l t e r n a t e  mission matrix from which the  f l i g h t .  con t ro l  team i n  

Mission'Con4t;rol Center would choose an a l t e r n a t e  promising the  
. .  maximum i n  mission ob3ectives met. . . 

The funct ional  f a i l u r e  side .of t he  a l t e r n a t e  mission 
matrix has 14 poss ible  f a i l u r e s ,  They are: Far ly  S-IVB cutoff ,  
f o rc ing  an SPS contingency o r b i t  i n se r t i on  (COI) and a CSM 
only a l t e r n a t e  mission; I-M cannot be e jec ted from t h e  spacecraft /  
IEI adapter  (SLA); SPS w i l l  not f i r e ;  problem with CSM l i f e t h e ;  
f a i l u r e  of e i t h e r  CSM coolant l o ~ p ;  unsaZe descent  stage; IP9 
descent propulsion engine inoperable; ext ravehicular  t r a n s f e r  
t akes  longer than 15 minutes; l o s s  of LM primary guidance, nav- 
i g a t i o n  and cont ro l  system (PGNCS); l o s s  qf LM primary coolant 
loop;- e l e c t r i c a l  power problem i n  Wi descent stage; e l e c t r i c a l  
problem' i n  U4 ascent  stage; I M  rendezvous radar  f a i l u r e ;  and l o s s  
of IN abor t  guidance system, 

Seven bas ic  a l t e r n a t e  missions have been outl ined,  each 
of which has severa l  poss ible  subal ternates  a temakg from when 
a f a i l u r e  occurs and how many of the missiont s obJect ives  have 
been accomplished. 

The bas ic  a l t e r n a t e  missions are s*~minarizecl ;la follows: 

Al ternate  A: (NO lunar  module because of SPS contingency 
o r b i t  i n s e r t i o n  o r  f a i l u r e  of M t o  e j e c t  from SU,) Full-durat ion 
CSM only mission with the  scheduled eighk SPS.burns on the 
nominal t imeline.  

Alternate B: (NO SPS, l i f e t ime  problerim on CSM and IM. ) 
Would include t ransposi t ion,  docking and ex t rac t ion  of IM; IM 
systems evaluat ion,  docked DPS,burn, EVA, s t a t i o n  keeping w i t h  
a scen t  s tage,  long ascent  engine burn, and RCS deorb i t ,  

Al ternate  C: (unsafe descent stage, EVA t ransfer  runs 
overtime,) C r e w  would perform EVA a f t e r  separa t ing descent s tage,  
t h e  long ascent  engineburn would be performed and the balance 
of t h e  mission continue along t h e  nominal t imeline.  



ALTERNATE 

B.. 

ALVEWNAT E MISSIONS 

. Contingency: LM fai ls or cannot be ejected from SLA. 
Perform CSMqnly mission. 

Contingency: Curtailed CSM systems performance. 
Accomplish priority objectives on accelerated time scale. 

Contingency: DPS cannot be ignited,--or fails during docked burn. 
Perform EVA and long APS burn. Accomplish CSM objectives. 

Contingency: Loss of CSM ECS coolant loop. 
\O 
P, 
I 

Depending on time of occurrence, conduct LM evaluation, execute clocked DPS bum, 
station keeping, and long APS burn. 

Contingency: Various LM subsystem failures. 
Perform rendezvous as modified i n  real-tim?. 

Contingency: Loss of PGNCS. 
Delete docked DPS burn and long APS burn, perform EVA, and substitute CSM active 
rendezvous. 

Contingency: LM primary coolant loop failure. 
Delete docked DPS bum. Perform EVA and long APS burn. 



Alternate TI: (CSM and/or IM l i f e t ime  problems, f a i l u r e  
of e i t h e r  CSM coolant loop.) Mission plan would be reshaped 
t o  include transposi t ion,  docking and US extract ion,  IM systems 
evaluat ion,  docked descent engine burn, s taging and long ascent  
engine burn, and continuation along nominal t imeline,  

Alternate E: (unsafe descent stage, descent engine 
f a i l u r e ,  IM primary coolant loop f a i l u re ,  electr icalproblems 
i n  e i t h e r  IM stage, PGNCS f a i l u r e  rendezvous radar  f a i l u r e ,  o r  
l o s s  of IM abor t  guidance system.1 Four possible modified ren- 
dezvous plans  a r e  i n  t h i s  a l t e rna t e ,  each depending upon t h e  
na ture  of t h e  systems f a i l u r e  and when i t  takes  place, The modi- 
f ied rendezvous are:  s t a t i o n  keeping, mini-football rendezvous, 
f o o t b a l l  rendezvous and CSM ac t ive  rendezvous, 

Alternate F: (Fa i lu re  of LM primary guidance, navigation 
.and cont ro l  system,) This alternate would d e l e t e  docked descent 
engine burn, long ascent  engine burn, but would include SPS burn 
No, 5,.RVA s t a t i o n  keeping and docking with ZM ascent  s tage,  and 
a CSM-act i v e  rendezvous, 

Alternate O: (Fai lure  of hl primary coolant loop o r  
descent engine inoperable.) The docked descent engine burn 
and t h e  LM-active rendezvous i s  deleted i n  this a l t e rna t e ,  but 
t h e  long ascent  engine burn i s  done after undocking and the  
mission then follows the  nominal t imeline. 



ABORT MODES 

The Apollo 9 mission can .be  aborted a t  any time d u r i n ~ :  
t h e  launch phase o r  during l a t e r  phases a f t e r  a successful  
i n s e r t l o n  i n t o  Ear th  o r b i t .  

Abort modes can be summarized as follows: 

Launch phase -- 
Mode I - Launch escape tower p r o p e l s  command module away 

from launch vehic le .  This  mode i s  i n  e f f e c t  from about T-20 
ml.nutes when LES is armed u n t i l  LES j e t t i s o n  a t  3: 16 GET and 

- command module landing p o i n t  can range from the  Iaunch TcJm~lex 
3% a r e a  t o  520 nm (600 am, 964 km) downrange. 

Mode I1 - Begins when LES i s  j e t t i s o n e d  and u n t i l  t he  . 
SPS ca:? be used t o  i n s e r t  t h e  CSM i n t o  a s a f e  o r b i t  ( 9 : 2 2  GET) o r  
u n t i l  landing p o i n t s  t h r e a t e n  t h e  African coas t .  Mode 11 r e -  . 

q u i r e s  manual sepa ra t ion ,  e n t r y  o r i e n t a t i o n  and f u l l - l i f t  e n t r y  
with landing between 400 and 3,200 nm (461-3,560 s m ,  743-5,Fjl h; 
downrange. 

Mode I11 - Begins when f~l l - l i f t  landing po in t  reaches 
3,200 nm (3,560 s m ,  5,931 Ian) and extends through o r b i t a l  In-  
s e r t i o n .  The CSM would s e p a r a t e  from t h e  launch vehic le ,  and if' 
necessary ,  an  SPS re t rograde  burn would be made, and the c ~ ~ ~ a ~ ~  
modvle would be flown h a l f - l i f t  t o  e n t r y  and landing a t  approxi- 
mately 3,350 nm (3,852 s m ,  6,197 km) downrange. 

Mode I V  and Apogee Kick - Begins a f t e r  t h e  poin t  the  SFS 
could be used t o  i n s e r t  t h e  CSM i n t o  an Earth parking o r b i t  -- 
from about  9:22 GET. The SPS burn I n t o  o r b i t  would be made two 
minutes a f t e r  sepa ra t ion  from t h e  S-IVB and t h e  mission would 
cont inue  as an Earth o r b i t  a l t e r n a t e .  Mode I V  i 8  prefer red  over 
Mode III. A v a r i a t i o n  o f  Mode IV i s  the  Apogee Kick i n  which the 
SPS wduld be i g n i t e d  a t  first apogee t o  +a i se  p e r l m e  f o r  a 3af'e 
orbit; ,  



LES ABORT DIAGRAM 
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Like Apollo 8, Apollo 9 w i l l  be flown on a step-by-step 
commit point  o r  GO/NO-QO bas i s  i n  which the  decision w i l l  be 
made p r i o r  t o  each ma$or maneuver whether t o  continue the  
mission o r  t o  switch t o  one of the possible a l t e r n a t e  missions. 
The GO/NO-GO decisions w i l l  be based upon the  j o in t  opinions 
of the f l i g h t  crew and the  f l i g h t  control  teams i n  Mission 
Control Center. 

Clo/~o-GO decisions w i l l  be made p r i o r  t o  the  following 
events: 

1. Launch phase GO/NO-GO a t  9 m l n .  40 sec. GET f o r  o r b i t  
inse r t ion .  

2. S-WB o r b i t  coast  period a f t e r  S-IVB cutoff .  

3. Continue mission pas t  preferred t a rge t  point  2-1 t o  
t a r g e t  point  6-4. 

4. I1ransposition, docking and LM'extraction. 

5. S-NB o r b i t a l  maneuvers. 

6. Service propulsion system maneuvers. 

7. Continuing the  mission pas t  t a rge t  point  6-4. 

8. Daily f o r  going pas t  the  West At lant ic  t a r g e t  point.  

9. Crew in t raveh icu la r  t r ans fe r  t o  LM. 

10. Docked descent engine burn. 

11. Extravehicular a c t i v i t y .  

12. CSM/LM undocking. 

13. Separation maneuver. 

14. Phasing maneuver. 

15. . I n s e r t i o n  maneuver. 

16. LM staging. 

17. F ina l  LM separat ion and unmanned APS burn. 



' . RECOVERY OPERATIONS . , 

 he primary landing point f o r    pol lo 9 'is i n  the West 
' ,At lan t ic  a t  59.9 degrees West Longitude by 30.1 degrees North 
Latitude f o r ,  a .  nominal f i l l -durat ion mission. ' Prime recovery 
vessel  is the' helicopter landing platform USS :Guadalcanal. ' 

. . . .  . . 

splashdown f o r  a .  nominal mission launched on time a t  11 a..rn. . . 
EST, Feb. 28 will. .be. a t  9:46 a ,m.  EST,, Mar. 10.. 

. . .  
other. , sh ipsa long  the , launch-phase ground 'track, i n  addit lon 

. t o  the Guadalcanal,. w i l l  be the Apollo' i n s tnhen ta t ion  ship . 
Vanguard and the destroyer USS Chilton off  . the ,west coast' of ' ' . 
Africa. Ships on s t a t i o n  i n  Pacific.contingency landing areas  
inc1ude:one vessel  i n  the West .Pacific and two in. . the mid-Pacific. 

. . . . . . 
. . . .. . . . 

' 1; .additloti t o  &;face- vessels deployed . in  I the launch abor t  . 
&ea and: the primary recovery 'vessel i n  the  .Atlantic, 16 HC-130 

.. ai-rcraf t . w i l l  be on standby a t  e ight ' ,  staging .bases. around the  
Ear th :  . Tachlkawa, Japan; Pago Pago, Samoa;'Hawaii; .Bermuda; 
La jeg, Azores;', Ascension Island; i Maurltiua and Panama Canal Z m  e. 

. . .. . . . . . . . . . 

: ' . ~ ~ o l l o .  9 re0overy operation& ..nil1 be directed from the  
Recovery Operations Control Room in the Mission'Control Center 
and w i l l  be supported by the Atlantic Recovery.Control Center, . 

.:Norfolk, Va. ; Pacific Recovery Contr0.1 Center, Kunia, Hawaii; 
. and' cont ro l .  centers;  a t  Ramstein, Germany and Albrook AFB,  Canal 

. . 
. . 

' Zone. 
. . '' ~ o i l o w l n ~  splashdown aid : crew - and spacecraft reiov&ry, the , 

~ u a d a l c a n a l  w i l l  steam toward .Norfolk, Va. The f l i g h t  crept w i l l  . 

- be' flown 'by hel icopter  t o  Norfolk,.the morning a f t e r  recovery 
from whence .they. w i l l  f l y  t o .  the Manned spacecraft '  . . Center, Houston. 

. . . - 
. . . . ;  

. . . The spadecraft w i l l  b& taken of f  a t  Norfolk upon, t h e  ' 
~ u a d a l c a n a l  f a a r r i v a l  &nd undergo deac t iva t ion  fo r  a ~ p r o x h a t e l ~  

. f ive .  days. . It then w i l l  be Flown aboard a C-133B. a i r c r a f t  t o  . 
Long Beach'; Calif. ,  and thence trucked t o  the North American 

. , Rockwell Space' . . Division plant  i n  Downey, C a l i f . ,  fo r  pos t f l igh t  
. .analysis.  .. . '  . . 



PHOTOGRAPHIC EQUIPMENT 

Apollo 9 w i l l  carry two 70mm standard and one superwide- 
angle HasoelbZad st i l l  cameras and two 16 mm Maurer sequence 
cameras. Film magazines for  specif ic  mission photographic 
objectives a r e  carried f o r  each camera. 

The Standard Hasselblad cameras a r e  f i t t e d  with 80 mm 
f/2.8 t o  f/22 Zeiss Planar lensea, and the Superwide Angle 
Hasselblad is f i t t e d  with a 38rnm f14.5 t o  f/22 Zeiss Biogon 
lens. The ~ a i r e r  sequence cameras have bayonet-mount 75mm 
f/2.5, 18mrn f/2 and 5mm f/2 interchangeable lenses available 
t o  the crew. 

Hasselblad shut te r  apeeds a r e  variable from 1 sec. t o  1/500 
' sec.., and aequence camera frame r a t e s  of 1,6,12 and 24 frames- 

per-second can be selected. 

Film emulsions have been chosen f o r  each specif ic  photo- 
graphic task. For example, a medium speed color reversal  f i l m  
w i l l  be used f o r  recording dockfng, EVA and rendezvous and a 
high-speed color film w i l l  be used f o r  command module .and lunar 
module 'cabin i n t e r i o r  photography. 

Canlera accessories carr ied aboard Apollo'g include mount- 
ing brackets, right-angle mirror attachments, haze f i l t e r ,  an 
exposure-measuring spotmeter, a ringsight common t o  both types 
of camera, an EVA camera t e ther  and a sequence camera remote 
cont ro l le r  f o r  ENA photography. Power czbles a l so  a re  included. 



APOLLO 9 EXPERIMENT 

so65 Experiment -- Multispectral Photography 
This experlment, being flown for the first the, issdesigned 

to obtain multispectral photography from space over selected 
land and ocean areas. 

: Equipment for the experiment consists of four Model 500-EL 
Hasselblad cameras operated by electric motors, Installed In a 
common mount and synchronized for simultaneous exposure. The 
mount is installed in the commandmodule hatch window during 
photographic operations and the spacecraft will be oriented to 
provide vertical photography. A manual introvolometer is used 
to obtain systematic overlapping (stereo) photography. 

Each oamera has a standard 80 millmeter focal length lens 
and a single film magazine containing from 160 to 200 frames. 

Film-filter combinations for the camera8 are similar to the 
ones presently planned for the Earth Resources Technology 
Satellite (ERTS-A) payload. 

Present plans for Earth phdtography emphasize coverage of 
the Southwest U, S,, where ground information is more readily 
available. Other areas of high interest Include Mexico and 
I$-azil. The domestic area of interest includes Tuscon, El Paso, 
~allas/Ft. Worth and the Welaco Agricultural Experiment Station 
in Southwest Texas. 

A photographic operations room will be maintained around the 
clock by the Manned Spacecraft Center's Earth Resources  division. 

. Dlrect,access to the mission controller will provide in-flight 
reprogramming of photographic coverage to help optimize photo- 
graphic coverage by considering weather and operational con- 

, ditions as the mission progresses. 

A meeting will be held at the Manned Spacecraft Center as 
soon as possible after the mission to allow approximately 20 
participating scientific Investigators and participating user 
agency representatives to review the photography and get briefed 
on the details of the experiment. It Is estimated that it will 
take approxlmately two weeks for the photographic technology 
laboratory to make the high quality film duplicates that will be 
provided to each participant at this meeting. The participants 
will be asked to provide a report within 90 day8 on their pre- 
liminary experimentation and these reports will be compiled and 
published by NASA. 



. . . .  . . . . . . . . . . . . .  . . . .  .. : . : . .  

;Films, and'.f i l t e &  ;'and spec t r i l  , . rang&' . . .  ,for the ,experini&rit . . . ,  
are:. . . 

. . 
. . . . . . . . .  . . 

. 1) :- Inf~ared _~eiogrdphia film n l t h  an. 8 9 ~ .  filter, 700'.mu . 
to: 900. mu, f o provide narrow-band".'infrmed da t a '  for  'comparison 
with the responses 'obtained in. the visible; region of,, the . 

electromagnetic spec t m n  by the other. cameras . i n  the. experi-  
. . . . . . .  . . .  ment,' ,. . . 

. . 

2) _ ~ o l b r  'IR dt 'h"wrat&n 15 f i i t e r ; .  5 1 ~ : . ~ -  to 906 m. 
reg~on, .  t o  take.  advantage 'of plant ref lectmce i n  ,the :near , ,. . , 

IR, and, . to  provide for maxirmun' d ifferent iat ion between natural ,  
and cul tura l  features. . . . . . . .  . . . . . . . # . . .  . . . .  . .  . . .  '. 

. . .  3 )  . Panatomic-X w i t h -  & A  f i l t e r ,  580 mu Into the I R  region; 
... 

to. provide. imagery :of , 'value in differentiating vadous types of 
.land u.se--'and. . . i n  enhancing high contrast objects such a s  clouds. ', 

. . . . ' 

:: 4 )  ' ~ ~ n a t o m l ~ - ~  with 58 , f i l t e r ,  .480'.m' t o  620 :mu region,. tb :  . . 

pwvide for.maximwn.penetration of lakes and coastal '  water'bottom 
topography.. . . 

. , 
. 

. . . - . . .  . . 
. : . The in&stigat& i s  DF. ~ a u 1  D. ~o&tn, ~ r . ,  , of 

the,NASA . . .  Goddard Space Plight.Center, Greenbelt,. . . 



APOLLO 9 ONBOARD TELEVISION 

A lunar t e l ev i s ion  camera of  the  type tha t  w i l l  t ransmit 
a video s igna l  back t o  Earth during Apollo lunar landing 
missions w i l l  be stowed aboard LM-3. 

Two t e l ev i s ion  transmissions a r e  planned f o r  Apollo 9 -- 
one during the  first manning and systems checkout of the  LM, 
and the  o the r  during Schweickar t~s  EVA. The first TV pass w i l l  
be a t e s t  with the  camera simply warmed up and passively t rans-  
mi t t ing during the  systems checkout, and w i l l  last some seven 
minutes (46:27 - 46:34 GET) during a pass over the  MILA t rack- 
ing s t a t i on .  

After Schweickart has t rans fe r red  EVA from the  LM t o  the  
command module and back and i s  res t ra ined by the  "golden s l ippers"  
on the  LM porch, McDivitt w i l l  pass the TV camera out  t o  him 
f o r  a 10-minute pass over the  Goldstone and MILA s t a t i o n s  
(75:05 - 75:15 GET).. 

The video s igna l  is  transmitted t o  ground s t a t i o n s  by t h e  
LM S-Band t ransmit ter .  Goldstone, Calif. and Merr i t t  Is land,  
Fla., a r e  the  two MSFN s t a t i o n s  equipped f o r  scan conversion 
and output t o  - the  Mission Control Center, although o ther  MSFN 
s t a t i o n s  are capable of recording the  TV s igna l  a t  the  slow- 
scan r a t e .  

The lunar  t e l ev i s ion  camera weighs 7.25 pounds and draws 
6.5 watts of 24-32 v o l t s  DC power. Scan r a t e  i s  10 frames/sec. 
a t  320 lines/frame. The camera body i s  10.6 inches long, 6.5 
inches wide and.3.4 inches deep. The bayonet lens  mount permits 
l ens .  changes by a crewman i n  a pressurized s u i t .  Lenses f o r  
the  camera include a. lunar day lens,  lunar n ight  lens,  a wide- 
angle l ens  and a lOOrnm telephoto lens. The wide-angle, and 
lunar  day lens  w i l l  be ca r r ied  with the  Apollo 9 camera. 

A tubu la r  f i t t i n g  on the  end of the  e l e c t r i c a l  power cable . . 

which plugs i n t o  the  bottom of the  camera serves as a handgrip. 

The Apollo lunar  t e l ev i s ion  camera i s  b u i l t  by Westinghouse 
E l e c t r i c  Corporation Aerospace Division, Baltimore, Md. !I'V 
cameras ca r r i ed  on Apollo 7 and 8 were made by RCA. 



COMMAND AND SERVICE MODULE STRUCTURE, ' SYSTEMS 

The Apollo spacecraf t  f o r  t h e  Apollo 9 .  mission i s  comprised 
of a Command.module 104, se rv ice  module 104,.  l u n a r  module 3, a 
spacec ra f t - luna r  module adapter  (SLA) 12 and a launch escape 
system. The SLA aerves  a s  a mating s t r u c t u r e  between t h e  i n s t r u -  
ment u n i t  a t o p  t h e  S-IVB s t a g e , o f  t h e  Saturn V launch vehic le  and 
a s  a housing f o r  t h e  l u n a r  module. 

Launch Escape System (LEs)--Propels command module t o  s a f e t y  
i n  -an aborted launch. It i s  made up of  an open-frame tower 
s t r u c t u r e  mounted t o  t h e  command module by f o u r  f r a n g i b l e  b o l t s ,  
and t h r e e  so l id -p rope l l an t  rocket  motors : a 147,000 pound-thrust 
launch escape system motor, a 2,400-pound-thrust p i t c h  cont ro l  
motor and a 31,500-pound-thrust tower j e t t i s o n  motor. Two canard 
vanes near  t h e  top  deploy t o  t u r n  t h e  command module aerodynam- 
i c a l l y  t o  an a t t i t u d e  with t h e s h e a t - s h i e l d  forward; Attached t o  
t h e  base of t h e  launch escape tower i s  a boost p r o t e c t i v e  cover 
composed of  glass, c l o t h  and honeycomb, t h a t  p r o t e c t s  t h e  command 
module from rocket  exhaust gases  from t h e  main and t h e  j e t t i s o n  
motor. The system i s  33 f e e t  t a l l ,  f o u r  f e e t  i n  diameter a t  t h e  
base and weighs8,848 pounds. 

Command Module (CM) Structure--The b a s i c  s t r u c t u r e  of  t h e  
command module i s  a pressure  vesse l  encased i n  hea t -sh ie lds ,  
cor:e-shaped 1 2  f e e t  high, base diameter of 1 2  fee t  10 inches ,  and 
launch weight 12,405 pounds. 

The command module c o n s i s t s  of t h e  forward compartment which 
con ta ins  two negat ive p i t c h  reac t ion  con t ro l  engines and compo- 
nen t s  of t h e  Ear th  landing system; t h e  crew compartment, o r  i n n e r  
p r e s s u r e ' v e s s e l ,  containing crew accommodations, c o n t r o l s  and 
d i sp lays ,  and spacec ra f t  systems; and t h e  a f t  compartment housing 
t e n  r e a c t i o n  c o n t r o l  engines and p rope l l an t  tankage. 

Heat-shields around t h e  t h r e e  compartments a r e  made of brazed 
s t a i n l e s s  s t e e l  honeycomb with an o u t e r  l a y e r  of phenol ic  epoxy 
r e s i n  as an a b l a t i v e  ma te r i a l .  Heat -sh ie ld  thickness ,  varying 
according t o  heat loads,  ranges from 0.7 inches  ( a t  t h e  apex) t o  
2.7 inches  on t h e  af t  s ide .  

The s p a c e c r a f t  i n n e r  s t r u c t u r e  i s  of  aluminum a l l o y  sheet-  
aluminum honeycomb bonded sandwich ranging i n  th ickness  from 0.25 
inches  t h i c k  a t  forward access  tunnel  t o  1.5 inches  t h i c k  a t  base.  

CSM 104 and LM-3 w i l l  carfry f o r  t h e  f i r s t ' t i m e  t h e  probe-. 
and-drogue docking hardware. The probe a s s e m b 1 y . i ~  a f o l d i n g  : ' 

,coupling.and impact a t t e n t u a t i n g  device mounted on t h e  CM tunne l  
. t h a t  mates with a conica l  drogue mounted on t h e  LM-docking t ~ n n e l .  

A f t e r  t h e  docking 1 a t c h e s . a r e  dogged down fol lowing a docking 
maneuver,. both.  t h e  'probe and drogue assemblies  are removed from 
t h e  v e h i c l e  tunne l s  and stowed t o  .a l low f r e e  crew t r a n s f e r  be- 
tween t h e  CSM and LM. 

- more - 
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Service Module (SM) Structure--The service module i s  a 
cyl inaer  12  f e e t  10 inches i n  diameter by 22 f e e t  long. For 
the  Apollo 9 mission, it w i l l  weigh 36,159 pounds (16,416.2 kg) 
a t  launch. Aluminum honeycomb panes one inch thick form the  
ou te r  skin, and milled aluminum rad ia l  beams separate the  
i n t e r i o r  i n t o  s i x  sect ions  containing service propulsion system 
and reaction control  fuel-oxidizer tankage, f u e l  ce l l s ,  cryo- 
genic oxygen and hydrogen, and onboard consumables. 

~ ~ a c e c r a f  t-LM Adapter (SLA) Structure--The spacecraft  LEI 
adapter  i s  a truncated cone 26 f e e t  long tapering from 260 
inches diameter a t  the  base t o  154 inches a t  the forward end 
a t  the service  module mating l i ne .  Aluminum honeycomb 1.75 
inches th ick  i s  the  stressed-skin s t ruc ture  f o r  the  spacecraft 
adapter. The SLA weighs 4,107 pounds. 

CSM Systems 

Guidance, Navigation and Control System ( G N C S ~ - ~ e a s u r e s  
and controls  spacecraft position, a t t i t u d e  and velocity, cal- 
cu la tes  t ra jectory,  controls  spacecraft propulsion system 
th rus t  vector and displays abort data. The Guidance System 
cons is t s  of th ree  subsystems: i n e r t i a l ,  made up of an i n e r t i a l  
measuring uni t  and associated power and data  components; com- 
puter  which processes information t o  o r  from other  components; 
and optics,  including scanning telescope, sextant  f o r  c e l e s t i a l  
and/or landmark spacecraft navigation. 

S tab i l iza t ion  and Control System (SCS) ~ C o n t r . 0 1 ~ - s p a c e -  
c r a f t  ro ta t ion,  t rans la t ion  and thrus t  vector and provides . -- - 
displays  f o r  crew-initiate5maneuvers; backs up the  guidance 
system. It has three  subsystems; a t t i t u d e  reference, a t t i t u d e  
control  and th rus t  vector control.  

Service Propulsion ~ y s t e m ( ~ ~ ~ ) - - P r o v i d e s  th rus t  f o r  l a rge  
spacecraft  veloci ty  changes through a gimbal-mounted 20,500- 
pound-thrust hypergolic engine using nitrogen te t roxide oxidizer  
and a 50-50 mixture of unsymmetrical dimethyl hydrazine and 
hydrazine fue l .  Tankage of t h i s  system is  i n  the  service module. 
The system responds t o  automatic f i r i n g  commands from the  guidance 
and navigation system o r  t o  manual commands from the crew. The 
engine provides a constant t h rus t  ra te .  The s t ab i l i za t ion  and 
control  system gimbals the  engine t o  f i r e  through the  spacecraft  
center  of gravity.  

Reaction Control System (RCS)- he Command Module and the  
Service Module each has i ts  own independent system, the  CM RCS 
and the  SM RCS respectively. The SM RCS has four  i d e n t i c a l  RCS 
''quads" mounted around the  SM 90 degrees apart .  Each quad has 
fou r  100 pound-thrust engines, two f u e l  and two oxidizer  tanks 
and a heliwn pressurizat ion sphere. The SM RCS provides redun- 
dant spacec ra f t , a t t i t ude  control  through cross-coupling log ic  
inputs  from the S tab i l iza t ion  and Guidance Systems. - 

- more - 
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Small v e l o c i t y  change maneuvers can a l s o  be made with the  SM RCS. 
The CM RCS c o n s i s t s  of two independent six-engine subsystems of 
s i x  94 pounds-thrust engines each. Both subsystems a r e  ac t iva ted  
a f t e r  sepa ra t ion  from t h e  SM: one i s  used f o r  spacec ra f t  a t t i t u d e  
c o n t r o l  during ent ry .  The o t h e r  serves  i n  standby as a backup. 
P rope l l an t s  f o r  both CMand SM RCS a r e  monomethyl hydrazine f u e l  
and n i t rogen t e t r o x i d e  ox id ize r  with helium pressur i za t ion .  These 
p r o p e l l a n t s  a r e  hypergolic,  i .e. ,  they burn spontaneously when 
combined without need f o r  an i g n i t e r .  

E l e c t r i c a l  Power System (EPS)--consists of three ,  31-cell  
Bacon-type hydrogen-oxygen f u e l  c e l l  power p l a n t s  i n  the  s e r v i c e  
module which supply 28-volt DC power, t h r e e  28-volt DC zinc- 
s i l v e r  oxide main s to rage  b a t t e r i e s  i n  t h e  command module lower 
equipment bay, and t h r e e  115-200-volt 400 h e r t z  three-phase AC 
i n v e r t e r s  powered by t h e  main 28-volt DC bus. The i n v e r t e r s  a r e  
a l s o  loca ted  i n  t h e  lower equipment bay. Cryogenic hydrogen and 
oxygen r e a c t  i n  t h e  f u e l  c e l l  s t a c k s  t o  provide e l e c t r i c a l  power, 
po tab le  water and heat .  The command module main b a t t e r i e s  can be 
switched t o  f i r e  pyrotechnics  i n  an emergency. A b a t t e r j  charger  
r e s t o r e s  se lec ted  b a t t e r i e s  t o  f u l l  s t r e n g t h  as required w i t h  
power from t h e  f u e l  c e l l s .  

Environmental Control System (ECSL--controls spacecraf t  
atmosphere, p ressu re  and temperature and manages water. I n  
a d d i t i o n  t o  r e g u l a t i n g  cabin and s u i t  gas  pressure,  temperature 
and humidity, t h e  system removes carbon dioxide,' odors and 
3 a r t i c l e s ,  and v e n t i l a t e s  t h e  cabin a f t e r  landing. It c o l l e c t s  
and s t o r e s  f u e l  c e l l  potable  water f o r  crew use, .suppl ies  water 
t o .  t h e ,  g l y c o l .  evaporators  f o r  cooling, and 'dumps ' su rp lus  water 
bverboard through t h e ' u r i n e  dump valve. Proper opera t ing  temp- 
e r a t u r e  of e l e c t r o n i c s  and e l e c t r i c a l  equipment i s  maintained 

;by t h i s , s y s t e m  through t h e  use of t h e  cabin hea t  exchangers, t h e  
space r a d i a t o r s  and t h e  g lyco l  evaporators.  

. . 

Telecommunications System--Provides voice, t e l e v i s i o n  t e l e -  
metry and command data and t r ack ing  and ranging between t h e  space- 
c r a f t  and .  e a r t h ,  between t h e  command module-and t h e  l u n a r  module 
and between t h e  spacec ra f t  and t h e  ex t raveh icu la r  a s t ronau t .  It 
a l s o  provides intercommunications between.,astronauts.  The t e l e -  
communications system c o n s i s t s  of pulse  code modulated te lemetry 
f o r  r e l ay ing  t o  Manned Space F l i g h t  Network s t a t i o n s  data on 
spacec ra f t  systems and crew condit ion,  VHF/AM voice, and un i f i ed  
S-Band t r a c k i n g  transponder, air-to-ground voice communications, 
onboard t e l e v i s i o n  (no t  i n s t a l l e d  on CM 104) and a VHF recovery 
beacon. Network s t a t i o n s  can t ransmi t  t o  t h e  spacecraf t  such 
i t ems  as u p d a t e s . t o  t h e  Apollo guidance computer and c e n t r a l  
t iming equipment, and real-t ime commands f o r  c e r t a i n  onboard 
funct ions .  More than .300 CSM measurements w i l l  be telemetered 
t o  t h e  MSFN. . 

- more -, 



The high-gain s t e e r a b l e  S-Band antenna c o n s i s t s  of four ,  
31-inch-diameter parabol ic  d i shes  mounted on a fo ld ing  boom a t  
t h e  a f t  end of t h e  se rv ice  module. Nested alongside t h e  s e r v i c e  
propulsion system engine nozzle u n t i l  deployment, t h e  antenna 
swings ou t  a t  r i g h t  angles  t o  t h e  spacecraf t  long i tud ina l  ax i s ,  
wi th  t h e  boom po in t ing  52 degrees below t h e  heads-up hor izon ta l .  
S i g n a l s  from t h e  ground s t a t i o n s  can be t racked e i t h e r  automat- 
i c a l l y  o r  manually with t h e  antenna 's  gimballing system. Normal 
S-Band voice and uplhk/downlink communications w i l l  be handled 
by t h e  omni and high-gain antennas. 

Sequent ia l  System--Interfaces with o t h e r  spacec ra f t  systems 
and subsyatems t o  i n i t i a t e  time c r i t i c a l  func t ions  during launch, 
docking maneuvers, p r e - o r b i t a l  a b o r t s  and e n t r y  por t ions  of a 
mission.  The system a l s o  c o n t r o l s  rou t ine  spacec ra f t  sequencing 
such as s e r v i c e  module separa t ion  and deployment of t h e  Ear th  
landing  system. 

Emergency.Detection System (EDS)- -~e tec t s  and d i s p l a y s  t o  
t h e  crew launch veh ic le  emergency condit ions,  such as excess ive  
p i t c h  o r  ' r o l l  r a t e s  o r  .two engines out,  and automat ica l ly  o r  
m a n u a l l y . s h u t s  down t h e  boos ter  and a c t i v a t e s  t h e  launch escape 
system;. func t ions  u n t i l  t h e  spacec ra f t  i s  i n  o r b i t .  

Ea r th  Landing System (ELS)--Includes t h e  drogue and main 
p a r ~ c h u t e  system as well  as post-landing recovery a i d s .  I n  a 
n o h a 1  e n t r y  descent,  t h e  command module forward hea t  s h i e l d  
i s  j e t t i s o n e d  a t  24,000 f e e t ,  pe rmi t t ing  mortar  deployment of 
two reefed 16.5-foot diameter drogue parachutes  f o r  o r i e n t i n g  
and d e c e l e r a t i n g  t h e  spacec ra f t .  Af ter  d i s r e e f  and drogue re-  
l e a s e ,  t h r e e  p i l o t  mortar  deployed chutes  p u l l  ou t  t h e  t h r e e  
main 83. +foot  diameter parachutes  with two-stage . reef ing t o  
provide gradual  i n f l a t i o n  i n  t h r e e  s t eps .  Two main parachutes  
o u t  of t h r e e  can provide a s a f e  landing. 

Recovery a i d s  inc lude  t h e  upr igh t ing  system, swimmer i n t e r -  
phone connections,  s e a  dye marker, f l a s h i n g  beacon, VHF recovery 
be.acon and VHF t r ansce ive r .  The upr igh t ing  systems c o n s i s t s  of 
t h r e e  compressor-inflated bags t o  upr igh t  t h e  spacecraf t  if it 
should l a n d  i n  t h e  water apex down (S tab le  I1 p o s i t i o n ) .  

Caution and Warning System--Monitors spacec ra f t  systems f o r  
'out-of-tolerance condi t ions  and a l e r t s  crew by v i s u a l  and aud ib le  
alarms s o  that crewmen may trouble-shoot t h e  problem. 

Controls  and Displays--Provide readouts  and c o n t r o l  func t ions  
of a l l  o t h e r  spacec ra f t  systems i n  t h e  command and s e r v i c e  modules. 
A l l  c o n t r o l s  a r e  designed t o  be operated by crewmen i n  p ressu r i zed  
s u i t s .  Displays a r e  grouped by system according t o  t h e  fr'equency 
t h e  crew r e f e r s  t o  them. 

- more - 



LUNAR MODULE STRUCTURES, SYSTENS 

The lunar module is a two-stage vehicle designed for 
space operations near and on the Moon or in Earth orbit de- 
velopmentalmissions such as Apollo 9. The LM is incapable 
of reentering the atmosphere and is, in effect, a true 
spacecraft . 

Joined by four explosive bolts and umbilicals, the ascent 
and descent stages of the LM operate as a unit until staging, 
when the ascent stage functions as a single spacecraft for ren- 
dezvous and docking with the CSM. 

. .  ' . _ .  Three main kections make up the ascent stage: . the crew. 
compartment, midsection and aft equipment bay. ,Only the crew 
corn artment and.rnidsection can be pressurized (4.8 psig;'337.4 
E p  7 sq cm) as part of the IN cabin; all other sections of the 
i;M are unpressurized. The cabin volume is 235 cubic feet (6.7 
cubic meters). 

Structurally, the ascent stage has six substructural areas: 
crew compartment, midsection, aft equipment bay, thrust chamber 
assembly cluster supports, antenna supports and thermal and 
micrometeoroid shield. 

The cylindrical crew compartment is a semimondcoque struc- 
ture of machined lo erons and fusion-welded aluminum sheet and 
is 92 inches (2.35 3 in diameter and 42 inches (1.07 m) deep. 
Two flight stations are equipped with control and display panels, 
armrests, body restraints, landing aids, two front windows, an 
overhead docking window and an alignment optical telescope in 
the center between the two flight stations. 

Two triangular front windows and the 32-inch (.81 m) 
square inward-opening forward hatch are in the crew compartment 
front face, 

External structural beams support the crew compartment 
.and serve to support the lower interstage mounts'at their lower 
ends. Ring-stiffened semimonocoque construction is employed in 
the midsection, with chem-milled aluminum skin over fusion- 
'welded longerons and stiffeners, Fore-and-aft beams across the 
top of the midsection join with those running across the top of, 
the cabin to take all ascent stage stress loads and, ineffect, 
isolate the cabin from stresses. 

The ascent stage engine compartment is formed by two beams 
across the lower midsection deck and mated to the fore and 

aft bulkheads. Systems located in the midsection include the LM 
guidance computer, the power and servo assembly, ascent engine 
ProPellant tanks, RCS propellant tanks, the environmental control 
system, and the waste management section. 



A tunnel ring atop the ascent stage meshes with the 
command module latch assemblies. fXlring docking,the ring 
and clamps are aligned by the IEI drogue and the CSM probe, 

The docking tunnel extends downward into the midsection 
16 inches (40 cm). The tunnel is 32 inches (.81 cm) in dia- 
meter and is used for crew transfer between the CSM and ZM by 
crewmen in either pressurized or unpressurized extravehicular 
mobility units (mu). The upper hatch on the inboard end of 
the docking tunnel hinges downward and cannot be opened with 
the LM pressurized, 

A thermal and micrometeoroid shield of multiple layers of 
mylar and a single thickness of thin aluminum skin encases the 
entire ascent stage structure. 

The descent stage consits of a cruciform load-carrying 
structure of two pairs of parallel beams, upper and lower decks, 
and enclosure bulkheads -- all of conventional skin-and-stringer 
aluminum alloy construction. The center compartment houses the 
descent engine, and descent propellant tanks are housed in the 
four square bays around the engine, 

Four-legged truss outriggers mounted on the ends of each 
pair of beams serve as SLA attach points and as "knees" for the 
landing gear main strmta. 

.Triangular bays between the main beas are enclosed into 
quadrants housing such components as the ECS water tank, helium 
tanks, descent engine control assembly of the guidance, navi- 
gation and control subsystem, ECS gaseous oxygen tank and bat- 
teries for the electricalspower system. Like the ascent stage, 
the descent stage ie encased in a mylar and alwninwn alloy 
thermal and micrometeoroid shield. 

The I24 external platfom, or "porch," is mounted on the 
forward outrigger just below the forward hatch, A ladder ex- 
tends down the forward landing gear strut from the porch for 
crew lunar surface operations, ~oot restraints ( "golden 
slLppersl') have been attached to the IN-3 porch to assist the 
lunar module pilot during EVA photography, The restraints 
face the I24 hatch. 

In a retracted position until after the crew mans the m, 
the landing gear struts are explosively extended to provide 
lunar surface landing Impact attenuation. The main struts are 
filled with crushable aluminum honeycomb for absorbing com- 
pression loads. Footpads 37 Inches (.95 m) In diameter at the 
end of each landing gear provide vehicle "flotation" on the 
lunar surface, 



ROGUE ASSEMBLY 
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Each pad is fitted with a lunar-surface seming probe 
which signal the crew to shut down the descent engine upon 
contact with the lunar surface, 

IM-3 flown on the Apollo 9 mission will have a launch 
weight of 32,000 pounds (14,507.8 kg). The weight breakdown 
is as follows : 

Ascent stage, dry 5,071 lbs 

Descent stage, dry 4,265 lbs 

RCS propellants 605 lbs 

DPS propellants 17,944 lbs 

APS propellants - 4,136 lbs 
32,021 lbs 

IN-3 spacecraft Systems 

Electrical Power System -- The IM DC electrical system 
consists of six silver zinc prlmary'batteries -- four in the 
descent stage and two in the ascent stage, each with its own 
electrical control assembly (ECA). Power feeders from all pri- 
mary batteries pass through circuit breakers to energize the IM 
DC buses, from which 28-volt DC power is distributed through 
cirbuit 'breakers to all I24 systems. AC power (117v 4 0 0 ~ ~ )  is 
supplied by two inverters, either of which can supply spacecraft 
AC load needs to the AC buses. 

E=nvironmental Control Syatem -- Consists of the atmosphere 
revitalization section, oxygen supply and cabin pressure control 
section, water management, heat transport section and outlets 
for oxy en and water servicing of the Portable Life Support 
system TPLSS). 

Components of the atmosphere revitalization section are 
the'suit circuit assembly which cools and ventilates the pres- 
sure garments, reduces carbon dioxide levels, removes odors and 
noxious gases and excessive moisture; the cabin recirculation 
assembly which ventilates and controls cabin atmosphere temper- 
atures; and the steam flex duct which vents to space steam from 
the suit circuit water evaporator, 

The oxygen supply and cabin pressure section supplies 
gaseous oxygen to the atmosphere revitalization section for 
maintaining suit and cabin pressure. The descent stage oxygen 
supply,provides descent phase and lunar stay oxygen needs, and 
the ascent stage oxygen supply provides oxygen needs for the 
ascent and rendezvous phase. 

-more- 
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FUEL TANK , THERMAL SHIELD, ,DESCENT ENGINE , OC~OIZER TANK : 



Water for drwing, cooling, fireflghting and food 
preparation and refilling the PLSS cooling water servicing 
tank is supplied by the water management section. The water 
is contained in three nitrogen-pressurized bladder-type tanks, 
one of 367-pound capacity in the descent stage and two of 
47.5-pound capacity in the ascent stage. 

The heat transport aection has primary and secondary 
water-glycol solution coolant loopa. The primary coolant 
loop circulates water-glycol for temperature control of cabin 
and suit circuit oxygen and for thermal control of batteries 
and electronic components mounted on cold plates and rails. 
If the primary loop becomes inoperative, the secondary loop 
circulates coolant through the rails and cold plates only. 
Suit circuit cooling during secondary coolant loop operation 
is provided by the suit loop water boiler. Waste heat from 
both loops is vented overboard by water evaporation, or 
subllmators. 

Ccmnunlcation System -- Two $-Band transmitter-receivers, 
two mtransmitter-receivers, a UHF command receiver, a signal 
processing assembly and associated spacecraft antenna make up 
the LM communications system. The system transmits and receives 
voice, tracking and ranging data, and transmits telemetry data 
on 281measurements and TV signals to the ground. Voice com- 
munications between the IdvI and ground stations is by S-Band, 
and between the TM and CSM voice I s  on VHF. In Earth orbital 
operations such as Apollo 9, VIiF voice communications between 
the ZEI and the ground are possible. Developmental flight in- 
strumentation (DFI) telemetry data are transmitted to WSPN st&- 
tions by five VHF transmitters. Two C-Band beacons augment the 
S-Band .system for orbital traclcing. 

The UHF receiver accepts command signals which are fed to 
the I&! guidance computer for ground updates of maneuvering and 
navigation programs. The UHF receiver is also used to receive 
real-time commands which are on Dl-3 to a m  and fire the ascent 
propulsion system for the ~mE3nned APS depletion burn. The UHF 
receiver will be replaced by an S-Band command system on IN-4 
and subsequent spacecraft. 

The Data Storage Elec!t;ronics Assembly (DSEA) is a four- 
channel voice recorder with timing signals with a 10-hour re- 
cording capacity which willlbe brought back into the CSM for 
return to Earth. DSEA recordings cannot be "dumped" to ground 
stations. 

IM qntennas are one 26-inch diameter parabolic S-Band 
steerable antenna, two S-Band inflight antennas, two VHF In- 
flight antennas, four C-Band antennas, and two UHF/VHF cammand/ 
DFI scimitar antennas. 



Guidance, ~avi~ation and Control System -- Comprised of 
six sections: primary 7 uidance ,and navigation section (PGNS), 
abort guidance section AQS), radar section, control electronics 
section (CIS), and orbital rate drive electronics for Apollo and 

( O R D ~ L )  . .. . 

* The P Q N  is an inertial system aided by the alignment 
optical telescope, an inertial measurement unit, and the ren- 
dezvous and landing radars. The system provides inertial 
reference data for c~mputations, produces inertial alignment . 
reference by feeding optical sighting data into the LM guidance 
computer, displaya position and velocity data, computes I24-CSM 
rendezvous data from radar inputs, controls attitude and thrust 
to maintain desired LM trajectory and controls descent engine 
throttling and gimbaling. 

+ The AGS is an independent backup system for the PGNS, 
having its own inertial sensor and computer, 

* The radar section is made up of the rendezvous radar 
which provides and feeds CSM range and range rate, and line-of- 
sight angles for maneuver computation to the LM guidance com- 
puter; the landing radar which provides and feeds altitude and 
velocity data to the IM guidance computer during lunar landing. 
On U4-3, the landing radar will be in a self-test mode only. 
The rendezvous radar has an operating range from 80 feet to 400 
nautical miles. 

* The CES controls IN attitude and translation about all 
axes, Also controls by PGNS command the automatic operation 
of the ascent and descent engines, and the reaction control 
thrusters, Manual attitude controller and thrust-translation 
controller commands are also handled by the CES. 

* ORDEAL displaya on the flight director attitude indicator 
the computed local vertical in the pitch axis during circular 
Earth or lunar orbits. 

Reaction Control System -- The IIvI has four RCS engine 
clusters of four 100-pound (45.4 kg)' thrust engines each which 
use helium-pressurized hypergolic propellants.- The oxidizer 
is nitrogen tetroxide, fuel is Aerozine 50 (50/50 hydrazine 
and unsyrrmet~ical dlmethyl hydrazine). Propellant plumbing, 
valves and pressurizing components are in two parallel, inde- 
pendent nystems, each feeding half the.engines in each cluster. 
Elther.uystem is capable of maintaining attitude alone, but if 
one au?ply system fails, a propellant crossfeed allows one sys- 
tem to supply all 16 engines, Additionally, interconnect valves 
permit the RCS system to draw from ascent engine propellant 
tanks. 



The engine clusters are mounted on outriggers 90 degree 
apart on the ascent stage, 

The RCS provides small stabilizing Impulses during ascent 
and descent burns, controls LM attitude during maneuvers, and 
produces thrust for separation and ascent/descent engine tank 
ullage. The system may be operated in either pulsed or steady- 
state modes. 

Descent Propulsion System -- Maximum rated thrust of the 
descent engine is . pounds (4,380.9 kg) and is throttleable 
between 1,050 poun%'{$'6.7 kg) and 6,300 pounds (2,860.2 kg). 
The engine can be gimballed six degrees in any direction for 
offset center of gravity trimming, Propellants are helium- 
pressurized Aerozine 50 and nitrogen tetroxide. 

Ascent Propulsion System -- The 3,500 pound (1,589 kg) 
thrusb ascent engine is not gimballed and performs at full 
thrust. The engine remains dormant until after the ascent 
stage separates from the descent stage, Propellants are the 
same as are burned in the RCS engines and the descent engine. 

Caution and Warning, Controls and Msplays -- These two 
systems have the same function aboard the lunar module as they 
do €.board the command module. (see CSM systems section.) 

- 

Tracking and Docking Lip;hts -- A flashing tracking light 
(once per second, 20 milliseconds duration) on the front face 
of the lunar module is an aid for contingency CSM-active ren- 
dezvous LM rescue. Visibility ranges from 400 nautical miles 
through the CSM sextant to 130 miles with the naked eye. Pive 
docking lights analagous to aircraft running lights are mounted 
on the IM for CSM-active rendezvous: two forward yellow lights, 
aft white light, port red light and starboard green light. All 
docking lights have about a 1,000-foot visibility, 
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Figure 8-3.2. - Lhl-CSM antenna locations. 
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FACT SHEET,' SA-504 . . 

INSTRUMENT UNIT 

F i r s t  Stage (s-IC) 
lameter------- 3 f ee t ,  Height -- 

Weight--------- ;,O26,200 lbs.  fie .. - 

295,600 Ibs. dry 
Engines-------- Five F-1 

138 
led  

Propellants---- Liquid oxygen (347,300 
RP-1 ( ~ e r o s e n e )  - (211, 

gals .  ) 
~hns t - - - - - - - - -  .7,700; 000 l b s  , 

f e e t  

ga l s .  ) 
14 0 

Second Stage (S 
Diameter------- 
Weight--------- 

--feet, Height -- 81.5 f e e t  
1,069,033 lbs ,  fueled 
84,600 lbs.  d m  " 

Five 5-2 
Liquid oxygen (86,700 ga l s .  ) 
Liquid hydrogen (281,550 

gals .  ) 
1,150,000 lb s ,  
10,305 lbs.  

Third Stage (s-IVB) . 

meter------- 21.7 f ee t ,  Height -- 58.3 ft. 
STAGE i:Ight--------- 

(S-Ill 258,038 lbs .  fueled 
25,300 lbs.  dry 

Engines-------- OneJ-2.  . 

Propellants---- Liquid oxygen (19,600 gals) 
Liquid h drogen (77,675 , 3 ga ls ,  

. ~hmst---------  232,000 f i r s t .  burn) 
second burn) 

Interstage----- 8,061 lbs.  

Instrument Unit 
Diameter------- 21,7 f ee t ,  Height -- 3 feet  
Weight--------- 4,295 .Ibs.' 

("Ic) NOTE: Weights and measures given above - 
a r e  f o r  the  nominal vehicle configurat ion.  

. The f igures  may vary s l i g h t l y  due t o  changes 
before o r  'during. f l l g h t  t o  meet changing 
condit ions,  



MUNCH VEHICLE 

Saturn V 

The Saturn V, 363 feet tall with the Apollo spacecraft 
in place, generates enough thrust to place a 125-ton payload 
into a 105 nm circular Earth orbit or boost a smaller payload 
to the vicinity of any planet in the solar system. It can 
boost about 50 tons to lunar orbit. The thrust of the three 
propulsive stages range from more than 7.7 million pounds for 
the booster to 230,000 pounds for the third stage at operating 
altitude. 1ncludihg the instrument unit, the launch vehicle 
is 281 feet tall. 

First Stage 

The first stage (s-IC) was developed jointly by the 
National Aeronautics and Space Administrationls Marshall 
Space Flight Center, Huntsville, Ala., and the Boeing Co. 

The Marshall Center assembled four S-IC stages: a structural 
test model, a static test version and the first two flight stages. 
Subsequent flight stages are being assembled by Boeing at the 
Michoud Assembly Facility in New Orleans. The S-IC stage des- 
tined for the Apollo 9 mlssion was the first flight booster static 
tested at the NASA-Mississippi Test Facility, That test was made 
on May 11, 1967. Earlier flight stages were static fired at the 
NASA-Marshall Center. 

The S-IC stage provides first boost of the Saturn V launch 
vehicle to an altitude of about 37 nautical miles (41.7 statute 
miles, 67.1 kilometers) and provides acceleration to increase 
the vehicle's velocity to 9,095 feet per second (2,402 m/sec, 
5,385 knots, 6,201 mph). It then separates from the S-I1 stage 
and falls to Earth about 361.9 nrn (416.9 sm, 667.3 km) downrange, 

Normal propellant flow rate to the five F-1 engines is 
29,522 pounds per second. Four of the engines are mounted on 
a ring, each 90 degrees from its neighbor. These four are gim- 
balled to control the rocket's direction of flight. The fifth 
engine is mounted rigidly in the center. 

Second Stage I 

The second stage (s-11), like the third stage, uses high 
performance 5-2 engines that burn liquid oxygen and liquid 
hydrogen. The stage's purpose is to provide second stage boost 
nearly to Earth orbit. 



At engine cutoff, the S-I1 separates from the third stage 
and, following a ballistic trajectory, plunges into the Atlantic 
Ocean about 2,412 nm (2,778.6 sm, 4,468 km) downrange from Cape 
Kennedy. 

Pive 5-2 engines power the S-11. The four outer engines 
are equally spaced on a 17.5-foot diameter circle. These four 
engines may be gimballed through a plus or minus seven-degree 
square pattern for thrust vector control. Like the first stage, 
the center (number 5) engine is mounted on the stage centerline 
and is fixed. 

The S-I1 carries the rocket to an altitude of 103 nm (118.7 
sm, 190.9 km) and a distance of same 835 nm (961.9 sm, 1,548 km) 
downrange. Before burnout, the vehicle will be moving at a 
speed of 23 000 fps or 13,642 knots (15,708 mph, 25,291 kph, 
6,619 m/secj. The 5-2 engines will burn six minutes 11 seconds 
during this powered phase. 

The Space Division of.North American Rockwell Corp. builds 
the S-I1 at Seal Beach, Calif. The cylindrical vehicle 1s made 
up ofthe forward skirt (to which the third stage attaches), the 
.liquid hydrogen tank, the liquid oxygen tank, the thrust struc- 
ture (on which the engines are mounted) and an interstage section 
(to which the first stage connects). The propellant tanks are 
separatedtby an insulated common bulkhead. 

The S-11 was static tested by North American Rockwell at 
the NASA-Mississippi Test Facility on Feb. 10, 1968. This 
Apollo 9 flight stage was shipped to the test site via the 
Panama Canal for the test firing. 

~hird Stage 

The third stage (s-IVB) was developed by the McDonnell 
Douglas Astronautics Co. at Huntington Beach, Calif. At Sac- 
ramento Calif., the stage passed a static firing test on Aug. 
26, 1968, as part of the preparation for the Apollo 9 mission. 
The stage was flown directly to the NASA-Kennedy Space Center. 

Measuring 58 feet 4 inches long and 21 feet 8 inches in 
diameter, the S-IVB weighs 25,300 pounds dry. At first ignition 
It weighs 259,377 pounds. The interstage section weighs an ad- 
ditional 8,081 pounds. The stage's 5-2 engine burns liquid 
oxygen and liquid hydrogen. 

The stage, with its single engine, provides propulsion 
three times during the Apollo 9 mission. The first burn occurs 
immediately after separation from the S-11. It will last long 
enough (112 seconds) to insert the vehicle and spacecraft into 
mrth parking orbit. The second burn, which begins after sepa- 
ration from the spacecraft, will place the stage and instrument 
unit into a high apogee e:Lliptical orbit. The third burn wi l l  
drive the stage into solar orbit. 



The fuel tanlcs contain 77,675 gallons of liquid hydrogen 
and 19,600 gallons of liquid olrygen at first ignition, total- 
ling 230,790 pounds of propellants. Insulation between the 
two tanks is necessary because the liquid oxygen, at about 293 
degrees below zero F., is warm enough, relatively, to heat the 
liquid hydrogen, at 423 degrees below zer F., rapidly and cause 
it to change into a gas. 

The flrst reignition burn is for 62 seconds and the second 
reignition burn is planned to last 4 mlnutes 2 seconds. Both 
reignitions will be inhibited with inhibit removal to be by 
ground command only after separation of the spacecraft to a 
safe distance. 

Ins t,rument Unit - 
The Instrument Unit (XU) is a cylinder three feet high 

and 21 feet 8 inches in diameter. It weighs 4,295 pounds and 
contains the guidance, navigation and control equipment which 
will steer the vehicle through its Earth orbits and into the 
final escape orbit maneuver. 

The IU also contains telemetry, communications, tracking 
and-crew safety systems, along with its own supporting electrical 
power and environmental control aysterns. 

Components making up the "brain" of the Saturn V are 
mounted on cooling panels fastened to the inside surface of the 
instrument unit skin. The "cold plates" are part of a system 
that removes heat by circulating cooled fluid through a heat 
exchanger that evaporates water frorn a separate supply into the 
vacuum of space. 

The six major systems of the instrument unit are st~ctural, 
thermal control, guidance and conl;rol, measuring and telemetry, 
radio frequency and electrical. 

The instrument unit provides navigation, guidance and con- 
trol of the vehicle; measurement of vehicle performance and en- 
vironment; data transmission with ground stations; radio track- 
ing of the vehicle; checkout and monitoring of vehicle functions; 
initiation of stage-functional sequencing; detection of emergency 
situationn; generation and network.distribution of electric 
power for system operation; and preflight checkout and launch 
and flight operations. 

A.path-adaptive guidance scheme is used in the Saturn V 
instrument unit. A programmed trajectory is used in the initial 
launch phase with guidance beginning only after the vehicle has 
left the atmosphere. This is to prevent movements that might 
cause the vehicle to break apart while attempting to compensate f o r  
winds, jet streams and gusts encountered in the atmosphere. 



If such air currents displace the vehicle from the 
optimum trajectory in cllmb, the vehicle derives a new tra- 
jectory. Calculations are made about once each second through- 
out'the flight. The launch vehicle digital computer and launch 
vehicle data adapter perform the navigation and guidance compu- 
tations. 

The ST-124M inertial platform -- the heart of the naviga- 
tion, guidance and control system -- provides space-fixed ref- 
erence coordinates and measures accleration along the three 
mutually perpendicular axes of the coordinate system. 

International Business Machines Corp., is prime contractor 
for the instrument unit and is the supplier of the guidance sig- 
nal processor and guidance computer. Major suppliers of Instru- 
ment unit components are: Electronic Communications, I~c., con- 
trol computer; Bendix Corp., ST-124~ inertial platfom; and IBM 
Federal Systems Division, launch vehicle digital computer and 
launch vehicle data adapter, 

Propulsion 

The 41 rocket engines of the Saturn V have thrust ratings 
ranging from 72 pounds to more than 1.5 million pounds. Some 
engines burn liquid propellants, others use solids. 

The five F-1 engines in the first stage burn RP-1 (kerosene) 
and liquid oxy en. Each engine in the first stage develops an t average of l,5 4 000 pounds of thrust at liftoff, building up to 
an average of 1,833,900 pounds before cutoff. The cluster of 
five engines gives the first stage a thrust range from 7.72 
million pounds at liftoff to 9,169,560 pounds just before center 
engine cutoff. 

The F-1 engine weighs almost 10 tons, I s  more than 18 feet 
high and has a nozzle-exit diameter of nearly 14 feet. The P-1 
undergoes static testing for an average 650 seconds in qualify- 
ing for the 150-secorid run during the Saturn V first stage 
booster phase. This run period, 800 seconds, is still far less 
than the 2,200 seconds of $he engine guarantee period. The 
engine conswnes almost three tons of propellants per second. 

The first stage of the Saturn V for'this mission has eight 
other rocket motors. These are the solid-fuel retro-rockets 
which will slow and separate the, stage from the second stage. 
Each rocket produces a thrust of 87,900 pounds for 0.6 second. 



The main propulsion for the second atage Is a cluster of 
five 5-2 engines burning liquid hydrogen and liquid oxygen, 
Each engine develops (1 mean thr??st 9f mere t h m  2O5,WO pounds 
at 5.0:l mixture ratio (variable from 193,000 to 230,000 in 
phases of flight), giving the stage a total mean thrust of more 
than a million pounds. 

Designed to operate in the hard vacuum of space, the 3,500- 
pound 5-2 is more efficient than the F-1 because it burns the 
high-energy fuel hydrogen, 

The second stage also has four 21,000-pound-thrust solid 
fuel rocket engines. These are the ullage rockets mounted on 
the S-IC/S-I1 interstage section. These rockets fire to settle 
liquid propellant in the bottom of the main tanks and help at- 
tain a 'clean" separation from the first stage, they remain with 
the interstage when it drops away at second plane separation. 
Four retrorockets are located in the S-IVB aft interatage (which 
never separates from the S-11) to separate the S-I1 from the 
S-IVB prior to S-IVB. ignition, 

' Eleven rocket engines various functions on the 
third stage. A single 5-2 provides the main propulsive force; 
there are two jettisonable main ullage rockets and eight smaller 
engines in the two auxiliary propulsion system modules. 

Launch Vehicle Instrumentation and Communicatlon 

A total of 2,159 measurements will be taken in flight on 
the Saturn V launch vehicle: 666 on the first stage, 975 on 
the second stage, 296 on the third stage and 222 on the instm- 
ment unit. 

The Saturn V will have 16 telemetry systems: six on the 
first stage, six on the second stage, one on the third stage 
and three on the instrument unit. A radar tracking system will 
be on the first stage, and a C-Band system and command system 
on the instrument unit. Each powered stage will have a range 
safety system as on previous flights. 

There will be no film or television cameras on or in any 
of the stages of the Saturn 504 launch vehicle. 



Vehicle Weights During Flight 

Event . Vehicle Weight 

Igni t ion , 6,486,915 pounds 
I 

Lif tof f  

Mach 1 

Max. Q 

6, UO, 648 pounds 

4,487,938' pounds 

4,015,350 pounds 

CECO 2,443,281 pounds 

OECO 1,831,574 pounds 

S-IC/S-I1 Separation 1,452,887 pounds 

S-I1 Igni t ion 1,452,277 pounds 
I .  

Inters tage ~ e t t i s o n  - 1,379,282 pounds 

' LEI? J e t t i s o n  1,354,780 pounds 

. S-I1 Cutoff ' 461,636 pounds 

S-II/S-IVB Separation 357 177 pounds 

S-IVB Igni t ion 357,086 pounds 

S-IVB Fi r s t  Cutoff 297,166 pounds 
P 

Parking O r b i t  Inject ion 297,009 pounds 

Spacecraft F i r s t  Separation 

Spacecraft Docking 

.Spacecraft Second Separation 

S-IVB First Reignition 

232,731 poirnds 
.(only .S-IVE3 and LN) 

291,572 pounds. 
(s-IVB and complete 
spacecraft ) 

199,725 pounds 
(only S-IVB stage)  

199,346 pounds 



Event Vehicle Welght 

S-IVB Second Cutoff 170,344 pounds 

Intermediate Orbit Injection 170,197 pounds 

S-IVB Second Reignition 169,383 pounds 

S-IVB Third Cutoff 

Escape Orbit Injection 

End LOX bunp 

54,440 pounds 

54,300 pounds 

35,231 pounds 

End LH2 lXunp 31,400 pounds 

S-IVB Restarts 

The third stage '(s-ID) of the Saturn V rocket for the 
Apollo 9 mission will burn a total of three tlmes in space, 
the last 'kwo burns unmanned for engineering evaluation of stage 
capability. It has never burned more than twice in space before. 

Engineers also want to check out the primary and backup 
propellant tank pressurization aystems and prove that in case 
the primary system fails the backup system will pressurize the 
tanks sufficiently for restart. 

Also planned for the second restart is an extended fuel 
lead for chilldown of the 5-2 engine using llquid hydrogen fuel 
flowing through the engine to chill it to the desired tempera- 
ture prior to restart. 

All these events -- second restart, checkout of the backup 
pressurization system and extended fuel lead chilldown will not 
affect the primary mir~sion of Apollo 9. The spacecraft will 
have been separated and will be safe zn a different orbit from 
that of the spacecraft before the events begin. 

Previous flights of the S-IVB stage have not required a 
second restart, and none of the flights currently planned have 
a specific need for the third burn. 

The second restart during the Apollo 9 mission will come 
80 minutes after second engine burn cutoff to demonstrate a 
requirement that the stage has the capabilit to restart a 
space after being shut down for only 80 minu g es. Tha€ capa- 
bility has no< yet been proven because flights to date have 
not required as little as 80 minutes of coastings. 



The first restart is scheduled for four hours 45 minutes 
and 41 seconds after launch, or about four and one-half hours 
after first burn cutoff. The need for a second restart may 
occur on future non-lunar flights. Also, the need to launch 
on certain days could create a need for the &-minute restart 
capability. 

The primary pressurization system of the propellant tanks 
for S-IVB restart uses a helium heater. In this system, nine 
helium storage spheres in the liquid hydrogen tank contain 
gaseous helium charged to about 3,000 psi. This helium is 
passed through the heater which beats and expands the gas be- 
fore it enters the propellant tanks. The heater operates on 
hydrogen and oxygen gas from the main propellant tanks. 

The backup system ~0nsiStS of five ambient helium spheres 
mounted on the stage thrust structure. This system, controlled 
by the fuel repressurization control module, can repressurize the 
tanlcs in case the primary system falls. 

The first restart will use .the prlmary system. If that 
system fails, the backup system will be used. The backup sys- 
tem will be used for the second restart. 

The primary reason for the extended fuel lead chilldown 
test is to demonstrate a contingency plan in case the chilldown 
pumps fail. 

In the extended chilldown event, a ground command will cut 
off the pumps to put the stage in a simulated failure condition. 
Another ground command will start liquid hydrogen flowing through 
the engine. 

This is a slower method, but enough time has been allotted 
for the hydrogen to chill the engine and create about the same 
conditions as would be created by the primary system. 

.The two unmanned restarts in this mission are at the very 
limits of the design requirements for the S-IVB and the J-2 
engine. For this reason, the probability of restart is not as 
great as in the nominal lunar missions.. 

Two requirements are for the engine to restart four and 
one-half hours after first burn cutoff, and for a total stage 
lifetime of six and one-half hours. The first restart on this 
mission will be four and one-half hours after first burn cut- 
off, and second restart will occur six hours and six minutes 
after liftoff, both events scheduled near the design limits. 



Differences in Apollo 8 and Apollo g Launch Vehicles , 

Two modifications resulting from problems encountered 
during the second Saturn V flight were incorporated and proven 
s.uccessfu1 on the third Saturn V mission. The new helium pre- 
valve cavity pressurization system will again be flown on the 
S-IC stage of Apollo 9. Also, new augmented spark igniter lines 
which flew on the engines of the two upper stages of Apollo 8 
will again be used on Apollo 9. 

The major S-IC stage differences between Apollo 8 and 
Apollo 9 are: 

1. Dry weight was reduced from 304,000 pounds to 295,600 
pounds. 

2. Weight at ground ignition increased from 4,800,000 
pounds to 5,026,200 pounds. 

3. Instrumentation measurements were reduced from 891 
to 666. 

4. Camera instrumentation electrical power system is 
not installed on S-IC-4. 

5. S-Ic-4 carries neither a TV camera system nor a film 
camera system. 

The Saturn V will fly a somewhat lighter and slightly 
more powerful second stage beginning with Apollo 9. 

The, changes are: 

. 1. 'Nominal vacuum thrust-for 5-2 engines,:was'increased 
,from',225,000,pounds each to 230,000 pounds each. This changed 
the. second stage thrust from a total. of 1,125,000. pounds. to 
1,150,000 pounds. . . 

2. The approximate empty S-I1 stage weight has been re- 
duced from 88,000 to 84,600 pounds. The S-IC/S-I1 interstage 
weight was reduced from 11,800 to 11,664 pounds. 

3. Approximate stage gross liftoff weight was increased 
from 1,035,000 pounds to 1,069,114 pounds. 

' 4. S-I1 Instrumentation system was changed from research 
and development to a combination of research.and development 
and operational. 

. . 
. . 



5. Instrumentation measurements were decreased from 
1,226 to 975. . 

Major differences betvieen the S-IVB stage used on Apollo 
8 and the one on Apollo 9 are: 

1. S-IVB dry stage weight decreased from 26,421 pounds 
to 25,300 pounds. This does not include the 8,081-pound 
interstage section. 

2. S-IVB gross stage weight at liftoff decreased from 
263,204 pounds to 259,337 pounds. 

3. Stage measurements evolved from research and devel- 
opment to operational status. 

4. Instrumentation measurements were reduced from 342 
to 296. 

Major instrument unit differences between Apollo 8 and 
llpollo 9 include deletions of a rate gyro timer, thennal probe, 
a measuring distributor, a tape recorder, two radio frequency 
assemblies, a source follower, a battery and six measuring 
racks. Instrumentation measurements were reduced from 339 to 
222. 

Launch Vehicle Sequence of Events 

(~ote: - Information presented in this press kit is based 
upon a nominal mission. Plans may be altered prior to 
or during flight to meet changing conditions. ) 

Launch 

The first stage of the Saturn V will carry the launch 
vehicle and Apollo spacecraft to an altitude of 36.2 nautical 
miles (41.7 sm, 67.1 km) and 50 nautical miles (57.8 sm, 93 h) 
downrange, building up speed to 9,095.2 feet per second (2,402 
m/sec, 5,385.3 knots, 6,201.1 sm) in two minutes 31 seconds of 
powered flight. After separation from the second stage, the 
first stage will continue on a ballistic tra3ectory ending In 
the Atlantic Ocean some 361.9 nautical miles (416.9 sm, 670.9 
km) downrange from Cape Kennedy (latitude 30.27 degrees north 
and longitude 73.9 degrees west) about nine minutes after 
liftoff. 



Second Stage 

The second stage, with engines running s i x  minutes and 
11 seconds, w i l l  propel the vehicle t o  an a l t i t u d e  of about 
103 nau t i ca l  miles (118.7 sm, 190.9 h) some 835 naut ical  
miles (961.7 sm,  1,547 km) downra , building up t o  23,0443.3 
f e e t  pe r  second (6,619 m/sec, 13,6 ye 2.1 knots, 15,708.9 mph) 
space f ixed velocity.  The spent second stage w i l l  land i n  the  
At l an t i c  Ocean about 20 minutes a f t e r  l i f t o f f  some 2,410.3 
n a u t i c a l  miles (2,776.7 sm,  4,468.4 km) from the launch s i t e ,  
a t  l a t i t u d e  31.46 degrees north and longitude 34.06 degrees 
west. 

Third  Stage F i r s t  Burn 

The t h i r d  stage, i n  i t s  112-second i n i t i a l  burn, w i l l  
p lace  i t s e l f  and the  Apollo spacecraft  i n t o  a c i r cu la r  o r b i t  
103 naut ica l  miles (119 sm, 191 loa) above the  Earth. Its in-  
c l i n a t i o n  w i l l  be 32.5 degrees and the  o r b i t a l  period about 88 
minutes. Apollo 9 w i l l  en t e r  0;rbj.t a t  about 56.66 degrees west 
longitude and 32.57 degrees north l a t i t ude .  

Parking O r b i t  

The Saturn V t h i r d  s tage  w i l l  be checked out i n  Earth 
parking o r b i t  i n  preparat ion f o r  the  second S-IVB burn. During 
the  second revolution, t he  Command/~ervice Module (CSM) w i l l  
s epara te  from the  t h i r d  stage. The spacecraft  LM adapter ( S u )  
panela w i l l  be je t t i soned  and the  CSM w i l l  t u rn  around and dock 
w i t h  the  lunar  module (LM) while the  LM i s  s t i l l  attached t o  
the S-IVB/IU. This maneuver i s  scheduled t o  require  14 minutes. 
About an hour and a qua r t e r  a f t e r  t he  docking, LM e jec t ion  i s  
t o  occur. A three-second S M  RCS burn w i l l  provide a safe  
~ e p a r a t i o n  dis tance a t  S-IVB re ign i t ion .  A l l  S-IVB reigni t ions  
a r e  nominally inhibi ted.  The i n h i b i t  is removed by ground 
conumuxi a f t e r  t he  CSM/W is  determined t o  be a sa fe  distance 
away. 

Third Stage Second Burn 

Booat of t he  unmanned s - 1 ~ ~  stage  from Earth parking o r b i t  
t o  an intermediate o r b i t  occurs during the  t h i r d  revolution 
shor t1  a f t e r  t he  s tage  comes within range of Cape Kennedy (4 
hours %4 minutes 42 seconds a f t e r  l i f t o f f ) .  The second burn, 
l a s t i n g  62 seconds, w i l l  put  the  S-IIIB i n t o  an e l l i p t i c a l  o r b i t  
with an apogee of 3,052 km ((1,646.3 nm, 1,896.5 sm) and a Peri-  
gee of 196 km (105.7 run, 121.8 sm) . The s tage w l l l  remain i n  
t h i s  o r b i t  about one-half revol.ution. 



Third Stage Third Bum 

 he t h i r d  etage i r r  r e ign i ted  a t  6 hours 6 minutes 4 
seconds a f t e r  l i f t o f f  f o r  a burn l a s t i n g  4 minutes 2 seconda. 
Thie will1 place the  stags and insizument un i t  i n t o  t h e  eecape 
o r b i t ;  Ninety seconds a f t e r  cutoff,  LOX dump begins arid lasts 
for 11 minutes 10 seconds, followed 10 seconds l a t e r  by t h e  
dump of the  l i q u i d  hydrogen, an exercise of 18 minutea 15 
seconds duration. Total  weight of the  stage and instrument 
u n i t  placed i n t o  s o l a r  o r b i t  w i l l  be about 31,lK~) pounds, 



Launch Vehicle Key Events 

Alti tude 
Meters Feet N. M I .  S. M i .  

Time 
Hrs Mln Sec 

Velocity 
M/sec. F/Sec. MPH Knots !Went 

o o o o o o  
00 00 12 
00 01 21 
00 02 14 
00 02 
00 02 
00 02 42 
00 03 10 
00 03 15 
00 03 21 
00 08 5 
00 08 53 
00 08 57 
00 10 49 
00 10 59 
02 43 00 
02 5 43 
04 02 57 
04 45 41 
04 46 43 
04 46 5 
06 07 02 
06 11 05 
06 11 15 
06 12 
06 23 % 
06 23 56 
06 42 11 

0.00 
242.8 
1585.1 
3896.1 
5385.3 
5404.1 
5396.0 
5652.2 
5716.3 
5775.8 
13642.2 
13651.2 
13651.8 
15134.7 
15138.6 
15134.3 
15128.7 
15137.2 
15131.9 
16412.9 
16417.9 
12432.8 
21816.8 
21833.2 
21786.5 
20149.6 
20116.4 
17311.3 

0.00 
410.00 
816.00 
2005.6 

' 2772.2 
2781.9 

2777.7 2909.6 
2942.6 
2973.3 

1 7022.7 
7027.3 
7027.6 
7791. 
7793. 
7790.8 
7787.9 
7792.3 
7789.6 
8449. 
8451.5 
6400.1 
11230.8 
11239.3 
11215.2 
10372.6 
10355.5 
8911.5 

0.00 
1345.4 
2677.00 
6580.2 
9095.2 
9127. 
9113*3 95&. 

9654.2 
9754.8 
23040.3 
23055.5 
23056.5 
25561.1 
25567.7 
25560.4 
25551. 
25565.2 
25556.4 
27719.8 
27728.2 
20997.8 
36846.4 
36874.2 
36795.3 
34030.8 
33974.6 
29237 -2 

,038 
-14 

27.9 8*3 
.' 41.7 
42.2 
43.1 
57.7 
60.3 
62.6 
118.7 
118.7 
118.8 
118.9 
118.9 
121.8 
123.4 
120.8 
124.2 1 124.4 
124.7 
1497.6 
1393.3 
1 94.7 
1226.3 
2897.0 
2930.9 
7412.5 

o .O 
279.5 
1825.2 
4486.4 
6201.1 
6222.8 
6213.4 
6508.5 
6582.2 
6650.8 
15708.9 
15719.2 
15 19.9 
15127.6 
17432.1 
17427.1 
17420.7 
17430.4 
17424.4 
18899.4 
18905.1 
14316.3 
25121.9 
25140.8 
25087.0 
23202.2 
23163.9 
19933.9 

F i r s t  Motion i 60 
T i l t  I n i t i a t i o n  225 

198 
737 

43671 
147576 
220248 
222599 
227541 
304514 
318.(r87 
330534 
626497 

Maximum Dynamic Pressure 
Center m i n e  Cutoff 
Outboard m i n e  Cutoff 
S-IC/S-11 Separation 
S-I1 Igni t ion 
S-11 Aft Inters tage J e t t .  
LES J e t t i s o n  
I n i t i a t e  I G M  
S-I1 Cutoff 

033 
.12 

7.2 
24.3 
36.2 
36.6 
37.4 
50.1 
52.4 
54.3 
103.0 

1 311 
43981 
67132 
67848 
69354 
92816 
97075 
100747 
190956 

103.0 
103.1 
103.2 
103.2 
105.7 - 
107.1 
104.6 
107.8 
108.0 
108.3 

S-II/S-ID Separation 
S-IVB Igni t ion 
S-IVB F i r s t  Cutoff 
Parking Orbit Inser t ion 

190998 1 625633 
191137 627089 
191385 ' 627904 
191398 . 627947 

Spacecraft Separation ! 195960 642913 

S-, Reignition 2410165 
S-IVl3 Third Cutoff 2242364 
Escape Orbit Inser t ion 2244556 
S t a r t  LOX Dump 2295412 
UIX TLrmp Cutoff : 4662286 
S t a r t  Dump 4716809 

Spacecraft Docking 1 196572 
Spacecraft Hnal sepln. i 194306 
S-rVB Reignition 1 199349 
S-IVB Second Cutoff 200175 
Intermediate Orbit Inser. 200720 

7907364 1 1300.0 
7356839 . 1209.5 
7364028 ' 1210.7 

LH2 Dump Cutoff 

651416 
637682 
655571 
656744 
658532 

7530878 
15295215 
15475094 
39138193 11929321 

1238.1 
2514.8 
25u.2 
6434.5 



MUNCH FACILITIES 

Kennedy Space Center-Launch Complex 

NASAt s John F. Kennedy Space Center performs pref l ight  
checkout, t e s t . a n d  launch of the Apollo g apace vehicle. A 
government-industry team of about 550 w i l l  conduct the f i n a l  

, countdown from ,Firing Room 2 of the Launch Control Center (LCC) . 
The f i r i n g  room team is  backed up by more than 5,000 

persons who a r e  d i r e c t l y  involved I n  launch operations a t  KSC -- 
from the t h e  the vehicle and spacecraft stages a r r ive  a t  the 
center  u n t i l  the  launch is completed. 

I n i t i a l  checkout of the Apollo spacecraft is  conducted i n  
work stands and In the a l t i t u d e  chambers in  the Manned Space- 
c r a f t  Operations Building (MSOB) a t  Kennedy Space Center. After 
completion of checkout there,. the  assembled spaaecraft i s  taken 
t o  the Vehicle Assembly Wrilding ( ~ m )  and mated with the launch 
vehicle. There t h e - f i r s t  integrated spacecraft and launch vehicle 
t e s t s  a r e  conducted. The assembled space vehicle i a  then 
ro l l ed  out  t o  the launch pad f o r  f i n a l  preparations and count- 
down t o  launch. 

I n  August 1968 a decision was made not t o  f l y  Lunar Module 
3 on Apollo 8 as had been originally planned. Checkout con- 
tinued with the remainder of the Apollo 8 space vehicle and Lunar 
Module 3 was Integrated with the t e s t  schedule for Apollo 9. 

t 

LBf-3 arr ived a t  KSC In  June 1968 and a t  the time the decision 
was made t o  f l y  it on Apollo 9 It had j u s t  completed systems t e s t s  
i n  the  PISOB. It was moved t o  the vacuum chamber l a t e r  i n  August 
and four manned a l t i t u d e  chamber t e s t s  were conducted i n  September. 
During these t e s t s ,  the  chamber was pumped dovrn t o  simulate 
a l t i t u d e s  i n  excess of 200,000 f e e t  (60,960 meters) and the lunar 
module and crew systems were thoroughly checked. The prime 
crew of Spacecraft Commander James McDivitt and Lunar Module 
P i l o t  Schweickart par t ic ipated i n  two of the runs and 
the  backup crew of Charles Conrad and Alan Bean participated i n  
the o the r  two n u ~ s .  

The Apollo 9 command/aervice module arrived a t  KSC in 
October and a f t e r  receiving inspection i n  the MSOB, a dockin@; 
t e s t  was conducted with the LM. Two manned a l t i t u d e  chamber 
runs' were made In November with the prime crew par t ic ipat ing In 
one and the  backups i n  the other. 

Ip December the LM was mated t o  the spacecraft lunar module 
adapter  (SLA), the  comand/service module was mated t o  the SLAP 
and the assembled spacecraft  was moved t o  the VAB where it was 
erected on the Saturn V launch vehicle (SA 504). 

-move- 



The Apollo 9 launch vehicle had been assembled on i ts  
mobile launcher i n  the VAB ip ear ly  October. Tests were con- 
ducted on individual systems on-each of the  stages and on. the 
overa l l  vehicle before the spacecraft was mated. 

After spacecraft erection, the spacecraft and launch 
vehicle were e l e c t r i c a l l y  mated and the first overal l  t e s t  
(plugs-in) of the space vehicle was conducted. In accordance 

with- the philosophy of accomplishing as much of the checkout 
as possible i n  the VAB, the overal l  t e s t  was conducted before 
the  space vehicle was moved t o  the launch pad. 

The p l u g s A  t e s t  ver i f ied the compatibility of the space 
vehicle systems, ground support equlpment and of f -s i te  support 
f a c i l i t i e s  by demonstrating the abi l i ty  of the systems t o  Pro- 
ceed through a simulated countdown, launch and f l igh t .  During 
the simulated f l i g h t  portfon of the t e s t ,  the systems were re -  
quired t o  respond t o  both emergency and normal f l i g h t  conditions. 

The move t o  the-launch pad was conducted Jan. 3. Because 
minimum pad'damage was incurred from the launch of Apollo 8, it 
was possible to  ref'urbish the pad and r o l l  out  Apollo 9 l e s s  
than two weeks l a t e r .  The 34-mile (5.6 km) t r i p  t o  the pad 
aboard the  t ransporter  was completed i n  about e ight  hours* 

The space vehicle ~ 1 i g h t ' ~ e a d i n e s s  Test was conducted l a t e  
i n  January. Both the prime -and backup crews par t ic ipate  i n  
Portions of the FRT, which is  a f f i a l  overal l  t e s t  of the space 
vehicle systems and ground support equipment when a l l  systems 
a r e  as near as possible t o  a launch configuration. 

After hypergolic fue ls  were loaded aboard the space vehicle, 
the  launch vehicle f irst  stage fue l  (RP-1) was brought aboard 
and the f i n a l  major t e s t  of the s ace vehicle began. This was 
the countdown demonstration t e s t  fCDDT), a dress rehearsal  for  
the f i n a l  countdown t o  launch. *e CDDT fo r  Apollo 9 was divided 
i n t o  a "wet" and a "dry1' portion. During the first, o r  "wet" 
Portion, the e n t i r e  countdown, including propellant loading, was 
car r ied  out  down t o  T-8.9 seconds,  he astronaut crews d id  not 
Par t ic ipa te  i n  the wet CDDT. A t  the completion of the wet CDm, 
the .cwogenic propellants ( l iqu id  oxygen and l iquid hydrogen) 
were Off-loaded, and the f i n a l  portion of the countdown was reorun, 
t h i s  t h e  simulating the fueling and with the prime astronaut 
crew par t ic ipa t ing  as they w i l l  on launch day, 



During; the assembly and checkout operations f o r  Apollo 9, 
launch crews a t  Kennedy Space Center completed the prepara- 
t ion  and launch of Apollo 7 (0ct. 11, 1968) and Apollo 8 
( ~ e c .  21, 1968) and began the assembly and checkout operations 
for.Apollo 10 and Apollo 11 t o  be launched l a t e r  t h i s  year. 

Because of the complexity Involved In the oheckout of the 
363-foot-tall (110.6 meters) ~ p o l l o / ~ a t u r n  V configuration, 
the launch teams make use of extensive automation In t h e i r  
checkout. Automation i s  one of the major differences In check- 
out  used on Apollo compared t o  the procedures used i n  the 
Mercury and G e m i n i  programs. 

RCA l l O A  computers, data display equipment and d i g i t a l  data 
techniques a r e  used throughout the automatic checkout from the 
time the launch vehicle i s  erected In the VAB through l i f t o f f .  
A similar ,  but separate computer operation called ACE (~cceptance  
Checkout ~quipment) l a  used t o  verify the f l i g h t  readiness of 
the  spacecraft, Spaceoraft checkout l a  controlled from 
separate f i r i n g  rooms located i n  the Manned Spacecraft Operations 
Building. 



KSC Launch Complex 39 

Launch Complex 39 f a c i l i t i e s  a t  t h e  Kennedy Space 
Center were planned and b u i l t  spec i f i ca l l y  f o r  the  
Saturn V program, t he  space vehic le  t h a t  w i l l  be used 
t o  ca r ry  as t ronauts  t o  t h e  Moon. 

C o ~ p l e x  39 introduced t h e  mobile concept of launch 
operations, a departure from the  f ixed launch pad techniques 
used previously a t  Cape Kennedy and o ther  launch s i t e s .  
Since t h e  ea r ly  1950's when the  f i r s t  b a l l i s t i c  miss i l es  
were launched, t h e  f ixed launch concept had been used 
on NASA missions. This method ca l led  f o r  assembly, 
checkout and launch of a rocket a t  one s i t e - - the  launch 
pad. I n  add i t ion  t o  ty ing up the  pad, t h i s  method a l s o  
of ten  l e f t  the  f l i g h t  equipment exposed t o  t he  outs ide  
influences of t h e  weather f o r  extended periods. 

Using t h e  mobile concept, t he  space vehicle is  thoroughly 
checked i n  an enclosed building'before it i s  moved t o  
t h e  launch pad f o r  f i n a l  preparations. This a f fords  
g r e a t e r  protect ion,  a more systematic checkout process 
using computer techniques, and a high launch rate f o r  the  
fu ture ,  s ince  t h e  pad time i s  minimal. 

Saturn V s tages  are shipped t o  the  Kennedy Space 
Center by ocean-going vesse l s  and special ly.designed a i r c r a f t ,  
such as the  Guppy. Apollo spacecraf t  modules a r e  t ransported 
by air. The .spacecraft  components are flrst taken t o  the  
Manned Spacecraft  Operations Building f o r  preliminary 
checkout. The Saturn V s tages  a r e  brought immediately 
t o  t he  Vehicle Assernbly Building a f t e r  a r r i v a l  a t  t he  
nearby turning basin. 

' .  .Apollo 9 is the fourth Saturn V to be launohed from 
. Pad A, .Complex 39. . The h i s t o r i c  f i r s t  launch of the  

Saturn V, designated Apollo 4, took place Nov. 9, 1967 
. a f t e r  a perfect  countdown and on-time l i f t o f f  a t  7 a.m. 

EST.. The second Saturn V mission--8pollo 6--was conducted, 
last  Apri l  4. The third Saturn V mission,, Apollo 8, aas 

. conducted 'last Dec. 21-27, . . 

- more - 



The major components of Complex 39 include: (1) the  
Vehicle Assembly Buildin VAB) where the  dpollo 9 was 
assembled and prepared; s 2 1 the  Launch Control Center, where 
t he  launch team conducts the  preliminary checkout and count- 
down; (3 )  the  mobile launcher, upon which the Apollo 9 was 
erected f o r  checkout and from where i t  w i l l  be launched; ( 4 )  
t h e  mobile service  s t ruc ture ,  .which provides external  access 
t o  t he  space vehic le  a t  t he  pail; (5) the  t ranspor ter ,  which 
c a r r i e s  the  space vehicle and mobile launcher, as well a s  the  
mobile se rv ice  s t ruc tu re  t o  the  pad; (6) the  crawlerway over 
which the  space vehicle t r a v e l s  from the  VAB t o  the  launch pad; 
and (7 )  the  launch pad i t s e l f .  

The Vehicle Assembly Building 

The Vehicle Assembly Building is  t h e ' h e a r t  of Launch 
Complex 39. Covering e ight  acres,  i t  i s  where the  363-foot- 
t a l l  space' vehic le  i s  assembled and tes ted .  

a he VAB contains 129,482,000 cubic f e e t  of space. It 
i s  716 f e e t  long, and 518 f e e t  wide and it covers 343,500 
square f e e t  of f l o o r  space. 

The foundation of the  VAB r e s t s  on 4,225 s t e e l  p i l inp ;~ ,  
each 16 inches i n  diameter, driven from 150 t o  170 feet t o  
bedrock. If placed end t o  end, these  p i l e s  would extend a 
d i s tance  of 123 miles. The s k e l e t a l  s t ruc tu re  of the  b u i l d i m  
conta ins  approximately 60,000 tons  of s t r u c t u r a l  s t e e l .  The 
e x t e r i o r  i s  covered by more than a mi l l ion square f e e t  of 
insula ted aluminum siding.  

The building i s  divided i n t o  a high bay a rea  525 f e e t  
high and a low bay a rea  210 f e e t  high, wi th  both a r eas  serviced 
by a t r ans fe r  aisle f o r  movement of vehicle stages. 

The low bay work area,  approximately 442 f e e t  wide 
and 274 f e e t  long, contains e igh t  stage-preparation and check- 
out  c e l l s .  These c e l l s  are'e'quipped w i t h  systems t o  simulate 

' s t age  in t e r f ace  and operation wi th  o ther  s tages  and the  i n s t ru -  
ment u n i t  of t h e  Saturn V launch vehicle.  

After  the  Apollo g launch vehic le  upper s tages  a r r ived  
a t  t h e  Kennedy Space Center, they were moved t o  the  low bay 
of the  VAB. Here, t he  second and t h i r d  s tages  underwent accep- 
tance  and checkout t e s t i n g  p r i o r  t o  mating with the  S-IC first 
s tage  a top  mobile launcher No. 2 i n  the  high bay area. 

. The high bay provides the  f a c i l i t i e s  f o r  assembly and 
checkout of both t h e  launch vehic le  and spacecraft .  It contains 
fou r  separa te  bays f o r  v e r t i c a l  assembly and checkout. A t  
present ,  t h r ee  bays a r e  equipped, and the  four th  w i l l  be reserved 
f o r  poss ible  changes i n  vehic le  conf.iguration. 



Work platforms -- some a s  high a s  three-story buildings -- 
i n  t he  high bays provide access by surrounding the  launch vehic le  
a t  varying levels .  Ehch high bay has f i v e  platforms. Each 
platform cons i s t s  of two bi-part ing sect ions  t h a t  move i n  from 
opposite s ides  and mate, providing a 360-degree access t o  the  
sec t ion  of t h e  space vehicle being checked. 

A 10,000-ton-capacity a i r  conditioning system, s u f f i c i e n t  
t o  cool about 3,000 homes, helps t o  control  the  environment 
within t he  e n t i r e  off ice,  laboratory, and workshop complex 
located ins lde  the  low bay a rea  of the  VAB. A i r  conditioning 
is  ,a l so  fed  t o  individual  platform l e v e l s  located around t h e  
vehicle.  

There are 141 l i f t i n g  devices i n  the  VAB, ranging from 
one-ton h o i s t s  t o  two 250-ton h igh - l i f t  bridge cranes. . 

The mobile launchers, ca r r ied  by t ranspor te r  vehicles,  
move i n  and out of t h e  VAB through four doors i n  the  high 
bay area ,  one i n  each of the  bays. Fach door is shaped l i k e  
an inverted T. They a r e  152 f e e t  wide and 114 f e e t  high a t  
t h e  base, narrowing'to 76 f e e t  i n  width. Total  door height  i s  
456 f e e t .  

The lower sec t ion  of each door is of the  a i r c r a f t  
hangar type that s l i d e s  hor izonta l ly  on t racks .  Above t h i s  
a r e  seven telescoping v e r t i c a l  l i f t  panels stacked one above 
t h e  other ,  each 50 f e e t  high and driven by an Individual  motor. 
Each panel s l i d e s  over t he  next t o  c r ea t e  an opening la rge  
enough t o  pennit  passage of t h e  Mobile Launcher. 

The Launch Control Center 

. . Adjacent t o  t h e  VAB i s  the  Launch Control Center  (LCC), 
T h i s  four-story s t r u c t u r e  i s  a r ad i ca l  departure from the  
dome-shaped blockhouses a t  o ther  launch sites, 

The e l ec t ron ic  "brain" of Launch Complex 39, the  LCC 
was used f o r  checkout and t e s t  operations while Apollo 9 was 
being assembled ins ide  the  VAB. The LCC contalns display,  
monitoring, and cont ro l  equipment used f o r  both checkout and 
launch operations. 

The bui ld ing has telemeter  checkout s t a t i o n s  on i ts .  
second f l o o r ,  and fou r  f i r i n g  rooms, one f o r  each high bay 
of the VAB, on i t s  t h i r d  f l o o r ,  Three f i r i n g  rooms will contain 
i d e n t i c a l  s e t s  of con t ro l  and monitoring equipment, s o  t h a t  
launch of a vehic le  and checkout of o thers  may take  place 
simultaneously. A ground computer f a c i l i t y  i s  associa ted with 
e a c h ' f i r i n g  room. 



The high speed computer data  l i n k  i s  provided between 
the  LCC and the  mobile launcher f o r  checkout of the  launch 
vehicle.  This l i n k  can be connected t o  the  mobile launcher 
a t  e i t h e r  t he  VAB o r  a t  t he  pad. 

The th ree  equipped f i r i n g  rooms have some 450 consoles 
which contain controls  and displays  required f o r  the  check- 
out  process. The d i g i t a l  data l i n k s  connecting with the  high 
bay a r eas  of t he  VAB and the  launch pads ca r ry  vas t  amounts 
of da ta  required during checkout and launch. 

There are 15 display systems i n  each LCC f i r i n g  room, 
with each system capable of providing d i g i t a l  information 
instantaneously. 

S ix ty  t e l ev i s ion  cameras a r e  positioned around the  
~ p o l l o / ~ a t u r n  V t ransmit t ing p ic tu res  on 10 modulated 
channels. The LCC f i r i n g  room a l s o  contains 112 operat ional  
intercommunication channels used by the  crews i n  the  check- 
out and launch countdown. 

Mobile Launcher 

The mobile launcher i s  a t ranspor table  launch base 
and umbil ical  tower f o r  t he  space vehicle.  Three launchers 
a r e  used a t  Complex 39. 

The launcher base i s  a two-story s t e e l  s t ruc ture ,  25 
feet  high, 160 f e e t  long, and 135 f e e t  wide. It is  positioned 
on s i x  s t e e l  pedesta ls  22 f e e t  high when i n  the  VAB o r  a t  t he  
launch pad. A t  the  launch pad, i n  add i t ion  t o  t h e  s i x  s t e e l  
pedestals ,  four  extendable colums a l s o  a r e  used t o  s t i f f e n  the  
mobile launcher aga ins t  rebound loads, if the  engine cu t s  off.  

The umbil ical  tower, extending 398 f e e t  above the  launch 
platform, i s  mounted on one end of t h e  launcher base. A ham- 
merhead crane a t  t h e  top has a hook height  of 376 f e e t  above 
t h e  deck with a t raverse  radius  of 85 f e e t  from the  cen te r  of 
t h e  tower. , 

  he' 1 2 - m i l l i o n ~ o u n d  mobile launcher s tands 445 f e e t  
h igh when r e s t i n g  on i t s  pedestals. .  The base, covering about 
ha l f  an acre,  i s  a compartmented s t ruc tu re  b u i l t  of 25-foot 
steel g i rders .  I 

The launch vehic le  sits over a 45-foot-square opening 
which allows an o u t l e t  f o r  engine exhausts i n t o  a trench con- 
t a i n i n g  a flame def lec tor .  This opening is  l ined  with a 
replaceable  steel b l a s t  shie ld ,  independent of t he  s t ruc tu re ,  
and w i l l  be cooled by a water cu r t a in  i n i t i a t e d  two seconds 
a f t e r  l i f t o f f .  



m e r e  a r e '  nine hydraulically-operated service anns on 
the' .umbilical tower, These service arms support l ines  f o r  
the  vehicle umbilical~systems and provide access fo r  personnel 
t o  the stages as well as the astronaut crew to  the spacecraft,. 

On Apollo 9, one of the service arms is ret racted ear ly  In 
the  count, The Apollo spacecraft access a m  is  p a r t i a l l y  re- 
t r ac ted  at  T-43 minutes, A t h i r d  service arm is  released a t  
T-30 seconds, and a fourth a t  about T-6 seconds, The remaining 
f i v e  arms a re  s e t  t o  swing back a t  vehicle first motion a f t e r  
T-0, 

The service arms a r e  equipped with a backup re t rac t ion  
system i n  case the primary mode fails. 

The Apollo access arm [service am No, g), located a t  the 
320-foot l eve l  above the launcher base, provides access t o  the 
spacecraft cabin f o r  the closout team and astronaut crews, 
The f l i g h t  crew w i l l  board the spacecraft s t a r t ing  a t  about T-2 
hours, 40 minutes i n  the count, The access a m  w i l l  be moved t o  
a parked position, 12 degrees from the spacecraft, a t  about T-43 
minutes, 

This i s  a distance of about three fee t ,  which permits a 
rapid reconneotlon of the arm t o  .the spacecraft In the event of 
an emergency condition. The arm is  f u l l y  re t racted a t  the T-5 
minute mark In  the oount, 

The Apollo 9 vehicle is secured t o  the mobile launcher by 
four combination support and hold-down arms mounted on the 
launcher deck, The hold-down arms a r e  c a s t  i n  one piece, about 
6 X 9 f e e t  a t  the base and 10 f e e t  t a l l ,  weighing more than 20 
tons, Dam~er s t r u t s  secure the vehicle near its top, 

After the  engines igni te ,  the  arms hold Apollo 9 fo r  about 
s i x  seconds u n t i l  the engines build up to  95 per cent thrus t  and 
other  monitored systems indicate they a re  functioning properly, 

' 

The arms release on rece ip t  of a launch commit signal  a t  the 
zero mark i n  the count. But the vehicle i s  prevented from 
accelerating too rapidly by controlled release mechanisms. 

The Transporter 

The six-million-pound transporters, the la rges t  tracked 
vehicles known, move mobile launchers in to  the VAB and mobile 
launzhers with assembled Apollo space vehicles t o  the launch 
pad. Tney a l so  a r e  used t o  t ransfer  the mobile service s t ruc ture  
t o  and f r o m  the launch pads, Two transporters a re  In use a t  
Complex 39, 



The Transpor ter  1s 131 f e e t  long and 114 f e e t  wide. 
The v e h i c l e  moves on f o u r  double-tracked crawlers,  each 
10 f e e t  high and 40 fee t  long. Each shoe on t h e  crawler  
t r a c k s  seven f e e t  s i x  inches i n  length  and weinhs about a 
ton.  

S ix teen  t r n c t i o n  motors powered by f o u r  1,000-kilowatt 
Kenerators,  which i n  t u r n  are d r iven  by two 2,750-horsepower 
d i a s e l  engines,  provide t h e  motive power f o r  t h e  t r a n s p o r t e r .  
Two 750-kw genera tors ,  dr iven  by two 1,065-horsepower d i e s e l  
engines,  power t h e  jacking, s t e e r i n g ,  l i g h t i n g ,  v e n t i l a t i n g  
and e l e c t r o n i c  systems. 

Maximum speed of t h e  t r a n s p o r t e r  i s  about one-mile- 
per-hour loaded and about  two-miles-per-hour unloaded. A 
3)  m i l e  t r i p  t o  t h e  pad wi th  a mobile launcher,  made a t  l e s s  
than  maximum speed, t a k e s  approximately seven hours. 

The t r a n s p o r t e r  has  a l e v e l i n g  system designed t o  keep 
t h e  t o p  of t h e  space v e h i c l e  v e r t i c a l  wi th in  plus-or-minus 
10 minutes of a r c  --.about t h e  dimensions of a basketba l l .  

Th i s  system a l s o  provides l e v e l i n g  opera t ions  required 
to n e g o t i a t e  t h e  f i v e  pe r  cent  ramp which leads  t o  t h e  launch 
pad, and keeps t h e  load l e v e l  when it is  ra i sed  and lowered 
on p e d e s t a l s  both a t  t h e  pad and wi th in  t h e  VAB. 

The o v e r a l l  he igh t  of t h e  t r a n s p o r t e r  i s  20 f e e t  from 
ground l e v e l  t o  the t o p  deck on which t h e  mobile launcher i s  
mated f o r  t r a n s p o r t a t i o n .  The deck i s  f l a t  and about t h e  s i z e  
of a b a s e b a l l  diamond (90 by 90 f e e t ) .  

TWO o p e r a t o r  c o n t r o l  cabs, one a t  each end of t h e  c h a s s i s  
loca ted  d i a g a h a l l y  oppos i te  each other ,  provide t o t a l l y  en- 
c losed  s t a t i o n s  from which a l l  opera t ing  and c o n t r o l  funct ions  
are c o o ~ d i n a t e d .  

The t r a n s p o r t e r  moves on a roadway 131 f e e t  wide, 
, ,divided by a median s t r i p .  This  i s  almost a s  broad as an 

e i g h t - l a n e  . turnpike 'and  is. designed t o  accommodate a combined 
" .' . weight of about . l8  m i l l i o n  pounds. .. . 

The roadway i s  b u i l t  i n  t h r e e  l a y e r s  with an average depth 
of seven f e e t .  The roadwayfbase l a y e r  i s  two-and-one-half f e e t  
of hydrau l i c  f i l l  compacted t o  95 p e r  c e n t  dens i ty .  The next 
la.yer c o n s i s t s  of t h r e e  f e e t  of crushed rock packed t o  maximum 
dens i ty ,  followed by a l a y e r  of one f o o t  of se lec ted  hydraul ic  
fill. The bed- i s  topped and sea led  with an  a s p h a l t  prime C a t .  



On t o p  of t h e  t h r e e  l a y e r s  i s  a cover of r i v e r  rock, 
e i g h t  inches deep on t h e  curves and s i x  inches deep on t h e  
s t raightway.  This  l a y e r  reduces t h e  f r i c t i o n  during s t e e r i n g  
and h e l p s  d i s t r i b u t e  t h e ' l o a d  on t h e  t r a n s p o r t e r  bearings.  

Mobile Service  S t r u c t u r e  

A ,402-f o o t - t a l l ,  9.8-million-pound tower i s  used t o  
service the Apollo--launch vehicle and spacecraft at the m d ,  
The 40-story s t ee l - t russed  tower, c a l l e d  a mobile s e r v i c e  
s t r u c t u r e ,  provides 360-degree platform access  t o  t h e  Saturn 
v e h i c l e  and t h e  Apollo spacec ra f t .  

The s e r v i c e  s t r u c t u r e  has  f i v e  platforms -- two s e l f -  
propel led  and t h r e e  f ixed ,  but  movable. Two e l e v a t o r s  c a r r y  
personnel  and equipment between work platforms. The platforms 
can open and c l o s e  around t h e  363-foot space vehic le .  

Af te r  depos i t ing  t h e  mobile launcher with i t s  space 
v e h i c l e  on t h e  pad, .the t r a n s p o r t e r  r e t u r n s  t o  a parking a r e a  
about 7,000 f e e t  from t h e  pad. There i t  picks  up t h e  mobile 
s e r v i c e  s t r u c t u r e  and moves it t o  t h e  launch pad. A t  t h e  
pad, t h e  huge tower i s  lowered and secured t o  f o u r  mount 
mechanisms. 

The t o p  t h r e e  work platforms a r e  loca ted  i n  f ixed  
p o s i t i o n s  which se rve  t h e  Apollo spacecraf t .  The two, lower 
movable platforms se rve  t h e  Saturn V. 

The mobile s e r v i c e  s t r u c t u r e  ramains i n  p o s i t i o n  u n t i l  
about  T-11 hours  when it i s  removed from i t s  mounts and re turned  
t o  t h e  parking a rea .  

Water Deluge System 

A water deluge system w i l l  provide a m i l l i o n  g a l l o n s  
of i n d u s t r i a l  water f o r  cool ing  and f i r e  prevent ion during 
launch of Apollo 9, Once t h e  s e r v i c e  arms a r e  r e t r a c t e d  a t  
l i f t o f f ,  a spray system w i l l  come on t o  cool  t h e s e  arms from 
t h e  hea t  of t h e  f i v e  Saturn  P-1 engines during l i f t o f f .  

On t h e  deck of t h e  mobile launcher a r e  29 water  nozzles.  
Th i s  deck deluge w i l l  start immediately a f t e r  l i f t o f f  and w i l l  
pour a c r o s s  t h e  f a c e  of t h e  launcher  f o r  30 seconds a t  t h e  r a t e  
of 50,000 gallons-per-minute. Af ter  30 seconds, t h e  flow w i l l  
be reduced t o  20,000 gallons-per-minute. 



Posi t ioned on both s i d e s  of t h e  flame t r ench  a r e  a 
s e r i e s  o f . n o z z l e s  which w i l l  begin pouring water a t  8,000 
gallons-per-minute, 10 seconds before  l i f t o f f .  This water w i l l  
be d i r e c t e d  over t h e  flame d e f l e c t o r .  

. Other. f l u s h  m0unte.d nozzles,  pos i t ioned around t h e  pad, 
w i l l :  wash away any f l u i d  s p i l l  as a p ro tec t ion  a g a i n s t  f i r e  
hazards.  ' .  

Water spray systema a l s o  a r e  a v a i l a b l e  along the  
e g r e s s  rou te  t h a t  t h e  a s t r o n a u t s  and c loseout  crews would 
fol low i n  case an  emergency evacuation was required.  

Flame Trench and Def lec tor  - . 

.The flame t r ench  i s  58 f e e t  wide and approximately s ix  
' f e e t  above mean sea  l e v e l  a t  t h e  base. The he ight  of t h e .  
t r ench  and d e f l e c t o r  i s  approximately 42 f e e t .  

The flame d e f l e c t o r  we igh~~abou t ;  1.3 m i l l i o n  pounds and 
i s  s to red  ou t s ide  t h e  flame t r ench  on rails.  When it i s  moved 
beneath t h e  launcher,  i t  i s  ra i sed  h y d r a u l i c a l l y  i n t o  pos i t ion .  
The d e f l e c t o r  i s  covered with a four-and-one-half-inch th ick -  
ness  of r e f r a c t o r y  concre te  cons i s t ing  of a volcanic  ash  aggregate  
and a calcuim aluminate binder .  The hea t  and b l a s t  of t h e  
engines are expected t o  wear about three-quar ters  of an inch 
from t h i s  r e f r a c t o r y  su r face  during t h e  Apollo 9 launch. 

Pad Areas - 

Both Pad A and Pad £3 of Launch Complex 39 a r e  roughly 
octagonal  i n  shape and cover about one f o u r t h  of a square 
mi le  of t e r r a i n .  

The c e n t e r  of t h e  p a d ' i s  a hardstand constructed of 
h e a v i l y  re inforced  concrete .  I n  a d d i t i o n  t o  aupporting t h e  
weight of t h e  mobile launcher and t h e  Saturn  V veh ic le ,  it 
a1 so must support  t h e  9.8-million-pound mobile s e r v i c e  s t r u c t u r e  
and 6-million-pound t r a n s p o r t e r ,  a l l  a t  t h e  same time. The 
t o p  of t h e  pad s t ands  some 48 f e e t  above sea  l e v e l .  

I 

Sa tu rn  V p rope l l an t s  -- l l q u i d  oxygen, l i q u i d  hydrogen, 
and RP-1 -- a r e  s to red  near  t h e  pad perimeter.  

S t a i n l e s s  s t e e l ,  vacuum-jacketed p ipes  c a r r y  t h e  l i q u i d  
oxygen (LOX) and l i q u i d  hydrogen from t h e  s to rage  tanks  t o  
t h e  pad, up t h e  mobile launcher, and f i n a l l y  i n t o  t h e  launch 
v e h i c l e  p rope l l an t  tanks.  



LOX i s  suppl ied from a 900,000-gallon s to rage  tank. A 
c e n t r i f u a a l  pump with a discharge pressure  of 320 pounds-per- 
square-inch pumps LOX t o  t h e . v e h i c l e  a t  flow r a t e s  as hi& as 
10,000-gallons-per-minute. 

Liquid hydrogen, used i n  t h e  second and t h i r d  s tages ,  
i s  s t o r e d  i n  a n  850,000-gallon'tank, and i s  s e n t  through 
1,500 f e e t  of 10-inch,' vacuum-j~cketed i n v a r  pipe. 4 vaporizing 
h e a t  exchanger p r e s s u r i z e s  t h e  s to rage  tank t o  60 p s i  f o r  a 
10,000-aallons-per-minute flow r a t e .  

The RP-1 f u e l ,  a high grade of kerosene i s  s to red  i n  
t h r e e  tanks--each with a capac i ty  of 86,000 ga l lons .  It i s  
pumped a t  a r a t e  of 2,000 gallons-per-minute a t  175 psig.  

, The Complex 39 pneumatic system inc ludes  a converter-  
c h p r e s s o r  f a c i l i t y ,  a pad high-pressure gas s torage  b a t t e r y ,  
a high-presssure s to rage  b a t t e r y  i n  t h e  VAB, low and hinh- 
pressure ,  cross-country supply l i n e s ,  hinh-pressure hydrogen 
s t o r a g e  and conversion equipment, and pad d i s t r i b u t i o n  p i p i m  
t o  pneumatic c o n t r o l  panels.  The var ious  purginx systems 
r e q u i r e  187,000 pounds of l i q u i d  n i t rogen 'and 21,000 g a l l o n s  
of helium. . 



MISSION CONTROL CENTER 

The Mission Control Center at the Manned Spacecraft 
Center, Houston, is the focal point for all Apollo flignt 
control activities. The Center will receive tracking 
and telemetry data from the Manned Space Flight Network. 
These data will be processed through the Mission Control 
Center Real-Time Computer Complex and used to drive 
displays for the flight controllers and engineers in 
the Mission Operations Control Room and staff support rooms. 

The Manned Space Flight Network tracking and data 
acquisition stations link the flight controllers at the 
Center to the spacecraft. 

For Apollog, all stations will be remote sites 
without flight control teams. All uplink commands and 
voice communications will originate from Houston, and 
telemetry data wil.1 be sent back to Houston at high speed 
(2,400 bits per second), on two separate data lines. 
They can be either real time or playback information. 

Signal flow for voice circuits between Houston and 
the remote sites is via commercial carrier, usually 
satellite, wherever possible using leased lines which 
are part of the NASA Communications Network. 

Commands are sent from Houston to NASA's Goddard 
Space Flight Center, Greenbelt, Md., lines which link 
computers at the two points. The Goddard computers 
provide automatic switching facilities and speed buffering 
for the command data. Data are transferred from Goddard 
to remote sites on high speed (2,400 bits per second) 
lines. Command loads also can be sent by teletype from 
Houston to the remote sites at 100 words per minute. 
Again, Goddard computers provide storage and switching 
functions. 

Telemetry data at the remote site are received by 
the RF receivers, processed by the Pulse Code Modulation 
ground stations, and transferred to the 642B remote-site 
'telemetry computer for storage. Depending on the format 
selected by the telemetry controller at Houston, the 
642~ will output the desired format through a 2010 data 
transmission unit which provides parallel to serial 
conversion, and drives a 2,400 bit-per-second mode. 

. . - more - 



The data modem converts the digital serial data 
to phase-shifted keyed tones which are fed to the high 
speed data lines of the Communications Network. 

Tracking data are output from the sites in a low 
, speed (100 words) teletype format and a 240-bit block high 
speed (2,400 bits) format. Data rates are one sample-6 sec- 
onds for teletype and 10 samples (frames) per second for high 
speed data, 

All high-speed data, whether tracking or telemetry, 
which originate at a remote site are sent to Goddard on hifi- 
,speed lines, Goddard reformats the data when necessary and 
sends them to Houston in 600-bit blocks at a 40,800 bits-per- 
second rate, Of the 600-bit block, 480 bits are reserved for 
data, the other 120 bits for address, sync, intercomputer instru- 
ctions, and polynominal error encoding, 

All wideband 40,800 bits-per-second data originating at 
Houston are converted to high speed (2,400 bits-per-second) 
data at Goddard before being transferred-to the designated re- 
mote site. 



MANNED SPACE FLIGHT NETWORK' 

The Manned Space Flight Tracking Network f o r  Apollo 9, 
consist ing of 14 ground s ta t ions ,  four instrumented ships and 
s i x  instrumented a i r c r a f t ,  i s  par t ic ipat ing i n  i t s  th i rd  
manned f l i g h t .  It i s  the global extension of the monitoring 
and control  capabil i ty of the Mission Control Center i n  Houston. 
The network, developed by NASA through the Mercury and Gemini 
programs, now represents an investment of some $500 million 
and, during f l i g h t  operations, has 4,000 persons on duty. I n  
addi t ion t o  NASA f a c i l i t i e s ,  the network includes f a c i l i t i e s  
of the Department of Defense and the Australian Department of 
Supply 

The network was developed by the Goddard Space Flight 
Center (GSFC) under the direct ion of NASA's Office of Tracking 
and Data Acquisition. 

Basically, manned f l i g h t  s ta t ions  provide one o r  more of 
the following functions f o r  f l i g h t  control: 

1. Telemetry 
2. Tracking 
3. Command and 
4. Voice communications with the . spacecraft 

Apollo missions require the network t o  obtain information -- Ins tan t ly  recognize it, decode it, and arrange it fo r  com- 
puter  processing and display i n  the Mission Control Center. 

Apollo generates much more information than e i t h e r  Pro- 
j ec t s  Mercury o r  Gemini; therefore, very high speed data 
processing and display capabi l i ty  a re  needed. Apollo a l so  
requires network support a t  both Earth o r b i t a l  and lunar dis- 
tances. The ApolJo Unified S-Band System (USB) provides t h i s  
capabi l i ty .  



MANNED SPACE FLIGHT NETWORK ~pouo-9  



Network C o n f i ~ u r a t i o n  f o r  Apollo 9 

Unified S-Band S i t e s  

NASA 30-Ft. Antenna S i t e s  NASA 85-Ft. Antenna S i t e s  

Antigua (ANG) . 
Ascension I s l and  (ACN) 
Bermuda (BDA) 
Canary I s land  (CYI) 
Carnarvon (cRO) , Austral ia  

. ' Grand Bahama Is land (GBM) 
Guam (QWM) . 
Guaymas (GYM), Mexico 
Hawaii (HAW) 

,' Merr i t t  I s land  (MIL), Fla . 
T ~ x ~ s . ( T E x ) ,  Corpus Chr i s t1  

Honeysuckle Creek (HSK) , 
Austral ia  (prime) 

Golds tone (GDS) , Calif. 
(Prime) 

Madrid (MAD), Spain (prime) 
*Canberra (DsS-42-Apollo Wing) 

(Backup) 
Woldstone (DSS-11-  pol lo W i  ) 

(Backup) MARS. 210 ' - ( ~ a c k u p  
*Madrid ( ~ ~ ~ - 6 l - ~ p o l l o  Wing) 

7 
(Backup) ' 

Tananarlve (TAN), Malagasy Republic (STADAN s t a t i o n  i n  support 
r o l e  only. ) 

* Wings have been added t o  JPL Deep Space Network s i te  opera- 
t i o n s  buildings.  These wings contain addi t ional  Unified S-Band 
equipment a s  backup t o  the  Prime sites t o  allow f o r  the use, i f  
necessary, of the Deep Space 85-ft. antennas. 

Network Tes t inq  

.The MSFN began i ts  Network Readiness .Testing f o r  Apollo 9 
on Jan. 20 and continued through Feb. 5 when the network went 
on mission s t a t u s .  Through es tabl ished computer. techniques 
Goddard I s  Real-Time Computer Center ( ~ c c )  conducted system- 
by-system, . stat ion-by-stat ion t e s t s  of a l l  tracking/data 
acqu i s i t i on  and communications systems u n t i l  a l l  support c r i -  

' - teria were met and the  MSFN pronounced ready . to  pa r t i c ipa t e  i n  
t he  mission. 

Spacecraft  Communications 

A l l  Manned Space F l igh t  Network s t a t i ons  a r e  prepared t o  
communicate with the  Apollo,g spacecraft  i n  two d i f f e r en t  
modes; S-Band and VHF. 

When a s t a t i o n  acquires the  spacecraft ,  t h o s e  s i t e s  having 
Unified S-Band and VHF air-to-ground capabi l i ty  w i l l  s e l e c t  
the  best q u a l i t y  and.pass it t o  the Mlssion Control Center, 
A l l  s t a t i o n s  w i l l  monitor air-to-ground conversations f o r  a 
poss ible  crew request t o  switch t h e  spacecraft  cornrnunication3. 



NASA Communications Network - Goddard 

This  network cons i s t s  of severa l  systems of d iverse ly  
routed communications channels leased on communications 
s a t e l l i e s ,  common c a r r i e r  systems and high frequency radio  
f a c i l i t i e s  where necessary t o  provide the  access l i nks .  

The system cons i s t s  of both narrow and wide-band channels, 
and some TV channels. Included a re  a var ie ty  of telegraph, 
voice and da t a  systems ( d i g i t a l  and analog) with a wide range 
of d i g i t a l  data  ra tes .  Alternate routes o r  redundancy a re  
provided f o r  added r e l i a b i l i t y .  

A primary switching cen te r  and intermediate switching 
and cont ro l  points  a r e  es tabl ished t o  provide centra l lzed 
f a c i l i t y  and technica l  control  under d i r e c t  NASA control .  
The primary swi t ch iw  cen te r  i s  a t  Goddard, and intermediate 
switching cen te rs  a r e  located a t  Canberra, Australia;  Madrid, 
Spain; London, England; - Honolulu, - Hawaii; Guam and Cape 
Kennedy, Fla . 

Cape Kennedy is connected d i r e c t l y  t o  the  Mission Con- 
trol Center by the  communication network's Apollo Launch 
Data System (ALDS), a combination of data  gathering and t rans-  
mission systems designed t o  handle launch data  e x c l u ~ i v e l y .  

After  launch a l l  network and tracMng data  a r e  d i rec ted 
t o  the  Mission Control Center through Goddard. A high-speed 
da t a  l i n e  connects Cape Kennedy t o  Goddard, where the  t rans-  
mission r a t e  i s  increased from there  t o  Mission Control Center. 
Upon o r b i t a l  i n se r t i on ,  t racking respons ib i l i ty  i s  t ransferred 
between the  various s t a t i o n s  a s  the  spacecraf t  c i r c l e s  the  
Earth. 

Two I n t e l s a t  communications s a t e l l i t e s  w i l l  be used f o r  
Apollo 9, one posi t ioned over the  At lant ic  Ocean a t  about 60 
degrees W. longitude i n  a near  eqka tor ia l  synchronous o r b i t  
varying about s i x  degrees N. and S. i n  l a t i t ude .  The At lant ic  
s a t e l l i t e  w i l l  s e rv ice  the  Ascension I s land  USB s t a t i on ,  the 
A t l an t i c  Ocean sh ip  and the  Canary I s land  s i t e .  

Only two 'of  thes'e th ree  s t a t i o n s  w i l l  be . t ransmit t ing 
information back t o  Goddard a t  any one. time, but  . a l l  three  . 

. s t a t i o n s  can receive a t  a l l  times. 

The ' second Apollo I n t e l s a t  communications s a t e l l i t e  i s  . 
. located about" 170 degrees E. longitude over the  mid-Pacific. 

. near the  Equator a t  the  i n t e rna t iona l  da te l ine .  It w i l l  
s e rv ice  t he .  Carnarvon,'. Austral ian USB. s i t e  'and. the Paci f ic  

. 'Ocean ships .  A l l  these  s t a t i o n s  w i l l  be able  t o  t ransmit  
' simultaneously through the  s a t e l l i t e s  t o  the  Mission Control . 

. Center v ia  Jamesburg, Cal i f  ., and the Goddard .Space Fl ight  
. Center. 



NASCOM-APOLLO 9 



S i t e s  with " ~ u a l "  Capabilitx 

Certain s ta t ions  of the Manned Space Plight Network can 
provide tracking, voice and data acquisi t ion f o r  two Apollo 
spacecraft simultaneously, provided they are  within the beam- 
width of the s ingle  Unified S-Band antenna. Two s e t s  of fre- 
quencies separated by approximately f ive  megahertz are  used 
f o r  t h i s  purpose. I n  addition t o  t h i s  primary mode of com- 
munications, the Unified S-Band system has the capabil i ty of 
receiving data  on two other frequencies; primarily used f o r  
downlink data from the CSM. 

~0.r Apollo 9, t h i s  capabil i ty w i l l  be u t i l i zed  when the 
LM and CSM have separated. Effective "dual" acquisi t ion 
displacement distance between CSM and LM i s  one-hundred miles 
a t  a r e l a t ive  angle of forty-five degrees. 

. The "Dual" s i t e s :  

85 Ft.  Antenna Systems 

Honeysuckle Creek, . Australia 

Madrid, Spain 

Goldstone, Calif.  

30 F t .  Antenna Systems 

Carnarvon, Australia 

A.scension Island 

Merri t t  Island, Fla. 

Guam Island, Pacific 

spacecraft ;  Televis$on 

Prime S i t e  
Wing S i t e  (backub, 

Prime S i t e  
Wing S i t e  (backup) 

Prime S i t e  
Wing S i t e  (backup) 

Kauai, Hawaii 

Bermuda (uplink only) 

Antigua (uplink only) 

USNS 'REDSTONE 
USNS MERCURY 
USNS VANGUARD 

Television transmissions~ w i l l  be received, recorded and 
converted t o  commercial (home) format fo r  release t o  the public 
by tho Merri t t  Island, Fla., and Goldstone, Calif. ,  Manned 
Space Fl ight  Network s ta t ions  . 



Land S ta t ion  Tracklng 

After  the  S-IVB and CSM/LM separate, dual-capability 
s t a t i o n s  w i l l  be required t o  t rack  both vehicles simultaneously 
t o  provide HF A/G voice remoting from the CSM/LM and VHF TLM 
data  from the S-IVB/IU. After LM power up, dual capabi l i ty  
s t a t i o n s  will be required t o  t rack  the CSM via  acquis i t ion 
bus t o  provide VHF voice, and t o  t rack  the  LM on VHF t o  pro- 
vide VHF TLM o r  voice. Sta t ions  havin@; only one VHF system 
w i l l  t r ack  the  CSM o r  LM i n  accordance with Houston requlre- 
ments . 



'SHIPS AND AIRCRAFT NETWORK SUPPORT - APOLLO 9 

Phe Apollo~~nstrumentation Ships (AIS) 

. The: Apollo .9 mission w i l l  be supported b y  four  Apollo 
Instrumentation Ships operating a s  in tegra l  s t a t ions  of the  
Manned Space Fl ight  Network ( M ~ F N )  t o  provide'coverage i n  a reas  
beyond'the range of land s ta t ions ,  The ships USNS Vanguard, 
Redstone, Mercury, and Huntsville w i l l  perfom tracking,' t e l e -  
metry, communications, and computer functions f o r  the launch - 
and Earth o r b i t  inser t ion phase, ZM maneuver phases, and re-entry 
at, end of mission. 

. . 
. . 

The Vanguard w i l l  be stationed due eas t  of Bermuda 
(32 degrees N. - 45 degrees W )  during launch and w i l l  remain 
a t  t h i s  posi t ion t o  cover specif ic  o r b i t a l  phases. The Van- 
guard a l s o  functions as par t  of the  Atlantic recovery f l e e t  i n  
the  event of a launch phase contingency, The Redstone, Mercury, 
and Huntsville w i l l  a l l  be deployed i n  the Pacific Ocean area,  
The Redstone w i l l  be eas t  of Hawaii (22 degrees N - 131 degrees 
w) ,  theq--3Iercury southeast of American Samoa (22 degrees S - 
160 degrees w), and the  Huntsville northwest of American Samoa 
(7 degrees S - 170 degrees E). The s ta t ions  w i l l  provide com- 
munications, tracking, and telemetry coverage i n  the areas  where 
spacecraft and IN functions occur without adequate coverage from 
land s ta t ions ,  Since the ships a r e  a mobile instrumentation 
s ta t ion ,  they can be repositioned p r io r  t o  o r  during the mission 
based upon f l i g h t  plan.needs subject t o  the i r  speed l imi ta t ions  
and weather conditions. 

The Apollo ships were developed-jointly by NASA and the  
Department of Defense, The DOD operates the  ships i n  support 
of Apollo and other NAsA/DOD missions on a noninterference bas is  
w i t h  Apollo support requirements. TPle overal l  management of the  
Apollo ship operation is the  responsibi l i ty  of the  A i r  Force 
Western Test Range (AFwR). The Mili tary Sea Transport Service 

t MSTS) provides the maritime crews; the  Federal Elec t r ic  Co. 
FEC) (under contract  t o  AFWTR) provides the  technical  ins t ru-  . 

mentaKon crews. Goddard Space Fl ight  Center (OSFC) i s  respon- 
s i b l e  f o r  the  configuration control and network in te r face  of the  
sh ips  i n  support of Apollo missions. The technical  crews operate 
i n  accordance w i t h  jo int  MASA/DOD technical standards and speci- 
f i ca t ions  which a r e  compatible w i t h  the manned space f l i g h t  net- 
work procedures, ( 



The Apollo Range Instrumentation Aircraft  (ARIA 

The A R I A  w i l l  support the Apollo 9 mission by f i l l i n g  
gaps i n  c r i t i c a l  coverage beyond the range of land and ship 
s ta t ion8  o r  a t  points where land o r  ship coverage i s  e i t h e r  
impossible o r  impractical., During th i s  mission s i x  A R I A  w i l l  
be used i n  the Pacific and-Atlantic areas  t o  receive and record 
telemetry from the S-IVB stage, and l a t e r  on i n  the mission from 
the CSM/ZM. In  addition, the  ARIA w i l l  provide a two-way voice 
re lay  between the Mission Control Center and the Apollo 9 crew 
during c r i t i c a l  maneuver periods. 

On launch day, four   RIA w i l l  be used i n  the  Pacific 
a rea  during r e v o i u t i ~ n s  2,, 3, am? 4 ts, csver L?!/CCM/S-IYB 
functions. These a i r c r a f t  w i l l  use staging bases i n  Australia, 
Guam, and Hawaii. On da two, revolution 27, one ARIA w i l l  
deploy t o  a point about 3 00 miles ENE of Darwin, Australia, and 
a second A R I A  w i l l  deploy t o  a point some 900 miles SSE of 
Tahiti t o  provide c r i t i c a l  telemetry and voice re lay  coverage 
during ac t iv ia t ion  of LM e l e c t r i c a l  propulsion and environmental 
control  systems, Staging bases f o r  t h i s  coverage w i l l  be Darwin 
and Pago Pago, On day four, two ARIA w i l l  be deployed i n  the 
Atlantic area northeast and northwest of Ascension Island t o  pro- 
vide ac t ive  voice re lay  a t  predetermined points on revolutions 
61, 62, and 63 during CSM/M maneuvers. A t  the end of mission, 
a t  l e a s t  one ARIA w i l l  be positioned south of Bennuda t o  provide 
telemetry and voice ' re lay  from the CSM from the  400K foot  l eve l  
t o  splashdown. ARIA operating i n  the  Atlantic area w i l l  Use 
bases a t  Ascension Island, Puerto Rico, and Patrick AFB, F l o r i d a .  

The t o t a l  A R I A  f l e e t  'conslats of e ight  EC-135N ( ~ o e i n g  707) 
jet a i r c r a f t  equipped spec i f ica l ly  to.meet mission needs. Seven 
foot  diameter parabolic (dish)  antennas have been ins t a l l ed  i n  
the  nose section of each a i r c r a f t  giving them a large, bulbaus 
look. The ARIA airframes were selected from the USA. t ransport  
f l e e t ,  modified through joint  ~OD/NASA contract,  and a r e  operated 
and maintained by the Air Force Eastern Test Range (AFETR). 
During t h e i r  support of Apollo missions, they become an i n t e ~ r a l  
pa r t  of the  MSFN and, as such, operate i n  accordance w i t h  the 
jo in t  NASA/DOD procedures and pol ic ies  which govern the MSFN. 



APOLLO 9 CREW 

Crew Training 

The crewmen of Apollo 9 w i l l  have spent more than 
seven hours of formal t r a in ing  f o r  each hour of the  mission's 
10-day duration. Almost 1,800 hours of t r a in ing  were i n  the  
Apollo g crew t r a in ing  syl labus over and above the  normal 
preparat ions f o r  the  mission -- technical  b r ie f ings  and re-  
v:ews, p i l o t  meetings and study. 

The Apollo 9 crewmen a l s o  took p a r t  I n  spacecraft  
mnufaotur ing cheokouts a t  the  North American Rockwell 
p lan t  i n  Downey, Calif., a t  Grumman Ai rc ra f t  Engineering 
Corp., Bethpage, N. Y., and i n  prelaunch t e s t i n g  a t  NASA 
Kennedy Space Center. Taking p a r t  i n  fac tory  and launch 
area testing has provided the  crew with thorough operat ional  
knowledge o f . t h e  complex vehicle. 

Highlights of special ized Apollo 9 crew t r a in ing  top ics  
are : 

* Detailed series of br idf ings  on spacecraft  systems, 
operat ion and modifications. 

* Saturn launch vehic le  b r ie f ings  on countdown, range 
safety, f l i g h t  dynamics, f a i l u r e  modes and abor t  conditions. 
The launch vehic le  b r ie f ings  were updated periodical ly.  

* Apollo Guidance and Navigation system br ie f ings  a t  
the  Massachusetts I n s t i t u t e  of Technology Instrumentation 
Laboratory. 

* Briefings and continuous t r a in ing  on mission photo- 
graphic object ives  and use of camera equipment. 

* Extensive p i l o t  pa r t i c ipa t ion  i n  reviews of a l l  
- f l i g h t  procedures f o r  normal as well as emergency s i tua t ions .  

* Stowage reviews and p rac t i ce  i n  t r a in ing  sess ions  
i n  the  spacecraft ,  mockups, and Command Module simulators 
allowed the  crewmen t o  evaluate spacecraft  stowage of crew- 
associa ted equipment. 

- * Zero-g airuraft flights using command module and 
l u n a r  module mockups f o r  EVA and pressure s u i t  doffing/donning 
p rac t i ce  and t ra in ing.  

* Underwater zero-g t r a in ing  i n  t he  MSC Water Immersion 
F a c i l i t y  using spacecraft  mockups t o  f u r t h e r  f ami l i a r i ze  crew 
with a l l  aspects  of CSM-IN docking tunnel in t raveh icu la r  t rans-  
f e r  and EVA i n  pressurized su i t s .  



' * More than 300 hours of t ra in ing  perman i n  command, 
module.and lunar module mission simulators a t  MSC and KSC, 
including closed-loop simulations with f l i g h t  control lers  i n  
the Mission Control Center, Other Apollo simulators a t  various 
locations were used extensively f o r  specialized crew t ra in ing , '  

* Water egress t ra ining conducted i n  indoor tanks as 
well as i n  the  Gulf of Mexico included uprighting from the 
Stable I1 posit ion (apex downj t o  the Stable I posit ion (apex 
up), egress onto r a f t s  and helicopter pickup, 

* hunch  pad egress t ra ining from mockups and from 
the  ac tua l  spacecraft on the launch pad f o r  possible emergen- 
c i e s  such as f i r e ,  contaminants and power fa i lures .  

* The t ra ining covered use of A ~ o l l o  spacecraft f i r e  
suppression equipment i n  t h e  cockpit, 

* Planetarium reviews a t  Morehead Planetarium, Chapel 
H i l l ,  N, C,, and at  a r i f f i t h  Planetarium, Los Angeles, of the  
c e l e s t i a l  sphere with special  emphasis on the 37 navigational 
s t a r s  used by the Command Module Computer. 

Crew U f e  Support Equipment 

Apollo 9 crewmen w i l l  wear two versions of the  
Apollo spacesuit: an intravehicular pressure gament assembly 
worn by the  command module p i l o t  and the extravehicular pres- 
sure  garment assembly worn by the commander and the lunar 
module p i l o t ,  Both versions a r e  basical ly  ident ica l  except 
t h a t  the  extravehicular version has an in teg ra l  thermal mete- 
roid garment over the  basic su i t .  

From the  skin out, the  basic pressure gament consis ts  
of a nomex comfort layer,  a neoprene-coated nylon pressure 
bladder and a nylon r e s t r a i n t  layer. The outer layers of the 
intravehicular  s u i t  are, from the  inside out, nomex and two 
layers  of Teflon-coated Beta cloth,  The extravehicular in te -  
g r a l  thermal meteoroid cover consis ts  of a l i n e r  of two layers  
of neoprene-coated nylon, seven layers  of Beta/~apton spacer 
laminate, and an outer layer  of Teflon-coated Beta fabr ic .  

The extravehicular su i t ,  together with a liquid cooling 
garment, portable l i f e  support system (PLSS), oxygen purge 
system, extravehicular v isor  assembly and other components 
make up the  extravehicular mobility un i t  (EMU), The EMU pro- 
vides an extravehicular crewman with l i f e  support f o r  a four- 
hour mission outside the lunar module without replenishing 
expendables. EMU t o t a l  weight i s  183 pounds. The intravehicular 
s u i t  weighs 35.6 pounds, 



Liquid cooling garment--A kni t ted  nylon-spandex garment 
with a network of g l a s t i c  tubing through which cooling water 
from the  PLSS i s  c i rcu la ted ,  It i s  worn next t o  t he  skin  and 
replaces  the  constant  wear garment during EVA only. 

Portable l i f e  support system--A backpack supplying 
oxygen a t  3.9 p s i  and cooling water t o  t h e  l i qu id  cooling 
garment. Return oxygen i s  cleansed of s o l i d  and gas contaa- 
i nan t s  by a l i th ium hydroxide can is te r ,  The PLSS includes 
comunicat ions  and telemetry equipment, d isplays  and cont ro l s  
and a main power supply. The PLSS is  covered by a thermal 
i n su l a t i on  jacket. 

Oxygen purge system--~ounted a top the  PLSS, the  oxygen 
purge system provides a contingency 30-minute supply of 
gaseous oxygen i n  two two-pound b o t t l e s  pressurized t o  5,880 
psla .  The system may a l s o  be worn separa te ly  on the  f r o n t  of 
t h e  pressure garment assembly torso. It serves as a mount f o r  
t h e  VHP antenna f o r  t h e  PLSS, 

ESctravehicular v i so r  assembly--A polycarbonate s h e l l  and 
two v i so r s  with thermal control  and op t i ca l  coat ings on them. 
The .WA v i so r  is at tached over the  pressure helmet t o  provide 
impact, micrometeoroid, thermal and l i g h t  protect ion t o  t he  
EVA crewman. 

Extravehicular  gloves--Built of an ou te r  shel l  of 
Chromel-R f a b r i c  and thermal insu la t ion  t o  provide protec- 
t i o n  when handling extremely hot  and cold obJects. The f i n g e r  
t i p s  a r e  made of s i l i cone  rubber t o  provide t h e  crewman more 
s e n s i t i v i t y .  

A one-piece constant wear garment, similar t o  "long 
Johns", i s  worn as an  undergarment f o r  t he  spacesuit  i n  i n t r a -  
vehicular  operat ions and f o r  t he  i n f l i g h t  coveral ls ,  The 
garment i n  porous-knit cot ton with a waist-to-neck zipper f o r  
donning, Biomedical harness a t t a c h  po in t s  a r e  provided, 

During periods out '  of t h e  spacesuits ,  crewmen w i l l  
wear two-pieue Teflon f a b r i c  i n f l i g h t  covera l l s  f o r  warmth 
and f o r  pocket. stowage of personal items, 

Comunicat ions c a r r i e r s  ("~noopy hats"  ) with redundant 
microphoneo and earphones are worn with t he  pressure helmet; 
a l ightweight  headset i s  worn with the  i n f l i g h t  coveral ls .  
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Apollo 9 Crew Meals 

The Apollo 9 crew has a wide range of food items from 
which t o  selectt t h e i r  da l ly  mission space menu. More than 
60 items-comprise the food selection list of freeze-dried 
bi te-s ize  and rehydratable foods. The average da i ly  value 
of three  meals w i l l  be 2,500 calor ies  per man. 

Water f o r  drinking and rehydrating food i s  obtained 
from three sources i n  the command module -- a dispenser f o r  
drinking water and two water spigots a t  the  food preparation 
s t a t ion ,  one supplying water a t  about 155 degrees F, the  
o ther  a t  about 55 degrees F, The potable water dispenser 
emits half-ounce spurts  with each squeeze and the  food pre- 
paration spigots'dispense water i n  1-ounce increments, Com- 
mand module potable water i s  supplied from service module f u e l  
c e l l  by-product water. 

A similar hand water dispenser aboard the lunar module 
is  used f o r  cold-water rehydration of food packets stowed i n  
the  W, 

After water has been injected i n t o  a food bag, i t  i s  
kneaded f o r  about three minutes. The bag neck i s  then cut  
off  and the food,squeezed i n t o  the crewman's mouth, P f t e r  
a meal, germicide p i l l s  attached t o  the outside of the food 
bags a r e  placed i n  the bags t o  prevent fermentation and gas 
fc)rmatlon and the baga a r e  rol led and stowed i n  waste disposal 
compartments. 

The day-by-day, meal-by-meal Apollo 9 menu f o r  each 
crewman f o r  both the command module and the lunar module Is 
l i s t e d  on the following pages. 



MEAL , DAY 'l*, 5, 9 

A Peaches Canadian Bacon & Applesauce F ru i t  Cocktail Sausage Pat t ie*  
Bacon Squares (8 )  sugar Coated Corn Flakes Bacon Squares (8 )  Peaches 
Cinn Tstd Bread Cubes (8) Brownies (8 )  Cinn TsM Bread Cubes (8 )  Bacon Squares . ( 8 )  
Grapefruit Drink Grapefruit Drink Cocoa Cocoa 
Orange Drink Grape Drink Orange Drink Grape Drink 

. . 

Salmon salad . Tuna Salad ' . . 

Chicken & Gravy Chicken & Vegetables 
Toasted Bread Cubes (6 )  Cinn Tstd .Bread Cubes (8) 
Sugar Cookie -Cubes (6 )  Pineapple Fruitcake (4 )  . 

Cocoa . Pineapple-Grapefruit Drink 

Beef & Gravy . Spaghetti & Meat Sauce. 
Beef Sandwiches (4 )  Beef Bites (6 )  
Cheese-Cracker Cubes (8 )  Bacon Squares (6 )  
Chocolate Pudding Banana Pudding 
Orange-Grapefruit Drink Grapefruit Drink 

Cream of Chicken Soup 
Beef Pot Roast . 
Toasted Bread Cubes ( 8 )  
Butter$cotch Pudding 
Grapefruit Drink 

Beef Hash 
Chicken Salad 
Turkey Bites (6 )  
Graham Cracker Cubes (6 )  
Orange Drlnk 

Pea Soup . . 

Chicken & Gravy 
Cheese sandwiches (6 )  
Bacon Squares (6 )  
Grapefruit Drink I 

a3 

. . 

Shrimp Cocktail 
Beef & Vegetables 
Cinn .Tstd Bread Cubes (8 )  
Date Fruitcake . (4) 
Orange-Grapefruit Drink ' 

. . 

*Day 1 corisists of Meals B and C only 
Each crewmember w i l l  be provided with a total of 32 meals 



APOLLO 9 - Scott 
MEAL DAY 'I*, 5 ,  9 DAY 2, 6, 10 DAY 3, 7, 11 DKf 4 ,  8  

Peaches 
Bacon Squares ( 8 )  
Cinn TsM Bread Cubes ( 8 )  
Grapefruit Drink 
Orange Drink 

Salmon Salad 
Chicken & Gravy 
Toasted 3read Cubes ( 6 )  
Sugar Cookie Cubes ( 6 )  
cocos 

Canadian Bacon & Applesauce 
Sugar Coated Corn F h k e s  
Brownies ( 8 )  
Grapefruit Drink 
Grape Drink 

Tuna Salad 
Chicken & Vegetables 
Cinn .Tstd Bread Cubes (8) 
Pineapple Fruitcake ( 4 )  
pineapple- rapef fruit Drink 

F r u i t  Cocktail 
Bacon Squares ( 8 )  
Cinn Tstd Bread Cubes ( 8 )  
Cocoa 
Orange Drink 

Cream of Chicken Soup 
Beef Pot  Roast 
Toasted Bread Cubes (8) 
Butterscotch Pudding 
Grapefruit Drink 

Sausage P a t t i e s  
Peaches 
Bacon Squares ( 8 )  
Cocoa 
Grape Drink 

Pea Soup 
Chicken & Gravy I 

Cheese Sandwiches (6) 
Bacon Squares ( 6 )  I 

Grape f mi t  Drink 

C Beef & Gravy Spaghetti & Meat Sauce Beef Hash Shrimp Cocktail 
Beef Sandwiches ( 4 )  Beef Bi tes  ( 6 )  Chicken Salad .. Beef & Vegetables 
Cheese-Cracker Cubes ( 8 )  Bacan Squares ( 6 )  Turkey Bi tes  ( 6 )  Cinn Tstd Bread Cubes (8) 
Chocolate Pudding Banana Pudding Graham Cracker cubes ( 6 )  Date Fruitcake ( 4 )  
Orange-Grapefruit Drink Grapefruit Drink Orange Drink Orange-Grapefruit Drink 

*Day 1 consists of Meale B and C only 
Fach cremember will be provided with a total of 32 meal8 



APOLIX) 9 - Schweickart 
DAY I", 5 ,  9 DAY 2, 6 ,  10 

k Peaches Canadian Bacon & Applasauce 
Bacon Squares ( 8 )  Sugar Coated Corn l l akes  
Cinn Tstd Bread Cubes ( 8 )  Brownies ( 8 )  
Grapefruit Drink Grapefruit Drink 
Orange Drink cpern -4-t 

DAY 3, 7, ll' 

Fru i t  ~ o & t a i l .  
Bawn Squares ( 8 )  
Cinn Tstd Bread Cubes ( 8 )  
Cocoa 

sausage Pa t t i e s  
Peaches . 
Bacon Squares ( 8 )  
Cocoa 
Grape Drink 

B Salmon Salad Tuna Salad Cream of Chicken Soup Pea Soup 

B Chicken & Gravy Chicken & Vegetables Beef Pot Rosst Chicken & Gmvy I 

o Toasted Bread Cubes ( 6 )  , Cinn Tstd Bread Cubes ( 8 )  . Toasted Bread Cubes ( 8 )  Cheese Sandwiches ( 6 )  $ 
5 
(D Sugar Cookie Cubes ( 6 )  Pineapple Fruitcake ( 4 )  .. Butterscotch Pudding Bacon Squares ( 6 )  I 

I Cocoa Pineapple-Grapef ru i t  Drink Grapefruit Drink Grapefruit Drink 

C Beef & Gravy spaghetti  & Meat Sauce . Beef Hash . . Spaghetti & Meat Sauce 
. '  Beef Sandwiches (4) . .  Beef Bites ( 6 )  Chicken Salad ' Beef & Vegetables 

' Cheese-Cracker Cubes (8) Bacon Squares ( 6 )  . ' Turkey Bites ( 6 )  Cinn Tstd Bread Cubes ( 8 )  
Chocolate Pudding . Banana Pudding Graham Cracker Cubes (6)  ate Fruitcake ( 4 )  
Orange-Grapefruit Drink Grapefruit Drink Orange Drink ' . OrangsGrapefruit Drink 

*Day 1 consists of Meals B and C only 
Each crewmember w i l l  be provided with a t o t a l  of 32 meals 
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APOLLO 9 LM MENU 

Meal A 

Chicken and Gravy 
ht terscotch Pudd 
Sugar Cookie Cube36)  
OrangebPineapple Drink 
Crape Drink 

Chicken Salad 
Beef Sandwiches (6) 
Date Fruitcake ( 4 )  
Chocolate Pudding 
Orange Drink 

Meal C 

Beef Hash 
Bacon Squares (8) 
Strawberry Cereal Cubes ( 6 )  
Pineapple-Grapefruit Drink 
Crape Drink 

2 man-days are required 
. Red and Blue Velcro 

2 meals per overwrap 
1-10-69 



.Personal Hygiene 

Crew personal hygiene equipment aboard Apollo 9 includes 
body cleanliness items, the  waste management system and two 
medical k i t s .  

Packaged with the  food are a toothbrush and a 2-ounce 
tube of toothpaste f o r  each crewman. Rach man-meal package 
contains a 3,5 by 4-inch wet-wipe cleansing towel. ndditiont 
a l ly ,  th ree  packages of 12 by 12-inch dry towels a r e  stowed 
beneath the command module p i l o t ' s  couch. Each pakcage con- 
t a l n s  seven towels. Also stowed under the command module 
p i l o t l s  couch a r e  seven t i s sue  dispensers containing 53 3- 
ply  t i s sues  each, 

Solid body wastes a r e  collected i n  Gemini-type p l a s t i c  
defecation bags which contain a germicide t o  prevent bacter ia  
and gas formation. ?he bags a r e  sealed a f t e r  use and stowed 
i n  empty food containers f o r  post-f l ight  analysis. 

Urine col lect ion devices a r e  provided f o r  use e i t h e r  
wearing the pressure s u i t  while i n  the i n f l i g h t  coveralls. 
The ur ine i s  dumped overboard through the spacecraft urine 
dump valve i n  the  CM and stored i n  the LM. 

The two medical accessory k i t s ,  6 by 4.5 by 4 inches, 
are stowed on the  spacecraft back w a l l  a t  the  f e e t  of the 
command module p i lo t .  

The medical k i t s  contain three motion sickness in3ectors, 
th ree  pain suppression injectors ,  one 2-ounce bot t le  first 
a i d  ointment, two 1-ounce b o t t l e  eye drops,,.-three nasal sprays, 
two compress bandages, 12 adhesive bandages, one ora l  ther- 
mmeter and two spare crew biomedical harnesses. P i l l s  i n  the 
medical k i t s  a r e  60 ant ib io t ic ,  12 nausea, 12 stimulant, 18 
Pain k i l l e r ,  60 decongestant, 24diarrhea, 72 asp i r in  and 21 
s l e e ~ i ~ .  Additionally, a small medical k i t  conta in iw two 
stimulant and four  pain k i l l e r  p i l l s  i s  stowed i n  the lunar 
module Food compartment. 

Survival Gear. 

. The.survival k i t  i s  stowed i n  two rucksacks in the  
right-hand forward equipment bay above the  lunar module 
p i l o t  . 

Contents of rucksack No, 1 are:  two combination 
survival  . l i gh t s ,  one desalter k i t ,  th ree  p a i r  sunglasses, 
one radio beacon, one spare radio beacon bat tery and space- 
c r a f t  Connector cable, one knife i n  sheath, three water con- 
t a i n e r s  and two containers of Sun lot ion.  





Rucksack No. 2: one three-man l i f e  r a f t  with C02 
inflater, one sea anchor, two sea dye markers, th ree  sunbonnets, 
one mooring lanyard, t h r ee  manlines and two a t t ach  brackets.  

The surv iva l  k i t  i s  designed t o  provide a 48-hour 
postlanding (water o r  land() surv iva l  capab i l i ty  f o r  th ree  
crewmen between 40 degrees North and South la t i tudes .  

Biomedical enf l igh t  Monitoring 

The Apollo 9 crew biomedical telemetry data received 
by t h e  Manned Space F l igh t  Network w i l l  be relayed f o r  lns tan-  
taneoua display a t  Mission Control Center where hea r t  r a t e  
and breathing rate data  w i l l  be displayed on t h e  f l i g h t  surgeon's 
console, Heart rate and r e sp i r a t i on  r a t e  average, range and 
devia t ion are computed and displayed on d i g i t a l  TV acreens, 

I n  addit ion,  t he  instantaneous hear t  r a t e ,  r e a l  time and 
delayed EKQ and r e sp i r a t i on  a r e  recorded on s t r i p  char t s  f o r  
each man. 

Biomedical telemetry w i l l  be simultaneous from a l l  
crewmen while i n  the  CSM, but se lec tab le  by a manual onboard 
switch i n  the  IN. During EVA the  f l i g h t  surgeons w i l l  be ab le  
to ,moni tor  t he  EVA LM p i l o t  as well as  t he  commander i n  the  
I24 and the  command module p i l o t  i n  the  CSM. 

Biomedical da ta  observed by the  MOCR Pl igh t  surgeon and 
h i s  team i n  t he  L i fe  Support Systems Staff Support Room w i l l  
be cor re la ted  with spacecraft  and spacesuit  environmental 
da ta  displays.  

Blood pressures are no longer telemetered as they 
were i n  t h e  Mercury and'Gemini programs. Oral temperature, 
however, can be measured onboard f o r  diagnost ic  purposes and 
voiced down by the  crew i n  case-of  i n f l i g h t  i l l n e s s .  

. crew' Launch-Day Timeline 

Following i s  a t imetable of Apollo 9 crew a c t i v i t i e s  
on launoh day. ( ~ l l  times a r e  shown i n  hours and minutes 
before l i f  tof  f , ) 

T-9:OO - Backup crew a l e r t ed  

T-8:30 - Backup crew t o  LC-39A f o r  spacecraft  prelaunch 
checkouts 



T-5:00 - Fl igh t  crew a l e r t ed  

T-4:45 - Medical examinations 

T-4:15 - Breakfas t .  . . 

T-3:45 - Don pressure s u i t s  

T-3:30 - Leave Manned Spacecraft  Operations Building f o r  
LC-39A v ia  crew t r a n s f e r  van 

. T-3 :14 - Arrive a t  LC-39A 

T-3:10 - Enter e leva tor  t o  spacecraft  l e v e l  

T-2:40 - Begin spacecraft  ingress  

Rest-Work Cvcles 

A l l  t h ree  Apollo 9 crewmen w i l l  s l eep  simultaneously 
d u r i n g ' r e s t  periods. The commander and the comrnand module 
p i l o t  w i l l  s leep i n  the couches and the  lunar  module p i l o t  
w i l l  s leep i n  the  lightweight s leeping bag beneath the couches. 

, Since each day's mission a c t i v i t y  I s  of var iab le  length, rest 
per iods  w i l l  not  come a t  regular  in te rva l s .  

a During rest periods, both t he  commander and t h e  command 
module, p i l o t  w i l l  wear t h e i r  communications headsets and re- 
hain bh a l e r t  duty, but with rece iver  volume turned down. 

When possible, a l l  t h ree  crewmen w i l l  e a t  together  i n  
1-hodr eat periods during which o ther  a c t i v i t i e s  w i l l  be 

, held  a minimum. 



Crew Bionra~hles  

NAME: James A. McDivitt (colonel, USAF) 
Spacecraft Commander 

BIRTKPLACE AND DATE: Born June 10, 1929, in Chicago, Ill, 
H i s  parents, M r .  and M r s .  James McDivitt, reslde i n  
Jackson, Mich. 

PHYSICAL DESCRIPTION: Brown hair;  blue eyes; height: 5 f ee t  
11 inches; weight: 155 pounds. 

EDUCATION: Graduated from Kalamazoo Central High School, 
Kalamazoo, Mich.; received a Bachelor of Science degree 
i n  Aeronautical Engineering from the University of 
Michigan (graduated first in c lass )  in 1959 and an 
Honorary Doctorate i n  Astronautical Science from the 
University of Michigan i n  '1965. 

MARITAL STATUS: Marqied t o  the former Pa t r ic ia  A. Haas of 
Cleveland, 0. Her parents, M r .  and Mrs. William Haas, 
reside i n  Cleveland. 

CHILDREN: Michael A,, A p r .  14, 1957; A n n  La, July 21, 1958; 
Patrick W., Aug. 30, 1960; Kathleen M., June 16, 1966. 

OTHER ACTIVITIES: H i s  hobbies include handball, hunting, g o l f ,  
swimming, water skiing and boating. 

ORGANIZATIONS: Member of the Society of Experimental Test P i lo ts ,  
the American I n s t i t u t e  of Aeronautics and Astronautics, 
Tau Beta P i  and P h i  Kappa Phi .  

SPECIAL HONORS: Awarded the NASA Exceptional Service Medal and 
the A i r  Force Astronaut Wings; four Distinguished .Flying 
Crosses; f ive  A i r  Medals; the Chong Moo Medal f r o m  South 
Korea; the USAF A i r  Force Sy~ltems Command Aerospace Prlmus 
Award; the Arnold A i r  Society JFK Trophy; the Sword of  
Loyola; and the Michigan Wolverine Frontiersman Award. 

EXPERIENCE: McDivltt joined the A i r  Force i n  1951 and holds the 
rank of Colonel. He f l e w  145 combat missions during the 
Korean War in F-80s and F-868. 

H e  i s  a graduate of the USAF Experimental Test P i l o t  
School and the  USAP Aerospace Research P i l o t  course and 
served as ari experimental test p i l o t  a t  Edwards A i r  Force 
Base, Calif.  

He has logged 3,922 hours of flying time -- 3,156 hours i n  
j e t  a i r c r a f t .  



Colonel McDivitt was selected as  an astronaut by NASA 
in  September 1962. 

H e  was command p i lo t  for Gemini 4, a 66-orbit 4-day 
mission that began on June 3 and ended on June 7, 1965. 
Highlights of the miasion included a controlled extra- 
vehicular act ivity period performed by pi lot  Ed White, 
cabin depressurization and opening of spacecraft cabin 
doors, and the completion of 12 scientif ic  and medical 
experiments. 



NAME: David R. Scott  (colonel, USAF) 
Command Module P i l o t  

BIRTHPLACE AND DATE: Born June 6, 1932, In San Antonio, Tex. 
H i s  parents, Brigadier Gen. (USAP Ret. ) and Mrs, Tom W e  
Scott,  reside i n  LaJolla, Calif. 

PHYSICAL DESCRIPTION: Blond hair;  blue eyes; height: 6 feet ;  
weight: 175 pounds. 

EDUCATION: Graduated from Weatern High School, Washington, D.C.; 
received a Bachelor of Science degree from the U. S. 
Mili tary Academy and the degree of Master of Science 
in Aeronautics and Astronautics from the Massachusetts 
I n s t i t u t e  of Technology, 

MARITAL STATZTS: Married t o  the former Ann Lurton O t t  of San 
Antonio, Tex, Her parents a r e  Brigadier Gen. (USAF ~ e t . )  
and Mrs. Isaac W. O t t  of San Antonio. 

CHILDREN: Tracy L,., Mar, 25, 3961; Douglas W., Oct. 8, 1963. 

OTHER ACTMTIES: H i s  hobbies a re  swimming, handball, skiing 
and photography, 

ORGANIZATIONS: Associate Fellow of the American I n s t i t u t e  of 
Aeronautics and Astronautics; member of the Society of 
Experimental Test Pi lots ;  Tau Beta P i ;  Sigma X i ;  and 
Sigma Gamma Tau. 

SPECIAL HONORS: Awarded the NASA Exceptional Service Medal, 
the A i r  Force Astronaut Wings, and the Distinguished 
Flying Cross; and recipient  of the  A I A A  Astronautics 
A w a r d .  

EXPERIENCE: Scot t  graataated f i f t h  in a c las s  of 633 at West 
Poitat and subsequently chose an A i r  Force career. He 
completed p i l o t  t ra ining a t  Webb A i r  Force Base, Tex., 
i n  1955 and then reported fo r  gunnery t ra ining a t  
Laughlln A i r  Force Base, Tex., and Luke A i r  Force Baoe, 
Ariz. 

He was aasigned t o  the 32nd Tact ical  Fighter Squadron a t  
Soesterberg A i r  Force Base (WAF), Netherlands, from 
Apr. 1956 t o  Ju ly  1960. Upon completing t h i s  tour  of 
duty, he returned t o  the United Sta tes  f o r  study a t  the 
Massachusetts I n s t i t u t e  of Technology where he completed 
work on h i s  Maaterln degree, H i s  t hes i s  a t  MIT con- 
cerned interplanetary navigation. 



After'. complethg h i s  s tudies  a t  MIT i n  June 1962, he 
attended the  A i r  Force Experimental Test Pi lo t  School 
and then the Aerospace Research P i lo t  School. 

H e  has. logged more than 3,800 hours f lying time -- 
3,600 hours in jet  a i r c r a f t .  

Col, Scott  was one of the. t h i r d  group' of ,astronauts 
named Sy' NASA in  Oct, 1963. 

On Mar. 16, 1966, he and command p i l o t  N e i l  Armstrong 
were launched in to  space on the Gemlni 8 mission -- a 
f l i g h t  o r ig ina l ly  scheduled t o  last three days but 
terminated ea r ly  due t o  a malflrnctioning OAMS thruster ,  
The crew performed the f i r a t  successful docking of two 
vehicles In space and demonstrated great  pi lot ing s k i l l  
i n  overcoming the thrus te r  problem and bringing the 
spacecraft t o  a aafe landlng. 



NAME: Russell L. Schweickart (~r.) 
Lunar Module Pilot 

BIRTHPLACE AND DATE: Born Oct, 25, 1935, in. Neptune, N. 3. 
His'parents, Mr. and Mrs. George Schweickart, reside 
in Sea Girt, N. J. 

PHYSICAL DESCRIPTION: Red hair; blue eyes; height: 6 feet; 
weight: 3.61 pounds. 

EDUCATION: Graduated from Manasquan High School, N O S o ;  received 
a Bachelor of Science degree in Aeronautical Engineering 
and a Master of Science degree in Aeronautics and Astro- 
nautics from Massachusetts Institute of Technology. 

MARITAL STATUS: Married. to the former Clare G, Whitfield of 
Atlanta, Ga, Her parents are the Randolph Whitfields 
of. Atlanta. 

CHILDREN: Vicki, Sept. 12, 1959; Randolph and Russell, Sept. 8, 
1960; Elin, Oct, 19, 1961;. Diana, July 26, 1964. 

OTHER ACTIVITIES: His hobbies are amateur astronomy, photography 
.and electronics. 

ORGANIZATIONS: Member of the Sigma X I .  

EXPERIENCE: Schweickart served as a pilot in the United States 
Air Force and Air National Guard from 1956 to 1963. 

He was a research scientist at the Experimental Astronomy 
Laboratory at MIT and his work there included research 
in upper atmospheric physics, star tracking and stabili- 
zatlon of stellar Images, His thesis for a Master's 
degree at MIT concerned stratospheric radiance. 

Of the 2,400 hours flight time he haa logged, 2,100 hours 
are in jet aircraft. 

Schweickart was'one of the third group of astronauts named 
by NASA In  Oct, 1963. 



APOLLO PROGRAM MANAGEMENT/CONTRACTORS 

Direction of the Apollo Program, the United Statest 
effort to land men on the Moon and return them safely to 
Earth before 1970, is the responsibility of the Office of 
Manned Space Flight (OMSF), National Aeronautics and Space 
Administration, Washington, ,DOC. Dr. George E. Mueller is 
Associate Administrator for Manned Space Flight. 

NASA Manned Spacecraft Center (MSC) , Houston, is 
responsible for development of the Apollo spacecraft, flight 
crew .training and flight control. Dr. Robert R e  Gilruth is 
Center Director. 

NASA Marshall Space Flight Center (MSFC), Huntsville, 
Ala., is responsible for development of the Saturn launch 
vehicles. Dr. Wernher von Braun is Center Director. 

NASA John F. Kennedy space Center (KSC), Fla., is 
responsible for Apollo/~aturn launch operations. Dr. Kurt 
H e  Debus is Center Director. 

, NASA Goddard Space Flight Center (QSFC), Greenbelt, 
Md., manages the Manned Space plight Network under the 
direction of the NASA Office of Tracking and Data Acquisition 
(OTDA). Gerald M. Tmszynski is Associate Administrator for 
Tracking and Data Acquisition. Dr. John I?. Clark is Director 
of GSFC. 

Apollo/~aturn Officials 

NASA Headquarters 

Lt. Oen. Sam C. Phillips, (USA.) 

George H. Hage 

Cht'?ster M e  Lee 

Col. Thomas H a  McMullen (USAF) 

  pol lo ' Program Director, 
OMSF 

Apollo Program Deputy 
Director, Mission Director, 
OMSF 

~ssistant Mission Director, 
OMSF 

Assistant Mission Director, 
OMSF 

Ma3. Gen. James W. Humphreys, Jr. Director of Space Medicine, 
OMSF 

Woman Pozinsky Director, Network Support 
Implementation Div., OTDA 



Manned Spacecraft Center 

George M, Low Manager, Apollo Spacecraft 
Program 

Kenneth S, Kleinknecht Manager, Command and Service 
Modules 

Brig.' Oen. C. H. Bolender (USAF) Manager, Lunar Module 

Donald K. Slayton Director of Flight  Crew 
Operations 

Christopher C. Kraft, Jr, Director of Fl ight  Operations 

I3ugene.F. Kranz F l igh t  Director 

Gerald Gr i f f in  F l igh t  Director 

M. P. Frank Flight  Director 

Charles A. Berry Director of Medical Research 
and Operations 

Marshall Space F l igh t  Center 

Mad. Gen, Fdmund F . 0' Connor Director of Indus t r i a l  
Operations 

Dr..F. A. Speer Director of Mission Opera- 
t i ons  

Lee B, James 

William D. Brown 

Manager, Saturn V Program 
Off i c e  

~ a n a g e r ,  . Engine Program 
O f f  i c e  

Kennedy Space Center 

Miles Ross Deputy ~ i r e c t o r ,  Center 
Operat ions 

Rear Adm. Roderick 0. Middleton Manager, Apollo Program 
(uSN ) O f f  i c e  

. . 
Rocco A. Petrone Director, Launch 'Operations 



Walter J. Kapryan 

Dr. ..~ans Fa Gruene 

John J. williaks 

Paul C. Donnelly 

Goddard Space Flight Center 

Ozro M. Covington 

Henry Fa. Thompson 

H. ,William Wood 

Tecwyn .Roberts 

~eputy. Director, Launch 
Operations 

Director, Launch Vehicle 
Operations 

Director, Spacecraft 
Operations 

Launch Operations Manager 

Assistant Director for 
Manned Space Plight 
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Major ~pol lo /Sa turn  V Contractors 

Contractor - Item 

Bellcomm 
Washington, DOC. 

 h he Boeing Co. ' 

Washington, DOC. 

General ~lectric-  pol lo 
Support Dept., 
Daytona Beach, Fla. 

North " h e r i c a n  Rockwell Corp . 
Space Div. , Downey, Calif.  ' 

Grumman Aircraf t  Engineering 
Corp., Bethpage, N o Y o  

Massa~huset ts  ~ n s t l t u t e  of 
Technology, Cambridge,,. Mass. 

Apollo Sys tens m i n e e r i n g  
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Apollo Checkout and 
Rel iab i l i ty  

Spac-ecraft Cornatand and Service 
Modules 
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(Technical Management ) 

General Motors Corp., AC Guidance 'Q Navi a t ion  
Rlentrnnics Div., Milwaukee (Nanuf acturing 7 

TRW Systerns.Ino. 
Redondo Beach, Calif. 
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International Business Machines Instrument Unit (prime 
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Trans World Airlines, Inc. Installation Support, KSC 
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Facilities Engineering and 
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Van Nuys, Calif, 

Sanders Associates Operational Display Systems 
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Brown Engineering 
Huntsville, Ala, 

Ingalls Iron Works 
Birmingham, . Ala , 
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Power Shovel, Inc, 
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Hayes International 
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Crawler-Transporter 

Mobile Launcher Service Anns 



APOLLO 9 GLOSSARY 

Ablating Materials--Special heat-dissipating ,laterials on the 
surface of a spacecraft that'can be sacrificed (carried 
away, vaporized) during reentry.. 

Abort--The unscheduled intentional termination of a mission prior 
to its completion. 

Accelerometer--An instrument to sense accelerative forces and 
convert them into.corresponding electrical quantities 
usually for controlling, measuring, indicating 'or record- 
ing purposes. 

Adaptqr Skirt--A flange or extension of a stage or section 
that provides a ready means of fitting another stage or 
section to it. 

Apogee--The point at which a Moon or artificial satellite in 
its orbit is farthest from Earth. 

Attitude--The position of an aerospace vehicle as determined 
by the inclination of its axes to some frame of reference; 
for Ap0110, an inertia1,'space-fixed reference is used. 

Burnout--The point when combustion ceases in a rocket engine. 

Canard--A ahort, stubby wing-like element affixed to the launch 
escape tower to provide CM blunt end forward aerodynamic 
capture during an abort. 

Celestial Guidance--The.guidance of a vehicle by reference to 
celestial bodies. 

Celestial Mechanics--The science that deals primarily with the 
effect of force as an agent in determining the orbital 
paths of celestial bodies. 

Closed Loop--Au tomatic control units linked together with a 
process to form an endless.chain. 

Deboost--A retrograde maneuver which lowers either perigee- 
or apogee of an orbiting spacecraft. Not to be confused 
with deorbit. 

Delta V--Velocity change. 

~igltal Computer--A computer in which quantities are represented 
numerically and which can be used to'solve complex problems. 

Down-Link--The part of a communication system that receives, 
processes and displays data from a spacecraft. 



Ephemeris--Orbital measurements (apogee, perigee, inclination, 
period, etc.) of one celestial body in relation to another 
at given times, In spaceflight, the orbital measurements 
of a spacecraft relative to the celestial body about which 
it orbited. 

Explosive Bolts--Bolts destroyed or severed by a surrounding 
explosive charge which can be activated by an electrical 
impulse. 

Fairing--A piece, part or structure having a smooth, stream- 
lined outline, used to cover a nonstreamlined obdect or 
to smooth a junction, 

Flight Control System--A system that serves to .maintain attitude 
stability and control during flight. 

Fuel Cell--An electrochemical generator in which the chemical 
'energy from the reaction of oxygen and a fuel is converted 
directly into electricity. 

G or G Force--Force exerted upon an object by gravity or by 
reaction.to acceleration or deceleration, as in a change 
of direction: one G is the measure of the gravitational 
pull required to accelerate a body at the rate of about 
32.16 feet-per-second, 

Qimballed Motor--A rocket motor mounted on gimbal; i,e., on a 
contrivance having two mutually perpendicular axes of ro- 
tation, so as to obtain pitching and yawing correction 
moments. 

Guidance System--A system which measures and evaluates flight 
information, correlates this with target data, converts 
the result into the conditions necessary to achieve the 
desired flight path, and communicates this data in the form 
of commands to the flight control system. 

Inertial Guidance-4uidance by means of the measurement and 
integration of acceleration from onboard the spacecraft. 
A sophisticated automatlc navigaticjn system using gyroscopic 
devices, accelerometers etc., for high-speed vehkles. It 
absorbs and interprets such data as speed, position, etc., 
and automatiaally adjusts the vehicle to a pre-determined 
flight path. Essentially, itknows where it's going and 
where it is by'knowing whereit came from and how it got 
there. It does not give out any radio frequency signal so 
it cannot be detected by radar or Jammed. 

Injection--The process of boosting a spacecraft into a calcu- 
lated traJectory, 



Insertion--The process of boosting a spacecraft into an orbit 
around the Earth or other celestial bodies. 

Multiplexingt-The simultaneous transmission of two or more 
signals within a single channel. The three basic methods 

. of multiplexing involve the separation of signals by time 
division, frequency division and phase division. 

Optical Navigation--Navigation by sight, as opposed to inertial 
methods, using stars or other visible objects as reference. 

oxidizer--In a rocket propellant, a substance such as liquid 
oxygen or nitrogen tetroxide which supports combustion 
of the fuel. 

Penumbra--Semi-darlc portion of a shadow in which light is 
partly cut off, e.g.,  surface of Moon or Earth away from 
Sun. (See umbra. ) 

Perigee--Point at which a Moon or an artifical satellite in 
its orbit is closest to the Ehrth. 

Pitch--The angular displacement o f  a space vehicle about its 
lateral axis (P). 

Reentry--The return of a spacecraft that reenters the 
atmosphere after flight above it. 

Retrorocket--A rocket that gives thrust in a direction opposite 
to the direction of the ob,jectts motion. 

Roll--The angular displacement of a space vehicle about its 
longitudinal (x) sucis. 

S-Band-A radio-frequency band of 1,550 to 5,200 megahertz. 

Sidereal--Adjective relating to'measurement of time, position 
* or angle in relation to the celestial sphere and the vernal 
equinox. 

State vector- round-generated spacecraft position, velocity and 
timing informa.t;ion uplinked to the'spacecraft computer 
for crew use as a navigational reference. 

Telemeterlng--A system for taking measurements within an aero- 
space vehicle in flight and transmitting them by radio to 
a ground .station. 

Terminator--Separation line between lighted and dark portions 
of celestial body which is not self luminous. 



Ullage--The volume in a closed tank or container that is not 
occupied by the stored liquid; the ratio of this volume 
to the total volume of the tank; also an acceleration to 
force propellants into the engine pump intake lines before 
ignition. 

umbra--Darkest part of a shadow in which light is completely 
absent, e.g., surface of Moon or Earth away from Sun. 

Update pad--Information on spacecraft attitudes, thrust 
values, event times, navigational data, etc., voiced 
up to the crew,in standard formats according to the 
purpose, e .g., maneuver update, navigation check, land- 
mark tracking, entry update, etc. 

'up-~ink. Data--Information fed by radio signal', from the ground 
to a spacecraft. 

yaw--Angular displa~ement~of a space vehicle about its vertical 
. , ' (z). . .. axis. . 



APOLLO 9 ACRONYMS AND ABBREVIATIONS 

' (Note:  T h i s ' l i s t  makes no attempt t o  include a l l  Apollo 
. . 

program acronyms and abbreviati'ons, but seve ra l  a r e  l i s t e d  

t h a t  w i l l  be encountered f requen t ly  i n  t h e  Apollo 9 mission. 

Where pronounced as words i n  air-to-ground t ransmissions,  

acronyms a r e  phonet ica l ly  shown i n  parentheses.  Otherwise, 

abbrev ia t ions  a r e  sounded out by l e t t e r . )  

AGS Abort Guidance System (LM) 

Apogee k ick  

APS ( A P P ~  Ascent Propulsion System 

EMAG (~ee-mag ) Body mounted a t t i t u d e  gyr  

CDH Constant d e l t a  height  

CMC 

C O I  

CSI 

Command Module Computer 

Contingency o r b i t  i n s e r t i o n  

Concentric sequence i n i t i a t e  

DAP ( D ~ P P  ) D i g i t a l  a u t o p i l o t  

DEDA ( Dee-da) Data Entry and Display Assembly 
(LM AGS) 

DFI Development f l i g h t  ins t rumenta t ion  

DPS ( Dips) Descent propulsion system 

DSKY (  isk key) Display and keyboard 

FDA1 F l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r  

FITH . .  
. , 

( F i t h )  F i r e  i n  t h e  hole  (LM ascent  s t a g i n g )  
. , 

. 'FTP' ' . Fixed t h r o t t l e  p o i n t '  

HGA . . 

IMU 

High-gain antenna 

I n e r t i a l  measurement u n i t  

. -  more - 



I R I G  

MCC 

MC&W 

MTVC 

NCC 

NSR 

PLSS (PUSS)  

PUGS ( pugs) 

REFSMMAT ( Ref smat ) 

RHC 

RTC 

SCS 

SLA 

SPS . 

THC , 

TPF . .  

TPI 

TVC 

I n e r t i a l  r a t e  i n t e g r a t i n g  gyro 

Mission Control Center 

Master caut ion and warning 

Manual t h r u s t  vec tor  cont ro l  

Combined cor rec t ive  maneuver 

C o e l l i p t i c a l  maneuver 

Pulse i n t e g r a t i n g  pendulous 
accelerometer 

Por table  l i f e  support System 

Propel lan t  u t i l i z a t i o n  and 
gaging system 

Reference t o  s t a b l e  member matrix 

Rotation hand c o n t r o l l e r  

Real-time command 

S t a b i l i z a t i o n  and cont ro l  system 

Spacecraft  LM adapter  

Service propulsion system 

Thrust hand c o n t r o l l e r  

Terminal phase f i n a l i z a t i o n  

Terminal phase i n i t i a t e  

Thrust  vec tor  cont ro l  

- more - 



~istance: 
. feet 

2% To Obtain 

0.3048 meters 

meters. 3.281. feet 

kilometers 3281 feet 

kilometers 0.6214 statute miles 

statute miles 1.609 kilometers 

nai>t4 en1 m4.1 en 1.855 kilometers 

nautical miles 
. . 

statute miles 

statute'mile 

statute miles/hr 

, nautical .miles/hr 
(knots) 

statute miles 
. . 

nautical miles 

yards 

meters/sec 

feet/sec . 

.statute mph 

statute miles/hr 

nautical rniles/hr 

h h r  

km/hr 0.6214 statute rnileshr 

Liquid measure, weight : 

gallons 3.785 

liters 0.2642 
. . 

pounds 0.4536 

.kilograms 2.205 

liters 

'gallons 

kilograms 

pounds 

- more - 



cubic feet 0.02832 

Pressure : 

pounds/sq inch 70.31 

To Obtain 

cubic meters 
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