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FIFET MANNED LUNAR OREKIT MISSION 

The United States has scheduled i t s  f irst  mission 

designed to o r b i t  men around the Moon f o r  launch Dec. 21 at 

7:51 a . m .  EST from the National Aeronautics and Space 

AdministratLon's John F. Kennedy Space Center, Flo r ida .  

The mission, designated Apollo 8,  w i l l  be the second 

manned f l i g h t  in the Apollo program and the first manned 

f l i g h t  on the Saturn V rocket, the United StaCes' largest 

launch vehicle.  

Crewmen for Apollo 8 are Spacecraft Commander 

Frank Borman, Command Module P i l o t  James A .  b v e 1 1 ,  Jr. 

and Lunar Module P i l o t  William A .  Anders. Backup crew Is 

Conunander N e i l  A .  Armstrong, Command Module P i l o t  Edwin E. 

Aldrin, Jr. and Lunar Module Pilot  Fred W. Haise, Jr. 

-more- 
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Apollo 8 l a  an open-ended mission wlth the objective 

of proving the capability Of the Apollo command and service 

modules and the crew to operate at lunar distances. A lunar 

module w i l l  not be carried on Apollo 8 but Lunar Tee$ 

Article (LTA-33) which is equivalent In weight to a lunar 

module w i l l  be carried as b a l l a s t .  

The mission w i l l  be carried out on a step-by-step "commit 

point"  basis.  

the mission or t o  return t o  Earth o r  to change to an alternate 

mission w i l l  be made before each major maneuver baaed on the 

status of the Spacecraft syatemrr and crew. 

T h i s  means that decision8 whether to contlnue 

A f u l l  duration lunar o r b i t  mission would include 10 

orbits  around the Moon. Ear th  landing would taka place some 

147 hours after launch at 10:51 a.m. EST, Dec. 27. 

Earlier dFve2opyental Apollo Earth-orbital lnanned and 

unmanned flights have qualified a l l  the spacecraft systems 

--Including the command modu$e heat s h i e l d  at lunar r e t u r n  

speeds-and the Apollo 7 ten-day fallure-free mission in 

October demonstrated that the spacecraft can operate f o r  the 

lunar-mission duration. 

-more- 
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Apollo 8 w i l l  gather data t o  be w e d  in early development 

of training, ground simulation and crew infllght procedures 

f o r  later lunar o r b i t  and lunar landing missions. 

The Dec. 21 launch date is at the beginning of the December 

launch window for lunar flights. 

Moon% pos i t lon  and lunar aurface lighting conditions at the 

t i m e  the spacecraft arrive8 at the Moon and upon launch and 

recovery area conditions. The December Window closes Dec 27. 
The next comparable window opens Jan. 18 and closes Jan. 24. 

These windows hinge upon the 

The miasion will be launched from Complex 39A at the 

Kennedy Space Center on an azimuth varying f r o m  72 to 108 

degrees depending on the launch date and time of day of the 

launch, The f i rs t  opportunity calls for liftoff at 7:5l a.m. 

EST Dec. 21 on an azimuth of 72 degrees. Launch of Apollo 

8 will mark the flrst manned use of the Moonport. 

The Saturn V launch vehicle with t h e  Apollo spacecraft 

on top stands 363 feet t a l l .  

of Saturn V develop a combined thrust of 7,500,000 poundEt at 

l i f t o f f .  A t  i g l n t i o n  the space vehicle weigha 6,218,558 

pounds. 

'Phe f i v e  first-stage engines 

Apollo 8 w i l l  be Inserted i n to  a 103 nautical m i l e  

(129 statute miles, 191 kilometers) Earth orbit.  

-more- 



During the aecond OF t h i r d  Earth o r b i t ,  the Saturn V 

third-stage englne will restar t  t o  place the space vehicle 

on a path to the Moan. The command and service modules w i l l  

separate from the thi.rd stage and begin the translunar coast 

perlod of about 66 hours, A lunar orbit insertion burn rrith 

the spacecraft service propuls~on engine w i l l  place the space- 

craf t  into a 60 x 170 nm (69 x 196 sm, 111 x 314.8 h) 

elliptical lunar o r b i t  which la ter  will be circularfzed at 

60 nm (69 sm, 13.1 km). 

The t ranslunar  injection burn of the t h i r d  stage will 

place the spacecraft on a free-return trajectory, so that if 

f o r  some reason no fu r the r  maneuvers are made, Apollo 8 would 

sweep around the Moon and make a direct entry i n t o  the Earth’s 

atmosphere at about 136 hours after l i f t o f f  and land in the 

Atlantic off the w e s t  coast of Africa. During the free-return 

trajectory, cor rec t ions  m y  be made using the spacecraft 

Reaction Control System, 

Ten orbits w i l l  be made around the Moon whlle the c r e w  

conducts navigation and photography inveatigatlons, 

earth injection burn with the service propulsion engine! w i l l  

bring the spacecraft back to Earth with a direct atmospheric 

e n t r y  in the mid-Pacific about 147 hours after a Dec. 21 launch, 

Mssions beginning la ter  in the window would be of longer 

duration. 

A trans- 

-mom - 
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Severa l  alternate misaion plans are available If for 

some reason the  basic lunar o r b i t  cannot be flown. The 

a l te rna tes  range from ten days in low E a r t h  orbit ,  a high- 

e l l i p se  orbit ,  to a circumlunar flight with direct  Earth ent ry ,  

A s  Apollo 8 leaves Earth o r b i t  and starts translunar 

coast, the Manned Space Fllght Network f o r  the first tlme 

w l l l  be called upon to track Bpacecraft poaltion and to re lay 

two-way communications, t e l ev i s ion  and telemetry in a manned 

spaceflight to lunar distance. 

Except for about 45 otlnutes of every two-hour lunar 
I t  orbi t ,  Apallo 8 w i l l  be 

85-foot deep-space tracking antennas at Canberra, Australia,  

MadrZd, Spain, and Goldatone, California. 

in vlew" of at least one of three 

Speculation arlsing from unmanned Lunar Orbiter  missions 

was that mass concentrations below the l u n a r  surfwe caused 

wobbles" in the spacecraft orbit. In Apollo 8 the ground 11 

network coupled with onboard navigational techniques w i l l  

sharpen the accuracy of lunar orbit determination for future 

lunar missions. 

Another facet of communicating u l t h  a manned spacecraft 

at lunar  distance w i l l  be the use for  the first t i m e  of the 

Apollo h&h-gain antenna--a four-dish unif ied S-band antenna 

that s w i n g s  out from the service module after separation from 

the t h i r d  stage. 

-more- 
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The hlgh-gain antenna relays onboard televis ion and 

high bit-rate telewtw data, but should I t  become inopera- 

t i v e ,  the command module S-band om1 antennas can relay voice 

communications, low bit-rate telemett;ry and apacecraft commands 

from the ground. 

Apollo 8 w i l l  gather data on techniques for s tab i l i z ing  

spacecraft temperature8 In deep-space operatiuns by i n v e s t l -  

g a t i n g  the effects of rolllw the spacecraft at a slow, fixed 

rate about I t s  three axes to achieve t h e m 2  balance, The 

Apollo 8 mission w i l l  be the f i rs t  opportunity for  In-depth 

testing of these tXCkiniqUeS in long periods of sunlight away 

from the reflective influence of the Earth. 

Any solar flare8 occurring during the mission w i l l  be 

monitored by Solar Par t ic le  Alert Network (SPAN) atations 

around the world. Solar  radiation and radiatlon ln the Van 

Allen b e l t  around the EaPth present no hazard to the crew of 

Apollo 8 In the thick-skinned command module, The anticipated 

dosages are lees than one rad per man, w e l l  below that of a 

thorough chest X-ray series. 

Although ApolLo 8's entry will be the first from a 

lunar flight, it w i l l  not be the f i r s t  command module entry 

at Lunar-return velocity. 

-more - 



The unmanned Apollo 4 mission in Novembes 1967 provlded 

a strenuous test of the spacecraft heatshield when the command 

module was driven back i n t o  the atmosphere from 8 9,769 

rsautlcal. mile apogee a t  36,545 feet-per-second. 

ApoLlo 8 entry v e l o c i t y  is expected to be 36,229 feet-per- 

second. Heatshield m a x i m u m  char depth on Apolla 4 was three- 

quarters of an Inch, and heat loads were measured at 620 BTl.Ts 

per square foot per second a s  compared to the 480 BTUs antici- 

pated in a lunar-return entry. 

By comparison, 

Apollo 8 entry will be flown with a nominal entry range 

of 1,350 nautical mlles i n  either the primary or backup control  

modes. Adverse weather i n  the primary recovery area can be 

avoided by a service propulsion system burn p r i o r  to one day 

before entry to shift the landing point.  b a s  than one day 

out ,  t h e  landing point  can be ahlfted to avold  bad weather by 

using the spacecraft's 2,500 mile entry ranging capability. 

The crew will wear the inflight; coveralls during entry--  

preasure suits having been doffed and stowed alnce one hour 

af te r  translunar injection. Experience in Apollo 7, when 

the crew f l e w  the entry phase without pressure s u l t ,  helmets 

or gloves, prompted the decision not to wear suits once t he  

spacecraft's pressure i n t e g r i t y  was determined. 

-mare - 
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The decision to fly Apollo a18 a lunar orbit mission was 

made after thorough evaluation of spacecraf't performance I n  

the ten-day Earth-orbital Apollo 7 mlsaion i n  October and an 

asseasment of r i s k  factors involved in a lunar orbit mission. 

These r i sks  are the total dependency upon the service pro- 

pulsion engine f o r  leav ing  lunar orbit and an Earth-return 

t i m e  as Long as three days compared to one-half to three hours 

in Ear th  o r b i t  

Evaluated along w l t h  the r isks  of a lunar o r b i t  miasion 

was the value of the f l ight  In f'urtherlng the Apollo program 

t o w a d  a manned lunar landing before the end of 1969. Princi- 

pal  gains from ApoZla 8 w i l l  be experience in deep space navl- 

gatian communications and tracldng greater knowledge of 

spacecraft thermal response to deep space, and crew operational 

experience-al l  direct ly  applicable to lunar landing ml88ions. 

As many as seven l i v e  television transmissions may be 

made from Apollo 8 as it 1s on its path to the Moon, in orb i t  

about the Moon and on the way back to Ear th .  The television 

signals will be received at ground stations and tranarnitted 

to the NASA Mission Control Cente r  in Houston where they will 

be released l i ve  to commercial. networks 

-more- 
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However, because of the gmat distance8 Involved and 

the relatively low transmlsalon power of the signale from 

the spacecraft t o  grounU, the Tv platures are not expected 

t o  be of as high quality 88 the conventional commercial 

broadcarst ~ I o ~ u F ~ s ,  

Apollo 8 also w i l l  carry s t i l l  and motion plcture 

cameras and a variety of different films for black and whlte 

and color  photography o f  the Moon and other Items of Interest. 

These Include photographs of an Apollo landing a l t e  under 

l lght lng  conditions aimllar t o  those during 8 lunar landing 

mission, 

The Apollo 8 Saturn V launch vehlale l a  different from 

the two unmanned pookets that &s preceded I t  In the following 

major aapeats: 

The uprated 3-2 cnglne capable of reaching a thrust of 

230,000 pounds is being flown for the first time, on the 

third (S-IVB) stage. 

The new helium gmvalve cav i ty  preasurlzation syatern 

w i l l  be flying on the first atage (S-IC) for  the first time. 

In th is  system, four l i q u i d  oxygen prevalves have cavit iea 

f i l l e d  wlth hellurn t o  create accumulators "shock ZfbsoPbdm" 

that  w i l l  damp outthe ''pogo" effect. 

-more- 
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The liquid hydrogen engine feed l i n e  for each 5-2 engine 

has been redesigned, and the auxiliary spark Igni ter  l ines  

have been replaced with lines without f l e x  joints. 

A helium heater all be used a8 a repressurlzatlon system 

on the S-XVB. 

The center P-1 engine on the  S-IC w i l l  be cut off ear ly  

to keep the acceleration forces from building up past the four 

"G" leve 3. 

Software changes In the instrument unit W i l l  g ive  a new 

After clearing cant capability to the outboard F-1 engines, 

the tower, the outboard engines will cant outward two degrees 

to reduce the load on the spacecraft I n  the event of a premature 

cutof f  of an F-1 engine. 

Film cameras will not be carried on the S-I1 stage to 

record the first and second plane separations, 

The forward bulkhead of the S-I1 fue l  tank is a lightwelght 

type tha t  w i l l  be used on future Saturn v v @ h k l e s .  

(END OF GENEXAL IIEKEASE; BACKGROUND INFORMATION POLLOWS) 

-more- 
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MISSION OBJECTIVES FOR APOLLX) 8 

* Demonstrate c rew/spac e vehic le/mission support  
f a c i l i t i e s  performance during a manned Saturn V mission 
w i t h  command and service module. 

* Demonstrate performance of nominal and selected 
mission a c t i v i t i e s  including (I) t r ans luna r  in3ection; (2) 
command service module navigation, communications and m i d -  
course corrections; and ( 3 )  command service module aonsumables 
assesment and passive thermal con t ro l .  

I n  add i t ion ,  detailed t e s t  objectives have been designed 
to thoroughly wrlng out systems and procedures that  have a 
d i r e c t  bearing on fu tu re  lunar  landings and space operations 
in the vicinity of the Moon, 

-more- 
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SEQUENCE OF EXZNTS 

NOMINAL MISSION 

Tlme from Lift-off 

(Hr: Min:Sec ) 

00 : 00 : 00 

00 :01: 17 

00 :02 :06 

00 :02: 31 

00 :02 : 32 

00 :02: 33 

00: 02 : yj 

00 : 03 :07 

00 : 08: 40 

00 :08: 41 

00 :08: 44 

00:10:06 

00:10:18 

00:11:32 

02 : 50 : 31 

02: 55: 43 

Event 

Lift -of P 

Maxfmuaz dynamic pressure 

S-IC Center Engine Cutoff 

S-IC Outboard Engine Cutoff 

S-IC/s-II Separation 

S-I1 Ignition 

Camera Capsule Ejection 

Launch Eacape Tower Jettison 

Mode I/ Mode I1 Abort Changeover 

s-rI cutoff 

S-II/S-NB Separation 

s -rvB I g n i  t lon 

Mode N Capablllty begins 

Mode II/Modt 111 Abort Changeover 

Insertion into Earth Parking Orbit  

FranaZunar In jec t ion  Igni t lon 

Translunar Znjsction Cutoff 

Tranalunar Coast Baglna 

S-XVBICSM Separation 

Begin Maneuver t o  Slingshot Attitude 

LOX Dump -gins 

LOX Dump Ends 

-more- 
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Time from Lift-off Event 

TLI+ 6 Hrs. Midcourse Correction 1 

TLI+ 25 Hra. Midcourse Correction 2 

LOI- 22 Hrs, Midcourse Correction 3 

LOI- 8 H F ~ .  Mldcourse Correction 4 

69: 07 : 29 

I46 : 49 : 00 

147 : 00 : 00 

Lunar Orbit Insertion ( LOXl 1 
I n 1  t i a  ti on 

Lunar OrbLC Insertion (Lo111 
Termination 

Lunar Orbit Insertion (LoI2) 

Lunar Orbit Insertion (LOI2) 

Inl t lat ion 

Termlna ti on 

Transearth Injection Initiate 

Transearth Injection Terminate 

TEI+ 15 Hra, 

TEI+ 30 Hrs, 

Midcourse Correction 5 

Mldcourae Correction 6 

EE- 2 Hrs. Midcourse Correction 7 

Entry Intepface 

SPLASHDOWN 

-more-  
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GO/NO-GO DECISIOi< POINTS 

NISS ION PHASE 

LAUNCIi 

EARTH ORBIT 

TRANSLUNAR 
(CONTINUOUS M O N I T O R I K G )  

LUNAR ORBIT 

TIME OF DECISION 

REAL TIME 

AFTER INSERTIOIG 

& R E V  1 U.S .  PASS 

CRO 

d T L I  +lo -90 MINUTES 

/ T L I  + 2HR. 

TLI + 4 H R .  

TLI  + 5 H R .  

T L I  + 6HR. 

d V (4500 FPS TO PTP'S 

TLI + 24HR. 

LO1 - 2 0 H R .  

LO1 - 8 H R .  

LO11 - 1 H R .  

LO12 - 1 H R .  

T E I  - :HR. 

REX.RKS 

O M I T  IS "GC" IF i ip 2 7 5  

UNTIL LAXDIhG AFCA 2 - 1  

TO TLI 

FOR TLI BUK4 

FOR AiUY DISPERSIONS LVD SEPARATIOS ?VLL'ELVER 

TO TLI + 4 i i R .  

STILL PERFORM EARTH OREITAL TYPE : i ISSIOK 

DEPENDEXT UPON 4 c/ REQUIEXEXTS FOR MID- 

COURSE. CORRFCTI09:  ( 1 )  COSTISGE Y I S S I O K  

( 2 )  LUSAR FLY3l' 

FOR MCCl 

FOR A K Y  I.IALFLXCTXOX:S THAT REQUIRE EARLY R E T U R X S  

F O R  E.ICC2 

FOF MCC3 

FOP. HCC4 

FOR LOI a u r a :  AT LEAST ~ H R .  LUNAR ORBIT 

CAPASILITY. 

FOR LO1 CIRCLLARIZATIOX BLR!!. 4 H R  ORBIT  

CAPA3ILITY. 

COXTISUOLS MONITORING W I L E  IN VIEW FOR 

TFWi.5 EARTH I N J E C T I O h  BURN.  

I 
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Apollo 8 Window 

Pm -Launch 

Apollo 0 I s  scheduled t o  be launched from Launch 
Complex 39, pad A, at Cape Kennedy, Florida on December 21, 
1968. The launch window Qpens at 7:51 a.m. EST and closes 
at l2:32 p.m. EST. Should holds in the launch countdown or 
weather require a scrub, there are six day8 remining in 
December during which the mission could be launched. 

December Launch 
Days fo r  Apollo 8 

W I ~ W  (EST) 
Open Close 

7:51 a.m. 12:32 p.m. 

9:26 p . m .  2:O5 p.m. 

10:58 a.m. 3:35 p.m. 

12:21 p.m. 4:58 p.m. 

1:52 p.m. 6:20 p.m. 

3:16 p.m. 6:20 p.m. 

4:45 p.m. 6:20 porn. 

A variable launch azimuth of 72 dsgrees t o  108 degrees 
capabfllty w i l l  be available t o  assure a launch on time. 
is the ffrst Apollo mission which has employed the variable 
launch azimuth concept. The concept I s  necesaary t o  compensate 
for the relative positioned relationship of the Earth a t  Launch 
time 

This 

-more-  
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MISSION DESCRIFI'ION 

- NOTE: 
a nominal. mlsaion. Plans may be altered prlor to or  during 
flight to meet changing conditions. 

Information presented In this press Mt is based on 

Launch Pmse 

Complex 39A on a Isunch azimuth that can vary from 72 degmea 
to 108 degrees, depending upon the time of day of launch. The 
azimuth changes with time of day to p e 6 t  a fue l  optimum 
in jec t ion  from Earth parklng orbit onto a free return clrcwn- 
l una r  trajectory. Other factors influencing the launch windows 
are a daylight Paunch (sunrise -30 min. t o  mmet +30 min.), 
and proper sun angles on lunar landmrh in the Apollo landfng 
zone 

Apollo 8 w i l l  be Launched f r o m  Kennedy Space Center Launch 

The planned Apollo 8 launch date of December 21 will call 
for liftoff time at 7:51 a.m. EST on a launch azimuth of 72 
degreea, Insertion Into Earth parking orbit  w i l l  occur at 
11 min. 32 8ec.  ground elapsed time (GET)  tit an altftude of 
103 nm (119 sm, 191.3 km>. 
launch azimuth will have an inclination of 32.5 degr@es to the  
equator . 

The orbit resulting from t h l a  

Earth Parking Orbit (EPO) 

and w i l l  hold a local horizontal attitude during the ent i re  
period. The crew will perfom apacecraft systems chacka In 
preparation for the Translunar Injection burn. 

Apollo 8 wlll mmaln in Earth parung orbit  a f t e r  insertion 

Trans lunar InJsc ti on (TLI ) 

In the second or third revolution In Earth parking orbit, 
the S-IVB third stage engine w11L reignite over the P8ci f lc  to 
i n j e c t  Apollo 8 towsrd the Moon. The vslocit  dll Increase 
to 35,582 feat per second 10,gOO mters/sec. 7 Injection w i l l  

vehicle is In darkness. 
burn, Apollo 8 all enter sunlight. 

begin at an altitude of 10 b nm (122 sm, 197 b j  while the 
Midway through the translunar InJectIon 
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Trans lunar Coaa _-_..I ,t 

Following the tmnslunas inJectiQn burn, Apolla 8 w i l l  
spend 66 hr. 11 mila .  in translunar coast. The spacecraft w i l l  
sewwate from the S-mE stags about 20 minutes after the start 
of"  the *cranzsLuraa~ injectLon burn, ueing the service module 
Reaction Control System (RCS) thrusters to maneuver out to 
a b m t  50 %a 70 feet from the atage f o r  a 13-ml.nute period of 
station keeping. The spacecraft will move away some f i v e  
minutes later in an ''evasive mneuve~"  while the S-IVB I s  
commanded to dump residual l iqu id  oxygen (mX) through the 
J-2 engine bell about 1 hr.  and 30 mln. a f t e r  separation. 
The t h i rd  stage auxiliary propuh5On EIystem will be operated 
to depletion. The LOX dumping is expected to impart a velo- 
c i t y  of about 90 fgs to the S-IVB to:  lessen probability of 
recontact w i t h  the spacecraft; and place the s t a g e  in a 
"slingshot" trajectory passing behind the Moon's t r a i l i ng  
edge and on i n t o  solar o r b i t ,  

Four midcourse correction burns are possible during the 
translunar coast pham, depending upon the accuracy of the 
trajectory. The first burn, at translunar injection -d hrs., 
will be done If the needed velocity change is greater than 
3 fps; the second at TLI +25 hP8.; the third at lunar orbi t  
insertion (MI) -22 hrs, ,  and the fourth a t  LO1 -8 hra. The 
last three burns w i l l  be made Only if the needed veloc i ty  is 
greater than 1 fps, 

Lunar O r b i t  Inser t ion (MI) 

The f i r a t  of two lunar o r b i t  i n s e r t i o n  burns a 1 1  be made 
at 69:07:29 GET at an altitude above the! Moan 69 nm (79 sm, 
126.8 km). LO1 No. 1 will have a nominal retrograde v e l o c i t y  
chan@;e of 2,991 fps (912 m/aec) and w i l l  lnaert Apollo 8 into 
a 60 x 170 nm (69 x 196 sm, 111 x 314.8 la) e l l i p t i c a l  lunar 
parking orbit.  A t  73:30:53, LOX Burn NO. 2 w i l l  c i r c u l a r i z e  

grade veloc i ty  change o f  138 f p s  Pg 42.2 m/sac). The lunar 
the lunar parking o r b i t  at; 60 nm 

parMng orb i t  will have an Inclination of 12 degrees to the 
lunar equator. 

sm, I L L  km) wLth a retro- 

Lunar Farung Orbit (LPO) 

During the 10 ravolutlona of lunar parking orbit,  the 
Apallo 8 c r e w  will perform lunar landmark tracking and Apolla 
landing a i t e  tracking and photographic tasks, and s te reo  
photography of the lunar surface from terminator to terminator, 
The las t  two lunar  mvolut2ons w i l l  be  spent In preparation 
f o~ t h e  transearth i n j e c t i o n  burn. 

-more- 
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Revolution 

1 

2 

3 

8 

9 

LUNAR ORBIT ACTIVITIES 

Activitx 

MI1 
Housekeeping, System Checks, 
and Landmarks slghtlngs 

LOI?, System Checks and 
Tra ning Photography 

Chimera1 landmark aightlngs, 
Stereo photography, and 
general landmark photography 

General photography, hndnrark 
aightlngs, Solar corona, D i m  
S k y ,  and Earth Shine photo- 
graphy 

PMpare for TBI and perform 
ebliqus stereo s6rIp photo- 
SraPhS 

10 Perfom TFd 
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Trans-%rth Injection (TEI) 

The SPS trans-Earth injection burn is nominally planned 
f o r  89:15:07 GET with a posigrade velocity Incream of 3520 
fps (1073 m/sec) . 
Moon and injects the spacecraft on 8 trajectory toward the 
Earth. It w i l l  reach 400,000 feet altitude above Earth at 
146:49:00 GET. 

The burn begins on the backside of the 

-mare- 



APOLLO 8 
LUNAR SEQUENCE OF EVENTS 

1 2 3. 4 5 6 7 8 9 10 
REV v V V V V V V V V V 

1 
4 

SOLAR CORONA, DIM SKY, 
EARTH SHINE, PHOTOGRAPHY 

I 

I3:01:30:53) 
LO1 2 

SEQUENCE PHOTO'S p 
VERTICAL STEREO 0 

LIGHTING EVALUATION 0 6 
3 LANDMARK (IN) TRACKING 

FOR DESCENT TARGETING I 1 I I I rD 
I 

I M" BEFORE SUB-SOLAR I 
UNKNOWN LM (ULM) TRACK: 

(INCLUDES PHOTOGRAPHY) I n I 

[ 9 

10 

UMBRA* SCHDUE 
ENTER 

2 :  22: 14: 13 
3 : al : 22: 47 

02:22:57 
04:21:29 
0 6 : 2 0 : 0 2  
03: 18:44 
10 : 17 : 17 
IZ:I5:U 
I4 : 14 : 31 
16 : I3 : 05 

EXIT 

2:23:00:14 
3:a:&?:4b 

03:08:53 
U 5 : 0 7 : b  
0 7 : 0 5 : 9  
0 9 : 0 4 : 3 9  
II : 03 : 13 

15 : 00 : 26 
13 :a : 47 

I6 : 59 : 13 

I 1 20' AFTER EXIT FROM DARK 

1 ID I 30°AFT€R S-SOLAR 

OBLIQUE STEREO j-y 

* TIME IN GET BEGINNING AT END OF DAY 2. PENUMBRA 
I S  13-15 SECONDS DURATION PRIOR TO AND AFTER UMBRA. 



Tranaearth Coast, PIidcOurSe Manuevers 

the plpollo 8 C F ~ W  will perform navigation slghtlnga on stars, 
and lunar and Earth landmarks, comunicatlons t e s t a  and 
spacecraft passive thermal control tests, 
corrections are possible during the transearth coast phase, 
and thelr  values dll be computed in real time. The a d -  
course correctiona, if needed, W i l l  be made at transearth 
injection +15 hr., TEI +30 hr., and entry interface -2 hr. 
(400,OOO ft. altitude) 

During the approximate 57-hour Earth return trajectory, 

Three nlldcourse 

Entry, Unding 

Apoflo 8 command module w i l l  be pyrotechnlcally separated 
from the service module approximately 15 minutes p r i o r  t o  
reaching 400,000 ft. altitude, E n t r y  w i l l  begin at 146:4g:OO 
GET at a spacecraft velocity of 36,219 fps (11005 m/sec), 
The c r e w  w i l l  fly the entry phase wlth the QQN system to 
produce a constant deceleration (axerag: 4 Qs) for a direct 
entry, rather than the dual-pulse skip entry technique 
considered earlier i n  Apollo program planning, Splashdown 
is targeted for the Paciflc Ocean at 165 degrees West longi- 
tude by 4 degrees 55 mln. North latitude. The landing foot- 
pr in t  will extend some 1350 nm (1560 sm8 2497 km) from i t s  
ent ry  polnt. 
entry . Splashdown W i l l  be at 13 mln. 46 sec. af ter  

CM EWD4F-MISSIOY ENTRY AND LANDIN0 POINTS* 

Day Of Entw Point Landlnp, Polnt 
Launch Latitude h w l t u d e  La t l  tude Longitude 

+Them points a m  for a 72 degree launch azlmth,  Other 
launch azimuths will change the Uata rsltightly. 
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FLIGHT PLAN 

The Apollo 8 flight plan calls for at least one 
crewman to be awake at all times, 
cycle will be 17 hours of work followed by 8evm hours of 
rest. The command module p i l o t  and lunar module pilot 
a l e e p  periods are scheduled simultaneously. 

The normal work/rest 

Following the translunar injection burn, the crew 
will take off their space su i t s  and put on the Inflight 
coveralls for the duration of the misalon. 

The Apollo 8 apacecraft nonually will remain f u l l y  
powered up throughout the entire mission, with the atabili- 
zatlon and c o n t r o l  system and navlgatlon sextant and scanning 
telescope turned on a s  needed. The i n e r t i a l  rneasuriq unit 
and command module computer will stay I n  t h e  "operate mode. 

cabin oarbon dioxide &re scheduled at times when a l l  crewmen 
are awake, and all scheduled maneuvers will be made when all 
crewmen ape awake. 

Changes of lithium hydroxide oanlsters for absorbing 

Flight plan updates will be relayed to the Apollo 8 
crew over S-Band frequencies each day for the coming day's 
activities, 

Following; is a brlef' aummsry of tasks to be acoompllshed 
fn Apollo 8 oh a day-tg-day schedule, 
to changes to 'suit opportunity or operational factors: 

The tasks are subject 

hunch  Pay (0-24 hoUP8): 

Ic CSM syetems oheckout fallowing Earth o r b i t  insertion 

* Tranalunar InJectIon burn, Beparation from $-WE! and 
transposition maneuver 

* Monitor S-IVS LUX blowdown and "slingshot" maneuver 

* Five s a t e  of translunar coast starmEarth horizon navigation 
sightings 

* Perform first midcourse correatilan burn If required 

* Star-Earth landmark navigation sightings 

Seoond Day (24-48 hours):  

* Mldoourse correction burns Nos, 2 and 3 if requlred 

-more- 
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Star-Ehrth horizon, star- lunar  horizon navlgation sightlngs 

Third Day (48-72 hours) :  

Star-lunar horizon navigation sightings 

Midcourse correction burn No. 4 if required 

Lunar orbit insertion b u m  into Initial 60 x 170 nrn 
(69 x 196 sm, 12.1 x 314.8 km) o r b i t  

General lunar landmark observation, photography, onboard 
television 

Preparations for lunar  o r b i t  c i r cu la r i za t ion  burn 

Align IMU once during each lunar o r b l t  dark period 

Fourth. Day ( 72-96 hours ) :  

Ci rcu lar ize  luna r  orbit to 60 nm (69 sm, 111 km) 

Vertical  stereo, convergent stereo navigation photography 

Solar corona photography 

Landmark and landing site tracking and photography 

Star-lunar landmark navigation sightinge. 

Transearth Injection b u m  

Fifth Day (96-120 hours): 

Sta r - luna r  horlzon, star-Earth horlzon navigation sightings 

Midcourse correct ion b u m s  Nos, 5 and 6 if required 

Sixth Day (120-144 hours): 

Star-Earth horizon and star-lunar horizon navigat;ion 
slghtlngs 

Mldcourse correction burn No. 7 If required 

Seventh Day (144 hours to splashdown) : 

Star-Earth horizon and star-Earth landmark navigation 
slghtlngs 

CM/SM separation, entry and splashdown. 

-more- 
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Recovery Operations 

The primary recovery line for Apollo 8 is i n  the mid- 
Paclflc along the 165th west meridian of longitude where 
the prfmary recovery vessel, the aircraft camler WSS Yorktown 
will be on station, Nominal splashdown P o r ' a  f u l l = 6 - a t i o n  
lunar orbit rnlpston launched on time December 21 will be at 
4 degrees 55 minutes north x 165 degrees west at a ground 
elapsed time of 147 hours. 

Other planned recovery lines for a deep-space mission 
are the East Pacific Line extending parallel to the coast- 
line of North and South America, the Atlant ic  Ocean 12ne 
running along the 30th Weat meridian In the northern hemi- 
sphem and along the 25th Weat meridian In the southern 
hemisphere, the Indian Ocean l i ne  extending along the 65th 
East meridian, and the West P a c l f l c  l i n e  along the 150th East 
meridian in the noGthern hemlaphere and jogging to the 170th 
East meridian in the southern hemisphere, Secondary landing 
areas f o r  a possible Earth orbital alternate mission have 
been establlshad In two zunes In  the Paclflc and two in the 
Atlantic 

Ships an station In the launoh abort are8 stretchtng 
3,400 miles eastward from Cape Kennedy Include the Helicopter 
landlng platform - WSS Ouadalcanal, one of whose d u t i e s  w i l l  
be retrieval of camera cassettes from the S-IC stage: the 
transport  USS Rankin, the tracking 
w i l l  be r e E B m  recovery duty 
parking orbit ,  and the o i l e r  - USS Chuckawan, 

In addition to surface vessels deployed in the launch 
abort area and the primary recovery vessel in t h e  P a c i f i c ,  
16 HC-1.30 a i rcraf t  will be on standby at eight staging bases 
around the Earth: Tachikawa, Japan; Pago Pago, Samoa; Hawaii; 
Bermuda; Lajes, Azores; Ascension Island; Mauritius, and Panama 
Canal Zone. 

Apollo 8 recovew operatlions wlll be dlreatad from the 
Recovery Operations Control Room in the Misalon Control Center 
and w i l l  be supported by the Atlmt lc  Recovery Control Center, 
Norfolk, Va,; Pacific Recovery Control Center, Kunia, Hawaii; 
and control centers at Ftamstein, Germany; and Albrook AFB, 
Canal Zone. 
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The Apollo 8 crew will be flown from the primary 
recovery vessel to Manned Spacecraft Center after recovery,  
 he spacecraft will receive a preliminary examination, safing 
and power-down aboard the Yorktown prior to offloading at Ford 
~ s l a n d ,  Hawaii, where the spacecraft will undergo a more complete 
deactivation, It 1s anticipated that  the apacecraft w i l l  be 
flown from Ford laland to Long Beach, Calif,,  wi th in  72 hoursJ 
and thence truaked to the North American Rockwell plant In 
~ ~ m e y ,  C a l i f , ,  for postflight analysia. 

-more - 
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APEX COVER ~EnlSCMD AT 24000 tl 
+.4 SLC - _  rn) 
DROGUE CHUTES UEPlOYED RfCFED 
A1 24Doo FI +2 SLC mM1 
DROGUE CHUTE SINGLE STAG€ D l S R a f  
10 SEC 
MAIN CHUlE DEfLOYfD REEFED V IA  
PI101 CHUTES AND OROCUL CHURS 

MAIN 
CHUTES 
0 I SREE f E D 

RELEASED A l  10, OOO FI mM1 
MAIN CHUTE INITIAL INFLATION 
MAIN CHUTf FIRST STAGE DtSREff 
6 S€C 
V l f  RECWERY ANTENNAS AND FLASHING 
BEACON DEPLOYED 8 SEC 
MAIN CHUTE SECWO STAGE D15RfIf 
10 SEC 
hlAIN CHUTES RfLEASED b LM PRESS PYRO 
VALVE CLOSED AFTER SPLASH DOWN 

SPLASH DWN VELOCITIES: 
3 CHUTES - 31 FTlSfC 
2 CHUTIES - 36 n/!ifC 
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ALTERNATE MISSIONS 

Several alternate mission plans have been prepared 
f o r  the Apollo 8 mission, and the scope of the alternate 
is dependent upon when in the mission timeline it becomes 
necessary to switch to the alternate,  

For example, i f  there is an ear ly  shutdown of the 
S-IVB stage during the E a r k h  parking o r b i t  insertion burn, 
the service propulsion syatem engine would be ignited f o r  
a contingency orbit; i n s e r t l o n  (COI), and again inglted later 
in the mission to boost the  spacecraft; to a 4,000 nm (4,610 
sm, 7,400 km) apogee. The aecond burn i n t o  the high ellipse 
would be done only If the COT burn required less than 900 f p s  
(274.5 rn/sec) v e l o c i t y  increase. The COX-high apogee mission 
is Alternate 1, and would have a dura t ion  of up to 10 days, 

I 

Alternate mission 2 would be followed if the S-FVB 
fa i led  t o  restart f o r  the  translunar injection burn out of 
Earth parking o r b i t ,  This alternate calls for the SPS engine 
t o  boost the  spacecraft to the  4,000-nm (4,610 snt, 7,400 km) 
apogee f o r  two to fou r  revolutions. A deboost maneuver l a te r  
would lower apogee and the mission would oontinue i n  low Earth 
o r b i t  f o r  10 days. 

Alternate mission 3 is s p l i t  into three subalternates, 
each depending upon the apogee that can be reached a f t e r  
early S-IVB c u t o f f  durZng t he  translunar injection burn, 
In the 3a alternate where apogee would be between 100 to 
1,000 nm, (115-1,152 sm, 185-1,853 km) the orbit would be 
tuned up with an SPS burn to permit landmark slghting and the 
mission would fo l low the alternate 2 timeline, If apogee 
ranged between 1,000 nm (1,152 sm, 1853 km) and 25,000 nm 
(28,800 sin, 46,250 km), a phasing maneuver would be made at 
first  perigee to s h i f t  a l a te r  perigee over a network s t a t ion ,  
where a debooat burn would lower apogee to 400 nm (461 sm, 
740 km) and t h e  mission would con t inue  In low Ear th  orbit f o r  
the 3b alternate. 

Alternate 3~3 would be followed if apogee was between 
25 000 nm (28,800 am, 46,250) and 60,000 nm (69,100 sm, 111,000 
kmj. This alternate ca l l s  for a phaaing maneuver at first 
perigee to sh i f t  later perigee to the reoovery area. A second 
maneuver at the l a t e r  perigee would a d j u s t  t h e  elliptical 
o r b i t  to one with a semi-synchronous period of about 12 hours-- 
that  is, there would be two daily perigee deorbit periods,  
one over the Paciflc and one over the Atlantic. The e n t i r e  
mission would be flown in th l s  type orbi t ,  including di rec t  
en t ry  from the high e l l ipse .  

-more- 
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Early TLI cutoff which would produce an apogee greater 
than 60,000 run (69,100 am, 111,000 km) would fall Into t h e  
alternate 3d category. This alternate calls for a circurn- 
lunar flyby u s i n g  the Service Propulsion System to car- 
rect the flight profile back t o  a free-return trajectory. 
In some cases a lunar  o r b i t  mission may be poss ib l e ,  

All alternate mission plans c a l l  f o r  water landfngs 
along the nominal Pac i f ic  recovery l i n e  or i n  the Atlant ic  
and in general follow the l una r  orbit mission timeline. 
Entry ve loc i t i e s  from any of the alternates range between 
26,000 fps  and 36,000 fps (7,930-11,080 m/aec). 

Apollo 8 alternate mission are summarized In the 
table below: 

Apollo 8 Alternate Missions 

Condition Summary Alternate Plan 
4 

1. S - r n  early cutoff on EPO If COL takes less than 900 f p s  
burn, COI with SPS (274.5 m/sec), use SPS to raise 

apogee to 4,000 nm (4,610 sm, 
7,200 km); if COI takes more 
than 900 f p s  (274.5 m/sec) re- 
main in Ear th  orbit u p  to 10 
days 

2, In EPO but S-IVB fails 
to restart for TLI 

3.  Ear ly  8 - I n  TLI cutoff 
producing apogee of:  

a, L00-1,000 nm 
(11511,152 sm, 185- 
1,853 k d  

Use SPS to raise apogee to 
4,000 nm (4,610 smt 7,400 km); 
remain in high e l l i p se  for 2-4 
revolu t ions ,  then deboost to 
low Ear th  orbit  for remainder 
of 10 days. 

Burn to 4,000 nm (4,630 sm, 
1,400 krn) apogee, phase adjust  
f o r  landmark sightings remain 
in high e l l i p se  for 2-4 r e v o l u -  
tlons, lower apogee and cont lnue  
l o w  Earth o r b i t  mission. 

b, 1,000-25,000 nm Make phasing maneuver at first 
(1,152-28 800 sm, 1,853- perigee to s h i f t  l a t e r  perigee 
46,250 krnj over network station; at that 

perigee lower a ogee to 400 nm 
(461 sm, 740 krn P ; l a te r  SPS burn 
lowers apagee f u r t h e r  and mission 
con t inues  in low Ear th  orbit. 

-more- 
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c . 25,000-60,000 M Remain in established trajectory 
(28,800-69,100 sm and make d i r e c t  en t ry .  (SPS 
46,250-111,OOO kmj f u e l  remaining no t  enou h to 

lower apogee to 400 nm 7461sm 
740 km) and still perform deo$blt 
b u m  1 

d. More than 60,000 nm 
(69,100 sm, ~1~,000 w) 

Correct trajectory to lunar 
flyby and Earth free-return 
with SPS, d i r e c t  ent ry .  

-more - 
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The Apollo 8 mission can be aborted at anytime d u r i n g  
the launch phase or d u r i n g  l a te r  phases after a s u c c e s s f u l  
i n s e r t i o n  i n t o  ear th  o r b i t .  

Abort modes can be summarized as follows: 

Launch phase-- 

Mode I: - Launoh escape tower propels command module 
safely away from launch vehicle, This mode is in ef fec t  
from about T-30 m i n ,  when LES is armed u n t l l  LES jettison 
at 3:07 GET and command module landing point can range from 
the Launch Complex 39A area to 520 nm (600 sm, 964 km) 
downrange. 

Mode I1 - Begins when LES is jettisoned and runs to 
1O:OO GET. Command module separates from launch v e h i c l e  
and free-falls in a f u l l - l i f t  entry w i t h  landing between 
400 and 3200 run (&GI-3680 am, 741-5930 km) downrange. 

Mode I11 - Begins when f u l l - l i f t  landing p o i n t  reaches 
3200 nrn (3680 am, 5930 km) and extends through o r b i t a l  in- 
ser t ion .  The CSM would separate from the launch vehicle,  
and if necessary, an SPS retrograde burn would be made, and 
the command module would be flown half-lift to e n t r y  and 
landing between 3000 and 3350 nm (3450-3850 sm, 5560-6200 krn) 
downrange . 

Mode and Apogee Kick - Begins a f t e r  the po in t  the SPS 
could be used t o  i n s e r t  the CSM i n t o  an earth parking orbi t  
---from about 10 minutea af te r  l i f t o f f .  The SPS burn into 
orb i t  would be made two minutes  after separation from the 
S-IVB and the mission would continue as an earth o r b i t  alter- 
nate, OP if other  conditions warranted, to landing in the 
West At l an t i c  ox7 Cent ra l  P a c i f i c  a f t e r  one r evo lu t ion ,  Mode 
rV is preferred over Mode K I I .  A variation of Mode W is 
the Apogee Kick i n  whhh the SPS would be i g n i t e d  at first 
apogee to rafse perigee and thereby s e t  up a su i tab le  o r b i t  
f o r  a low earth-orbit  alternate mission, 

Earth Parking Orblt phase-- 

Aborts from earth parking orbit  would be flown slmilar 
to the normal daarbit and entry that was flown on Apollo 7 :  
SPS deorbit  burn followed by CM/SM sepasation and guided 
entry . 

- more - 
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Tmns1una.r Inject ion Phase -- 
Aborts during the  t ranslunar  injection phase are  only 

a remote p o s s i b i l i t y ,  but I f  an abor t  became necessary 
during the TLI  maneuver, an SPS retrograde burn could be 
made to produce spacecraft  entry. This mode of abort would 
be used only Tn the event of an extreme emergency that 
a f f e c t e d  crew safety, The spa.cecraft  landing poin t  would 
vary with launch azimuth and length of t he  TLI burn. Another 
TLI abort s i t u a t i o n  would he used if a malfunction cropped 
up a f t e r  Injection. A retrograde SPS burn at about 90 
minutes a f te r  TL1 shutoff would allow targeting to land in 
an Atlantic contigency landing area between 7% and 17; hours 
after initiating abort ,  depending on t he  change in velocity 
a p p l i e d  

Translunar  Coast phase- 

Aborts arising during the  three-day t r a n s l u n a r  coast 
phase would be similar in n a t u r e  t o  the 90-minute TLI abort. 
Aborts from deep space bring Into the  p l a y  the moon's anti- 
pode (line projected from moon's center through earth's 
c e n t e r  to oppos i t e  face) and the effect of the  earth's rota- 
t i o n  upon the geographical loca t ion  of the  antipode, Abort 
times would be selected for l anding  when the antipode crosses 
165 WLong, The antipode crosses t he  mid-Pacific recovery 
line once each 24 hours, and if a time-critical situation 
forces an abor t  earller t h a n  the selected fixed abort  times, 
landings would be targeted for t he  At lan t ic  Ocean, East 
PacTf i c ,  West Paciflc o r  Indian Ocean recovery lines in t h a t  
order of preference. From T L I  plus 44 hours,  a circumlunar  
abort becomes Faster than an attempt to return d i r e c t l y  to 
earth 

Lunar Orbit Insertion phase-- 

E a r l  SPS shutdowns dur ing  the luna r  o r b i t  i n se r t ion  
burn (LOIT are covered by Modes I and 111 in the Apollo 8 
mission (Mode I1 involves  luna r  module operations) 
modes would result In the CM landing the earth l a t i t u d e  of 
the moon antipode at the tfme the abort was performed. 
Mode I would be an SPS posigrade burn i n t o  an earth-return 
trajectory as soon a s  possible following LO1 shutdown d u r i n g  
the first two minutes of t he  LO1 burn, Mode IIX occurs near 
pericynthion following one or more r e v o l u t i o n s  in l u n a r  o r b i t .  
Following one or two lunar  o r b i t s ,  the Mode III posigrade SPS 
b u r n  at pericynthian would Inject the spacecraft i n t o  a t rans-  
earth t r a j e c t o r y  t a r g e t e d  f o r  the mid-Pacific recovery line. 

Both 

- more - 
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Lunar Orbit Phase -- 
If during l una r  parking o r b i t  1.t became necessary 

t o  abort, the transearth injection (TEI) burn would be 
made early and would target spacecraft landing to the 
mid-Pacific recovery line. 

Transearth Injection phase-- 

Farly shutdown of the TEI burn between ignition 
and two minutes would cause a Mode 111 abort and a SPS 
posigrade TEI burn would be made at a later pericynthion.  
Cutoffs after two minutes TEI burn time would ca l l  f o r  a 
Mode I abort---restart of SPS as soon as possible for 
earth-return trajectory. Both modes produce mid-Pacific 
recovery line landings near the latitude of the antipode 
at the time of the TEI burn. 

Transearth Coast phase- 

Adjustments of the landing point are possible during 
the transearth coast through burns with the SPS or the 
s e r v i o e  module RCS thrusters, but in general, these are 
covered in the discussion of transearth midcourse correc- 
tions, No abort  burns will be made later than 20 hours 
p r i o r  to e n t r y  to avoid effects upon CM entry v e l o c i t y  
and flight path angle. 
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PHOTOGRAPHIC TASKS 

Photography m l d o m  before has played as Important a r o l e  
In a spaceflight mission as It will on Apollo 8. The crew 
will have the task of photographing not only a lunar surface 
Apollo landing s i t e  to gather valuable data for subsequent 
lunar landing missions, but w f l l  a lso poin t  the ir  cameras to- 
ward visual phenomena in cislunar apace which heretofore have 
posed unanswered questions. 

A large quantity of f i l m  of various types ha8 been 
loaded aboard the Apollo 8 spacecraft f o r  lunar surface photo- 
graphy and f o r  items of i n t e rea t  that crop up in the course 
of the misaion, 

Camera equipment carried on A 0110 8 conslats of' two 7~ 

25Omm telephoto lens, and assoc~ated equipment such a8 f i l iers ,  
ringsight, spotmeter and lntexvalometer for  stereo rrtrlp 
photography, For motlon pictures a 16m Piaurer data acquia1.- 
t i o n  camera with variable frame speed selectlan w i l l  be used. 
Accessories for the motion piature camera include lenses of 
200, 75, 18 and 5 m  focal lengthla, it rlght-angle mirror, a 
command module boresight bracket and a power cable. 

Ha~selblad still uameraa with two 1 Omm focal length lenses a 

Photograpblc tasks have been div ided Into three general 
categories: lunar stereo gltrlp photography, engineering photo- 
graphy and items of interest. 

Apollo 8 photographic taska are swmnarlzed as fol lows:  

- 
frames shot alom the lunar orbit mound t rack  with apace- 

Lunar Stereo S t r i p  PhotoRraphy :- Overlapping stereo 701m 

craf't aligned to-local vertical. ' Photos w i l l  be used-fur ter- 
ra in  analyaier and photometrlu investigations, 

Engineering Photography -- Through-the-wlndow photography 
of I m e d l a t e  region mound spacecraft t o  gather data on exist- 
ence of contaminant cloud around the spacecraft and to further 
understand source of window v l s l b f l l t y  degradation. Cabin 
i n t e r i o r  photography documenting crew actlvlties w i l l  also be 
taken as an a i d  to following flight crewa. 

Item of Interest -- Dim-light targets: Qegenscheig ( a 
round or elongated spot of l ight  in apace at a point 180 
the sun) photoa on one-mlnute exposure wlth spacecraft h e l d  
in iner t ia l  at t l tude on dark aide on Moon and during trans- 
lunar and transearth coast; Zodiacal light along the plane of 
the e c l i p t i c  (path of Sun around celestial sphere), one-minute 
exposures during dark s i d e  of lunar orbit;  Star f i e l d s  under 
varioue lighting condttions to study effect of spacecraft 
debris  clouds and window contamination on a b i l i t y  to photograph 
stars;lunar surface In earthablne to gain photometpic data 
about lunar surface under law-level. illumination* 

from 
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Lunar surfaee. 5n daylight at zero phase angle (space- 
c ra f t  shadow direo t lg  below spacecraft ) to further measure 
reflective properties of lunar surface; lunar terminator in 
dayl ight  at oblique angles to evaluate capability of terraln 
analysis on such photos; Apollo exploration sites,Surveyor 
landing sites and specific features and areas to augment pre- 
sent lunar surface photography and to correlate with Surveyor 
photos; Image motion compensation with long-length lenses by 
tracking target with spacecraft; phenomena, featureeJ and other 
iterne of interest selected by the  crew in real time; and lunar 
seas through red and blue fllters for correlating wfth color  
discontinuities observed from earth. 

Apollo 8 film stowage I s  88 followss 3 magazines of 
Panatomic-X intermediate speed black and white f o r  total 600 
frames; 2 magazines SO-368 Ektachrome color reversal for 
total 352 frames; 1 magazine SO-121 Ektachrome spec ia l  day- 
l i g h t  color revemal f o r  total 160 frames; and 1 magazine 2485 
high-speed black and white (ASA 6,000, push to 16,000) for 
dim-llght photography, total 120 frames. Motion picture film: 
nlne 130-foot magazines so-368 for t o t a l  1170 feet, and two 
magazines SO-168 high speed interior c o l o r  f o r  t o t a l  260 feet .  

TELEVISION 

As many as Bevm l i v e  television transmissions are being 
considered during the Apollo 8 flight. 
ions are being considered on the way t o  the Moon, one to two 
from luna r  orbit ,  and poss ib ly  two on the way back from the 
MOOXI, 

Up t o  three transmiss- 

The frequency and duratlon of W transmisslona arc dc- 
pendent upon the level of various other misalon activities and 
the avallabfl l ty  of the spacecraft's high gain antenna. This 
antenna is psimarlly used to transmit engineering data, which 
has p r i o r i t y  over TV transmisslons, 

stations at Goldstone, California and Madrld, Spain, where the 
signal will be converted to comerc ia l  frequencies, The W 
signal w l l l  be released l i v e  t o  public networks f r o m  the Mission 
Control Center,  Houston. 

The TV signals will be sent from the spacecraft t o  ground 

Because of crew a c t l v t t l s s  from launch through translunar 
Injection, TV operations are not planned prior to the trans- 
lunar  c o a s t  phase of the mission about 12 hours Into the flight. 

Tv transmission at lunar distances f o r  planning future lunar 
missions and t o  provide live TV coverage of the A p o l l o  8 flight 
to the public. 

The purpose of televlslon during Apol lo  8 is to evaluate 
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The 4.5 pound RCA !l!V camera 18 equipped with 160 degree 
and 9 degree f i e l d  of view l am.  
permits the camera t o  be hand-held a t  the command module 
window& for the planned photography, 

A 12-foot power-video cable 

In TV :broadcast t o  homes, the average dlstancre In only 
f i v e  miles between the transmitting station and the home TV ee$, 
while the station transmfts am average of 50,000 watts of power. 
In contraat, the Apollo 8 TV camera opa~atea on only 20 watts, 
and on this miislon, w l 1 L  be over 200,000 mile8 from the home 
TV Bets. 

The NASA mound station's large antenna anU sensitive 
receivers make up for most of t h l e  difference, but the Apollo 
pictures are not expeoted t o  be as high quality as normal 
broadcast prograrae. 
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SPACECRAFT STRUCTURE SYSTEMS 

Apollo spacecraft No. lo3 for the Apollo 8 mission 
is compriaed of a launch escape system, c m a n d  module, 
s e n i c e  module and a spacecraft-lunar module adapter. The 
latter serves as a mating s t ruc tu re  to the instrument u n i t  
atop t he  S-IVE stage of the Saturn V f o r  this mission, l u n a r  
module test a r t i c l e  3 (LTA-B) will be housed i n  the adapter.  

Launch Escape System/(LES)--Propels command module 
to sa?ety in an aborted launch. It is made up of an  open- 
frame tower structure mounted t o  the command module by f o u r  
frangible b o l t s ,  and three solid-propellant rocket motors :  
a ~55,000-pound-thrust launch escape systefn motor, a 3,000- 
Pound-thrust pitch control motor t ha t  bends t h e  command 
module traJectory away from the launch vehicle and pad area. 

canard vanes near the t o p  deploy to t u r n  the command 
module aerodynamically t o  an a t t i t u d e  with the heat-shield 
forward. Attached t o  t h e  base of the Escape System is a boost 
P r o t e c t l v e  cover composed of glass, cloth and honeycomb, that  
Protects the command module from rocket exhaust gases from the 
main and the j e t t i s o n  motor. The system is 33 f e e t  t a l l ,  four 
feet in diameter at the base and weighs 8,900 pounds (4040 kg). 

the command module is a pressure vessel encased i n  heat-shleldsl 
cone-shaped 12 feet high, base diameter of 12 feet 10 i nches ,  
and launch weight 12,392 pounds (5626 kg). 

Command Module (CM) StmctuPe--The basic s t r u c t u r e  Of 

The command module consists of the forward cornpaPtment 
which conta ins  two negat ive pitch reaction cont ro l  engines and 
components of the Earth landing system; the crew COmpaPtmentr 
or i n n e r  pressure vesm1, containing crew accommodations, 
controls and displays, and spacecraft systems; and the af t  
compartment housing ten reaction cont ro l  engines and f u e l  tankage- 

Heat-shields around the three compartments ape made Of 
brazed stainless steel  honeycomb with an o u t e r  layer of Phe- 
nolic epoxy resin as an ab la t ive  material, Heat-shield t h i ck -  

according t o  heat loads,  PaWes from 0.7 inches 
to 2.7 inches on the a f t  side. 

The spacecraft inner s t ructure  is of aluminum a l l o y  
sheet-aluminum honeycomb bonded sandwich ranging in thick-  
ness from 0.25 inches t h i ck  at forward access tunnel to 1.5 
inches t h i c k  at base, 
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Service Module (SM) Structure-The service module is a 
cy l inde r  12 feet 10 inches in diameter by 22 feet long. For 
t h e  Apollo 8 mission, it will welgh 51,258 pounds (23,271 kg> 
at launch. Aluminum honeycomb panels one Inch t h i c k  form the 
o u t e r  skin, and milled aluminum radial beams separate the in- 
t e r i o r  i n t o  six sections containing service propulsion system and 
reac t ion  cont ro l  fue l -oxidizer  tankage, f u e l  cells and onboard 
consumables . 

Spacecraft-fM Adapter (SLA) Structure-The spacecraft- 
LM adapter is a truncated cone 28 f e e t  long tapering from 260 
inches diameter a t  the base t o  154 Inches a t  the forward end 
at the  service module mating l i n e .  Aluminum honeycomb 1.75 
Inches thick is the stressed-skin s t r u c t u r e  f o r  the  spacecraft 
adapter. The SLA welghs 4,150 pounds (1,884 kg). 

Spacecraft Systems 

Guidance, Navigation and Control System/( GNCS)--Measures 
and concrois spacecraff; attitude and veloc i ty ,  calculates 
t r a j ec to ry ,  controls spacecraft propulsion system t h r u s t  vector 
and displays abort data. The Guidance System consists of 
three subsystems: i n e r t i a l ,  made up of I n e r t i a l  measuring u n i t  
and associated power and data components; computer, oons ls t lng  
of d i s p l a y  and keyboard panels and digital computer which Pro- 
cesses information to o r  from other components; and optic, in -  
c luding  scanning telescope, sextant f o r  celestial and/or land- 
mark spacecraft navigation. 

Stabilization and Control  System/(SCS)--ControIs apace- 
craf t  ro t a t ion ,  translation and th rust v e c t o r  and provides 
displays f o r  crew-initiated maneuvers; backs up the guidance 
system. It has three subaystems; a t t i t u d e  reference, attitude 
c o n t r o l  and t h rus t  vector  con t ro l .  

Service Propulsion System/(SPS)--Provides thrust  fo r  
large spacecraft veloc i ty  changes and de-orbit burn through 
a gimbal-mounted 20,500-pound-thrust hypergolic engine using 
nitrogen tetrox$de oxidizer and a 50-50 mixture of unsymmetrical 
dimethyl hydrazine and hydrazine f u e l .  Tankage of t h i s  system 
is i n  the  service module. The system responds to automatic 
f i r i n g  commands from the guidance and navigation system or t o  
manual commands from the crew, The engine provides a constant 
t h r u s t  rate. The stabilization and control sys.t;em gimbals the 
engine t o  f i r e  through the spacecraft center of gravity. 

-more- 
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Reaction Control  System/(RCS)--This includes two 
independent systems for the command module and the servlce 
module. The service module reaction controls have f o u r  
ident ica l  quads of four 100-pound t h r u s t  hypergolic engines 
mounted, near the t o p  of the Service Module, 90 degrees apart 
to provide redundant spacecraft a t t i t u d e  c o n t r o l  through CPOSS-  
coupling l o g i c  inpu t s  from the Stabilization and Guidance 
Systems. Small v e l o c l t y  change maneuvers can also be made 
with the  Sexvice Module reaction con t ro l s .  The Command Module 
Reaction Control System consista of two independent six-engine 
subsystems of 94 pounds t h r u s t  each. One is ac t iva ted  a f te r  
separation from the Service Module, and is used f o r  spacecraft 
a t t i t u d e  c o n t r o l  duping entry,  The other  i s  maintained in a 
sealed condi t ion  a8 a backup. Propellants for both systems 
are monomethyl hydrazine f u e l  and nitrogen t e t roxide  oxld izer  
w i t h  helium pressurization. These propellants are hypergolic, 
1.e.: they  b u m  spontaneously on contact w i t h o u t  need f o r  an 
Igni te r .  

Electrical  Power System/(EPSZ--Consists of three, 31- 
cell Bacon-type hydrogen-oxygen f u e l  cell povar p l a n t s  in the 
Service Module which supply 28-volt  M: power, three 28-vol t  
DC zinc-s i lver  oxide main storage batteries in the Command 
Module lower equipment bay, two pyrotechnic batteries i n  the 
Command Module lower equipment bay, and three 115-200-volt 
QOQ-cycle three-phase AC inverters powered by the main 2 8 - ~ 0 1 t  
DC bus. The i n v e r t e r s  are also located in the lower equipment 
bay. S u p e r c r f t i c a l  cryogenic hydrogen and oxygen react In the 
fuel cell stacks to provide e l e c t r i c a l  power, po tab le  water and 
heat. The Command Module maYm batteries can be switched to fire 
pyrotechnics in an emergency. A battery charger b u i l d s  the 
bat ter ies  to full strength as r e q u i r e d .  

atmosphere, pressure and temperature and manages water. I n  
addition to regulating cabin and s u l t  gas pressure, temperature 
and humidity, the system removes carbon d i o x i d e ,  odors and 
par t ic les ,  and v e n t i l a t e s  the cabin after landing. It c o l l e c t s  
and stores f u e l  c e l l  po tab le  water for crew uae, s u p p l l e s  water 
to the g l y c o l  evaporators for cooling, and dumps s u r p l u s  water 
overboard through the u r l n e  dump valve. Excess heat generated 
by spacecraf t  equipment and crew is routed  by t h i s  system to 
the cabin heat exchangers, to the space r a d i a t o r s ,  to t h e  glycol 
evaporators, or it vents the heat t o  space, 

Environmental Control System/(ECS)--ControZs spacecraft 

-more- 
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Telecommunication System-Consists of pu l se  code 
modulated telemetry f o r  relaying t o  Manned Space Flight 
Network s ta t i ons  data on spacecraft systems and crew condition, 
W/AM and u n i f i e d  S-Band tracking t ransponder ,  air-to-ground 
vo lce  communications, onboard television, and a VHF recovery 
beacon. Network stations can t ransmi t  ko the spacecraft such 
items as updates  to the  Apollo auidance computer and c e n t r a l  
t i m i n g  equipment, and real-time commands for certain onboard 
func t ions  

The Apollo high-win  steerable S-Ehnd antenna will 
be flown f o r  the f i r s t  time on the Apollo 8 mission. 
s h o r t l y  after CSM separation from the S-XVB stage, the high- 
gain antenna will be tes ted  i n  the two-way mode between the 
spacecraft and the Manned Space Fl iRh t  Network stations dur ing  
t r a n s l u n a r  coas t ,  l u w r  orbit and Rarth return. 

neployed 

The hiah-gain S-Band antenna consists of f o u r ,  31-inch- 
diameter parabolic dishes mounted on a f o l d i n g  boom a t  the 
a f t  end of the servlce module, Nested alongside the service 
propulsion system engine nozzle until deployment, the antenna 
swlrqp out at r igh t  angles to the spacecraft l ong i tud ina l  axis, 
w i t h  the boom point ing 52 degrees below the heads-up horizontal. 
Signals from the ground stations can be tracked either au to-  
matically or manually with the antennats gimballing system. 
A 1 1  normal S-Band voice  and upllrrk/downlink communications w l Z l  
be handled by the high-gain antenna, 

Sequential System--Interfaces with other spacecraft systems 
and subsystems to i n i t i a t e  critical functions durlng launch, 
docklng maneuvers, pre-orbital  aborts and ent ry  portions of a 
mission. The system a l so  controls rou t ine  spacecraft sequencing 
such as Service Module separation and deployment of the Earth 
landing system, 

Bnergency Detection Systern/(EDS)--Detects and disp lays  
to the crew launch v e h i c l e  emergency conditions, such a a  
excessive pi tch  rates or two engines out, and automatically 
or manually shuts down the booster and actfvates the launch 
escape system; functions until the  spacecraft i f 3  in o r b i t .  

Earth Landing Sys~e~/(ELSZ--Includes the drogue and main 
Damchute system as well as poat-landing recovery aids. In a 
iormal e n t r y  descent, the Command Module apex cover is jettisoned 
at 24,000 feet, followed by two mortar-deployed reefed 16.5-foot 
diameter drogue parachutes f o r  opienting and decelerating the 
spacecraft. After drogue release, three p i l o t  chutes p u l l  out 
the three ma1.n 83.3-foot diameter parachutes with two-stage 
reeflng to provide gradual i n f l a t i o n  in three steps. Two main 
parachutes out  of three w i l l  provide a safe landing. 
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Recovery a i d 8  include the uprighting system, swimmer 
interphone  connection^, sea dye marker, flashing beacon, 
VHF recovery beacon and W transceiver. The uprighting 
system Consists of three compressor-inflated bags to t u r n  
the spacecraft upright if it should land in t h e  water apex 
down (Stable I1 posttion) 

CauCion snd Wamiw System--Monltors spacecraft systems 
for out-of-tolerance conditions and alerts crew by v i sua l  and 
audible  alarms so that crewmen may trbfible-shoot the problem, 

Controla and Displays-Provide readouts and c o n t r o l  
functions of a l l  other spacecraft systems in the command and 
service modules. 
crewmen in pressurized s u i t s .  
to the frequency the crew refers to them. 

A l l  controls are designed to be operated by 
Displays are grouped according 
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SATURN V LAUNCH VEHISCW 

The white Sa turn  V launch vehicle, with the Apollo 
spacecraft and launch escape system mounted atop, towers 
363 feet above the launch pad. The three propulsive stages 
and the instrument unit have a combined helght of 281 feet .  
The vehicle welghs 6,219,760 pounds a t  Igni t ion .  

Marked with black paint in sections f o r  better optical 
tracking, Identified with huge red letterfng, and wearing 
the Wnlted States Flag on the first  stage, the  giant vehicle 
I s  capable of hurling 285,000 pounds Into low Earth o r b i t  o r  
sending about 100,000 pounds t o  the Moon. 

First Stage 

The first stage (S-IC) of the Saturn V i a  138 feet t a l l  
and 33 feet i n  diameter, not including the  fins and engine 
shrouds on the thrust structure. Xt was developed jointly 
by the National  Aeronautic8 and Space Administration's 
Marshall Space Pl igh t  Center, Huntsville, Ala. , and The 
Boeing Co, 

Marshall assembled four S-IC stagea: a structural test 
model, a s ta t i c  t e s t  version and the first two flight stages. 
The first f l i g h t  stage launched Apollo 4 on the f i r s t  Saturn V 
flight Nov. 8, '1967. The second S - I C  Launched Apollo 6 on 
April  4, 196 . 

Boelng, a8 prlme contractor, built two ground test u n i t s .  
Boeing i s  responsible for  aBsembly of the other  13 f l i g h t  
stages at Marshall's Michoud Asasrnbly Facillty in New Orleans. 
The first f l i ght  model S-IC b u i l t  by Baelng is the f i r s t  stage 
of the AS-503 launch veh ic l e .  

The s t a t l c  teat model and the flrst three f l i g h t  versions 
were f i r ed  at the Marshall Space Fl ight  Center T e a t  Laboratory. 
A l l  o t h e r  S - I C  stages are being test f i r ed  at Marshall's 
Mlsslsslppi Test F a c i l i t y  in Hancock County, Mlsa. 

two propellant tanks have a t o t a l  capacity of 4.4 million 
ounds of fue l  and oxidizer -- some 202,000 gallons 
1,352,711 pounds of RP-1 (kerosene) and 329,000 gallons 7 3,130,553 pounds 1 of l lqu id  oxygen. Stage weight a t  sepa- 

r a t ion ,  IncLudIng residual propellants, will be 380,738 pounds. 
The normal propellant flaw rate to the  f l v e  F-l engines is 
28,000 pounds per second. The f i v e  engines produce a combined 
t h r u a t  roughly equiva len t  t o  180 milllon horsepower at maximum 

Dry weight of the first stage is 305,650 pounds. I t s  

speed . 
-more- 
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burn t i m e ,  the engines 
to an altitude of 36.3 nautical 

a speed of 5,267,3knots 
stage engine cutoff. 

it downrange 47.4 nautical 

Four of the engine8 are mounted on a ring, each 90 
degrees from i t s  neighbor. These four can be glmballed to 
c o n t r o l  the racket's di rec t ion  of f l i g h t ,  

The f i f t h  engine is mounted rigidly In the center.  

Second Stage 

in diameter. It weighs 88,600 pounds dry, 1,035,463 pounds 
loaded with propellant, Weight at separation w i l l  be 103,374 
pounds. 

The second stage (S-11) is 81.5 feet t a l l  and 33 feet 

The 14,774 pounds difference between dry  weight and weight 
a t  separation includes the 12,610=pound, S-IC/S-II lnters tage 
section, 2,164 pounds of ullage rocket  propellants and other 
items on board. 

The stage's two propellant tanks carry about 271,800 
allons (152,638 pounds) of l i q u i d  hydrogen and 87,500 gallons 
792,714 pounds) of liquid oxygen. Its five 5-2 engines 

develop a combined thrus t  of 1 million pounds. 

The second stage carries the rocket  to an altltude of 
105.8 nautical miles (121.9 am, 197 km) and a distance of 
some 805 n a u t i c a l  mlles (927.4 srn, 1490 km) downrange. Before 
burnout it will. be moving 13,245 knots (15,258.3 mph). The 
3-2 engines w i l l  run srlx minutes and seven seconds. 

The Space Divialon of North Amerlcan Rockwell Corp., 
b u i l d s  the second stage at Seal Beach, C a l i f .  The cylindrical 
vehicle  is made up of the forward aMrt ( t o  which the t h l r d  
stage connects), the l iqu id  hydrogen tank, the l lquld oxygen 
tank, the thrust s t r u c t u r e  (on which the engines are mounted 

The tanks are separated by an  Insulated common bulkhead. 
and an In t e r s t age  section (to whlch the first  stage connects 

North Amerlcan Rockwell conducted research and develop- 
ment s t a t i c  testing at the  Santa Susana, Calif.,  t e s t  f a c i l l t y  
and at the NASA-Mississippi T e s t  F a c i l i t y .  The flight stage 
f o r  the Apolla 8 was shipped via the Panama Canal f o r  cap t ive  
firings at Mfssissippi Test F a c i l i t y .  
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T h i r d  Stage 

The t h i r d  atage (S-IVB) was developed by the McDonnell 
Douglas Astronautics Co. at Huntington Beach, Calif. It i a  
the larger and more powerful successor to the  S-IV t h a t  served 
as  the  second stage of the Saturn I. 

the McDonneI.1 Douglas' T e s t  Center, Sacramento, Calif,, f o r  
s t a t i c  test firings. 
Kennedy Space Center. 

The t h i r d  stage is flown from i t s  manufacturing site to 

The stage is then flown to the NASA- 

Meaaurlng 58 feet 5 inches long by 21 feet 8 inches in 
diameter, the stage weighs 26,000 pounds d r y ,  A t  separatlon 
in f l i g h t  Its weight w i l l  be 29,754 pounds exclusive of the  
liquid hydrogen and liquid oxygen i n  the main tanks. T h i s  
extra weight consists mainly of solid and liquid propellants 
used in retro and ullage rockets and in the auxiliary propulsion 
system (APS). 

An i n t e r s t a g e  section connects the second and th i rd  stages. 
This 8,760-pound s e c t f o n  stays with the second stage at separa- 
tion, exposing the single J-2 engine mounted on the thrust 
st ructure .  The a f t e r  skIrts,connected to the interstage at 
the  separation plane, encloses the liquid oxygen tank which 
holds some 20,400 gallons of the  oxidizer.  Above this  I S  the 
large fuel. tank holding about 77,200 gallons of l iqu id  hydrogen. 
Weight of the S-IW and payload at insertion Into parking o r b i t  
will be 283,213 pounds. Weight at Injection into translunar 
t r a j e c t o r y  will be 122,380 pounds. 

Total usable  propel lants  carrled I n  the two tanks 18 
234,509 pounds, wlth fuel and oxidizer separated by an insulated 
common bulkhead. Inau la t lon  i s  necessary in both upper stages 
because liquid oxygen, at about 293 degrees below zero  F, is 
t o o  warm f o r  liquid hydrogen, at minus 423 degrees, 

propulsion system modulea spaced 180 degrees apart. 
module contains three liquid-fueled 147-pound thrust engines, 
one each for roll, pitch ahd yaw, and a 72-pound-thrust, 
liquid-fueled ullage engine. 

Four solid-propellant r @ t F O - r O C k e t S  of 37,500 pounds 
thrust each m e  mounted on the in te rs tage  to back the second 
stage away from the third stage at separation. The t h i r d  stage 
also  carried two SOlid-prOp8llant ullage motors of 3,400 pounds 
t h r u s t  each. These motors help to move the t h i r d  stage forward 
and away f r o m  the second stage upon separation and Berve  the 
a d d i t i o n a l  puppose of settling the liquid propellants in the 
bottoms of the tanks In preparation f o r  J-2 ignltlon. The 
f i r s t  3-2 burn is  152 seconds, the second, 5 mln. 12 S e C -  

The a f t  skirt also serves as a mount for two auxiliary 
Each 
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P ropul.8 I on 

The 41-rocket engines of the Saturn V have t h r u s t  
ratings ranging from 72 pounds to more than 1.5 million 
pounds, Some englnes burn liquid propellants, others use 
sol ids  

The f l v e  F-1 engines In the first stage burn RP-1 
(kerosene) and l lquld  oxygen. Each engine i n  the first  stage 
develops 1.415 million pounds of th rus t  at l i f t o f f ,  building 
up to 1.7 mLllion pounds thrust before cutoff. The cluster 
of five F-1s gives  the first stage a thrust range from 
7.57 million pounds at l i f t o f f  to 8 .5  mill ion pounds j u s t  
before cutoff.  

The F-l engine weighs almost 10 tons, is more than 18 
feet  high and has a nozzle-exit diameter of nearly 14 feet.  
The F-1 undergoes static testing for  an average 650 seconds 
I n  qualifying for the 150-second run during the Saturn V 
first stage booster phase. T h i s  run period, 800 seconds, 
is still fa r  less than the 2,200 seconds of the engine 
guarantee period. The engine consumes almost three tons of 
propellants per second. 

The first stage of the Saturn V f o r  this mission has 
four other rocket motors. These are the sol id-fuel  retro- 
rockets which w i l l  slow and separate the stage from the second 
stage. Each roc1;et produces a thrust of 87,900 pounds for 
0.6 second. 

The main propulsion for the aecond stage is 8 cluster of 
f i v e  J-2 engines burning l i q u i d  hydrogen and l iqu id  oxygen. 
Each engine develops a mean thrust of 200,000 pounds (var iable  
from 175,000 t o  225,000 In phases of f l i g h t ) ,  g i v i n g  the stage 
a total mean thrust of 1 mi l l ion  pounds. 

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

The second stage also  has four 21,000-pound-thrust sol id-  
f u e l  rocket engines. These are the ullage rockets mounted 
on the interstage section. These rocke ts  f i r e  to set t le  
liquid propellant In the bottom of the main tanks and he lp  
a t t a i n  a "clean" separation from t h e  first stage, then they 
drop away with the interstage at second plane separation. 
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Fl f t een  rocket engines perform various functions on the 
third stage. A single J-2 provides the main propulsive force; 
t h e m  are two main ullage z.Ocketso four retro-rockets and 
eight smaller engines in the auxiliary propulsion system. 

Instrument U n l t  

The Instrument Unit  (IU) is a cylinder three feet high 
and 21 feet 8 inches in diameter. 

Components making up the  "brain" of the Saturn  V are 
mounted on cool ing panels fastened to the inside surface of 
the Instrument unit skin. The refrigerated "cold pla tes"  are 
part  of a system tha t  removes heat by circulat ing fluid coolant 
through a heat exchanger t ha t  evaporates water from a separate 
supply i n t o  the vacuum of space. 

It weighs 4,880 pounds. 

The six major systems of the instrument unit are structural, 
thermal cont ro l ,  guidance and control,  measuring and telemetry, 
radio frequency and electrical .  

The instrument unit  maintains navigation, guidance and 
control of the vehicle; measurement of vehicle performance 
and environment; data transmlsslon w i t h  ground stations; radio 
tracldng of the  vehicle; checkout and monitoring of vehicle 
functions; detection of emergency situations; generation and 
network distribution of electrlc power for system operation; 
and preflight checkout and launch and flight operations. 

A path-adaptive guidance scheme i s  used i n  the Saturn V 
instrument unat. ' A programmed trajectory i s  used In the 
i n i t i a l  launch phase with guidance beginning only after the  
vehicle has left  the atmosphem. This is to prevent; move- 
ments that might cause the vehicle to break apart while 
attempting to  compensate for winds, j e t  streams and gusts 
encountered in the atmosphere. 

If such air currents displace the vehicle from the 
optimum trajectory in climb, the vehlcle derives a new tra- 
jectory.  Calculatlons are made about once each second 
throughout the f l i g h t .  The launch vehicle d ig i ta l  computer 
and launch vehicle data adapter perform the navigation and 
guldance computations, 

gat ion,  guidance and cont ro l  system -- provides space-fixed 
reference coordinates and measures acceleration along the 
three mutually perpendicular axes of the coordinate system. 

The ST-12LC.M i n e r t i a l  platform -1 the Mast of the navl- 
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International Business Machines Csrp. is prfme contractor 
fo r  the instrument unit and is the supplier of the guidance 
signal processor and guldance computer. MaJor suppliers of 
instrument unit  components are: Elec t ronic  Communications, 
Inc., cont ro l  computer; Bendix Corp., ST-124M i n e r t i a l  plat- 
form; and IBM Federal System Division, launch vehicle  dig i ta l  
computer and launch vehicle data adapter, 

Launch Vehicle Camera System 

Fewer cameras w i l l  be carried aboard the Saturn V launch 
vehicle on the Apollo 8 miasion than on the previous Saturn V 
flights. The first stage w i l l  carry four motion picture cameras 
and two t e l ev i s ion  cameras. The f l l m  cameras w i l l  be ejected 
f o r  recovery. 

F i r a t  Stage -- F i l m  Cameras 

the forward skirt of the f i r a t  stage. 
w i l l  be mounted lens forward and canted inward five degrees to 
view the separation of the first and second stages. These two 
cameras w111 s ta r t  144 seconds after Liftoff and run about 40 
seconds. Two cameras (2 and 4) w i l l  be mounted lens-aft, with  
lenses connected by f i b e r  optic  bundles to manhole covers In 
the  top of the liquid oxygen tank. These cover6 provide vlewlng 
windows and mounts fo r  strobe l ighks. The tank W i l l  be l i ghted  
inside by pulsed s t robe  to enable the cameras to record the 
behavior of the Xlquid oxygen in f l i g h t .  These two cameras 
will be turned on 30 seconds before l i f t o f f ;  the  strobe lights 
w i l l  be turned off  shortly before f irst  stage cutoff. 

The four  Pllm cameras will be mounted on the inside of 
Two cameras (I and 3) 

The f i l m  cameras, loaded with co lo r  film, are carr ied In 
recoverable capsules inserted in ejection tubes. They w i l l  
be ejected 177 seconds after vehicle l i f t o f f ,  or 25 seconds 
a f t e r  stage separation, a t  49 nautical miles (56.4 sm, 90.8 km) 
altltude at a point 76.8 nautical miles (88.5 sm, 142 km) down- 
range. 
downrange about 11 minutes af ter  l i f t o f f .  

Camera impact I s  expected some 413.2 nm (473 sm, 763 h) 

F i r s t  Stage -- Television 
structure of the  f'lrst stage. 

Both te levis ion cameras will be mounted ins ide  the thrust 
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A f iber  optic bundle from each camera will s p l i t  In to  
two separate bundles going to  lenses mounted outside t he  
heatshield In the engine area. T N s  w i l l  provide two Images 
for each camera, or four f o r  the system. The images will be 
t i l t ed  90 degrees from vert ical  to give a wlder view as two 
Images appear on each cathode ray tube. Each lens w i l l  v iew 
the center engine and one outer engtne, thus providing a 
v i e w  of each outer  engine working in conJunctlon with the 
fixed center engine. 

A removable aper ture  d i s k  can e changed from f/2 to 
f/22 t o  vary the image Intensity. 
Intensity about 70 per cent.) A quartz window, rotated by a 
DC motor with a friction d r i v e ,  protects the objective lens 
on the end of the fiber opt ic  bundle. Fixed metallic mesh 
scrapers will remove soot from the rotating wlndowe. Images 
from the two ob jec t ive  lenses  are combined Into t h e  dual image 
in the larger fiber optics bundle by a "T" flttlng. A 14- 
element coupllng l ens  adapts the large dual image bundle t o  
the camera. 

P Fiber o p t i c s  reduce image 

Images from both cameras are multiplexed together f o r  
transmission on a single telemetry l ink .  
unscrambled a t  the  receiving s t a t ion .  

The Images are 

The video system cameras contain 28-volt v id icon  cameras, 
pre-amplifiers and ver t ica l .  sweep c l r c u i t s  for 30 frames per 
second scanning. 

The TV cameras operate continuously from 55 minutes 
before l i f t o f f  until destroyed on first stage reentry. 

Ejection and Recovery 

flaps open f o r  the initial part of the descent. When the 
capsules descend to about 15,OOO feet  above ground a para- 
balloon w i l l  Inflate automatically, causing flaps t o  f a l l  
away. A recovem radio t r a n s m i t t e r  and flashing l i g h t  beacon 
are  turned on about 6 seconds after para-balloon Inflation. 
After touchdown, the capsule effuses a dye marker to aid 
sighting, and it releases a ahark repellent t o  protect t h e  
capsules,  para-balloon (whlch keeps the capsule af loat)  and 
t h e  recovery team. 

When the camera capsules are ejected, stabilization 
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A Navy ship with helicopters and frogmen aboard w i l l  
be crulsing in the  splashdown area f o r  the camera capsules. 
The capsules will be picked up and flown by helicopter to 
Kennedy Space Center. The capsules wl11 then be transferred 
to a data plane at Patrick Air Force Base, FLa., f o r  immediate 
transfer to the Marshall Center at Huntsville where the film 
w i l l  be processed. 
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Sequence of Events  

NOTE: Information presented in this press kit is 
on a nominal mission. Plans may be altered 

prlor t o  o r d u r i n g  flight to meet changing conditions. 

Launch 

The flrst stage of the SaturnV will carry the v e h i c l e  
and Apollo spacecraft to an altitude of 36.3 nautical miles 
(41.9 srn, 67 km) and 47.4 nautical miles (54.6 sm, 88 km 
downrange, building up speed to 5,267.3 knots (6,068 mph 
in two minutes 31 seconds of powered flight. 
After separation from t h e  second stage, the flrst stage 
w i l l  continue a ballistic trajectory endin i n  the 

downrange f rom Cape Kennedy ( l a t i t u d e  30.24 degrees N 
and longitude 74,016 degrees W) about nine minutes after 
l i f t o f f  

Atlant ic  Ocean some 357.6 nautical miles ( !$ 12 sm, 665 km) 

Second Stage 

The second stage, with engines running 6 minutes 
and 7 seconds will propel  the vehicle to an altitude of 
about 105.8 nautical miles 121.9 sm, 197 km) some 805 

up to 13,245 knots (15,258.3 mph) space fixed v e l o c i t y .  
The spent second stage w i l l  land in the Atlantic Ocean 
about 19 minutes af te r  lift-off some 2,190 nautical miles 
(2,527 srn, 407 km) from the launch site, at latitude 31.79 
degrees N and longitude 38,24 degrees W. 

nautical miles (927.4 sm, 1 h 90 km) downrange, building 

F i r s t  Third-Stage Burn 

The t h i r d  stage, in its 152-second I n i t i a l  burn, 
w i l l  place i tsel f  and the Apollo spacecraft -In a c i r c u l a r  
o r b i t  103 nautical miles (119 sm, 191.3 km) above the 
Earth, Its incllnatlon w i l l  be 32.5 degrees and orbital 
period, 88.2 minutes. Apollo 8 w i l l  enter o r b i t  at 
about 47.08 degrees W longitude and 26.33 degrees 
N latitude at a velocity of 25,592 feet-per-second 
(17,433 s t a t u t e  rnph or 15,132 knots) .  
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Parking O r b i t  

While in t h e  two r evo lu t ions  in Earth park ing  o r b i t ,  
the  Sa turn  V t h i rd  stage and spacecraft systems w i l l  be 
checked out in preparation for the second S-IVB burn. 

Second Third-Stage Burn 

Near the end of the second revolution, the 5-2 
engine of t h e  t h i r d  stage will be r e i g n i t e d  for 5 minutes 
12 seconds, This will i n j e c t  the v e h i c l e  and spacecraft 
Into a translunar trajectory, About 20 minutes later t he  
CSM sepa ra t e s  from t h e  S-IVB/IU, Following separation, 
the S-IVB performs an attitude maneuver in preparation 
f o r  dumping LOX residuals and a burn to depletion of t h e  
S-IVB auxiliary propulsion system ( A P S ) .  Dumping of 
S-M3 LOX residuals and APS Burn on Apollo lunar missions 
may be done t o  a l t e r  the velocity and t ra jectory o f  t h e  
spent S-IVB-IU to place it in a "slingshot" trajectory 
passing behind the Moon's trailing edge i n t o  solar orbit. 

Differences In Apollo 6 and Apollo 8 Launch Vehicles  

The new hellturn prevalve cavity pres su r i za t ion  system 
wlll be flying on the S-IC f o r  the fLrst  time, In t h i s  
system, cavities in the llquid oxygen prevalves  are filled 
with  helium t o  create accumulators or "shock absorbers" to 
damp o u t  oscillations, This system was I n s t a l l e d  t o  
prevent excessive longitudinal oscillations experienced 
in the Apollq 6 f l i g h t .  

early(126 seconds a f t e r  liftoff) Ln t h e  boost  phase. 
T h i s  is being done t o  keep acceleration fo rces  from 
passing the four "g" level. 

The center engine of the S - I C  stage w i l l  be c u t  off  

Software changes In the instrument unit w i l l  give 
a new cant capability to the outboard F-1 engines of the 
f i r s t  stage. The engines w i l l  be in the normal position 
u n t i l  t h e  vehicle clears the launch tower.  The engines 
w i l l  then cant outward two  degrees to reduce t h e  Load 
on t h e  spacecraft in the  event one of the  F-l engines 
c u t  off prematurely.  
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The S - I C  stage will a l s o  be carrying added instru-  
mentation on this f l l g h t .  The added inst ruments  w i l l  
monltor the actions of the f i r s t  s tage  in connection with  
the  accumulators In s t a l l ed  t o  reduce longitudinal 
oscillations. 

On the S-I1  stage, the propellant utilization system 
will have an open loop capability for improved reliability. 
Commands from t h e  instrument unit w i l l  keep the propellants 
close to t he  planned l e v e l s .  

The liquid hydrogen engine f eed  line f o r  each 5-2 
engine has been redesigned, and the auxlliary spark  
ignrLter lines have been replaced. 

Leaks developed In the Augmented Spark Igniter ( A S I )  
llnes of two J -2  engfnes on t h e  second Saturn  V launched. 
The new lines, w i t h o u t  flex Joints, were tested on t h e  
Apollo 7 flight and ver l f ied  as  satisfactory. 

F i l m  cameras w i l l  nct be carried on the  second s tage  
of  Apollo 8. 
recorded the  fi.rst and second plane separations of the 
first and second s tages .  

On Apollo 6 two recoverable cameras 

A lightweight forward bulkhead i n  the l i q u i d  
hydrogen tank I s  being used In this veh ic l e .  The original 
bulkhead w a s  damaged during production of the S-I1 stage 
about two years ago. The new bulkhead is the same type  
which wZll be used in S-11 stages of all f u t u r e  Saturn V 
vehic Les . 

Added instrumentation w i l l  also be flown on the 3-11 
stage. The added equipment w911 monitor the actions of 
the new AS1 lines and f u r t h e r  ver - i fy  t h e i r  suitability 
for f u ture  flights. 

The thrust  of the J-2 engines on t h i s  S-13: stage 
will reach almost 230,000 pounds at one p o i n t .  (Average 
engine th rus t  w i l l  be 228,290.7 pounds for a t o t a l  stage 
t h r u s t  of 1,141,453.7 pounds.) The engines w i l l  ignite 
at a mixture ratio of 5.0 to 1 and then s h i f t  to 5.5 to 
1 for the f i r s t  po r t ion  of the burn. The high t h r u s t  
occurs  d u r i n g  the high m i x t u r e  ratio burn phase. The 
mixture  r a t i o  then shifts at 440 seconds after l i f t o f f  
back t o  4.5 to 1 f o r  the remainder of the powered flight, 
(Average engine t h rus t  is 180,168~ pounds f o r  a stage 
t o t a l  t h r u s t  of 900,843.7 pounds.) 

- more - 



The propellant u t i l i z a t i o n  system f o r  the S-IVB stage 
w i l l  a l s o  have the open loop capability. 

The J-2 engine of t h e  t h i r d  s tage i s  a n  uprated 
version with a top t h r u s t  of 23O,OOO pounds a t  t h e  mixture 
rat-ia of 5.5 to 1. However, t h e  engine will not  reach 
230,OOO pounds th rus t  on t h i s  flight because the 5.5 
t o  1 mixture r a t i o  i s  not planned. It is the first 
uprated J-2 engine to be flown. 

A helium heater w i l l  be used as a repressurtzation 
system on the  S-IVB f o r  t he  first t i m e  on this flight. 
In this system, cold  helium from the storage bottles 
are heated to provide p re s su r i za t ion  f o r  t he  f u e l  tank.  

The capablllty to reignite the S-IVl3 s t age  engine 
a f t e r  separation from the spacecraf t  has been added t o  
this vehic le .  The pr ime mission plan  ca l l s  for the 
stage to be  r e i g n i t e d  in Earth parking orbit with the 
spacecraft attached, The added capability will permit 
stage r e i g n i t i o n  even i f  some unforeseen trouble r e q u i r e s  
separation of t h e  spacecraft from the stage while i n  
Earth parking orbit. 

For example, loss of an F-l. engine d u r i n g  S-IC 
powered flight might require t h e  use  of too much S-IVB 
propellant in reaching Earth parking o r b i t ,  T h i s  would 
leave a shor tage  of propel lan t  for the translunar 
i n j e c t i o n  burn. Also, a condition might be discovered 
durlng parking o r b i t  which would pose a r i s k  to the  
astronauts if the S-TVB was restarted while t he  spacecraft 
was attached. In any event of separation, t h e  S-IVB 
will still be restarted, if possible, so that  t e s t  data 
can be obtained from t h e  stage even though It will 
be unmanned. 

The redesigned AS1 l i n e  will also be flown on this 
flight. It w i l l  be monitored again t o  verify s a t i s f a c t o r y  
findings on t h e  AS-205  flight. Instrumentation for 
checking out t he  new line has a l s o  been added, while 
research and development instmrnentation nu longer needed 
i n  some o t h e r  parts of the vehicle has been removed. 

Launch Vehicle Ins t rumen ta t ion  and Communications 

A total of  2,608 measurements w i l l  be taken in flight 
on the Saturn V launch veh ic l e .  
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This includes 893 in the first stage, 978 in t h e  
second stage, 359 in the t h i r d  stage and 378 in the 
instrument unit. 

The Sa tu rn  V will carry 20 telemetry systems, six 
on the first  stage, s i x  on t h e  second stage, three on the 
t h i r d  stage and five on the instrument unit. The vehicle 
will carry a radar t racking syatem on the first stage 
and a C-Band system and command system on t h e  instrument 
unit. Each propulsive stage w i l l  carry a range safety 
system as on previous f l i g h t s .  
cameras in recoverable capsules  and two television 
cameras will a l so  be on the  f irst  stage. 

Four motion p i c t u r e  
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APOLLO 8 LAUNCH OPEMTIONS 

NASA's John I?. Kennedy Space Center is responsible 
f o r  preflight checkout, test and launch of the Apollo 8 
space v e h l c l e ,  A government-industry team of about  450 
will conduct the final countdown from F i r ing  Room 1 of the 
Launch Control Center ( L C C )  . 

The f i r i n g  room team is backed up by more than 5,000 
persons who are directly involved in launch operations at 
KSC--from the  time the vehicle  and spacecraft stages a r r ive  
at the center u n t i l  t he  launch i s  completed. 

Two major decisions made while flight hardware for 
Apollo 8 was at Kennedy Space Center had a pronounced 
a f f e c t  on the scheduling of checkout and launch ope ra t ions  
at KSC. 

The f i r s t  was the decision in April of t h i s  year t o  
f l y  Apollo 8 as the first manned S a t u r n V  flight. A t  
that time, t h e  launch veh ic l e  had been erected on -Its 
mobile launcher in high bay number 1 of the Vehic le  
Assembly Building (VAB). 

As a resul t  of this decision, it was necessary t o  
disassemble the stages so that  the second stage ($11) could 
be returned t o  Marshall Space F l i g h t  Center's Mississippi 
Test F a c i l i t y  (MTF), There it underwent modif icat ions 
to prepare I t  f o r  manned flight and to ensure t h a t  the 
problem which caused premature shutdown of t w o  engines on 
the previous flight was corrected. 

While the second stage was at MTF, modification klts 
were s e n t  to KSC E Q r  installation on the first (S-IC) 
and third (S-FIB) s t ages  to correct  the launch vehicle 
longitudinal vibration anomaly and the f a i lu re  of t h e  
third-stage engine to r e ign i t e  in o r b i t .  Both of these 
problems occurred on the second unmanned Sa turn  V flight, 
Apollo 6. 

The second stage was returned to KSC in l a t e  June 
and erected on the boos te r  in high bay number 1 in J u l y .  
The t h i r d  stage and instrument u n l t  were erected the 
following month. 
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In August the decislon was made not to fly a lunar  
module on A p o l l o  8. Lunar Module 3, which had been 
scheduled f o r  t h e  mission, had been at KSC since June, 
and was carried as p a r t  of the Apollo 8 spacecraft checkout 
schedule. As a r e s u l t  of this decis ion ,  LM-3 was dropped 
from the spacecraft schedule and a l u n a r  module t e s t  
a r t i c l e  was i n s e r t e d ,  

Assembly and checkout of Apollo 8 has been carried 
o u t  whi le  launch teams a t  KSC prepared and launched the 
Apollo 7 mlssion and began preparation for the Apollo 9 
and Apollo LO missions, scheduled f o r  the first and second 
quarter of  next  year.  

On O c t .  9,  when t h e  Apollo 8 space v e h i c l e  was 
moved from the Vehicle Assembly Bui ld ing  t o  Fad A, the  
launch team f o r  Apol lo  7 was conducting the f ina l  count- 
down t o  launch for the  first manned Apollo mission. The 
Apollo 9 launch v e h i c l e  was already erected i n  t h e  Veh ic l e  
Assembly Building and i t s  command, service, and Lunar 
modules were undergoing checkout i n  the Manned Spacecraft 
Operations Building (MSOB) in the i n d u s t r i a l .  area. Lunar 
Module 4, the first flight hardware for Apollo 10 to a r r ive  
at KSC, was also undergoing checkout in the MSOB, 

The Apollo 8 command and s e r v i c e  modules arrived a t  
KSC in mid-August and were taken t o  t h e  Manned Spacecraft 
Operations Bui ld ing  f o r  checkou t  and altitude chamber 
mns.  The prime and backup crews each p a r t i c i p a t e d  in 
altltude chamber t e s t s  dur ing  which spacecraft and crew 
systems were checked out at simulated altitudes in excess 
of 200,000 f e e t ,  

t h e  CSM was mated to the spacecraft lunar  module adapter 
( S L A )  and moved to the VAB where it w a s  mechanically 
mated t o  t he  launch vehicle. The move to the VAB and 
e rec t ion  on the launch vehlcle was completed Oct, 7 .  
Following installation of certain ordnance items and the  
launch escape sys tem,  the  space v e h i c l e  was moved to Pad A 
by the crawler t r a n s p o r t e r .  

and the space v e h i c l e  was electrically mated In e a r l y  
November. 

At the completion of testing in the altitude chamber, 

In t eg ra t ed  systems testlng w a s  conducted at t h e  pad 
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The f i r s t  o v e r a l l  t e s t  of t h e  space vehic le ,  ca l led  
the  Overall Test, Plugs  I n ,  v e r i f i e d  t h e  compa t ib i l i t y  of 
the  space vehicle systems, ground support  equlpment, and 
off-site suppor t  facilities by demonstrating the a b i l i t y  
of t h e  systems t o  proceed through a simulated count- 
down, launch, and flight, During t h e  simulated flight 
p o r t i o n  of the test, the systems were required to respond 
t o  both emergency and normal f l i g h t  conditions. 

The space veh ic l e  Flight Readiness Test was conducted 
in mid-November. This was t h e  last  overall test  before 
t h e  countdown demonstration. Both the  p r h e  and backup 
crews p a r t i c i p a t e  i n  p o r t i o n s  of the FRT, which i s  a 
final overall t e s t  of t h e  veh ic l e  systems and associated 
ground support  equipment when a l l  systems are as near as 
p o s s i b l e  t o  a launch configuration. 

A f t e r  hypergolic fuels were loaded aboard t he  space 
veh ic l e  and RP-1, t h e  launch veh ic l e  f i r s t  stage f u e l  
was brought  aboard, and the f i n a l  major test of t h e  s ace 
vehicle began. T h i s  was t h e  countdown demonstration t e s t  
(CDDT) , a dress rehearsal for the f i n a l  Countdown to 
launch. The CDDT. f o r  Apollo 8 was divided into a "wet" 
and a "dry" po r t ion .  During t he  f l r s t ,  or "wet" por t ion ,  
the  e n t i r e  countdown, inc luding  propellant loading, was 
carried out  down to T-8.9 seconds. The astronaut crews 
d i d  not p a r t i c i p a t e  I n  t h e  w e t  CDM1. A t  the  completion 
of t h e  wet CDDT, t h e  cryogenic propellants ( l i q u i d  oxygen 
and l iqu ld  hydrogen) were off-loaded, and t h e  final 
p o r t i o n  of the countdown was re-run, this time simulating 
the fueling and with t h e  prime as t ronau t  crew p a r t i c i p a t i n g  
as they w i l l  on launch day. 

Because of t h e  complexlty involved i n  t h e  checkout 
of the 363-foot - ta l l  Apollo/Saturn V conf igura t ion ,  the 
launch teams make use of extensive automation i n  their 
checkout, Automation i s  one of t h e  major differences I n  
checkout used on Apo l lo  compared to the procedures used 
in t h e  Mercury and Gemini programs. 

RCA 310A compjters, data display equipment and 
digital data techniques are used throughout t he  automatic 
checkout from the time t h e  launch v e h i c l e  i s  e rec t ed  i n  
t he  VAB through liftoff. A similar, but separate computer 
opera t ion  c a l l e d  ACE (Acceptance Checkout Equipment) i s  
used t o  v e r l f y  the  f l i g h t  readiness  of t h e  spacec ra f t .  
Spacecraf t  checkout is controlled from separate firing 
rooms loca ted  En t h e  Manned Spacecraft Operations Building. 
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Countdown 

Hrs: Min: Secs: 

T - 28: 

- 24: 

- 24: 

- 09: 

- 09: 

- 08: 

- 07: 

- 07: 

- 06: 

- 04: 

- 04: 

- 04: 

- 03 :  

- 03: 

- 03: 
- 02: 

- 02: 

00: 

30:  

00:  

00; 

00: 

59: 

28: 

04: 

27: 

57:  

54: 

11: 

30: 

28: 

13: 

40: 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

10: 00 

Star t  launch vehicle and space- 
craft countdown a c t l v i t i e s  

S-I1 power-up 

S-IVB power-up 

Slx-hour b u i l t  -in hold 

End of b u i l t - i n  hold Close 
Command Module and boost p r o t e c t i v e  
cover hatch 

Clear pad for launch vehicle cry0  
loading 

Start S - N B  LOX loading 

S-IVB LOX loading oomplete; 
s tar t  S-II LOX loading 

S-I1 MX loading complete; 
start S - I C  LOX loading 

S-IC L O X  loading complete 

Start S-I1 liquid hydrogen loading 

S - I I  liquid hydrogen loading 
complete; start S-IVB liquid 
hydrogen loading 

Flight crew departs Manned . 

Spacecraf t  Operations building 

S-IVB liquid hydrogen loading 
complete 

Closeout crew on s t a t i o n ;  s ta r t  
ingress preps  

Start  flight crew ingress 

Flight crew ingress complete 

- more - 
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H r s :  Min: Secs: 

T - 01: 
- 01: 
- 00:  

- 00: 

- 00: 
- 00 :  

- 00: 

- 00: 

- 00: 

- 00: 

40: 

00: 

42: 

35: 

15: 

05:  

03: 

00 : 

00: 

00: 

00 

00 

00 

00 

00 

30 

07 

17.2 

08.9 

00 

Close spacecraft ha tch  

Start RP-1 level a d J u s t  

A r m  Launch Escape System pyro 
buses 

RP-1 l e v e l  adjust  complete 

Spacecraft on in te rna l  power 

A r m  Safe and A r m  devices 

Terminal Count Sequence (TCS) 
s ta r t  

Guidance reference release 
command 

S-IC i g n i t i o n  command 

L i f t - o f f  

NOTE: The foregoing i s  the &pol lo  8 countdown that was pre- 

pared a B  the press kit was ready for print ing.  Some 

changes may be made as a remlt of the Countdown 

Demonstration Test (CDM') 

- more - 
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KSC Launch Complex 39 

Launch Complex 39 f a c l l i t i e s  a t  t he  Kennedy Space 
Center were planned and b u l l t  s p e c i f i c a l l y  for the  
Saturn V program, t h e  space v e h i c l e  t h a t  w i l l  be used 
t o  carry a s t r o n a u t s  t o  the Moon. 

Complex 39 introduced the  mobile concept of launch 
apera t ions ,  a d e p a r t u r e  from the  f ixed  launch pad techniques  
used p rev ious ly  a t  Cape Kennedy and other launch sites. 
Since the early 1950's when the first b a l l i s t i c  missiles 
were launched, the fixed launch concept had been used 
on NASA misstons. T h i s  method c a l l e d  for assembly, 
checkout and launch of a rocke t  a t  one site--the launch 
pad. I n  additlon t o  tying up the pad, t h i s  method also 
often left the flight equ-iprnent exposed t o  the outside 
i n f l u e n c e s  of the weather f o r  extended p e r i o d s .  

Using the mobile concept, the space vehlcle is thoroughly 
checked i n  an enclosed b u i l d i n g  b e f o r e  it i s  moved t o  
the launch pad f o r  f i n a l  p repara t ions .  This affords 
g r e a t e r  protection, a more systematic checkout process  
using computer techniques,  and a high launch rate for t h e  
future, since the pad t l m e  i s  minimal. 

Sa tu rn  V stages arq shlpped t o  the Kennedy Space 
Center by ocean-going vessels and specially designed a i rcraf t ,  
such as the Guppy. Apollo spacec ra f t  modules are t r anspor t ed  
by air. The spacecraft components are f l r s t  taken t o  the 
Manned Spacec ra r t  Operations B u i l d i n g  f o r  preliminary 
checkout, The Saturn V stages are brought immediately 
to the Vehic l e  Assembly Building after a r r i v a l  a t  t h e  
nearby tu rn ing  basin. 

Apollo 8 i s  the third Saturn  V t o  be launched from 
Pad A, Complex 39. The historlc f i r s t  launch of the 
Sa turn  V, designated Apollo 4, took p lace  Nov. 9,  1967 
after a p e r f e c t  countdown and on-time liftoff at  7 a.m. 
EST. The second Sa tu rn  V mission--Apollo 6--was conducted 
last  April 4. 

- more - 
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The major components of Complex 39 include:  (1) the 
Vehicle Assembly Bul ld in  
assembled and prepared; 7 2) the Launch Control Center,  where 
the launch team conducts t he  prellmlnary checkout and count- 
down; (3)  t h e  mobile launcher, upon which the Apollo 8 was 
erected for checkout; and from where it w i l l  be launched; ( 4 )  
the mobile service stmctuIse, which provides external access 
t o  the space veh ic l e  at the pad; ( 5 )  the t r a n s p o r t e r ,  which 
carries the space vehicle and mobile launcher, as w e l l  as the 
mobile se rv ice  s t ruc ture  t o  the pad; ( 6 )  the crawlerway over 
which the space veh ic l e  t ravels  from the V*B t o  the launch pad; 
and ( 7 )  the launch pad i t s e l f  . 

(VAB) where the f ipol lo  8 was 

The Vehicle Assembly Bulldina 

The Vehicle Assembly Bui ld ing  is the heart of Launch 
Complex 39. Covering eight acres,  it is where the 363-foot- 
tall space vehicle is assernbled and tested. 

The VAB conta ins  129,482,000 cublc feet of space, It 
is 716 f ee t  long, and 518 feet wide and it covers 343,500 
square feet  of f l o o r  space. 

The foundat ion of the VAB rests on 4,225 s teel  pilings, 
each 16 inches in diameter, driven from 150 t o  170 feet to 
bedrock. If placed end to end, these piles would extend a 
distance of 123 miles. The skeletal structure of the building 
c o n t a i n s  approximately 60,000 tons of s t rwctural  steel .  The 
exterior is covered bg more than a million square f e e t  of 
i n s u l a t e d  aluminum sidfng. 

The bu i ld ing  is divided i n t o  a high bay area 525 feet 
high and a low bay area 210 feet high, with both areas se rv l ced  
by a t r a n s f e r  aisle f o r  movement of vehicle  stages. 

The low bay work area, approximately 442 feet w i d e  
and 274 feet long, contains eight stage-preparation and check- 
out cells, These ce l l s  are equipped with systems to s i m u l a t e  
stage interface and operation with other stages and the  i n s t r u -  
ment unit of t h e  Saturn V launch vehicle. 

After t he  Apollo 8 launch v e h i c l e  upper  staaes a r r i v e d  
at the Kennedy Space Center, they were moved t o  the low bay 
of the VAB. Here, the second and t h i r d  stages underwent accep- 
tance and checkout t e s t ing  prior to m a t i n g  with the S - I C  first 
stage atop mobile launcher No. 1 In the high bay area. 

The high bay provides the facilities for assembly and 
checkout of both the  launch vehicle and spacecraft. It con ta ins  
four separate bays for vertical assembly and checkout. A t  
present ,  three bays are equipped, and the f o u r t h  will. be reserved 
for possible changes in vehicle conf igura t ion .  

-more- 
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Work platforms -- some as high as  three-story buildings -- 
i n  the high bays provide access by surrounding the launch vehicle 
a t  varying levels. Each high bay has f i v e  platforms. Each 
platform cons i s t s  of t w o  bi-parting sections that  move in from 
oppos i te  sides and mate, providing a 360-degree access t o  the 
s e c t i o n  of t h e  space veh ic l e  being checked. 

A 10,000-ton-capacity a i r  conditioning system, sufficient 
to cool about 3,000 homes, h e l p s  to c o n t r o l  the environment 
within the entire off ice ,  laboratory,  and workshop complex 
located i n s i d e  the low bay area of the VAB. Air conditioning 
is a l s o  fed to i n d i v i d u a l  platform l eve ls  located around t h e  
vehic le .  

There are 141 l i f t i n g  devices in the VAB, ranging from 
one-ton hoists to two 25O-ton h i g h - l i f t  bridge cranes. 

The mobile launchers, c a r r i e d  by transporter vehicles, 
move in and out of the VAB thpough f o u r  doors I n  the high 
bay area, one In each of the bays. Fach door is shaped like 
an i nve r t ed  T. They are 152 feet wide and 11-4 feet high at 
the base, narrowing to 76 feet in width.  Total door height  is 
456 feet. 

The lower sec t ion  of each door is of the aircraft 
hangar t ype  that  s l i d e s  horizontally on tracks. Above this 
are seven telescoping vertical l i f t  panels stacked one above 
the other ,  each 50 feet high and driven by an individual motor. 
Each panel s l ides  over the next to create an opening large 
enough to permit passage of the Mobile Launcher, 

The Launch Control Center 

Adjacent to the VAB is the Launch Control Center ( L C C ) .  
This four -s tory  s t ruc tu re  is a radical departure from t h e  
dome-shaped blockhouses a t  o the r  launch s i tes .  

The electronic "braln" of Launch Complex 39, the LCC 
was used for checkout and test operat ions while Apollo 8 was 
being assembled inside the VAB. 
monitoring, and con t ro l  equipment used f o r  both checkout and 
launch operations. 

The LCC contains d i s p l a y ,  

The bui ld ing  has telemeter checkout stations an its 
second floor, and f o u r  f i r ing rooms, one for each high bay 
of the VAB, on its t h l r d  f l oo r ,  Three firing rooms will contain 
identical sets of c o n t r o l  and monitoring equipment, so that 
launch of a vehicle and checkout of others may take  place 
simultaneously. A ground computer f a c i l i t y  is associated w i t h  
each f i r i n g  room. 
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The high speed computer data l i n k  is provided between 
the  LCC and the mobile launcher for checkout of the launch 
vehicle. This link can be connected to the mobile launcher 
a t  e i t he r  t h e  VAB o r  a t  the pad. 

The three equipped f i r i n g  rooma have some 450 conaolea 
which contain c o n t r o l s  and d i s p l a y s  required for the check- 
out process. The dig i ta l  data l i n k s  connecting with t h e  high 
bay areas of the VAB and the  launch pads carry vast amounts 
of data required during checkout and launch. 

There are 15 display systems i n  each LCC f i r i n g  room, 
with each s y s t e m  capable of provid ing  d ig i ta l  information 
instantaneously. 

Sixty  television cameras are posit ioned around the 
Apollo/Saturn V transmltting p i c t u r e s  on 10 modulated 
channels. The LCC firing room also containa 112 opera t iona l  
intercommunication channels used by the crews in the check- 
out and launch countdown. 

Mobile Launcher 

The mobile launcher I s  a transportable launch base 
and urnbi l lcal  tower f o r  the space vehicle. Three l aunche r s  
are used at Complex 39. 

The launcher base is a two-story steel s t ruc ture ,  25 
feet high, 160 feet long, and 135 fee t  w i d e .  It is positioned 
on six steel pedestals 22 fee t  high when in the VAB or at the 
launch pad. A t  the launch pad, i n  a d d i t i o n  t o  the  s i x  steel 
pedestals, four extendable colums also are used t o  s t i f f e n  the 
mobile launcher  against rebound loads, if the englne c u t s  off. 

The umbilical tower, extending 398 feet above the launch 
platform, is mounted an one en8 of the launcher  base. A ham- 
merhead crane at the top has a hook h e i g h t  of 376 feet above 
the deck w i t h  a traverse radkus of 85 feet from the center of 
the  tower. I 

The 12-million-pound mobile launcher stands 445 feet 
high when resting on its pedestals. The base, covering about 
half an acre, is a compartmented s t r u c t u r e  b u i l t  of 25-foot 
steel girders. 

The launch v e h i c l e  sits over  a 45-foot-square opening 
which allows an o u t l e t  f o r  englne exhausts into a trench con- 
taining a flame deflector .  
replaceable steel blast shield, independent of the st ructure ,  
and will be cooled by a water c u r t a l n  I n i t i a t e d  two seconds 
af te r  l i f t o f f .  

This opening is l i n e d  with a 

-more- 
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There are nine hydraulically-operxted service arms 
on the umbi l ica l  tower. These swing arms suppor t  l i n e s  f o r  
the vehicle umbilical systems ~ n d  provide access  f o r  personnel 
t o  the stages as well a s  the a s t r o n a u t  crew to the spacecraft. 

On Apollo 8 two of the service arms ( i n c l u d i n g  t h e  f ipol lo  
spacecraft access a r m )  are r e t r ac t ed  early in the count. A 
t h i r d  i s  released at T-30 seconds, and a f o u r t h  a t  abou t  T-15 
seconds, The remaining five arms are set to swing back a t  
vehicle f i r s t  motion after T-0. 

The swing arms are equipped with a backup r e t p a c t i o n  
system in case the primary mode falls. 

The &pollo access  arm (awing a m  No. g ) ,  located at the 
32O-Poot l e v e l  above the launcher base, provides access to 
the spacecraft  cabin f o r  the closeout team and nstronaut  
crews. Astronauts Boman, Love11 and Anders will board the 
spacecraft starting at about  T-2 hours ,  40 minu tes  in the count.  
The access arm will be moved to a parked position, 12 degrees 
from the spa.cecraft, a t  about T-42 minutes.  

T h i s  i s  a distance of about three fee t ,  which permits  
a rapid reconnection of the arm to the spacecraft in the event 
of an emergency condition. The arm is f u l l y  re t racted at the 
T-5 minute  mark in the  count.  

The 9pollo 8 vehic le  is secured to the mobile launcher 
by f o u r  combinatton support and hold-down arms mounted on the 
launcher deck,  The hold-down arms are c a s t  i n  one piece, about 
6 by 9 feet at the base and 10 feet  tall, weighing more than 
20 tons. narnper struts secure the v e h i c l e  near i t s  top. 

about six seconds u n t l l  the engines b u i l d  up t o  95 per cent 
th rus t  and other monitored systems i n d i c a t e  they are func t ion ing  
proper ly .  The arms release on receipt of a launch commit signal 
at the zero mark in the count .  

After the engines i g n i t e ,  the  ams hold Apollo 8 for 

The Transpor te r  

The six-million-pound t m n s p o r t e r s ,  the  largest tracked 
veh ic l e s  known, move mobfle launchers  i n t o  t h e  VnE3 and mobile 
launchers with assembled Apollo space veh ic l e s  to the launch 
pad. They a lso are used to transfer t h e  mobile s e r v i c e  s t r u c t u r e  
to and from the launch pads .  Two t r a n s p o r t e r s  are in use at 
Complex 39 

-more- 



-61- 

The Transporter Is 131 feet long and 114 feet w i d e .  

Each shoe on the crawler 
The vehic le  moves on f o u r  doub le - t r acked  crawlers, each 
10 feet  high and 40 feet  long. 
t r a c k s  seven feet six inches in length and weinhs about a. 
ton. 

Sixteen t ractLon motors powered by f o u r  1,000-kilowatt 
aenerators, which i n  turn are dr iven  by two 2,750-horsepower 
diesel engines, provide  the m o t i v e  power f o r  t h e  transporter. 
Two 750-kw generators, driven by two 1,065-horsepower diese l  
engines, power the  jacking, steering, lighting, v e n t i l a t i n g  
and electronic systems. 

Maximum speed of the t ranspor te r  is about one-mile- 
p y - h o u r  loaded and a b o u t  two-miles-per-hour unloaded. 
3~ m i l e  trip t o  the pad with a mobile launcher, made at l ess  
than maximum speed, takes a p p r o x i m a t e l y  seven hours. 

A 

The t r a n s p o r t e r  has a leveling system designed t o  keep 
the top of the  space vehicle v e r t i c a l  within plus-or-minus 
10 minutes of arc -- about the  dimensions of a basketball. 

This system also provides leveling operations required 
t o  negotiate the five per cent Pamp which leads to the launch 
pad, and keeps the load  level when it is raised and lowered 
on pedestals both at t h e  pad and w i t h i n  the VAB. 

The o v e r a l l  height of the t r anspor t e r  is 20 feet from 
ground l e v e l  t o  the t o p  deck on which the mobile l aunche r  is 
mated f o r  branaportation. The deck is flat and about the size 
of a baseball diamond (90 by 90 feet). 

W o  operator control cabs, one a t  each end of  the chassis 
located diagonally o p p o s i t e  each other, provide t o t a l l y  en- 
closed stations from which a l l  operating and control  f u n c t i o n s  
are coordinated. 

The t r a n s p o r t e r  moves on a roadway 131 feet  wide, 
d i v i d e d  by a mediae strip. 
eight-lane turnpike and is desfgned to accommodate a combined 
weight of about 18 million pounds.  

The  roadway is b u i l t  in three layers w i t h  an average depth 
of seven fee t .  The roadway base layer i s  two-and-one-half fee t  
of hydraullc flll compacted to 95 per cent densi ty .  
layer consists of three feet  of crushed rock packed t o  maximum 
dens i ty ,  followed by a layer of one foot of selected hydraulic 
fill. The bed is topped and sealed w i t h  an asphalt prime coat;. 

This is almost as broad as an 

The next 
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On t op  o f  the three layers is a cover of river rock, 
eight inches deep on the curves and s i x  inches deep on the 
straightway, This layer reduces the f r i c t i o n  durlng steering 
and helps d i s t r i b u t e  the Load on the transporter bearings. 

Mobile Service Structure 

A .402-foot-tall, 9.8-million-pound tower is used to 
serv%aa the Apollo4aundh vehiale and spacecraft a t  the nad. 
The 40-shn-y stee3-trussad tower, called a mobile service 
st ructure ,  provides 360-degrea platform accees to the Saturn 
vehlcle and the Apolh spacecraft. 

The aervice structure has flve platforms -- two aelf- 
propalled and three fixed, but movable. Two elevators carry 
personnel and equipment between work platforma, The platfonna 
can open and close around the 363-foot space vehicle, 

After depositing the mobile launcher with I t s  space 
v e h i c l e  on the pad, the transporter returns to a parking area 
about 7,000 feet from $he pad. There it plcka up the mobile 
servlce structure and moves it La the launch pad. A t  the 
pad, the huge tower I s  lowered and seaured to faur mount 
mechantsma. 

The tap three work platforms are located in fixed 
positions which serve the Apollo spacecraft. The two lower 
movable platforms Berve the Saturn V. 

The mobile service structure rarnalna In position until 
about T-13 hours when it i s  removed from it8 mounts and returned 
to the parking area. 

Water Wlwge System 

A water deluge system will provide w rnllllon gallons 
of industrial  water for cooling and fire prevention during 
launch of Apolla 8. 
liftoff, a spray system will come on to cool them ams from 
the heat of the five Saturn F-1 engines during llftoff, 

Once the aervloe arm6 are retracted at 

On the deek of the mobile launcher are 29 water nozzles. 
This deck deluge w i l l  start immediately after l i f t o f f  and w f l l  
pour acroas the face of the launcher for 30 t38Conds at the rate 
of 5O,OOO gallons-per-minute. After 30 seconds, the flow w i l l  
be reduced to 20,000 gallons-per-minute. 

-more- 
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Positioned on both s i d e a  of the flame trench are a 
series of nozzles which will begin pouring water at 8,000 
gallons-per-minute, 10 seconds before Ilftoff, This water will 
be di rec ted  over the flame def l ec to r ,  

Other f l u s h  mounted nozzles, positloned around the pad, 
will wash away any f l u i d  s p i l l  as a protection against f i r e  
hazards. 

Water spray systems a l s o  are available along the 
egress r o u t e  that the  a s t r o n a u t s  and closeout crews would 
follow in case an emergency evacuation was required.  

Flame Trench and Deflector 

The flame trench is 58 feet wide and approximately six 
feet above mean sea level at the base. The height of the 
t rench  and deflector I s  approximately 42 feet. 

is stored o u t s i d e  the flame trench on rails .  When it 1s moved 
beneath the launcher, it I s  raised hydraulically i n t o  posi t ion .  
The de f l ec to r  I s  covered w i t h  a four-and-one-half-inch thick- 
ness of refractory concrete consisting of' a volcanic ash aggregate 
and a calcuim aluminate binder, The heat and blast  of the 
engines are expected to wear about three-quarters of an inch 
f rom t h i s  refractory surface during the  Apollo 8 launch. 

The flame def3.8ctor weighs about;: 1.3 mil l ion  pounds and 

Pad Areas 

Both Pad A and Pad B of h u n c h  Complex 39 are roughly 
octagonal In shape and cover about one f o u r t h  of a square 
mile of terrain. 

The center of the pad is a hardstand cons t ruc ted  of 
heavily re inforced concrete. In addition to supporting the 
weight of the mobile launcher and the Saturn V veh ic l e ,  i t  
also must  support the 9.8-million-pound mobile service structure 
and 6-mi22ion-pound t ransporter ,  a l l  at the same time. The 
t o p  of t he  pad stands some 48 feet above sea l e v e l .  

Saturn V propellants -- l i q u i d  oxygen, Liquid hydrogen, 
and RP-1 -- are stored near the pad perimeter. 

Stainless steel ,  vacuum-Jacketed pipes carry the l i q u i d  
oxygen (LOX) and l i q u i d  hydrogen from the stopage tanks to 
the pad, up the mobile launcher, and flnally into the launch 
vehic le  propellant tanks.  



-64 - 

LOX is supplied from a 900,000-Rallon storage tank. A 
cen t r i fuaa l  pump with a discharge pressure of 320 pounds-per- 
square-inch pumps LOX to the vehicle  at flow rates a s  hixh as 
10,000-aallons-per-minute. 

Liquid  hydrogen, used in the second and third stages, 
is s t o r e d  in an 850,000-g~i10n tank, and is sent through 
1,500 feet of 10-inch, vacuum-Jacketed i n v a r  p l p e ,  A vaporizing 
heat exchanger pressurizes the  starage tank to 60 PSI f o r  a 
10,000-~allons-per-rninute f low rate, 

The RP-1 f u e l ,  a hlgh grade of kerosene is s to red  In 
three tanks--each w i t h  a capa.clty of 86,000 gallons. It is 
pumped at a rate of 2,000 gallons-per-mlnute at 175 psig. 

The Complex 39 pneumatic system includes a converter- 
compressor facility, a pad high-pressure aas storage battery, 
a high-presssure storage battery in the  V*B, low and hiah- 
pressure ,  cross-country supply lines, hiah-pressure hydroKen 
storage and conversion equipment, and pad distribution pipi- 
to pneumatic control panels. The va r ious  purgina systems 
requlre 187,000 pounds of l i q u i d  nit rogen and 21,000 aallons 
of helium. 

-more- 
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MISSION CONTROL CENTEFi 

The Mission Contro l  Center at the Manned Spacecraft 
Center, Houston, is the foca l  point for all Apollo fllght 
control activities. The Center will receive t racking 
and telemetry data from the  Manned Space Flight Network. 
These data w 1 1 1  be processed through the Mission Control 
Center Real-Time Computer Complex and used to d r i v e  
displays f o r  t h e  f l i g h t  controllers and engineers in 
the Mission Operations Control Room and staff support rooms. 

The Manned Space Flight Network t r ack ing  and data 
acquisition stations link the flight controllers a t  the 
Center t o  the spacecraft, 

For Apollo 8, a l l  stations w i l l  be remote sites 
w i t h o u t  P l i g h t  control teams. All uplink commands and 
voice communications will originate from Houston, and 
telemetry data w i l l  be sent back to Houston at high speed  
(2,400 b i t s  per second), an t w o  separate data lines. 
They can be e i the r  real time or playback information. 

Signal f low for v o i c e  circuits between Houston and 
the remote sites is via cornrnerclal carrier,  u s u a l l y  
satelllte, wherever possible uslng leased lines whlch 
are part of the NASA Communications Network. 

Commands are s e n t  from Houston t o  NASA's Goddard 
Space Flight Center, Greenbelt, Md., lines which l i n k  
computers a t  the two points. The Goddard computers 
provide automatic switching facilities and speed buffering 
for the command data. Data are transferred from Goddard 
t o  remote sites on high speed (2,400 bits per second) 
lines. Command loads also can be sent by teletype from 
Houston to the remote s i t e s  at 100 words per  minute.  
Again, Goddard computers provide  storage and switching 
func t 1. ons . 

Telemetry data at the remote site are received by 
the Rp recefvers ,  processed by the Pulse Code Modulation 
ground stations, and transferred to the  642B remote-site 
telemetry computer f o r  storage. Depending on the format 
selected by the telemetry c o n t r o l l e r  at Houston, the 
642B w i l l  ou tput  the desired format through a 2010 data 
transmission u n i t  which provides  parallel to ser ia l  
conversion, and dr ives  a 2,400 bit-per-second modem. 

- more - 
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The data modem converts the d i g i t a l  serial data 
t o  phase-shifted keyed tones whlch are  fed t o  the high 
speed data lines of the Communicatlons Network. 

Telemetry summary messages can also be ou tpu t  by 
the 642B computer, b u t  these messages are sent t o  Houston 
on LOO-word-per-minute teletype lims rather than on the 
high-speed lines 

Tracking data are output  from the sites in a low 
speed (LOO words) teletype format and a 240-bit block 
high speed (2,400 bits) format. Data rates are I sample-6 
seconds f o r  teletype and 10 samples (frames) per second 
for high speed data. 

which or iginate  at  a remote site are sent  to Goddard 
on high-speed lines. Goddard reformats the data when 
necessary and sends them to Houston in 600-bit b l o c k s  
at a 40,80U bits-per-second rate. Qf the  600-bit block,  
4-80 bits are reserved f o r  data, the other  120 b i t s  f o r  
addreBs, sync, intercomputer ina t ruc t lons ,  and poly- 
nominal error  encoding. 

A l l  hlgh-speed data, whether tracking o r  telemetry, 

A l l  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 t o  the 
designated remote s i t s .  

- more 
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MANNED SPACE FLIQ€€T NETWORK 

The Manned Space Flight  Network (MSFN) w i l l  have 14 
ground stations, four instrumented ships, and six inatrumented 
aircraft ready for partlcipation in Apollo 8.  

The MSFN is deslgned to keep in c lose  contact wi th  the 
spacecraf t  and astronauts at all times, except f o r  the approxi- 
mate 45 minutes Apollo will be behind the Moon. The network 
is designed to provide reliable, continuous, and Instantaneous 
comunfcat ions with the 88tronauts, launch vehic le ,  and apace- 
c r a f t  from liftoff to splashdown. 

A s  the spacecraft lifts off from Kennedy Space Center, 
the  tracking s t a t i o n s  will be watching i t .  As the S a t u r n  
ascends, voice and data will be instantaneously transmitted 
to Mission Control  Center (MCC) in Houston. 
through computers a t  MCC f o r  visual display for  f l ight  cont ro l le rs .  

Data w i l l  be pun 

Depending on the launch azimuth, a string of 30-foot 
diameter antennas around the Ear th  w i l l  keep tabs OR Apollo 8 
and transmit information back t o  Houston. First, the station 
at Merrltt Island, then it w i l l  be Grand -hama Island, 
Bermuda, the V a n g u a r d  t racking ship, and Canary Island. Later, 
Carnarvon, Austra,lla, w i l l  p i c k  up ApoLlo 8,  followed by 
Hawaii, the Redstone tracking ship, Guaymaa, Mexico, and 
Corpus Christi, Texas. 

For injection i n t o  t r a n s l u n a r  o r b i t ,  MCC sends a signal 
through one of the land stations or one of the three Apollo 
sh ips  ln the P a c i f i c .  As the spacecraft heads f o r  the Moon, 
the engine burn is monitored by the  ships and an Apollo/Range 
Instrmmentation Aircraf t  (A/RZA) The A/RIA provfdes a relay 
f o r  the astronauta' volce and data communication with Houston. 

As t h e  spacecraft moves away f r o m  Earth, f irst the smaller 
3O-foot diameter antennas communicate with the spacecraft, then 
at a spacecraf t  altitude of 10,000 miles they hand over the 
t r ack ing  f u n c t i o n  to the l a rger  and mom? powerful 85-foot 
antennas.  These 85-foot antennas are near Madrid, Spain; 
Goldstone, C a l f f . ;  and Canberra, Australia.  

The 85-foot antennas are at 120-degree intervals around 
Ear th  so at least  one antenna has the Moon In view at a11 
times. A s  the E a r t h  revolves  from west t o  eas t ,  one station 
hands over cont ro l  to the next s t a t i o n  a s  it moves Into view 
of the spacecraft. In th l s  way, a continuous data  and com- 
munication flow is maintained. 

-more- 
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Data is constantly relayed back through the huge antennas 
and transmitted vla the NASA Communications Network--a half 
million miles of land and underseas cables and radio c i r c u i t s ,  
including those through camrnunicatfons satellites--ta MCC. 
T h i s  data is fed into computers for visual display  In Mission 
Control. Far example, a display would show on a large map, 
the exac t  positfon of the spacecraft. Or returning data could 
indicate a drop In power or some o the r  difficulty which would 
result in a red l ight going an to slept  a F l i g h t  C o n t r o l l e r  to 
make a decision and take act ion.  

Returning data flowing through the Earth s t a t  ions give t h e  
necessary information for commanding mid-course maneuvers to 
keep the Apollo In a proper tradectory f o r  orbiting the Moon. 
On reaching the v i c i n i t y  of the Moon the data i n d i c a t e  the 
amount of burn necessary f o r  the service module engine to place 
the spacecraft  in Lunar o r b i t ,  And 80 it goes, continuous 
tracking and acquiaition of data between Earth and ApolLoare 
used to fire the spacecraft's engine to r e t u r n  home and place 
it on the preclse trajectory f o r  reentering the Earth's 
atmosphere. 

As the spacecraft comes toward Earth a t  about 25,OOO mlles 
per hour, it must reenter at the proper angle. 

Calculatlans based on data comlng in at the various 
tracMng s t a t i o n s  and ahips are f ed  i n t o  the computers at MCC 
where flight controllers make decisions that will provlde the 
returning spacecraft w i t h  the necessary information to make 
accurate reentry. Appropriate MSFN s ta t ions ,  including tracking 
ships and aircraft reposit ioned In the Pacif ic  f o r  this event, 
are on hand to provide support during reentry.  
c ra f t  w i l l  relay astronaut voice communlcations to MCC and 
antennas on reentry sh ips  w i l l  follow the spacecraft. 

An A/RLA alr- 

During the journey to the Moon and back, te levis ion w i l l  
be received from the spacecraft at the various 85-foot 
antennas around the world: Spain, Goldstone, and Australia. 
Scan converters at Madrld and Goldstone permit immediate 
transmission v i a  NASCOM to Mission Cantrol where I t  a 1 1  be 
released to TV networks. 

NASA Communications Network - Goddard 

This network consiats o f  several systems of diversely 
routed communications channels leased on communlcations a a t e l -  
Zites, common carrier systems and high frequency radio f a c i l i -  
t i e s  where necessary to provlde the accem l i n k s .  



The system conshts  of both narrow and wide-band channels, 
and some TV channels. Included are a variety of te legraph,  
voice and data systems (d ig i ta l  and analog) with a wide range 
of d i g l t a l  data rates. Wlde-band systems do not extend over- 
seas, Alternate routes or redundancy are provided f o r  added 
r e l i a b i l i t y  in c r i t i c a l  mission operations, 

A primary switchlng center  and intermediate switching and 
cont ro l  points are established t o  provide centralized facility 
and technical control,  and switching operations under d i r e c t  
NASA control. The primary switching center i s  at Goddard, and 
intermediate switching centers  are located a t  Canberra, 
Austral ia ;  Madrid, Spain; London, England; Honolulu, Hawaii; 
Guam; and Cape Kennedy, Florlda, 

For ApoXlo 8, Cape Kennedy i s  connected d i r e c t l y  t o  the 
Mission Control Center, Houston, by the communication network's 
Apollo Launch Data System, a combination of data gathering and 
transmission systems designed t o  handle launch data exclusiveXy. 

After launch, a11 network and tracking data are directed 
to the Mission Control Center, Houston, through Goddard. A 
high-speed data l i n e  (2,400 bits-per-second) connects Cape 
Kennedy to Goddard, where the transmission ra te  i s  increased 
to 40,800 bits-per-second from there to Houston. Upon o r b i t a l  
inser t ion ,  tracking responsibility is transferred between t h e  
various s t a t i o n s  as the spacecraft c i r c l e s  the Earth. 

Two lntelsat communicationa sa te l l i t es  will be used f o r  
ApoLlo 8. The At lan t ic  sa te l l i t e  w i l l  service the Ascension 
Island Unified S-Band (USB) station, the Atlantic Ocean ahlp 
and the Canary Island site. 

The second Apolla Intelsat communications sate l l i te ,  over 
the m9d-Paclfic, will service the Carnarvon, Australia USB site 
and the Pacif ic  Ocean shins .  A l l  these stations will be able to 
t ransmit  simultaneously through the satelllte t o  Houston v i a  
B r e w s t e r  Flat, Washington, and the Goddard Space F l i g h t  Center. 

Network Computers 

A t  fraction-of-a-second intervals, the network's d i g i t a l  
data processing systtrns, t i t h  NASA's Manned Spacecraf t  Center 
as  the focal point, talk to each other o r  t o  the spacecraft 
I n  rea l  time. High-speed computers a t  the remote s i t e  (tracking 
ships included) issue commands o r  "up" data on such matters as 
cont ro l  of cabin pressure, orbital guidance commands, o r  "go- 
no-go" indications to perfom certain functions. 

-more- 
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In the  case of information orlglnatbg f r o m  ROUS~QBI ,  the 
computers refer to  their pre-programmed information f o r  validity 
before transmitting the requiped data to the c a p s u l h  

quency radio at about 1,200 bits-per-second. 
remote ground Bites, v i a  high-speed communications l inks ,  occurs 
about the same rate. Houston reads information f r o m  these 
ground sites a t  2,400 bits-per-second, as well, as from mnote 
sites at 100 words-per-minute. 

Such "up" information is communicated by Ultra-hiGh-fre- 
Communicatfon between 

The computer systems perform many other functions, in- 
c luding : 

Assuring the quality of the transmleslon l ines  
by cont inua l ly  exercislng data paths 

Verifying accuracy of the messages by r epe t i t i ve  
operations. 

Constantly updating the flight sta tus .  

For "down" d a t a ,  sensors built into the spacecraft con- 
tinually sample cabin temperature, pressure, physical i n f o m -  
t i o n  on the astronauts such as  heartbeat and respiration, among 
other  items. These data are transmitted to the ground stabions 
at 51.2 kllobits (12,800 binary d i g i t s )  per  second. 

A t  MCC the computers: 

Detect and select changes or devia t lons ,  compa~e 
w i t h  t h e l r  stored programs, and ind ica te  the 
problem areas or pertinent data to the f l i g h t  
controllers. 

Provide displays  to mission personnel. 

Assemble output data in proper fomnats. 

Log data on magnetic tape fo r  replay. 

Provide storage f o r  "on-call" display f o r  the 
flight controllers. 

Keep t i m e .  
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Fourteen land s tat ions  are outfitted with computer systems 
t o  relay telemetry and command i n f o m a t i o n  between Houston and 
Apollo spacecraft: Canberra and Camarvon, Australia; Guam; 
Kauai, Hawaii; Goldstone, California; Corpus Chrlsti, Texas; 
Cape Kennedy, Florida; Grand Bahama I s l and ;  Bermuda; Madrid; 
Grand Canary Island; Antigua; Ascension Island; and Guaymas, 
Mexico . 

Network Configuration f o r  Apollo 8 

Unified S-Band (USB) Sites: 

NASA 30-Foot Antenna Sites NASA 85-Foot Antenna Sites 

Antigua ( A N G )  
A s c e n s i o n  Island (ACN) 
Bermuda (BDA) 
Canary Island (CYI) 
Carnarvon (CRO), Australia 
Grand Bahama Island (GBM) 
Guam (GWM) 
Guaymas (GYM), Mexico 
Hawaii (HAW) 
Merritt Island 
Corpus Christi 

Canberra ( C N B ) ,  Australia 

Golds tone (GDS 1 , C a l l  f o r n i a  

Madrid (MAD) Spaln ( P r i m e )  
*Canberra (DSS-42 Apollo Wine;) 

*Goldstone (DSS-11 Apollo W l n g )  

"Madrid (DSS-61 Apollo Wing) 

(P r ime)  

( P r i m e )  

( - C W 4  

( - C b P )  

b C h P )  

Tananarive (TAN), Malagasy Republic (STADAN s ta t ion  in support 
role only . )  

*Wings have been added to JPL Deep Space Network s i te  operations 
buildings. These wings contain additional Unified S-Band equip- 
ment as backup to the Prime sites. 

-more- 
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APOLLO 8 RECOVERY 

The A ~ o l l o  ShiDs 

The mission w i l l  be supported by f o u r  Apollo i n s t r u -  
mentation s h i p s  operating as i n t e  ral s t a t i o n s  of the 
Manned Space Flight Network (MSFN 7 t o  provide coverage 
in areas beyond the  range of land s t a t i o n s .  

The s h i p s ,  Vanguard, Redstone, Mercury, and Huntsville 
w i l l  perform tracking,  telemetry, and communication 
f u n c t i o n s  f o r  the launch hase, Earth orbit insertion, 
translunar i n j e c t i o n  (TLL P , and reent ry  at the end of the 
miss ion. 

Vanguard will be stationed about  1,000 miles southeast 
of Bermuda (25ON, 49%) to bridge the  Bermuda-Antigua 
gap during Earth orbit i n se r t ion .  Vanguard also functions 
as part of the Atlantic recovery fleet in the event of 
a launch phase contingency. Redstonoe, in the western 
Pacific, north of Bougainville (2.5 N, 155.5OE); Mercur-y, 
1500 miles f u r t h e r  east (7.5ON, 181.50~); and Huntsville, 
near Wake Island (21.0°N, 16g.O0E), provide a t r i a n g l e  
of mobile stations between the  MSFN stations at Carnarvon 
and Hawaii for coverage of the burn interval for t r a n s -  
l u n a r  injection, I n  the event the launch date s l i p s  
from December 21, the  sh ips  w i l l  all move generally 
southwestward to cover the changing flight window patterns. 

Mercury and Huntsville will be repositioned along 
t h e  reentry c o r r i d o r  for t racking,  telemetry, and 
communications functions dur ing  reentry and l anding ,  

The Apollo ships were developed jointly by NASA and 
the  Department of Defense. The DOD operates the ships  
i n  support  of Apollo and o ther  NASA and DOD missions on 
a non-interference basis w i t h  Apollo requirements. 

The o v e r a l l  management of the Apollo ships is t h e  
responsibility of the Commander, Air Force Western Test 
Range (AFWTR). 
provides  t h e  maritime crews and the Federal E l e c t r i c  
Corporation of International Telephone and Telegraph, 
under contract to AFWTR, provldes  t h e  technical i n s t r u -  
mentation crews. 

The Military Sea Transpor t  Service 

- more - 
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The technical  crews operate  I n  accordance with J o i n t  
NASA/DOD standards and specifications which are compatible 
with  MSFN operational procedures. 

Apollo/Range Instrumentation Aircraf t  ( A D I A )  

The Apollofiange Instrumentation A i r c r a f t  (A/€UA) 
w i l l  support the mission by filling gaps i n  both land and 
ship station coverage where important and s i g n i f i c a n t  
coverage requirements e x i s t .  

During Apollo 8, the A/RIA will be used pr imar i ly  
t o  fill coverage gaps of the  land and ship stations in 
the P a c i f i c  during the translunar injection I n t e r v a l  ( T L I ) ,  
P r i o r  t o  and during the TLI  burn, the  A/RIA record 
telemetry data from Apollo and provide a real-time voice 
cornmunlcation between the  astronauts and the  f l i g h t  
director a t  Houston, 

Six aircraft will participate in this mission 
f l y i n g  from Pacific a i r  bases to  position^ under the 
orbi ta l  track of the spacecraft and booster. 

and the Philippines, as well as three bases In Australia: 
Townsville, Darwin, and Perth. The aircraft, like t h e  
tracking ships, w i l l  also be redeployed in a southwest 
direction in the event of launch day slips. 

The A/RIA w i l l  fly, initially, out of Hawaii, Guam, 

The t o t a l  A/RIA fleet  for Apollo missions consist 
of eight EC-135-A (Boeing 70'7) Jet  aircraft equipped 
specifically to meet mission needs. 
bolic antennas have been Installed in the nose section 
of the aircraft giving them a large, bulbous look, 

of Tracking and Data Acquisition with di rec t  supervision 
the responslbillty of Qoddard. The aircraft, as well as 
flight and instrumentation crews, are provided by the 
Air Force and they are equipped through j o i n t  Air Porce- 
NASA contract  action. 

Seven-foot para- 

They are under the overall supervision of the Office 

- more - 
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NE!TWORK CONFIGURATION FOR APOLLO 8 MISSION 

GTK 
ANC 

ANT 
BDA 
ACN 

ASC 

MAD 
MADX 
C W  
PRE 
TAN 
CRO 
nsK 
HSKX 

GW M 

W W  
CA L 
WtIS 

CDS 
GDSX 

GYM 

TEX 

HTV 
RED 
VAN 
M ER 

(6) 

I 

1’ 1.M 

*Subject to avollabllity. 
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APOLLO 8 CREW 

C r e w  Trainiw 

The crewmen of Apollo 8 have spent more than seven 
hours of formal crew t r a in ing  for each hour  of the lunar- 
o r b i t  miss ion ' s  six-day duration. Almost I, 100 hours  
of training were in the ApolXo 8 crew training syllabus 
over and above the normal preparat ions for the mlssion-- 
t echn ica l  brief ings  and reviews, p i l o t  meetings and s tudy ,  

manufacturing checkouts a t  the North American Rockwell 
plant in Downey, Calif., and i n  prelaunch t e s t ing  a t  
NASA Kennedy Space Center.  Taking part in f a c t o r y  
and launch area testing has provided t h e  crew w i t h  
valuable operational knowledge of t h e  complex v e h i c l e .  

The Apallo 8 crewmen also participated i n  spacecraft 

Highlights of spec ia l ized  Apollo 8 crew t r a i n i n g  
topics are: 

* Deta l l ed  series of briefings on spacecraft 
systems, opera t ion  and modif icat ions.  

* Saturn launch vehicle briefings on countdown, 
range safety, f l i g h t  dynamics, f a i l u r e  modes and abort 
condi t ions.  The launch ' veh ic le  briefings were updated 
periodically. 

* Apollo Guidance and Navigation system briefings 
at the Massachusetts Institute of Technology Ins t rumenta t ion  
Laboratory. 

* Br ie f ings  and continuous training on mission 
photographic objectives and use of camera equipment. 

* Ektenaive pilot participation i n  reviews of 
all f l i g h t  procedures f o r  normal as well as emergency 
situations. 

* Stowage reviews and prac t ice  i n  tralning sessions 
i n  t h e  spacecraft, mockups, and Command Module simulators 
allowed the  crewmen t o  evaluate spacecraft stowage of 
crew-associated equipment. 

- more - 
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* More than 200 hours  of training per man in 
ornmand Module simulators at MSC and KSC, inc luding  
losed-loop simulations with flight controllers i n  the 

Mission Control Center. Other Apollo simulators at 
various loca t ions  were used extens2vely f o r  spec ia l i zed  
crew training. 

* Entry cor r idor  deceleration profiles at lunar-  
r e t u r n  condi t ions in the MSC Flight Acceleration Facility 
manned centrifuge. 

* Water egress t ra ining conducted in indoor  tanks 
as well as in the  Gulf of Mexico, included u p r i g h t i n g  
from the Stable SI position (apex down) to the Stable  1 
position (apex up) ,  egress onto rafts and hel icopter  
pickup. 

the a c t u a l  spacecraft  on the launch pad for possible 
emergencies such as fire, contaminants and power f a i l u r e s .  

f i r e  suppression equipment in t h e  cockpit, 

* Launch pad egress training from mock-ups and from 

* The training covered use o f  Apollo spacecraft 

* Planetarium reviews at Morehead Planetarium, 
Chapel Hill, N. C., and at Griffith Planetarium, Los 
Angeles, C a l i f . ,  of the  celest ia l  sphere w i t h  special 
emphasis on the 37 navigational stars used by the Command 
Module Compu$er. 

Apollo 8 Spacesults 

Apollo 8 crewmen, until one hour  a f t e r  translunar 
injection, w i l l  wear t he  intravehicular pressure garment 
assernbly--a multi-layer spacesuit conslsting of a helmet, 
to rso  and gloves  which can be pressurized independently 
of t h e  spacecraft. 

The spacesuit o u t e r  layer is Teflon-coated Beta  
f ab r i c  woven of fiberglass strands w i t h  a restraint layer, 
a p re s su re  bladder and an inner high-temperature nylon 
liner, 

Oxygen connection, communications and biomedical 
data lines at tach to fittings on the f r o n t  of the to rso .  

- more - 
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Pressure helmet 
assembly 
Feed port 

. 
Helmet attaching ring 

ipper access to shoulder disconficct 

Penlight pocket 

Electrical conwctor 

Helmet t ie  down 
st rap  O 2  inlet 

02 outlet 

Wrist discomect  

pressure glove 

Entrance slide 
fastener f lap 

Utility pocket 

Protective 
covet (detached) 

Data list pocket 
(detachable) 

UCT and Siomedica 
injection flap patch 

Check list ;ccket 

Intravehicular configuration of the PGL4. 
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A one-piece constant wear garment, similar to 
"long johns," is worn as an undergarment f o r  the  spacesuit 
and for the in-flight garment i s  porous-knit cotton 
w i t h  a waist-to-neck zipper f o r  donning. Attach points 
f o r  t h e  biomedical harness a l s o  are provl.ded. 

After tak ing  off  the spacesuits, the crew w i l l  wear 
Teflon f a b r i c  inflight coveralls over the constant wear 
garment. The two-piece coveralls provide warmth in 
addition to pockets f o r  personal items. The crew w i l l  
wear the i n f l i g h t  coveralls during entry. The soles 
of the garment have been f i t t ed  w:Lth a special metal 
heel c l i p  which f i t s  i n  the couch heel restraint. 
Additionally, f l t t e d  f l u o r e l  foam pads on couch headrests 
will provide head r e s t r a i n t  du r lng  entry. These pads 
w i l l  be stowed u n t i l  just prior t o  en t ry .  

The c'llewmen will wear cmmunfcations carriers i n s i d e  
the pressure  helmet. The  communications c a r r i e r s  provfde 
redundancy in that  each has two microphones and t w o  
earphones. 

A l igh tweight  headset is worn w i t h  the Lnflight 
coveralls. 

A ~ o l l o  8 Crew Meals 

The Apollo 8 crew b.ad a wide range of food items 
from which t o  select  t he i r  d a i l y  mission space menu. 
More than 60 items comprise the selection l i s t  of freeze- 
d r i e d  b i te -s lze  rehydratable foods. 

Average daily v a l u e  of three meals will be 2,500 
ca lor ies  per  man. 

Unlike Gemini crewmen who prepared t h e i r  meals 
with cold water, Apollo crewmen have running water f o r  
hot meals and co ld  drinks.  

Water is obtained from three sources--a d i spense r  
f o r  d r ink ing  water and two water spigots a t  the food 
p repa ra t ion  station, one supplying water a t  about 155 
degrees F. ,  t h e  o the r  at about 55 degrees F. The 
potable water dispenser emits half-ounce spurts with 
each squeeze and the  food p repa ra t ion  s p i g o t s  d i spense  

. water in one-ounce increments. 

- more - 
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Spacecraft  po tab le  water i s  supplred from service 

The day-by-day, meal-by-meal Apollo 8 menu f o r  each 

module f u e l  c e l l  by-product water. 

crewman is l i s t e d  on t h e  following page. 

Personal Hygiene 

Crew personal hygiene equipment aboard Apollo 8 
inc ludes  body cleanliness items, the waste management 
system and two medical kits. 

Packaged with the food are a t oo thbmsh  and a two- 
ounce tube of toothpaste f o r  each crewman. Each man-meal 
package contains a 3.5 by b i n c h  wet-wipe cleansing towel. 
Addittonally, three packages of 12 by 12-Inch dry towels 
are stowed beneath the  command module pilot's couch. 
Each package contains seven towels .  A l s o  stowed under 
t he  command module pilot's couch are seven t i s s u e  
dispensers containing 53 3-ply tissues each. 

So l id  body wastes are collected In Gemini-type 
plastic defecation bags which conta in  a germicide to 
prevent bacteria and gas formation, The bags are sealed 
a f t e r  u s e  and stowed In empty food containers f o r  pos t -  
flgght analysis. 

Urine c o l l e c t i o n  devices  are provided for use 
either while wearing the pressure s u i t  o r  i n  the  inflight 
c o v e r a l l s .  
spacecraft urine dump va lve ,  

are stowed on the  s p a c e c r a f t  back w a l l  at t h e  feet of 
the command module p i l o t .  

The ur3ne is dumped overboard through the 

The two medical accessory k i t s ,  6 by 4.5 by 4 inches, 

The medical k i t s  contain three motion sickness 
injectors, three pain suppression injectors, one 2-02 
b o t t l e  first aid ointment, two 1-02 b o t t l e  eye drops, 
three nasal sprays, two compress bandages, 12 adhesive 
bandages, one oral thermometer and two  spare crew 
biomedical harnesses, P i l l s  in t h e  medical kits are 60 
ant€biotic, 12 nausea, 12 stimulant, 18 pain killer, 
60 decongestant, 24 diarrhea, 72 aspirin and 21 sleeping. 
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Apollo 8 (Barman, Lovell, Anders) 

Day IF 5, and 9 Day 2, 6, and 10 Day 3, 7, and 11 Day 4, 8, and 12 

Canadian Bacon ik A ,  Peaches Canadian Bacon & F r u i t  Cocktail 
Bacon Squares ( 8 )  Applesauce Bacon Squares (8) Applesauce 
Cinn Tstd Bread Cubes (8) 
Grapefruit  D r i n k  Flakes Cocoa 

Sugar Coated Corn 

Apricot Cereal Cubes ( 8 )  Orange Drink Strawberry Cereal 
Grapefruit  Drink 
Orange Drink Cocoa 

Cinn Tstd Bread Cubes (8) Toasted Bread 
Cubes ( 8 )  

Cubes ( 6 )  

Orange D r i n k  

B. Corn Chowder Tuna Salad Cream of Chicken Soup Pea Soup 
Chicken & Gravy Chicken & Vegetables Beef Pot Roast Chicken & Gravy 

I Toasted Bread Cubes Cinn Tstd Bread Cubes 8) Toasted Bread Cubes (8) Cheese Sandwiches 

Pineapple-Grapefruit Grapefruit D r i n k  Bacon Squares , 2 Cocoa 

I Grapefruit Drink? 

(3. Beef & Gravy Spaghetti & Meat Sauce Pota to  Soup Shrimp Cocktail  
Beef Sandwiches (4) Beef B i t e s  ( 6 )  Chicken Salad Beef Hash 
Cheese-Cracker Cubes ( 8 )  Bacon Squares ( 6 )  " Turkey Bites (6) Cinn Tstd Bread 
Chocolate Pudding Banana Pudding G r a h a m  Cracker Cubea Cubes (8) 

Pineapple Fruitcake (4\ Butterscotch Pudding ( 6 )  Sugar Cookie Cubes ( 

CD Orange D r i n k  D r i n k  (6) -4 

Date Fruitcake 

Orange-Grapefruit 
(4 )  

Orange-Grapef rui t  D r i n k  Grapefruit D r i n k  ( 6 )  
Orange D r i n k  

D r i n k  

DAYS TOTAL CALORIES 2485 2537 2522 2441 

*Day 1 consists of Meals €3 and C only; Day 12 consists of Meal A only. 
Each crewmember w i l l  be provided with a tota l  of 33 meals. 
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Sleep-Work Cycles 

A t  l eas t  one crew member w i l l  be awake a t  all times. 
The normal cycle  will be 17 hours of work followed by seven 
hours of rest. Simultaneous rest periods are scheduled f o r  
the command module p i l o t  and the lunar module p i l o t .  When 
possible ,  all three crewmen will eat together, wi th  one hour 
allocated for each meal period. 

left and right couches, with heads toward the crew hatch. 
Two lightweight Beta f a b r i c  sleeping baga are each supported 
by two longitudinal straps attachfng to lithium hydroxide 
rrtorage boxes at one end and t o  the spacecraft pressure vessel  
i n n e r  structure a t  the o the r  end, 

Sleeping p o s i t i o n s  i n  the command module are under the 

Additional transverse r e s t r a i n t  straps have been added 

The 
to the  sleeplng bags since the  Apollo 7 mission t o  provide 
greater sleeping comfort and body r e s t r a i n t  In zero-g,  
sleeping bags have also  been perforated f o r  improved ventila- 
tion. 

Survival Gear 

The s u r v i v a l  k i t  is stowed i n  t w o  rucksacks in the 
right-hand forward equipment bay above the lynar  module pilot. 

Contents of rucksack No. 1 a m :  two Combination 
s u r v i v a l  lights, one desalter k i t ,  three pair sunglasses, 
one r ad io  beacon, one spare r ad io  beacon ba t t e ry  and spacecraft 
connector cable, one machete in sheath, three water containers 
and two.containers  of Sun lotion. Rucksack No. 2: one three- 
man life raf t  with CO inf la ter ,  one sea anchor, two sea dye 
markers, three sunbonzets, one moorinp; lanyard, three manllnes 
and two a t t ach  bracke ts ,  

The survival kit I s  designed t o  provide a 48-hour 
postlanding (water o r  land) survival capability f o r  three 
crewmen between 40 degrees North and South M t i t u d e s .  

Biomedical Inf  1 Zght Monitorin& 

The Apollo 8 crew inflight biomedical telemetry data 
received by t he  Manned Space Flight Network w i l l  be relayed 
for instantaneous d i s p l a y  at Mission Control Center,  Heart 
rate and breathing r a t e  data will be displayed on the f l i g h t  
surgeon's console,  Heart rate and respirat ion r a t e  average, 
range and deviation are computed and displayed on t h e  d i g i t a l  
TV screens.  
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