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The second f l i g h t  of the  Apollo/Saturn V space veh ic le  

i s  scheduled f o r  launch from the  John P. Kennedy Space 

Center, Fla., on o r  after Apr l l  3. The mission i s  des ig-  

nated Apollo 6. 

Primary purpose of t h i s  second f l i g h t  of t he  Saturn 

V i s  t o  qua l i fy  t he  launch vehic le  f o r  f u tu r e  manned f l i g h t s .  

Tie successful  f i r s t  f l i g h t  oT Saturn V i n  Apollo 14.: 

las t  Nov. 9,  v e r i f i e d  'spacecra.ft sys tens  a.nd t e s t e d  the  

command module under hea t  condit ions expected on a lunar  

r e tu rn .  Therefore,  spacecra f t  objec t ives ,  includ.ing recovery, 

a r e  secondary i n  the  Apollo 6 f l i g h t .  

The aiajor!.ty of primary ob jec t ives  w i l l  be met i n  t he  

boost  phase of? fl . ight.  Events leading 'illrough the  parking 

or3l.t s t age  and r e i g n i t i o n  o f  the  launch veh i c l e ' s  t h i r d  

s t a g e  S-IT8 enzine ~13.11 sat is fac tor i3 .y  coiwlete prirr!?.ry 

mission o b j e c t i - e s .  



These include:  

. Demonstration o f  s t r u c t u r a l ,  thermal,  porpuls ion  and 

s e p a r a t i o n  c h a r a c t e r i s t i c s  o f  the  f list, second and t h i r d  

s t a g e s  o f  the  Saturn V i n  powered f l i g h t .  

. Q u a l i f i c a t i o n  'of t h e  third-sta.ge continuous ven t  

system, i t s  a u x i l i a r y  pro]?ulsion system and the  J-2 engine 

restart  c a p a b i l i t y  while i n  o r b i t .  

- 
For t h i s  mission, t h e  emergency d e t e c t i o n  system w i l l  

be flown closed-loop (designed t o  opera te  without  ground 

comnand) f o r  t h e  f i r s t  time. L t  was n o t  o p e r a t i o n a l  dur lng  

t h e  Apollo 4 f i i g h t .  

A new crew ha tch  w i l l  be florm ahoa.zBd. the  s p a c e c r a f t  f o r  

t h e  first t i m e .  

I n  Apollo 6, a d i f f e r e n t  method w i l l .  be used i n  s h u t t i n g  

down t h e  engines o f  t h e  first sta.ge from t h a t  used i n  Apollo 4. 

The. Apollo s p a c e c r a f t  and Saturn  t h i r d  s t a g e  w i l l  be 

placed i n  a 100 n a u t j c a l  (115 s t a t u t a )  mile o r b i t .  



Reigni t ion  of: the t h i r d  s tage  w i l l  0ccv.r about t h r ee  

hours,  10 minutes l n t o  the  f l i g h t  over  the  Eas tern  Tes t  

Range. The burn w i l l  l a s t  some f i v e  minutes 10 seconds 

and w i l l  p lace  the vehic le  on simulated t r ans lunar  coas t  

e l l i p s e  with a 279,000 n a c t l c l e  (320,000 s t a t u t e )  mile apogee. 

The a c t u a l  agogee i s  depsndent upon t h e  day o f  launch. 

Follouring th i rd - s taze  shutdovin, the  Apollo 6 t h i r d  s tage-  

spacecra f t  combination w i l l  be maneuvered 180 degrees by t he  

s t a g e ' s  auxiliary propul-sion system i n  prepara t ion  f o r  

separa t ion  of the  t h i r d  s t age  Prom the  con~mnd and s e rv i ce  

module. 

Three miriutes a f t e r  t:iird-sta.ge engin? cu to f f ,  the  com- 

mand and service module i .r i3. i  s e2ara te  from the  t h i r d  s t age  

which n l l l  continue Qn 1"s path .:.Q h n e r  d l s t ance  moving a t  

mars than 20,750 nau"u.ca?. (23,850 staatute) mph. 

Meanwhl1.e thh" f i r s t  ZG2.^c.e!CPa.ft aeririce-propulsion-system 

engine burn w i l l  slow Apollo 6 t c  about 1-6,700 n a u t i c a l  (19,200 

s t a t u t e )  mph and lower i'ss a$&ee t o  12,000 n a u t i c a l  (13,820 ' 

s ta . tu te)  miles  which wil:: 'Se achieve6 a t  s l x  hours 22 minutes 

a f t e r  1 . i f to f r .  

The second f . i r i . n ~  9f tkr? 2:'s zngine -- 3 minutes 8 

seconds duratio;: -- v 1 i 3 . l  w r : l i :  I? ?r-r??-s 22 n lnu tes  i n t o  the  

fj . ight.  This burat? in l1-?:;cici3cfi i:- ;.:-,.c-.rr-s.̂ c. en t ry  ve loc i t y  

t o  21,500 n~.:~t;c.al {?J;.,?!:.j ~;.:;at;l;';:.! :-c3~h. 



Entry r!:L11 be less s t e e p  than on Apollo 4, g i v i n g  a 

g r e a t e r  h e a t  load t o  the  comqand module h e a t  s h l e l d .  The 

command mod.ule v r i l l  t r a v e l  2,500 naut ical .  (2,880 s t a t u t e )  

miles a f t e r  r e e n t e r i n g  t h e  atmosphere. 

Following s e p a r e t i o n  from the  s e r v i c e  module and 

deployment of  the  Earth- landing system, t h e  Apollo 6 con-~nand 

module i s  scheduled t o  land 340 n a u t i c a l  (391 s t a t u t e )  miles 

north-northwest of  Kauai, Hawaii, 9 hours  49 minutes a f t e r  

l i f t o f f .  

The S a t u ~ n  V launch v e h i c l e  c o n s i s t s  of t h r e e  p r o p u l s i v e  

s t a g e s  and an instrument  u n i t  ( I U ) .  

The f i r s t  s t a g e  (s-IC) i s  138 f e e t  ta l l ,  33 f e e t  i n  

diameter  and weighs 305,1140 pounds dry.  Its fuel. and o x l d i z c r  

tanlcs hold  ~ , ~ 0 0 , 0 0 0  pounds (21L:,200 g a l l o n s  of RP-1 kerosene, 

and 3146,1100 g a l l o n s  of l i q u i d  oxygen). i t s  f i v s  F-l engines 

deve1.op a combined 7.5 m r l l l o n  pounds t h r u s t  a t  l i f t o f c  and 

burn ahnost  1.5 t o n s  of p r o p e l l a n t  p e r  second. 

The second r,tage (s-II), 81.5 f e e t  t a l l  and 33 f e e t  i n  

d2.aneter, w e i ~ h s  88,200 pounds dry.  Ful ly  loaded it wei.ghs 

1.033 m i l l i o n  pounds inc lud ing  257,700 g a l l o n s  of l i q u i d  

hydrogen f u e l  and 87,400 g a l l o n s  of l i q u i d  oxygen. Its f i v e  

5-2 enc:"Les provide 1 mil1.ion pounds of t h r u s t .  



The t h i r d  s tage (s-IVD) i s  58.4 f e e t  t a l l ,  21 f e e t  8 

inches i n  diameter and weighs 26,454 pounds dry.  It c a r r i e s  

230,000 pounds of propellant  -- 66,900 gal lons  of l i qu id  

hydrogen and 20,400 gal lons  of l i qu id  oxygen. Its s ing le  

J-2 engine develops 200,000 pounds of t h r u s t  i n  space. 

Tne instrument uni t ,  3 f e e t  high and 21 f e e t  8 inches 

i n  dianieter, weighs 4,763 pounds and contains s i x  major 

systems -- s t ruc tu ra l ,  thermal control,  guidance and control ,  

measuring and telemetry, radio  frequency and e l e c t r i c a l .  

The Apollo 6 spacecraft  includes the conical connnand 

module, 12 f e e t  high and 12 f e e t  10 inches i n  diameter a t  

t he  base. It weighs 12,500pounds. 

The service  module i s  a cylinder 22 f e e t  high, 12 f e e t  

10 inches i n  diameter and weighs 55,000 pounds including 

propel lant  a t  launch. It contains the service  propulsion 

system engine which develops 21,500 1jound.s of t h rus t .  

The lunar  module t e s t  a r t i c l e ,  weighing 26,000 pounds, 

i s  contained within the spacecraft  lunar module adapter  (SLA) 

which weighs 3,900 pounds, measures 28 f e e t  high, and t ape r s  

from 22 f e e t  i n  d i m e t e r  a t  the base t o  12 f e e t  10 inches a t  

t h e  top. 



The s p a c e c r a f t  launch escape system, a top  t h e  command 

module, i s  33 f e e t  t a l l  with a base diameter of 4 f e e t .  It 

weighs 8,200 pounds inc luding  a cover over t h e  apex of t h e  

command module t o  p r o t e c t  a g a i n s t  aerodynamic h e a t i n g  dur ing  

launch and a g a i n s t  t h e  rocket  exhaust of t h e  launch escape 

system motors. The system provides t h e  c a p a b i l i t y  t o  l i f t  

t h e  command module from t h e  remainder of t h e  space veh ic le  

i n  event  of an emergency on t h e  pad o r  s h o r t l y  a f t e r  launch. 

The launch escape system i s  j e t t i s o n e d  soon a f t e r  t h e  second 

s t a g e  i g n i t e s .  



DIFFERENCES I N  APOLLO 4 AND APOLLO 6 FLIGFITS -- 

T o t a l  h e a t  s h i e l d  co ld  soak w i l l  be ob ta ined  i n  Apollo 6 
by p o l n t i n g  t h e  s e r v i c e  p ropu l s ion  system toward t h e  Sun and 
s h i e l d i n g  t h e  e n t i r e  h e a t  s h i e l d .  Apollo 4 was o r i e n t e d  s o  
t h a t  h a l f  of t h e  h e a t  s h i e l d  was c o l d  soaked. 

, The second burn of t h e  Apollo 6 t h i r d  s t a g e  w i l l  b e  a l -  
most 30 seconds l o n g e r  t o  s imu la t e  i n j e c t i o n  i n t o  a l u n a r  tra- 
j e c t o r y .  It w i l l  be pos igrade  -- a combination pos igrade-  
r e t r o g r a d e  burn was used i n  Apollo 4. To f u r t h e r  s i m u l a t e  
a l u n a r  mlssi.on, t h e  s p a c e c r a f t  w i l l  s e p a r a t e  from t h e  t h i r d  
s t a g e  n e a r l y  e i g h t  minutes  e a r l i e r .  

The f i r s t  burn of t h e  s e r v i c e  p ropu l s ion  system (sPS) I n  
Apo1l.o 6 w l l l  be r e t r o g r a d e  and abou t  f o u r  minutes  l o n g e r  t h a n  
Apol lo  4 pos ig rade  burn.  Apollc 6 r e t r o  movement w i l l  t a k e  
t h e  s p a c e c r a f t  o u t  of t h e  l u n a r  t r a j e c t o r y  and r e s t r i c t  i t s  
apogee t o  12 ,000  n a u t i c e l  13,620 s t a t u t e  miles. Apollo 4 
apogee was 9,769 n a u t i c a l  I 11,170 s t h t u t e  

The second SPS burn i n  Apollo 6 w i l l  be more t h a n  a 
minute  s h o r t e r  because t h e  h i g h e r  apogee r e q u i r e s  less change 
i n  v e l o c i t y  t o  r each  t h e  d e s i r e d  s p a c e c r e f t  r e e n t r y  speed.  

Apollo 6 .&Ill r e e n t e r  1 hour  1 0  minutes  l a t e r  frorn 
h i ehe?  apogee. Planned r e e n t r y  v e l o c i t y  f o r  Apollo 6 i s  
abou t  170 f e e t  p e r  second g r e a t e r ,  compared t o  Apc.110 4, and 
e n t r y  a n g l e  t o  t h e  atmosphere w i l l  be sha l lower .  " 

T h i s  ~ 5 . 1 1  make t h e  maxirtium h e a t  r a t e  z lmos t  200 B r i t i s h  n. lilenim.1 U n i t s  (BW) lower t h a n  Apollo LC, bu t  t h e  maximum h e a t  
1.oad r ~ r i 1 . i  be = e a r l y  1 ,900  BTU's g r e a t e r .  It w i l l  make t h e  
C-band corn;:iunications b lackout  a:lmost a minute l o n g e r  t h a n  i n  
P.poll0 k .  





SATURN V LAUNCII VEHICLE 

The Saturn  V launch veh ic le  i s  281 f e e t  ta l l .  T o t a l  
h e i g h t  of  the  Apollo 6 on t h e  launch-pad, with the  Apollo 
s p a c e c r a f t  and launch escape system i n  p lace ,  i s  363 f e e t .  
It weighs 6,208,949 pounds f u l l y  loaded. 

The th ree - s t age  launch veh ic le  i s  capable  of  p l a c i n g  
285,000 pounds i n t o  low Ear th  o r b i t  o r  sending about  
100,000 pounds t o  t h e  Moon. The Saturn  V i s  pa in ted  white  
wi th  s e c t i o n s  ma.rked i n  b lack  f o r  b e t t e r  o p t i c a l  t r ack ing .  
Other  pa in ted  markings inclu.de i d e n t i f i c a t i o n  i n  r e d  l e t t e r s  
and t h e  United S t a t e s  f l a g  on the  f j . r s t  sta.ge. 

F i r s t  Stage - 
The f i r s t  s t a g e  ( s - I C )  o f  the  Saturn  V is  138 f e e t  

t a l l  and 33 f e e t  i n  diameter ,  n o t  inc luding  t h e  f i n s  a d  
engine shrouds on t h e  t h r u s t  s t r u c t u r e .  It was develdped 
j o i n t l y  by t h e  Nat ional  Aeronautics and Space P.dministra, t ionts 
Marshal.1 Space F l i g h t  Center,  Hun t sv i l l e ,  A l a . ,  and t h e  
Boeing Co. 

Marshal l  assembled f o u r  S-IC s tages :  a s t r u c t u r a l  t e s t  
model, a s t a t i c  t e s t  vers ion  and the  two f l i g h t  s t a g e s ;  t h e  
second of  these  i s  the  f i r s t  s t a g e  i n  Apollo 6. The f i r s t  
f l i g h t  sta.ge launched Apol.10 4 on the  f i r s t  Sa tu rn  V f l i g h t  
Nov. 9, 1967. 

m e i n g ,  as prime c o n t r a c t o r ,  b u i l t  two ground t e s t  
u n i t s .  Boeing i s  respons ib le  f o r  assembly of  the  o t h e r  13 
f l i g h t  s t a g e s  a t  M a r s h a l l l s  Michoud Assembly Faci1it .y i n  
New Orleans.  

The s t a t i c  t e s t  model and the  f i r s t  t h r e e  f l i g h t  v e r s i o n s  
were f i r e d  a t  t h e  X a r s h a l l  Space F l i g h t  Center  T e s t  Laboratory. 
A l l  o t h e r  S-IC s t a g e s  a r e  being t e s t  f i r e d  a t  M a r s h a l l a s  
M i s s i ~ s J . p p i  Tes t  Facil-Sty i n  Hs.ncoclc County, Miss. 

Dlry weight o f  t h e  f i r s t  s t a g e  i s  306)140 pounds. I ts  
two propel . lant  tanlcs have a t o t a l .  capac i ty  of  1L.S m i l l l o n  

7 ounds o f  f u e l  and. o x i d i z e r  -- some 21&,200 g a l l c n s  of  RP-1  
kerosene)  and 3L!5,400 g a l l o n s  of l i q u i d  oxygen. S t a z e  

weight a t  sepa ra t ion ,  resi.duz.1 p r o p e l l a n t s ,  w i l l  
be $7,325 pounds. Tne norrial p r o p e l l a n t  flow r a t e  t o  t h e  
f i ~ e  F- l  engines i s  28,000 pounds p s r  second. The f l v e  
engines proci~!ce a corcbLned t h r u s t  roughiy equ iva len t  t o  180 
m i l l i o n  horsepower a t  nn.xj.mum speed. 



During the  planned. 148 seconds of b i~ rn  t i n e ,  the  engines 
w l l l  p ropel  the  kpollo/Saturn V t o  a:1 altitude of  32 n a u t i c a l  
(37 s t a t u t e )  miles  and ca r ry  it dormrange 45 n a u t l c a l  53 

miles,  makina good. a speed of 5,278 n a u t i c a l  16,194 
miles-per-hour a t  f i r s t  stage engine cu tof f .  

Four of the  engines a r e  mounted on a. r ing ,  each 90 
degrees f r o m  i t s  neighbor. These four can be ginballec: t o  
con t ro l  tha rocke t ' s  d i r e c t i o n  of f l i g h t .  

Tne f i f t h  engine i s  mounted r i g i d l y  i n  the  center .  

Second Stace - - _ - - - L -  

The second s tage  (8-11) i s  8!..5 f e e t  t a l l  a.nc1 33 f e e t  
i n  d i a ~ e t e r .  It rrelghs 88,200 pounds dry, 1,033,&97 pounds 
loaded ~ i i t h  propel-lant.  Neight a.t separa t ion w i l l  be 103,098 
pov.ncis, 

Tine 19,898- pounds d i f f  erence between dry ureight and 
weight a t  separa t ion  includes t:?e 10,650-pound S-IC/S-II 
3,nterstnge sectj-on, 2,720 pounds of u l l a s e  rocket  propel.lants 
-and o t h e r  items on board. 

The s tage  s tl.vo p rope l lan t  tanks carx-.y abcrut 267,700 
ga l l ons  of l.iq~1.1d hydrogen and 87,400 gallons. of  11q~1Lc1 
oxygen. I ts  f i v e  J-2 engines develop a conbined :;hz.ust of  
1. n;'lllion pounc?s. 

The second s t s g e  c a r r i e s  the  rccke t  t o  an  a l t i t u d e  of  
3.00 nau. t ical  115 seatv-te miles  and R dlsta..nce of' some 
83.8 n e u t i c a l  t 942 s t a t u t e  1 nil-es do~.rnrange. Eefore burnout 
it w i l l  be lilovlng 13~381 n m t i c a l  (15,1!09 s t a t u t e )  ~ p h .  Tne 
J-2 engines t i i l l  yon about s-b. minutes. 

Tie Space Divis5.on of North Americ2,n Rockv?ell Corp., 
b u i l d s  tl.le second s tage  a t  Sea l  Fei;z~ch, Ca,ll.f. Th.3 cylinci,?lc?.l 
vehlc3.e i s  made up of the  forvrard s l c l r t  ( t o  x?hic:l the  th?.rri 
s t a g e  connects) ,  the  liq,uld hyclrogen tank, the  1i.qu.ld oxygkn 
'GE.~!;, the  th~-o.s'i. s t m c t u r e  on vynich tile eng:ines 2.m ifionnted) 
2nd an i n t e r s t a g e  s ec t i on  t o  vrhLch the  f:i.rst s t age   connect:^). 
r- 

i 
rhe tan!:s w e  separa ted  by an insul.ated coliimn bullrhead. 

Korth fimer.1oa.n Rocl:uiell. ccnducted research  and developme:-it 
s t a t l c  t e s t i n z  a t  <:i?o S z n t ~  Susana, Cali?,  , t e s t  f 2 c i l i ' ~ y .  and 

r?L?. 2.k th2  lJl~S/i -M-i.sslss:lppi Test  Fzci l l ' iy .  II,, f l l~ ;h ' s  sta.%e f o r  
t h e  f.".po'i.!.o 6 wns shipped v i a  tP&e Pan-,.  Csna!. f o r  c a p t i s e  
f'iri~2;:: a t  i4Ass:~~;.p~.'i T e s t  R ? c i l l t ~ ; . .  



Ynird Staqe 

The thirci  s t age  ( s - ~ 3 )  was developed by t h e  M c k n n e l l  
Douglas Corp. a t  Huntington Beach, C a l l ~ f .  It i s  the l a r g e r  
and more p o r ~ e r f u l  su.ccessor t o  the  S-37 t h a t  served as the  
second s t age  of the  Saturn  I. 

The t h i r d  s t a g e  i s  flown from i t s  manufacturing s i t e  
t o  M c k n n e l l  k u g l a s l  Tes t  Center, Sacramento, C a l i f . ,  f o r  
s t a t i c  t e s t  f i r i n g s .  The s t a g e  i s  tilen flown t o  the  NASP. 
Kennedy Snace Center. 

Measuring 58 f e e t  5 inches long by 2 1  f e e t  8 inches 
i n  diameter,  the  sta.ge weighs 26,454 pounds dry.  A t  
s e p a r a t i o n  i n  f l i g h t  i t s  weight w i l l  be 29,170 pounds 
exclus ive  of the  1iqu.id hydrogen and liqu.id oxyeen i n  t h e  
main tanks.  'iihis e x t r a  weight c o n s i s t s  mainly of  s o l i d  and 
1j.quid propel . lants  used i n  r e t r o  and u l l a g e  rocke t s  and i n  
t h e  a?lxi l iary prcpuls-l.on systeni (APS) . - 

An i n t e r s t a a e  s e c t i o n  connects the  second a.nd t h i r d  
s t a g e s .  This 7,860-pound s e c t i o n  s-t.ay:; vr i th  the  second 
s t a g e  a t  separa.t ion,  exposing the  s i n g l e  2-2 en,sine mounted 
on the  t h r u s t  s t r u c t u r e .  Tne after s k i r t ,  connected t o  t h e  
i n t e r s t a g e  a t  the  s e p a r a t i o n  p lane ,  er,c!.oses the  llqu.5-cl 
oxygen tank ,;:!rich ho lds  some 20,400 p-,z,Llons of t h e  o x i d i z e r .  
Above t h i s  3.5 t he  l a r g e  .%.el tar?:< ho1dj .n~ ?.bout 56,930 g a l l o n s  
o f  l i q u i d  Crdrogen. Yeight of  the  S-1V3 and payload a t  
i n s e r t i o n  i n t o  park ing  o r b i t  w i l l  be 28&,078 pounds. Weight 
a t  i n j e c t i o n  l n t o  t r a n s l u n a r  t r a j e c t o r y  w i l l  be 132,778 pounds. 

T o t a l  usable  p r o p e l l a n t s  c a r r i e d  i n  t'ne t ~ o  t 2 . r ~ ~ ~  i s  
230,000 pounds, v l t h  f u e l  a n d  o x i d i z e r  sepa ra ted  bg an insu-  
l a t e d  comon bu.l!d~ezd. Insula,tS.on 1s necessary i n  both upper 
s t a g e s  because l i q u i d  oxygen, af about 293 degrees  helou z e r 3  
F, i s  to3  xa rn  f o r  l i q u i d  hydrogen, a t  mir1u.s 1123 degrees.  

The a f t  s k i r t  8 1 . ~ 0  s e r v e s  a.s a rno11.nt f o r  two auxillz.r>- 
propul.sion system modules spaced 1.6C degrees ap?.rt. Each 
module c o n t a i n s  t . h ? ~ e  Liquid-i'u.eler! lQ7-pound t h r u s t  e r g j ~ n e s ,  
one each f o r  r o l i ,  p i t c h  end yari; and a 72-pou.nd--thvust, 
l iquid-fUe1 ed :I.? l a c e  engine.  



Four so l ld -prope l l an t  re t ro- rockets  of 37,500 pounds 
t h m s t  each a r e  n~ounted on t he  i n t e r s t age  t o  back t he  second 
s t a g e  a!iajr from the  t h i r d  s t age  a t  
separa t ion .  The t h i r d  s t age  a l s o  c a r r i e s  two so l i d -p rope l l an t  
ulla?;e motors of 3,400 pounds t h r u s t  each. These motors 
h e l p  t o  move t he  t h i r d  s tage  forward and away from the  second 
s t age  upon separa-tion and serve  the add i t i ona l  purpose of 
s e t t l i n g  the 1-iquid p rope l l an t s  i n  t h ~  bottorns o f  the tanks 
i n  prepara t ion  f o r  J -2  ignition. The f i r s t  3-2 burn i s  129 
seconds, the  second, 5 minutes 10 seconds. 

The 4 1  rocke t  engines o f  the Saturn V have t h r ~ s t  
r a t i n e s  ranging from 72 pounds t o  more than 1.5 mi l l ion  
pounds, Some engines burn l i q u i d  propel lants ,  o the r s  use 
so l i d s .  

The f i v e  F-1 englnes i n  the  f i rs t  s tage  burn RP-1 (kerosene)  
a.nd l i q u f d  oxygen. Each engine 3.n the f i r s t  s t age  develops 
1.415 ln l l l ion  pou.nd.8 o f  t h r u s t  a t  l i f t - o f f ,  build.j.ng up t o  
1.7 mi l l l on  pounds t h m s t  before cu to f f .  The c l u s t e r  of f i v e  
F-1s g ives  'che f lrst  s t age  a t h r u s t  range from 7.57 niil.lion 
pounds a t  l i f t o f f  t o  8.5 mi l l ion  pounds j u s t  before cu.toff. 

The 17-1 engine rreighs almost 10 tons,  i s  more than 18 
feet  high and has a nozzle-exi t  dlameter of nea r ly  14 f e e t .  
Tie F- l  undergoes s t a t i c  t e s t i n g  f o r  an average 650 seconds 
i n  qualifying f o r  t he  150-second run dv,r-ing t he  .Saturn V 
f i rs t  s tage  booster  phase, Th.1.s run pei-iod, 800 seconds, 
is s t i l l  f a r  l e s s  than t he  2,200 seconds of the  engine 
EunraRtee period.  Tne en.g:lne consumes elmost t h r ee  tons  of 
propel l .ants  per  second. 

Tne f l r s t  sta,ge of the  Saturn V f o r  t h i s  missj.on has 
f o u r  o t h e r  rocke t  motors. Th~?se a r e  the  so l j d - fue l  r e t ro -  
rocke t s  which w i l l  s1.o:~ and separa te  the  s t age  from the  
second s tage .  Each roc1cet produces a t h r u s t  o f  87,900 pounds 
f o r  0 - 6  sec0nd.s. 

The n~srin propu7.slon f o r  the  second s t age  i.s a clust,eP 
of f 3 ve J -2 en?;ines burning 1j.quid hgd-ogen and l l q u i 6  oxyger!. 
Each engins develops a mean thru.st  of 200,000 pounds ( v a r i a b l e  
from 175,000 t o  225,090 i n  phases of f l i g h t ) ,  g iv ing  t he  
st8.ge a tot;?.]. t h r u s t  of 1 rnl l i ion pounds. 



Designed tc o?s?ate i n  t3.e bard ?r; . zc~x .nf s93ce, t h e  
3,500-pound 3-2 is aore  e f f i c i e n k  than ;;he 5'-i because it 
burns the  high-ene?g:f ,fuel hydi+ogen. 

Tne second s tag?  a l s o  ha.s ?~u:- 2:,00~-pounc!-thI'ust 
sol id.-fuel  rocke t s  engines. These 2.m t he  u l l age  rocke t s  
mounted. on t h e  ince rs tage  sectioon. Th.ese rockets  f i r e  t o  
s e t t l e  l i q u i d  p rope l l an t  i n  the bottoom of the xq.in tanks 
and he lp  a t t a i n  a " c l e m "  sena.ration from the  f i r s t  s t age ,  
then they drop away u>ith t h e  Lnters taae  at second plane 
separation. 

F i f t e en  roclcet e n ~ i n e s  perform var301:s funct ions  on 
t h e  t h i r d  s tage .  A s i n g l e  3-2 provic2ex the  naln propulsive 
force ;  the re  xpe tv!o main u l l age  rockets ,  f ou r  re t ro - rocke t s  
and eight: s m a l l e r  engines i n  the  auxiliary propulsion system. 

Ins t rur-ent  Uni t  

The I n s t m e n t  Unit  (10) 3,s a cy l lnder  t h r ee  f e e t  
h igh  and 21 f e e t  8 inches in diane te r .  It u:eighs 4,763 pounds. 

11 Components ma.king up t he  brain" of the  Satxrn  V a r e  
mounted on coo l in s  panels  fastened t o  the  j.ns3.de su r face  

I 1  o f  the  instrument u n i t  &:in. The refr igera ' ied cold p l a t e s "  
are p a r t  o f  a system :.inat removes h e ~ t  by c i r c u l a t i n z  flu.id 
coolant  through a h e a t  exc:nanger t h a t  evaporates  water from 
a separa te  supply i n t o  t he  vacuum of space. 

The sb.  major systems of t he  ins!x%~ment u n i t  a r e  s t m c -  
tural. ,  therma,!. con t ro l ,  guidance and con'srol, meacurkg and 
telemetry,  rzd!-o f r e q ~ e n c y  a.nd e l e c t r i c a l .  

The instrument u n i t  main'carina navigat ion,  guidance and 
control.  of' t he  vehicle;  rneasurz:n-.nt of vehic le  performance and 
envirolment;  d a t a  tra.nsmirsj.on with grou.nd s 'cations ; rad.io 
trackl.np, of the  vehlcle;  checkout and nonl'corl.ng of vehic le  
funct.ions; de t ec t i on  of emergency s i t ? - ~ a t i o n s ;  genera t lon  
and network d.lstribu:ion o f  electr5.c power f o r  system opera t ion;  
and pref  iigh"ihec!cov.t and launch and f l i g h t  opera t ions .  

A path-adaptive gu5.dance cichem~ 3.8 used !.n the  Satu-rn 
V instr.u.iient v.n.3.i;. k prog~anmed t ra j ' ec to~-y  3.s used i n  t he  
i n i t i 2 . l  i a u n c ~  phase w:i.th gul.do.nce beglna5.n.g on1.y a%er  the  
veh ic le  has  l e f t  t n e  a'irnor,phere. Th3.s :'L:; t o  previ.n:; noven~ents 
t h a t  r;;ir;ht cause t'ln -r?!.ilc:l.e t o  hreal: a._nrx=t v!nJ.i.e at tempting 
t o  -0XPe2sat2 f o r  wl.ndr,, j'et skreama 2nd gus t s  encount?rei. in 
t he  a tmcsphe~e  . 



I f  such a3.r cu r r en t s  d i sp lace  the  veh3.cle from the  
optiimm t r a j e c t o r y  i n  climb, the  vehic le  der ives  a  new 
t r a j e c t o r y  from i t s  instantaneous s t a t e  of pos i t ion ,  ve loc i t y  
and d i rec t ton .  This ca l cu l a t i on  i s  made about once each 
second throughout the  f l i g h t .  The launch vehic le  d - ig i t a l  
computer and launch vehic le  da ta  adapter  perform the  navi- 
ga t i on  and g11.idance computations. 

The ST-121LM i n e r t i a l  platform -- the  hea r t  of the  
navigat ion,  guidance and con t ro l  system --- provides space- 
f i xed  reference  coordinates and measures acce l e r a t i on  along 
t h e  th ree  mutv .a l lyperpndicu la r  axes of the coordinate system. 

I n t e r n a t i o n a l  Business Ma.cMnes Corp, i s  prime con t r ac to r  
f o r  the  i n s t m n e n t  u n i t  and L s  the  supp l l e r  of the  guidance 
s i g n a l  processor  and gu.iclance comp~~.t;er. Major supp l ie r s  
o f  ins t r~ iment  u n i t  components are: Electronic Commnications, 
Lnc . , con t ro l  computer; Eendix Gorp., ST-124.M ine r t i a l .  p l a t -  
form; and IE151 Federal  Systems Division, l.a.u.nch vehic le  d i g i t a l  
computer aid launch veh ic le  d i g i t a l  computer and launEh vehic le  
data adapter ,  



LAUNCH VEHICLE 1NSTRUI.IENTATION A1.D CO~IWNICATIONS 

Some 2,800 measurements w i l l  be taken i n  f l i g h t  on the  
Sa tu rn  V launch vehic le .  This  incl-udes 891 i n  t h e  f i r s t  
s t a g e ,  960 i n  the  second s tage ,  612 i n  the  t h i r d  s t a g e  
and 338 i n  t h e  instrument  u n i t .  

The Saturn  V w i l l  c a r r y  23 te lemetry systems, four  
t r a c k i n g  systems, one command system, six motion p i c t u r e  
cameras i n  recoverable  capsu-les and two t e l e v i s i o n  camera.s. 

T ie  2,800 measurements a r e  a sha.rp inc rease  over  the 
average 1,365 measurements taken on Saturn IB,  925 on Saturn 
I, 150 on J u p i t e r  and 75 on Redstone. 



APOL.LO. 6 SPACECRAFT 

There a r e  no pr imary s p a c e c r a f t  o b j e c t i v e s  i n  t h e  
Apol lo  6 miss ion  -- s t r u c t u r e s  and systems i n  t h e  command 
and s e r v i c e  modules were v e r i f i e d  i n  t h e  Apollo 4 mission.  

Comma.nd Module ( ~ 7 4 )  

The command module i s  a cone 12 f e e t  h igh  wi th  base  
d i ame te r  o f  12 f e e t  10 inches ,  a  h a b i t a b l e  volume o f  210 
cub ic  f e e t  and a n  approximate launch weight o f  12,500 pounds. 

Outer  s t r u c t u r e  i s  s t a i n l e s s  s t e e l  honeycomb bonded 
betvreen s t e e l  a l l o y  s h e e t s  with s u r f a c e  a p p l i c a t i o n  of  
pheno l i c  epoxy r e s i n  a b l a t i v e  m a t e r i a l  varying from 0.5  
t o  2.5 i nches  t h i c k  f o r  p r o t e c t i o n  from r e e n t r y  t empera tu re s  
t o  5,000 degrees  F. 

I n n e r  s t r u c t u r e  is  aluminum honeycomb between alumln~un 
a l l o y  wi th  s a n d ~ r i c h  t h i c k n e s s  from 0.25 inch  a t  forward 
a c c e s s  t u n n e l  t o  1.5 inches  a t  base; f i b r o u s  i n s u l a t i o n  
s e p a r a t e s  o u t e r  and i n n e r  s t ructu . res .  

. The com3and mod.ule ha,s an  i n n e r  p re s su re  s t r u c t u r e  and 
a n  o u t e r  s t r u c t u r e  ( h e a t  shie ld . )  s epa ra t ed  by s t r i n g e r s  f o r  
s u p p o r t  and a  rnicroqua.rtz f i b e r b  f o r  t h e r ~ a l  i n s u l a t i o n .  The 
o u t e r  housing h o l d s  p r e s s u r e  s t r u c t u r e  h e a t i n g  below 600 
deg rees  P. The combined s t r u c t u r e s  keep tempera tures  i n s i d e  
t h e  spa.cecra,.ft a t  comfortable  l e v e l s  du r ing  o r b i t a l  f l i g h t  
and below 200 d-egrees F. du r ing  r e e n t r y .  

The t h r e e - p i e c e  h e a t  s h i e l d  i s  cons t ruc t ed  o f  brazed 
honeycomb s t a i n l e s s  s tee l .  t o  which i s  bonded. a pheno l i c  epoxy 
r e s i n  ab la . t ive  ( h e a t  d i s s i p a t i n g )  materia.1, which burns  axay 
d u r i n g  r e e n t r y .  Thickness  o f  t h e  ab la . t ive  m a t e r i a l  v a r f e s  
from 0.7 t o  2.7 i nches  based on the  a .n t ic ipa ted  a.erodynamic 
h e a t  d i s t r i b u t i o n  over  t h e  comnand rnodnle. The t h r e e  s e c t i o n s  
o f  t h e  s h i c l d  p r>o tec t  t h e  forward s e c t i o n ,  crew compartment 
a.nd t h e  a f t  s e c t i o n .  

T h i s  f!.lght w i l l  c a r r y  an  Rpollo miss ion programmer wi th  
s p e c i a l  equipment necessary  t o  o p e r a t e  t he  s p a c e c r a f t  sub- 
system i n  t h e  absence o f  crew. The VHF and S-band o n l i -  
d.irectj.ona1 an tennas  w i l l  be modified acco rd ing ly .  

The quick-.oparat%ns,  outward-opening u n i f i e d  h a t c h  w i l l  
be f1o:rn f o r  t h e  C j ~ r s t  'sj.me as a complete un5.t on Apollo 6. 
The h a t c h  concea t ,  t o e e t h e r  wi th  thermal  s e a l s ,  was proved on 

.Apol.lo 1 : ;  t h e  ha t ch  i s  qu.a.lifleci f o r  r;i.ar,ned f l l . g h t s ,  pen6ing 
cornp>.et;ion o f  ~rmcncl  t e s t s ,  
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Width of  the  ha tch  t ape r s  from 36.85 inches a t  t he  
bottom t o  25.73 inches a t  the  top. It i s  27.03 inches high. 
The ha tch  i s  made of  aluminum covered with f i b e r g l a s s  and 
a b l a t i v e  mate r i a l .  

The ha tch  can be unlatc.hed i n  about f i v e  seconds o r  
sea led  from wi th in  the  cabin by operat ing a permanently- 
mounted lever .  It can be opened o r  sea led  from ou t s ide  
with the  a i d  of a hand too l .  A device powered by n i t rogen 
gas  under pressure  counters  the  force  o f  g r av i t y  and s e a l  
f r i c t i o n  t o  provide p o s i t i v e  ha,tch opening. 

A vent  valve i n  the  ha tch  permits quick depressur iza t ion  
o f  the cabin from in s ide  o r  outs ide .  Tie  ha tch  has a window. 
It i s  one of  s eve ra l  major. s a f e t y  developments s ince  the  
Apollo f i r e  of  Jan  27, 1967. 

Service  Module (SM) 

The se rv ice  mod.uLe i s  a 22-foot high cylind.er, inc luding 
an extension t o  s e rv i ce  propulsion system (SPS) engine, with 
a diameter of 12 f e e t  10 inches.  Approximate launch weight 
i s  42,600 pounds wlth an engine t h r u s t  of  21,500 pounc!s i n  
vacuum. 

S t ruc tu r e  i s  aluminun honeycomb ou t e r  s k i n  one-inch 
thj.ck fomed  by s i x  panels  bol ted  t o  so l i d  aluminam s t ruc tu ra l .  
up r i gh t s .  7.'ne in ter i lor  i s  divided i n t o  sb. wedge-shaped 
compa,rtinents of  th ree  d i f f e r e n t  s i z e s  around a cen te r  c y l i n d r i c a l  
-ec t ion:  

50-d.egree segments, housing a-u:Lld.a.ry equipment, designated 
s e c t o r s  1 and 4; 
60-degree segments, housing f u e l  tanks f o r  SPS, designated 
s e c t o r s  3 and 6; and 
70-degree segnents,  housing ox id ize r  tanks f o r  SPS, 
designated s ec to r s  2 and 5. 

A cylindrical cen te r  sect!-on houses two helium tanks  t o  
pressu-r ize s e rv l  ce p r o ~ u l s i o n  system tanks,  and t he  SPS enginc . 

Space rad5.ztol-s t o  diaslpa.te he2.t from the  el .ectr ica1.  
power system (EPS) end the  environnzntal  c o n t r o l  system (ECS) 
a r e  1.ocated ex te rn&l ly  on four  of the s : : ~  pzneSs mai<j.ng up 
t he  s e rv i ce  nodule sk in ;  e l e c t r i c a l  power system r a d h t o r s  on 
2 and 5. Hov:ever-, t'lese ra.dia.tors a r e  not  connected f o r  t he  
Apollo 6 mlssion, 



Four r e a c t i o n  c o n t r o l  system (RCS) packages, each made 
up of  f o u r  engines and one f u e l  tank, o x i d i z e r  tank, and 
p r e s s u r a n t  tank with a s s o c i a t e d  plumbing and e l e c t r i c a l  con- 
nect iong,  are loca ted  equ i -d i s t an t  around the  circumference 
o f  the  s e r v i c e  module. 

Spacec ra f t  Lunar Module Adapter (sLA) 

The Spacec ra f t  Lunar Module Adapter i s  a tapered  
c y l i n d e r  28 f e e t  high and 22 f e e t  i n  diameter a t  base, 12 
f e e t  10 inches a t  top, o f  1.75 inch t h i c k  aluminum honeycomb, 
weighing 3,800 ounds. It houses the  lunar  module t e s t  
a r t i c l e  (LTA-2R 

Lunar Modu.le Tes t  A r t i c l e  (LTA-2R) 

This  d~?vll.ce i s  instrumented t o  measure v i b r a t i o n ,  
a c o u s t i c s  and s t r u c t u r a l  integrity a t  36 poin ts .  Data w i l l  
be te lemetered t o  the  ground. s t a t i o n s  during the  f i r s t  12 
minutes of f l i g h t .  

The a r t i c l e ,  weighing 26,000 pounds, w i l l  remaln wlth 
t h e  las t  s t age  of t h e  launch vehic le .  Lunar Module Tes t  Art ic le-2R 
u s e s  a f l i g h t - t y 2 e  descent  s t a g e  without landing gear .  I t s  
p r o p e l l a n t  tanks w i l l  be f i l l e d  with water g lyco l  and f reon  
t o  s;.mlate f h e l  .arid ox id ize r .  The ascen t  s t a g e  i s  a b a l l a s t e d  
aluminum s t r u c t u r e  conta in ing  no f l i g h t  sys  tems. 

a s x e c r a f t  &___ Systems 

React ion Control  System (RCS) - --- - 
The r e a c t i o n  c o n t r o l  system provides t h r u s t  f o r  a t t i t u d e  

movements of  the  s p a c e c r a f t  i n  response t o  a u t o n ~ a t i c  c o n t r o l  
s i g n a l s  from the  s t a b l l i z a t 1 . 0 ~  and. coritrol  systexn (SCS) i n  
conjunct ion w i t h  ' the  guidance and naviga t ion  system ( G C ~ T )  
o r  t o  mail.nal c o n t r o l  s i g n a l s  from crex  through hand c o n t r o l l e r s .  

Serv ice  rnodu3.e r e a c t i o n  c o n t ~ o l  system cons;.sts of  four  
independent s.u.bsystems of  four  109-gound.-th-mst engines each 
(16 engines t o t a l )  pacicaged a s  modules and located. i n  q,uadrants 
n e a r  t h e  top  of the  s e r v i c e .  modu1.e. P rope l i an t s  a r e  hyps rgo l i c  
( I g n % t e s  spoi1taneousl:r when mixed toge the r ) .  It i s  made u.p 
o f  kerozirle 50 (h?.l.f- and-half  b!.end of hydrazine and uns-ym- 
metr ica l .  dinwthylhydrazine) f u e l  and n i t rogen  tetroxicie o x i d i z e r .  
3:n each quad, b;:o of the  four  e n ~ i n e s  c o n t r o l  r o l l ,  t he  0 t h . ~ ~  
L. . bho, e i t h e r  yaw o r  p i t c h ,  cicpendf~g 02 the  locztlion o f  the  arju~d. 





Command Module 

Reaction c o n t r o l  system inc ludes  two independent 
subsystems of s i x  93-pound t h m s t  engines each (12 engines 
t o t a l )  ope ra t ing  i n  tandem. A s i n g l e  subsystem can c o n t r o l  
a t t i tud .e  i f  one subsystem f a i l s .  P rope l l an t  i s  hypergol ic  
vrith monomethyl-hydrazine f u e l  and n i t rogen  t e t r o x i d e  ox id ize r .  
The command module r e a c t i o n  c o n t r o l  system i s  n o t  a c t i v i a t e d  
u n t i l  the  comrnand module and the  s e r v i c e  module have separa ted  
be fo re  r een t ry .  

Serv ice  Propulsion System (SPS) 

The s e r v i c e  propuls ion  system must provide t h r u s t  f o r  
major v e l o c i t y  changes and i n  Ear th  o r b i t a l  mlssions f o r  
t h e  de -o rb i t  burn t o  achieve reen t ry .  The engine i s  3 f e e t  
5 inches  hj.gh w i t h  9-foot,  4-inch exhaust expansion s l c i r t  o f  
columbium-titanium. It weighs 810 P O L L ~ ~ S ,  prodv.ces 21,500 
pounds of  t h r u s t  i n  a vacuum, and i s  r a t e d  a t  36 r e s t a r t s  
wlth 8 minutes 20 seconds of  t o t a l  burn time. P rope l l an t  
i s  hypergol ic  Aerozine 50 f u e l  and n l t rogen  t e t r o x i d e  o x i d i z e r ,  
and i s  pressure-fed from the  s e r v i c e  mod-ule s to rage  tanks  by 
helium gas. The s e r v i c e  propulsion system engine i s  gimbal- 
mounted t o  keep the  d i r e c t i o n  of  t h r u s t  a l igned  through t h e  
s p a c e c r a f t  c e n t e r  of  g r a v i t y .  

b u n c h  E s c a m y s t e r n  (I~ES) 

The launch escape system inc ludes  th ree  s o l i d  p r o p e l l a n t  
motors f o r  escape and p i t ch '  c o n t r o l .  The;{ serve  t o  p u l l  
s p a c e c r a f t  u.p and avra.y from the  launch v e d c l e  i n  t h e  even t  
o f  misslon a b o r t  on t h e  pad o r  d u r i n e  leunch t o  an  a l t i t u d e  
above 270,000 f e e t .  The launch escape system i s  33 f e e t  t a l l  
wi th  a &- foo t  base dizmeter,  it weighs 8,900 pounds inc lud ing  
e boost  p r o t e c t i v e  cover vzhich f i t s  over the apex of  the  cormand 
module f o r  ) ~ r o t e c t i o n  a g a i n s t  boost  hec?.ting and the  r o c k e t  
exhaust  of  the  b u n c h  escape motors. The t h r e e  motors a l l  
us ing  p o l y s u l i l a e  propel la .nt ,  a re :  

(1) Launch escepe motor v!ith 147,000 pou.nds-thru.s t 
over 3 seconds duratlcrn; 

( 2 )  P i t c h  c o n t r o l  motor v r i t 1 - 1  2,850 pounds-thrust  f o r  
0.5 seconds and, 

(3) Tower j e t t l s o n  motor, 32,000-pou~ds-thrust  f o r  1 
second. 



S t a b j . l i z a t i o n  and Contro l  System ( S C S )  - -- 

The s t a b i l i z a t i o n  and c o n t r o l  system mainta ins  space- 
c r a f t  a t t i t u d e ,  t h r u s t  vec to r  of the  s e r v i c e  propuls ion  
system engine,  and may se rve  as backup i n e r t i a l  r e f e r e n c e  
system. It o p e r a t e s  au tomat ica l ly  o r  manually. Components 
o f  t h e  stabilization and c o n t r o l  system appropr ia t e  t o  t h e  
Apollo 5 mission are: 

(1) Body-mounted a t t i t u d e  gyros (E!@.G): Three i d e n t i c a l  
u n i t s  mounted along s p a c e c r a f t  body axes.  A t t i t u d e  d i s p l a c e -  
ment c r e a t e s  s i g n a i  t b  the  r e a c t i o n  c o n t r o l  system t o  r e s t o r e  
d e s i r e d  a t t i t u d e .  

( 2 )  Rate gyro assembly (RGA): Three gyros t o  show 
r a t e  of. change of  s p a c e c r a f t  a t t i i u d s .  

(3) A t t i t u d e  gyro accelerometer  assembly ( A G ~ ) :  The 
t h r e e  E3AG u n i t s  p l u s  a pendulous accelerometer  t o  d i s p l a y  
a c c e l e r a t i o n  d a t a  f o r  automatic  te rminat ion  of s e r v i c e  pro-  
p u l s i o n  system engine t h r u s t i n g .  

(4)  A t t i t u d e  s e t  and gimbal p o s i t i o n  i n d i c a t o r s  which 
s e t  d e s i r e d  ang1.e changes and d i s h l a y s  s e r v i c c  propuls ion  
system engine gimbal1 p i t c h  and yaw p o s i t i o n  angle.  

(5)  Ve loc i ty  change i n d i c a t o r  d i s p l a y s  remal-ning 
change ( l?e l ta  V) . ve10ci8 E l e c t r o n i c  c o n t r o l  assemblies  t o  process  and 

cond i t ion  slgna1.s from SCS components. 

M:ission - Control  E'rogramner ( F . ~ c P ~  

The blission Contro l  Progra.mer r e c e i v e s  ijfol-ir.ation from 
t h e  updatc?, l i n k  ground cormand, the  Sz'curn instrument  u n i t ,  
ground support  eo,uip!r.ent, t h e  guidance and na.vigation, Ear th  
landing  and environmental  c o n t r o l  systems, 

GuLdance and .- Nzaat :Lon @ & c  - - 

The semT-autom3,t:ic Guidance and Navigation System i s  
i n t e r r e l a t e d  wi th  s t a b i l i z a t i o n  and control.  system, s e r v i c e  
prol;ulaion system, r e a c t i o n  c o n t r o l  system, e l e c  t r l c  povier 
system, environmental  c o n t r o l  system, telccomnlun~.cationsI 
and i n s t r ~ ~ ~ e n t a t j . o n  systems. It perforrr!~ b2sl.c f i lnctions of 
i n e r ' ; i a l  guidance, a t t i t u d e  re fe rence  and opb ica l  naviga t ion .  
The ::ystern has  tr,:a Apo?.lo 5 r e l a t e d  suSsgstens:  

(1) I n e r t i a l  guidance t o  measure chanzes i n  s p a c e c r a f t  
a t t iku.de,  h e l p  genereti: s t e e r i n g  cormand, and meGsu.re changes 
i n  v e l o c i t y .  It i s  operz ted  a u t o m r t l c a l l y  by t i e  guidance 
compu.ter: 

( 2 )  Guida:ice conilpi~ter and t!.~o d i s p l a y  ?.nd keyboard 
pane l s  (DS!<:T) t o  c a l c u l a t e  steer'ng s i ~ n a 1 . s  a!ld engine on- 
o f f  sf.c:;;nals, t o  posit:'ion .i.nert!.al neasureii!ent u n l t s t a b 2 . e  
m e n b ~ ~ ~ ~ ,  t o  positLon op4;iczl u n i t ,  t o  conduct !..ir,!.ted GZcX 
r n : i l f ~ ; n c t ~ o n  j .sc1~1;3.3~, :+,:~d to ppo~;ic:n d j : 1 ~ 1 ; ; ~  i)a?e), Ln?or.- 
I t a t i o n .  '1'1,~ co:ny,uter is dj,--j  i, - tel .,;it% t'o-;.ri 2.11 e rasno le  anu a 
rixc!c! mexorg. 

-Ip.ore- 



E a r t h  o r b i t a l  o p e r a t i o n s  of t h e  guidance and n a v i g a t i o n  
system a r e  i n  p re launch ,  gu idance  moni tor ,  o r b i t a l  n a v i g a t i o n ,  
i n f l i g h t  i n e r t i a l  measuring u n i t  a l ignment ,  a t t i t u d e  c o n t r o l  
and r e e n t r y  phases .  

E l e c t r i c a l  Power System (EPS) 

The e l e c t r i c  power system is  made up  of s i x  main areas: 

( 1 )  Fue l  c e l l s  t o  produce e l e c t r i c i t y  through chemical  
r e a c t i o n  of hydrogen and oxygen p re s su re - f ed  i n t o  c e l l s  by 
n i t r o g e n  g a s .  

Each o f  t h e  t h r e e  power p l a n t s  c o n s i s t s  of 31 s e r i e s -  
conmected c e l l s  and each  c e l l  c o n t a i n s  a hydrogen compartment, 
a n  oxygen compartment, a  hydrogen e l e c t r o d e  and a n  oxygen 
e l e c t r o d e .  Each power p l a n t  i s  44 inches  h igh ,  22 i n c h e s  i n  

( 2 )  Four  z i n c - s i l v e r  ox ide  b z t t e r i e s  l o c a t e d  i n - t h e  
comrnand module lower  equipment kay t o  p rov ide  spacec ra . f t  po'ver 
d u r i n g  r een t ryand  a f t e r  l a n d i n g  and t o  supplement f u e l  c e l l  
power d u r i n g  peak l o a d  p e r i o d s ,  p l u s  two independent  and 
i s o l a t e d  z i n c - s i l v e r  ox ide  b a t t e r i e s  t o  i g n i t e  e x p l o s i v e  de-  
v i c e s ,  p l u s  two s i m i l a r  b a t t e r i e s  i n  t h e  s e r v i c e  module t o  
power s e r v i c e  module j e t t i s o n  c o n t r o l l e r s  a f t e r  command module 
and s e r v i c e  module s e p a r a t i o n .  

(3)  Cryozenic s t o r a g e  t a n k s  and plumbing t o  hold  and 
r o u t e  hydrogen and oxygen f o r  f u e l  c e l l s  and oxygen f o r  
environmc>ntal c o n t r o l  system. 

( 4 )  Three s o l i d - s t a t e  i n v e r t e r s  i n  t h e  command module 
lower  equipment bay c o n v e r t  f u e l  c e l l  and ba . t t e ry  d l r e c t  
c u r r e n t  power t o  a l t e r n a t i n g  c u r r e n t ,  

(5) The a s s o c i a t e d  power d i s t r i b u t i o n  equipinent. 

(6)  'I'h-se b a t t e r i e s  f o r  t h e  bl iss ion Con t ro l  Programmer. 

Envircnmental  -- Cont ro l  System (EcS) --- - 
The Environmental  Con t ro l  System c o n s i s t s  o f :  

(I:) The wa.ter system whlch h o l d s  abou t  1'7 cpa.r'cr: of 
p o t a b l e  v!:lter, soinc of i t  a  by-proclucl: of t h e  f u - l  c e l l s ,  and 
a b o u t  28 q a r t s  of  waste  wa te r  used i n  t h z  e v a p o r a t o r  ~ h i c h  
h e l p s  coo l  t h e  g l y c o l  sysSem. 



( 2 )  The g l y c o l  system t o  abso rb  and t r a n s p o r t  h e a t  from 
t h e  cab in ,  e l e c t r o n i c  equipment and a p o r t i o n  of t h e  p o t a b l e  
w a t e r  t o  t h e  space  r a d i a t o r s .  

Telecommunications System 
. . 

The Telecornrnunications System provides  t e l e m e t r y  and 
t r a c k i n g  and ranging  communications between the s p a c e c r a f t  
and ground s t a t i o n s ,  and c a p a b i l i t y  t o  synchronize  t iming  
r e f e r e n c e s  f o r  o t h e r  s p a c e c r a f t  systems and t o  c o r r e l a t e  
t e l e m e t r y  d a t a .  The Apol lo  6 system f a l l s  i n t o  two main 
c a t e g o r i e s :  

( 1 )  Data, w i t h  t r a n s m i s s i o n  and tape r eco rd ing  c a p a b i l i t y  
f o r  s t r u c t u r e  and system i n f l i g h t  i n s t r u m e n t a t i o n  and t iming  
d a t a ,  and 

( 2 )  Track ing  and ranging ,  u s i n g  C-band and S-band t r a c k i n g  
by ground s t a t i o n s  t o  h e l p  de t e -mine  a c c u r a t e l y  t h e  a n g u l a r  
P o ~ f t i o n  and range  of t h e  s p a c e c r a f t  from t h e  s t a t i o n .  

System equipment d i v i d e s  i n t o  t h ~ e e  groups : 

(1) Data, i n c l u d i n g  s igna l -condi t j -on ing ,  d a t a  s t o r a g e ,  
and c e n t r a l  t i m i n g  equipment, up  d a t a  d l - g i t a l  decoder ,  pu l se -  
code nrodulation t e l e m e t e r ,  premodulat ion p roces so r :  

( 2 )  R F  e l e c t r o n i c s ,  i n c l u d i n g  VF?/FM t r a n s m i t t e r  and 
~Wl?/Abl t ra : s sce iver ,  C-band t ransponder ,  u n i f i e d  S-band equl-p- 
ment, UHF recove ry  beacon, and KXi' t r a n s c e i v e r ;  

(3)  A n t e n n ~ s ,  whibh a re  \W ornnld i rce t iona l ,  S-band, 
Vf-F recovery ,  IiF recovery ,  C-band., 

O p e r a t i o n a l  i n s t r u m e n t s  a s s o c i a t e d  with the  d a t a  
eq.uipnsnt and d a t a  t r a n s m i s s i o n  i n c l u d e  some 24 c l a s s e s  of 
t ra -nsducers  t o  measure system p r e s s u r e ,  t empera ture ,  f lorq, 
a t t i t u d e ,  a n g u l a r  p o s i t i o n ,  r a t e s ,  e v e n t s  q u a n t i t y  and 
f requency  . 
Fa.rth 1a.nding System .-. (ELQ 

The E a r t h  Landing Sys tem which s a f e l y  l a n d s  t h e  cotnmand 
module through auto;nat ic  sequenc,l_ng of drogue and main pa rachu te  
deployment systena, includes recovery  equl.pment f o r  d e p l ~ y m e r ~ t  

md a c t i v a t i o n  a f t e r  l and ing .  





Parachute Subsystem: 

( 1 )  TWG drogue chutes ,  c o n c i a l  r ibbon n.ylon wi th  
canopy diameter  of 13.7 f e e t ;  

( 2 )  Three pilot chutes ,  r i n g - s l o t  nylon 7.2 
f e e t  diameter;  

(3 )  Three main chutes ,  r i n g s a i l  nylon 8 3 0 5  f e e t  
diameter  weighing 127 pounds each inc luding  
canopy, r i s e r s  and deployment bag. 

Recovery -- Equipment: - 
( I )  Upright;lng system c o n s i s t i n g  of t h r e e  compyessor- 

i n f l a t e d  bags, used t o  u p r i g h t  t h e  s p a c e c r a f t  if' 
i t  l a n d s  apex down ( s t a b l e  13) i n  t h e  water; 

( 3 )  Plashing beacon on'command module apex; 

( 4 )  VID recovery beacon t ransrn i t tes ,  l oca ted  i n  command 
module lower equipment bay and a c t i v a t e d  during 
descent  t o  provide continuous l i n e - o f - s i g h t  signals; 
i n  a d d i t i o n ,  it has an  HI? recovery beacon; 

( 5  SlfirP.lirnmersf umbl.lica1, part of t h e  tether holding t h e  sea 
dye marker c a n n i s t e r ,  

&un.ch Abort Ca.pab%l-it i e s  ---- - 
, T h e  Launch Escape System (LES) provides safe a b o r t  c a p a b i l i t i e s  

pr3.o~ t o  l i f t o f f  through f i rs t  1-73 seconds of' f l i g h t  through au'c'o- 
rnatic i n i t i a t i o n  by the  emergency de t ec t i on  system (EDS), which 
senses b o o s t e r  malfunction. The three launch escape system a b o r t  
phases -- pad,  low a l t i t u d e  a.nd high a . l t i t u d e  -- a r e  i n d i c a t e d  
, i n  t h e  accompa.ny!.ng c h a r t ,  I n  the  norma.1 rn9.sslon, the  l runch  e s -  
cape systen? i s  jettisoned s h o r t l y  .after ignf t i o n  of t h e  launch 
v e h i c l e  second s t age ;  a n  a b o r t  a f t e r  t h a t  time i s  acccmplished by 
't;h_g s e r v i c e  propul .s ion.  system engine.  Operation of t h e  Ea.rth 
b i n d i n g  system u n d e r  abo r t  cond i t ions  1 s  essent l .a . l ly  the  sane as 
i n  a norm.a.1 reen t ry  descen t ,  





ABLATOR TEST PA!\iEl;hc 

Three abl..?i$or t e s k  p a n e l s  w l l l  be floi.:n on t h e  Apollo 5 
co~rnand nodule .  Two w i l l  be i n  t h e  s i r m l a t e d  windwar2 um- 
b i l i c a l  c a v i t y  and t h e  '6i)lrd w i l l  r e p l a c e  t h e  meteoro id  win- 
dow cover  of t h e  l e f t  crew window. 

The two 9 a t c k e s  i n  t h e  u m b i l i c a l  a r e a  w e  1: by 9-inch 
~ e c t a n g l e s  1.1~9 iflches t h i c k  wi th  an addi t iona.1  .07-inch 
t h i c k  f i b e r  g l a s s  Sacking.  One of t h e s e  p a t c h e s  i s  t h e  
c u r r e n t  Apollo Avco honeycomb h e a t  s h i e l d  m a t e r i a l  wi th  one- 
t h i r d  of t h e  a b l a t o r  m a t e r i a l  removed t o  r e p r e s e n t  a p o s s i b l e  
weight s av lng  technique ;  The second pa tch  i s  a low d e n s i t y ,  
modi f ied  po lyure thane  foam developed by NASA's k ~ e s  Research 
Center .  It i s  be ing  s t u d i e d  as a p o s s i b l e  h e a t  s h i e l d  m a t e r i a l  
f o r  f u t u r e  s p a c e c r a f t .  

The p o l y u r e t n a ~ e  foam m a t e r i a l  has  a d e n s i t y  of 2.2 pounds 
p e r  cub ic  f o ~ t ,  compared t o  33 pounds p e r  cubic  f o o t  f o r  t h e  
p r e s e n t  honeycomb h e a t  s h i e l d  m a t e r i a l .  

The t e s t  pane l  over  t h e  window i s  a t r a p e z o i d  12 .32  i n c h e s  
high,  13.1 i n c h e s  wide a t  t h e  base  and 10.6 inches  wide a t  t h e  
t op .  It i s  d i v i d e d  i n t o  t h r e e  v e r t l c a l  s e c t i o n s .  The l e f t  
s e c t i o n  c o n t ~ . l ~ s  t h e  honeycomb m a t e r i a l  with o n e - t h i r d  of t h e  
a b l a t o r  remaved. The middle s e c t i o n  i s  end g r a i n  b a l s a  wood. 
The r i g h t  s e c t i o n  i s  t h e  modif ied pol.yurethane foam. A l l  t h r e e  
s e c t i o n s  a r e  0.7 i nches  t h i c k .  

Ba l sa  i s  t h e  n a t u r a l  m z t e r i a l  of lowest  d e n s i t y  'with 
r ea sonab le  a b l a t i o n  p r o p e r t i e s .  It i s  be ing  compared wi th  
o t h e r  m a t e r i a l s  i n  a f l i g h t  t e s t .  



LAUNCH VEHICLE CAMERA SYSTZMS 

More cameras w i l l  be c a r r i e d  aboard t h e  Saturn  V launch 
v e h i c l e  on t h e  Apollo 6 mission than  on any previous  Sa tu rn ,  
Tne first s t a g e  w i l l  c a r r y  f o u r  motion p i c t u r e  cameras and 
two t e l e v i s i o n  cameras, and t h e  second s tage ,  two motion p i c -  
t u r e  cameras. The f i l m  cameras w i l l  be e j ec ted  f o r  recovery.  

F i r s t  Stage -- Film Cameras 

Four f i l m  cameras w i l l  be mounted on t h e  i n s i d e  of t h e  
forward s k i r t  of t h e  f i r s t  s t age .  Two caneras  (1 and 3) w i l l  
be mounted ].ens forward and canted inward f i v e  degrees t o  view 
t h e  s e p a r a t i o n  of t h e  f i rs t  and second s t a g e s .  These two 
cameras w i . 1 1  s ta r t  144 seconds a f t e r  l i f t o f f  and run about 40 
 second.^. Two cameras (2. and 14) w i l l  be mounted l e n s - a f t ,  with 
l e n s e s  connected by f i b e r  o p t i c  bundles t o  manhole covers i n  
t h e  t o p  of the  l i q u i d  oxygen tank.  These covers provide view- 
ing windows and mounts f o r  s t r o b e  l i g h t s ,  The tank  w i l l  be 
l i g h t e d  insid-e  by pulsed s t r o b e  t o  enable  t h e  c m e r a s  t o  r e -  
cord t h e  behavfor of t h e  l iquid.  oxygen i n  f l i g h t ,  These two 
cameras w i l l  be turned  on 30 seconds before  l i f t o f f ;  t h e  s t r o b e  
l i g h t s  w i l l  be turned  o f f  s h o r t l y  before  f i rs t  s t a g e  cu to f f .  

A 1 1  f i r s t  s t a g e  f i l m  cameras a r e  c a r r i e d  i n  recoverable  
capsules  i n s e r t e d  I n  e j e c t i o n  tubes ,  They w i l l  be e j e c t e d  174 
seconds a f t e r  veh ic le  l i f t o f f ,  o r  25 seconds a f t e r  s t a g e  sepa- 
r a t i o n ,  4h n a u t i c a l  (50.2 s t a t u t e )  mi les  a t  a  podnt 76 n a u t i c a l  
(88 s t a t u t e )  miles downrange. Canera i m p a c t i s  expected some 
1100 miles  downrange about 10 minutes ai"ter l i f t o f f .  

F i r s t  Stage -- Telev i s ion  --- 
Both t e l e v i s i o n  canieras w i l l  be mounted i n s i d e  t h e  th:ws% 

s t r u c t u r e  of t he  first s t age .  A f i b e r  o p t i c  bund.le from each 
canera will. s p l L t  i n t o  two s e p a r a t e  bundles going t o  l e n s e s  
rnounted o u t s i d e  t h e  hea t  s h i e l d  i n  t h e  engine a r e a .  This  will. 
provide two images f o r  each camera, o r  f o u r  f o r  t h e  system, 
The images v~Cl.1 be t i l t e d  99 degrees froin v e r t i c a l  t o  g ive  a 
wider view as  two j-maces appear on ~ a c h  cathode ray  tube.  &-ch 
l e n s  w i l l  v i m  t h e  cen te r  engine and one o u t e r  engine, thu.s 
provid ing  a view of each o u t e r  engine worl-cine i n  conjunct ion  
with the  f i x e d  c e n t e r  engine. 

A removab1.e a p e r t u r e  d i s k  can be changed from f/2 t o  f/22 
t o  vasy the image i n t e n s i t y .  ( ~ 3 . b e r  o p t i c s  reduce image In ten-  
s i t y  about 70 per cent .  ) A quar tz  wlndow, rotated.  by a  DC 
motor w i t h  a  f r i c t i o n  drj.vc, p r o t e c t s  t h e  o b j e c t i v e  l e n s  on 
t h e  end of t h e  f i b e r  o p t i c  bundle,  Fixed m e t a l l i c  mesh sera,- 
p e r s  1:~ilI. re:r,ovc soo t  from the  r o t a t i n g  wrt.ndot!s. Images from 
t h e  two o b j e c ' ~  j.ve 1-enccs a2.e combined i n t o  t h c  c l m l  Jx12gc I n  
L 1 l ! ~  ! I  bne Inrccnr . .> f5 .S~-  opt:.ic:; b1~r1dl.e by a fj.ti;:i,n&. .4 lil-elcment 
couplin,: l e n s  ncl.aptr, f;h? large dual imay;c burldie  t o  the  cmcra . .  



Images from both  cameras a r e  mul t ip lexed t o g e t h e r  f o r  
t r ansmiss ion  on a s i n g l e  te lemetry  l i n k .  The images a r e  un- 
s c r m ~ b l e d  a t  t h e  r e c e i v i n g  s t a t i o n .  

The video system cameras con ta in  28-volt  v id icon  tubes,  
p re -ampl i f i e r s  and v e r t i c a l  sweep c i r c u i t s  f o r  30 frames p e r .  
second scanning. 

I 

The TV cameras opera te  cont inuously from 16 hours  25 min- 
u t e s  before  l i f t o f f  u n t i l  des t royed on f i r s t  s t a g e  reentpy .  

Second S t ~ e  -- Fi lm 

The two f i l m  cameras c a r r i e d  on t h e  second s t a g e  a r e  
mounted on t h e  t h r u s t  s t ~ w c t u r e  near  t h e  o u t e r  pe r iphery  a t  
v e h i c l e  P o s i t i o n s  I and 111. Both f a c e  a f t  t o  view t h e  sepa- 
r a t i o n  of t h e  f irst  and second s t a g e s  and t h e  l a t e r  j e t t i s o n -  
ing of t h e  a f t e r  i n t e r s t a g e .  Camera I i s  between engines 1 
and 4 and camera 2 i s  between engines 2 and 3. The c~vneras  
a r e  turned  on by t h e  swi tch  s e l e c t o r  about 148.5 secdnds a f t e r  
l i f t o f f  and s h o r t l y  be fo re  f i r s t  p lane  s e p a r a t i o n ,  Operatior1 
t ime i s  about 40 seconds. The f i l m  w i l l  be ma.rlced a t  0.1 
second be fo re  f i r s t  p lane  separa t ion ,  one-tenth of a s e c o ~ d  
a f t e r  S - I1  engine s t a r t  and 0 . 1  second a f t e r  second p lane  
separa t ion .  The capsules  w i l l  be e j e c t e d  about 8 seconds 
a f t e r  second p lane  separa t ion ,  o r  about 187.5 seconds a f t e r  
l i f t o f f ,  a t  an a l t i t u d e  of 49 n a u t i c a l  (56 s t a t u t e )  mi les  some 
45 n ~ ~ r t i c a l  52 s t a t u t e )  mi les  down12ange. The S-I1 cameras t i.rI.11 impact 70 seconds a f t e r  l i f t o f f ,  410 n a u t i c a l  (470 
s t a t u t e )  mi les  downrange. 

Eject ion.  - an- 
\&hen t h e  c m e r a  capsules  a r e  e j e c t e d ,  s t a b i l i z a t i o n  f l a p s  

open f o r  t h e  i n i t i a l  p a r t  of t h e  descent .  When t h e  capsules  
descend t o  about 15,000 f e e t  above ground a  para-bal loon x i 1 1  
i n f l a t e  au tomat ica l ly ,  causing f l a p s  t o  f a l l  away. A recovery 
r a d i o  t r ~ n s m i t t e r  and f l a s h i n g  l . ight  beacon a r e  turned  on about  
6 seconds a f t e r  para-bal loon i n f l a t i o n .  Af te r  touchdotm, t h e  
capsu.le e f f u s e s  a  dye marker t o  a i d  s i g h t i n g ,  and it r e l e a s e s  
a shark  r e p e l l e n t  t o  p r o t e c t  the  capsules ,  para-ball-oon (which 
keeps t h e  capsu2.e a f l o a t )  and t h ~  recovery team, 

The Navy's EPD-IF (Landing P l a t f o r n  ~ o c k )  USS Austin w i l l  
be cruj.si.ng abo11.t midway between t h e  oplashdovln a r e a s  f o r  t h e  
first and zccond staf5e c ~ m c r a  c a p s u l e s  w l t h  t ~ c l l c o p t e r s  
and frogmen cover lng  bo th  p o l n t s ,  Capsules w i l l  b e  picked 
up and flown by hel l .copter  t o  KSC,  Tie capsu.les l\ri11 then 
be t r a n s f e r r e d  to a data plane at; P a t r i c k  A i r  Force Base, 
P l a , ,  for* i.mzx?d?..ate t r a n s f e r  t o  t h e  FlarshaLl Center  a. t  Hunts- 
v3. l . l~ where t h e  f i l m  w i 2 . l  be processed, 
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Two cameras w i l l .  be mou.nted wi th in  t h e  c o m n d  module 
crew comgartrnent. A 16m Mil l ikan  motion p i c t u r e  camera 
w i l l  be poin ted  o u t  t h e  l e f t  rendezvous window. A ? O m  
Maurer s t i l l  cm..era w i l l  photograph thro,ugh the h a t c h  window. 

The Millika,n, ope ra t ing  a t  10 frames-per-second, will 
be turned  an 2 minutes a f t e r  l i f t o f f  and turned o f f  13 
minutes  a f t e r  l i f t o f f .  It will be turned  on again 9 houss 
12 minutes a f t e r  l i f t o f f  and o p e ~ a t e  thsough t h e  landing  
phase u n t i l  9 hours 50 minutes a f t e r  l i f t o f f .  

ObJe l~ t ives  a r e  t o  photograph r e e n t ~ y ' h o r i z o n  re fe rence ,  
window degradation, r e e n t r y  plasma flow and b r i l l i a n c e ,  boos t  
p r o t e c t i v e  cover  j e t t i s o n  and 0 r b l t 2 l  i n s e r t i o n .  

Tne t.sJ.rer w i l l .  o p e r a t e  f o r  two hours s t a r t i n g  1 hour 
29 minutea a f t e r  l i f t o f f ,  with 8,6 seconds between exposures.  
The o b j e c t i v e  i s  Easth photography t o  be used f o r  t h e  prepasa-  
t l o n  o f  g~.idance and. navilgxtlon landm,rk f d e n t i f i ~ a t i o n ~  f o r  
navigation perf'orma,nce m~~lys i s ,  and RB Lrrage r r a t e r i a . 1 ~  I n  t h e  
e n g i r ~ e e r i n g  and t ra in ing  s jmula tors .  The s p a c e c r a f t  ~ 3 . 1 1  be 
o f f  t he  coast  of  F3Ja @aliforn:La tahen the camera 51s turned  
on 0 

Coverage w l l l  be approxim, te ly  78 n a u t i c a l  (90 s t a t u t e )  
mflea wide cen te red  on the  ground t r ack ,  and the  I n t e r v a l  
between f r a , ~ ~ e s  provides  o v e ~ l a p  of  about  55 p e r  cent .  

A secpefice c o n t r o l l e r  o p e r a t e s  each calaera, O h  j e c t l v e s  
are d e s i r a b l e ,  b u t  n o t  mandatory, 



P r e f l i g h t  t e s t ,  checkout and launch o f  t h e  Apollo 6 
are under the  d i r e c t i o n  o f  NASA's S o h  P. Kennedy Space 
Center.  

KSC r e s p o n s i b i l i t i e s  inc lude  i n i t i a l  v e r i f i c a t i o n  o f  
t h e  launch veh ic le  s t ages ,  spacec ra f t  and ground suppor t  
f a c i l i t i e s  f o r  f l i g h t .  These s t e p s  are . fo l1owed by mating 
and i n t e g r a t i o n  o f  t h e  space vehic le ,  countdo~fl~ and launch. 
The f i n a l  countdown w i l l  be run  by a governnent-industry 
team of more than 450 persons.  

Launch o p e r a t i o n s  f o r  Apollo 6 w i l l  be conduc'ced f o r  
t h e  f i r s t  time from F i r i n g  Room 2 o f  the  Launch Control  Center ,  
That f i r i n g  room connects t o  High B y  No. 2 of  t h e  Vehicle  
Assembly Building (vAB) where t h e  space veh ic les  undergo 
prelaunch t e s t i n g .  A new mobile launches a l s o  i s  being used 
f o r  t h i s  mission. 

T h i s  technique fol lows t h e  concept a t  Launch Complex 39 
t h a t  s p e c i f i c  f i r i n g  rooms be ass igned t o  coun te rpa r t  h igh  bays 
i n  o r d e r  t o  maintain i n t e g r i t y  i n  t h e  checkout procedures 
from t h e  a r r i v a l  of  t h e  f l i g h t  hardware u n t i l  launch. Prep- 
r a t i o n  and launch o f  t h e  f i r s t  Saturn  V veh ic le  were thus  
c o n t r o l l e d  fsom F i r i n g  Room and High Bay No, 1. 

Pad A, s l t e  of the  f i rs t  launch, Nov, 9, 1967, ~1811 be 
used aga in  f o r  Apollo 6. Damage caused by t h e  I n i t i a l  launch 
was minimal and t h e  f a c i l i t y  was re fu rb i shed  by l a t e  January ,  

Follovrrtng e l e c t r i c a l  mating, checks of' t he  space v e h i c l e  
emergency d e t e c t i o n  system and a s e r i e s  of s imulated count- 
dokm and f l i g h t  opera t fons  were made f i rs t  with t h e  u m b i l i c a l  
connect ions i n t a c t  (p lugs  i n ) ,  then with t h e  urnht l icals  
r e l e a s i n g  a t  simulated l i f t o f f  (p lugs  o u t ) ,  

The Apollo 6 space veh ic le  was t r anspor ted  t o  Pad A 
Feb. 6, making t he  3.5-mile t s l p  with nc major problem,in l e s s  
than  e i g h t  hours ,  Space v c h l c l e  cu to f f  a d  mal f inc t ion  t e s t  
and the  F l i g h t  Readiness Tes t  (FRT) were completed 3.n l a t e  
February m d  ea,rly March, 

The Coun-Mo~m DenonstratJ-on Tes t  (cDI>%), l a s t  mi les tone  
I I before p:I.ck.hg up t h e  f i n a l  countdown, i s  a complete d r e s s  

r ?hea r sa l1 '  o f  t h e  launch count, inc luding  propel l .ant  loading.  
The CDDT i s  ccmpleted, a three-day recyc le  time allowed, then 
t he  final countdown Is begun. 



The Apol lo  6 f i n a l  countdown w i J . 1  las t  some 30 hours,  
wi th  a clock s tar t  a t  T-rninus-24 hours. A slx-hour  b u i l t - i n  
hold i s  planned a t  T-mfnus-8 hou-rs, before h u n c h  veh ic le  
p rope l l an t  1oadl.ng. 

Cer ta in  spacec r a f t  funct ions  such as f u e l  c e l l  a c t i v a t i o n  
a r e  accomplished i n  t h e  countdown dernor,stratj.on t e s t .  
.Po l lowhg  a r e  h i g h l i g h t s  o f  the count: 

T-minus-24 hours I n s t a l l  launch vehic le  f l i g h t  
b a t t e r i e s  

Launch veh ic le  c a l l  t o  s t a t i o n s  

Ver i fy  12-u.nch vehic le  powep on 

Range safety command checks 

Launch vehLcZe power t r a n s f e r  - t e s t s  

Move mobj.le s e rv i ce  s t ru.cture t o  
parked p o s i t i o n  

Spacecraf t  c loseout  - t h r ee  hour 
operatLon. V e r l f ' y  s p a c e c ~ a f t  swi tch  
I f  s t ,  f l n a l  cabln inspection., check 
envlronmentK!. con t ro l  system, 
fnsta1.1 hatch, p r e s su r i z e  cabln  and 
check cabin leak, 

I n s t a l l  launch vehic le  d e s t r u c t  
paclcages 

Retra-ct  ApoZlo spacecra-f'c access a-pm 
(NO. 9 )  

Sta,?.-t 6- OUT b u i l t - i n  hold.. Re sl.rnie 
count,  Prepare t o  load launch 
vehic le  pl-opellant. 

Start t h i ~ ? d  stage (S-FJE) 1 i q ~ l . d  
oxygen loadlng 

Stc?r'c load:Ln;?; second s tage  (S-11) 
l i q u l d  ox.ygen 

Mission Scn t ro l  Center, Houston ---- 
la.v.nch vehlrtcle p r e f l i g h t  comv.and 
checks 



60 minutes 

10 

6 

5 mine 30 seconds 

3: l o  

1: 37 

53 seconds 

Start f f r s t  s t a g e  (s-IC) l i q u i d  
oxygen loading 

Space veh ic le  emergency d e t e c t i o n  
system test .  

Start second s t a g e  (s-IT) 1-iqu3.d 
hydrogen loading. 

Stast loading  t h i r d  s t a g e  (s-IVR) 
l i q u i d  hydrogen 

Launch veh lc le  a t t i t u d e  cormnand 
checks 

S t a r t  final launch veh ic le  r ad io  
frequency and te lemetry  checks 

R e t r a c t  lau-nch veh ic le  prirna.ry dampes 
a r n l  

Begin t c m i n a l  countdown 

Range safety command checks 

Power t~ansi 'er  checks 

Spacecraft m d  lunar t e s %  
a s t l c l e  comm-nd checks 

Spacec~nft a.nd lunar t e s t  a r t i c l e  
en Internal powex 

Am launch escape system 

Space veh ic le  status check 

Am des t rv-c t  system 

InyiZ;%s'r;e f'irying cornva..nd (a~ti;omat?~c 
sequencer) 

Start laugch vehic le  p re s s l~ . r l za . t l on  

Launch vehlcl-e power t ~ r n d e r  t o  
in ternax 

l g n l t l o n  sequence st ;3~ts 

A l l  cng lnes  rv l~~a : l_n .g  

Launch c o ~ i i i ~ i t  2nd li.l ' tof f 



Sa tu rn  V .  s t a g e s  a r e  shipped t o  t h e  Kennedy Space Center  
by ocean-going v e s s e l s  and by specia.1l.y-designed a:ircra,f t, 
Apollo s p a c e c r a f t  modules a r e  t r anspor ted  by a i r ,  Tne command 
mod.ule, s e r v i c e  module and. lunar module t e s t  a r t i c l e  a r e  
f i rst  taken t o  the  Manned Spacecra f t  Operations Bui ld ing  f o r  
s e s v i c i n g  and checkout. The Sadturn V s t a g e s  a r e  taken 
immediately t o  the  VehicZe Assembly Building (VAB) . 

Checkout and Mating - 

Receiving inspec t ion  i s  performed on t h e  s t ages ,  then 
they are e r e c t e d  b e g i n n h g  wi th  t h e  S-IC, Sepzratehy packaged 
items such as f i n s  and I n t e r s t a g e  s k i r t s  a s e  i n s t a l l e d  and 
mandatory modif ica t ions  Tes t s  which cannot be p e r f o ~ m e d  
a f t e r  stage mating are performed. on the  S- -11  and. S-ITPB s t a g e s  
i n  t h e  VABfs 1-ow bay a r e a  p r i o r  t o  s t a g e  mating. 

S-IC Stage,  --- A f t e ~  belng t r a n s p o r t e d  t c  t h e  high bay 
a,rea oP t h e  WE3, t h e  S-JC s"ca,ge i s  lifted t o  a vcr t ica .1  
position. The s t a g e  i s  pos l t ioncd  above the launch pl;rtform 
of  the  Nobile Launcher and lowered i n t o  p lace ,  Afker p o s i t i o n -  
ing, i t  Is secrrred t;o the four  hold-dovan support arms. 

Englne shrou-ds are installed on the s t age .  The fins are 
Ins-La2lcd on the planes of the  fou:r outboard engines. Each 
f i n  has  a span of  11.5 feet and a surface a ~ e a  of 75 square 
f ee t ,  T'le stage Zs v,ertica.<lly a l igned  and mated. t o  the ground 
su.pport equipment, 

La~uacher e l e c ' c ~ i c a l  grourld suppor t  ecjulpment Is connected 
t o  the Lmnch Control. C e ~ t e r  v3.a t h e  high-speed d i g i t a l  d a t a  
12nk, znd the  S-IC stage "Lst pprogra.m is begun, using launch 
contx?al equlpmenL m e  test psogra'n fol lows the btrildixlg 
b lock  p a t t e r n  with some I n i t i a l  checks a t  the conponent l e v e l  
and p rogress ive  expansion i n t o  subsystem-~systemx and compositn 
systern t e s t s ,  These ci-iecks are conducted w i t h  the Vehicle 
Assemnb3.y 3jv.iil.dlng work p la t fo lms  I n  place,  and v!j.'ch w,bill.cal 
arms connected, 

S - T I  T tqce ,  Y-I-VB S 'ca~e  and I n s t n ~ a e n t  Unl*, Al-ong w i t l i  -- :,4_.52-_1---L ----..--. -L _--.. ----,_--.-__- 
S - I C  ~ % a g e  ru1~ec:;out and a.:Lri.gsme>, 8.J. I. LO;\~-bsy '~es'cing o f  t h e  
upper s t a g e s  w i l l  have been completed and  the upper s t a g e s  pr2e- 
pared f o r  ma'ci~ip; ,  

The upper stage:: are nlovzd t o  the EIZzh ?&y and matcd a t o p  
the S-SC sta.ge, U'mbS_:l.lca.J. conncc2;l.on beg$-ns L?!r~cd.tat;el.y m c i  
contI:~ues dlrrPn$ %he mzting operaJ~ior i  on 2. rnon-interference 
bas:;.:;, After the S-,DTE; has been r:~at;ed t o  S - I l ,  the Snstruizent 
u .n . i t  ". n.ssemb1ed to S-..ITr3* 'irlc veh3.c3.c I s  a.l3.~r,l~sci verb?-tally 
a.f t c r  ea,c'n sSo2;e has Si .~ ;n  r22?;cd, 



Saturn  V Lau.nch Vehicle.  After  the  s t a g e s  and i n s t m -  
n e n t  u n i t  a r e  r n e c h ~ l ~ m a t e c i  and a l lgned,  the  S-11 and 
S-IVi3 a r e  e l e c t r i c a l l y  mated t o  the  launcher ground suppor t  
equipment. Tfie s t a g e s  a r e  then electrically m t e d  and 
launch veh lc le  systems t e s t e d ,  

Af te r  completlng t h e  f l l g h t  sequence t e s t ,  t h e  launch 
v e h i c l e  i s  read.y f o r  t h e  Apollo s p a c e c r a f t  e l e c t r i c a l  mating. 
Erec t ion  avrd mechanical mating o f  the  s p a c e c r a f t  onto  t h e  
launch vehlcl-e can be accomplished s h o r t l y  a f t e r  S-I-YB 
stage and i n s t s m e n t  u n i t  e rec t ion .  

Apol.10 - - --------. S ~ a c e c r a f  t, Along with stage mating opera t ions  
i n  t h e  vehicle AssembJy Bv.ilding, coaponent and systems t e s t s  
o f  the  F~pol-lo s p a c e c r a f t  a r e  run i n  the  Manned Spacec ra f t  
Operat ions Building,  

Integrated. t e s t s  aye conducted. after the  commsad and 
' serv:Lce modules adre mated. A f t e r  compl.etion o f  these  t e s t s ,  
t h e  cormand-service module i s  ma.ted with spacec ra f t  l u n a r  
module a d a p t e r  ( s L ~ )  and. t h e  l u n a r  module t e s t  ax7t ic le ,  
Ordnznce Is i n s t a l l e d  and p repara t ions  a r e  made t o  t r a n s p o r t  
the s p a c e c r a f t  t o  t h e  VAB, Following s p a c e c r a f t  e rec t ion ,  
and necha,nlcal mating t o  the  launch vehic le ,  t h e  s p a c e c r a f t  
i s  c3nnect3d t o  i t s  ground. su.pport equipment and acceptance 
checlcout equlprnent, and i n t e g r a t e d  s p a c e c r a f t  t e s t i n g  i s  
begun, 

S ~ a c e  Ve11icl.e Tes ts .  T l~e  fl.rsr; space veh ic le  t e s t s  
provi.& g ~ v ~ e r  and cool ing  c a p a b i l i t y  t o  the  veh ic le ,  v a l i d a t e  
the connect ions a,nd. se't  up the insl ; r tur ,ntat ion.  When this 
has been completed, systerns t e s t i n g  can begin. The systerns 
t e s t s  a r e  control led;  and monitored by the  La,unch Control. 
Center ,  

T rans fe r  t o  Launch S:l te ---..-------.. ---'. 

The t s a n s p o r t e r  i s  moved f-n'co posit:ion beneath t h e  M o D L l e  
-2,aunchcr. Its h y d r a u l . 3 ~  jacks engage t h e  f l t t i n g s  on the  
launcher  and r a i s e  it a ~ n r o x i m a t e l y  3 f e e t  so  that i t  w i l l  
c  l e a r  the Vehicle  Assembly Building support  p e d e s t a l s .  Then 
t h e  -i;ranspor'i;er moves vril;h i t s  load 0u.t of  t h e  VAB, Amiv i3g  
at t h e  launch pad, t h e  t ~ a n s p o r t e r  moves t he  Moblle Lau-ncher 
I n t o  p o s i t i o n  and lowers I t  onto the  s t e e l  p e d e s t a l s .  The 
transportex? z l s o  c a r r i e s  the Mobile Service  S t ru -c tu re  (P~SS)  
3-nto p o s i t i o n  a,longside the space veh ic le  f o r  access  dur ing  
launch pad opera t ions .  



Launch P repa ra t i ons  

Upon a r r i v a l  a t  t h e  launch pad, s e r v i c e s  such as d i g i t a l .  
d a t a  l i n k ,  communication c i r cu l . t r y ,  pneumatic supply l i n e s ,  
p r o p e l l a n t  l i n e s ,  environmental   control.^, and e l e c t r i c a l  power 
supply l i n e s  a r e  connected t o  t h e  Mobile Launcher and space 
veh i c l e .  A f t e r  a l l  connect ions  have been made, power i s  a g a i n  
a p p l i e d  t o  t h e  v e h i c l e  and t h e  c o n t r o l  and monitor l i n k s  v e r i -  
f i e d .  Radio frequency systems a r e  checked ou t  wi th  t h e i r  
a s s o c i a t e d  ground s t a t i o n  and t h e  d i g i t a l  d a t a  a c q u i s i t i o n  
sys  tern i s  v a l i d a t e d .  

A s p a c e c r a f t  systems v e r i f i c a t i o n  t e s t  i s  performed, 
fol lowed by a space veh i c l e  cu t -o f f  and mal func t ion  t e s t .  
Radio f requency c o m p a t i b i l i t y  i s  e s t a b l i s h e d  and p r e p a r a t i o n s  
a r e  made f o r  a f i n a l  f l i g h t  r e a d i n e s s  t e s t .  The f l i g h t  
r e a d i n e s s  t e s t  invo lves  sequency t e s t s  p a r a l l e l i n g  t h e  a c t u a l  
countdown and i n - f l l g h t ' o p e r a t i o n s .  Compat ib i l i ty  wi th  t h e  
s t a t i o n s  o f  t h e  Eas t e rn  Tes t  Ra.nge and t h e  Mission Cont ro l  
Cente r  i n  Houston, a r e  v e r i f i e d  a t  t h i s  time. 

Fo l lov~ ing  an e v a l u a t i o n  o f  t h e  f l i g h t  readiness t e s t ,  
a l l  systems a r e  reconf igured  f o r  launch,  and a l l  p lugs  r e -  
v e r i f i e d .  A countdown demonstra t ion t e s t  (cDDT) i s  performed 
as t h e  f i n a l  t e s t  p r i o r  t o  launch.  The CDDT c o n s i s t s  o f  an 
actu-a1 launch countdown, complete with p r o p e l l a n t  load lng ,  
t e r m i n a t i n g  j u s t  p r i o r  t o  i g n i t i o n .  Th i s  t e s t  e x e r c i s e s  a l l  
systems a long  wi th  t h e  launch crew, and p repa re s  t h e  "team" f o r  
t h e  a c t u a l  o p e r a t i o n  t o  follow. 

Launch Countdown 

Upon completion o f  t h e  countdown demonstra.tion t e s t ,  
t h e  space ve!>%cle i s  r e cyc l ed  t o  pre-count  s t a t u s ,  and prepara -  
t i o n s  a r e  made f o r  t h e  f i n a l  countdown phase o f  launch opera-  
t i o n s .  While on t h e  pad du-ring t h e  countdown, t h e  command 
module w i l l  be f i l l e d  wi th  n i t r ogen .  

P r o p e l l a n t  Loading 

Prope l.l.ant 1.oa.ding o f  t h e  Apollo s p a c e c r a f t  i s  performed 
p r i o r  t o  launch d.ay. Aerozine 50 i s  t h e  f i e 1  and n i t r o g e n  
t e  t r o x l d e ,  t h e  o x i d i z e r .  Also p r i o r  t o  launch day, hype rgo l i c s  
f o r  t h e  S-IVB s t a g e  r e a c t i o n  c o n t r o l  system a r e  1.oa.ded and 
ordnance connected.  Kex-osene i s  loaded. h a d i n g  o f  t h e  c ry -  
ogenlc  p r o p e l l a n t s  f o r  t h e  launch v e h l c l e  begins  on launch day 
abou t  T-7 h o ~ l r s  

LiquJlci oxyger, load ing  i s  b c ~ u n  f l r s t .  The t anks  are 
prae-coo?-ed. b5f'orc f j - l l i n g ,  Precool  o f  one t ank  can be 
acconlpl.ished i-rhiie ano the r  I s  f i l l i n g ,  Loading i s  s t a r t e d  
w i  t.h t h e  S-!;I s tage t o  40 p e r  c e n t ,  folloi.:ed by t h e  S-IVI3 
stage t o  I00 pe r  cen t .  The S-11 i s  then  brought  t o  a f i l l 1  100 
p e r  c e n t  followed by t h e  S-JC t o  100 p e r  c e n t ,  Th ls  procedure  

~ . Y O Y ~ S  time t o  c h ~ c k  l i q u l d  oxygen leaks be fo re  t h e  S-II i s  
u. ly loaded ,  

LlquLd t-~ydrogen l o a d i n s  beglns  next, s t a r t i n g  w i th  S-11 
t o  100 p e r  c e n t ,  I~oadirig o f  S-,DlB Is l a s t .  Topping o f  c ~ y - -  
@genic. tarllcs of t he  I.aun:;h v e h i c l e  cont4.nu2s ~?iiS1.3. I.au.nr,h. 
ToI ;~?~.  cryo;;enfc loadin!; t i rno  fl;oa start to f i n ? a h  j.3 4 i-,ouys 
30 n:lnutes .  





The major components of Complex 39 inc1ud.e: (1)  t h e  
Vehicle  Assembly Building (VAB) where the  Apollo space 
v e h i c l e  i s  assernbl-ed and prepared; (2 )  t h e  Launch Contro l  
Center ,  e l e c t r o n i c  "b ra inv  of t h e  Complex; (3) t h e  Mobile 
Launcher, upon which t h e  Apollo i s  e rec ted  f o r  checkout and 
from which i t  w i l l  be launched; (4)  t h e  Mobile Serqice  
S t r u c t u r e ,  which provides e x t e r n a l  access  t o  t h e    pol lo/ 
Sa tu rn  V spa-ce veh ic le  a t  t h e  launch s i t e ;  (5) t h e  Transpor te r  
which c a r r i e s  the  space vehic le ,  i t s  Moblle Launcher, and 
t h e  Moblle Service  Struc. ture  t o  the  lau-nch pad; (6)  t h e  
Crawlerway; and (7)  t h e  launch pad i t s e l f .  

The v e h i c l e  Assembly -. Bui ld ing  

The h e a r t  o f  Launch Complex 39 i s  t h e  Vehicle Assembly 
Building where t h e , 3 6 3 - f o o t - t a l l  space veh lc le  i s  assembled 
and t e s t e d ,  

The VAB cor..tains 129,482,000 cubic f e e t  of space,  It 
is 716 f e e t  long, 518 f e e b  wide and covers 343,500 square 
f e e t  of  f l o o r  space. %1ie foundation o f  t h e  buf~ld ing  r e s t s  
on 4,225 s t e e l  p i l i n g s ,  each 16 inches i n  diameter,  d r i v e n  
from 150 t o  1.70 f e e t  t o  bedrack. Tne s k e l e t a l  s t r u c t u r e  
o f  the bu i ld ing  con ta ins  60,000 tons  of' s t r u c t u r a l  s t e e l  and 
t h e  exter j -or  i s  covered. by more than a m i l l i o n  squ-are f ee t  
o f  f nsu la ted  aluml.nurn siding, 

The b a i l d i n g  has a high bay 525 fee$ high and a low bay 
210 f e e t  high,  B t h  bays are s e ~ v i c e d  by a t r a n s f e r  a i s l e  
f o r  niovenlent of veh ic le  s t a g e s ,  

The low bay work, are-a, approxSrr~a,'eely 4Q2 f e e t  wide and 27%- 
f e e t  long, corltains e i g h t  s t a g e  prepara t ion  and checlcout 
areas, These areas are eqv.ipped with systems t o  s imula te  
s t a g e  i n t e ~ f a c e  and opera t ion  with other stages and t h e  
i n s ' c r w ~ e n t  u n i t  of the  Satu.rn V launch vehicle .  

The hLgh bay pr0v-i.d.e~ tlhe f a c i l l t l e s  f o r  assenbly  
and checkcu3i of' both t h e  l a m c h  vehic le  and s p a c e c r a f t ,  It 
conta.5.n~ four  separa.te 3237s f o r  veri;icc?,l. assenbly a d  check- 
o u t ,  Two bays are now eyuripped., a thlrci bay 2s being out- 
f : i t ted  and a feu-rth i s  reserved f o r  poss ib le  cha-nges :In 
veh-lcl-e conf ippra t io~?-Q 

Work platforms -- some as hlgh as three-s tory  bui ld ings  -- 
In. the  high bays provide access  by su.ri.~ou.nding the  launch 
veh:lcle at; varyl.ng l e v e l s ,  E;j.ch hS.gh bay has f3.ve p l a t f o m s ,  
Each plztfozm c o n s i s t s  of two bi-paxatlng s e c t i o n s  t h a t  move 
i n  from oppos i te  s l d e s  and mate, providing a  360-degree zccess  
t o  the s e c t i o n  of  the? spase veh ic le  being checked, 



The Mobile Launchers, c a r r i e d  by Tra ,nspor ter  v e h i c l e s ,  
move i n  and ou t  of t h e  VAB through f o u r  door s  i n  t h e  h i g h  
bay a r e a ,  one . in  each  of t h e  bays.  %ch dco r  i s  shaped 
l i k e  an  i n v e r t e d  T. They a r e  152 f e e t  v?id.e and 114  f e e t  
h igh  a t  t h e  base ,  narrowing t o  75 f e e t  i n  wid th .  The door  
i s  456 f e e t  h igh .  

The lower s e c t i o n  of each  door  i s  of t h e  a i r c r a - f t  
hangar  t y p e  t h a t  s l i d e s  h o r i z o n t a l l y  on t r a c k s .  Above 
thPs  a r e  seven t e l e s c o p i n g  v e r t i c a l  l i f t  pane l s  s t acked  
one above t h e  o t h e r ,  each 50 f e e t  h igh  and d r i v e n  by an  
i n d i v i d u a l  motor. 

These door s  a r e  des igned  t o  w i th s t and  h u r r i c a n e - f o r c e  
winds. Opera t ing  t ime  t o  open and c l o s e  them i s  about  
45 minutes .  

Launch Cont ro l  Cente r  

The h u n c h  Con t ro l  (LCC) i s  a d j a c e n t  t o  t h e  VAB, 
T h i s  f o u r - s t o r y  s t r u c t u r e  i~ a rad3.cal d e p a r t u r e  from t h e  
dome-shaped bloclrhouses a t  o t h e r  launch s i t e s .  

The e l e c t r o n i c  "bsa in"  of' b u n c h  Complex 39, t h e  LCC 
was used f o r  checkout and t e s t  o p e r a t i o n s  wh i l e  Apollo 6 
was be ing  acsemkled rinslde t h e  VAB. 'The LCC c o n t a i n s  d i s p l a y ,  
moni tor ing ,  and c o n t r o l  equipment used  f o r  bo th  checkout 
and l.au t ~ c h  o p e r a t  i o n s ,  

The b u i l d i n g  has telcketer checkout stations on i t s  
second f l o o r ,  and f o u r  f l r i n g  rooms, one f o r  each h igh  
bay of t h e  VAB, on its t h i r d  f l o o r .  Three f i r i n g  rooms 
w i l l  c o n t a i n  i d e n t i c a l  s e t s  of control .  and moni tor ing  
equipment, s o  thab  launch  of a v e h i c l e  and checkout of 
o t h e s s  may t a k e  p l z c e  simultaneously. 

A high speed computer da.ta l l n k  i s  provided between 
t h e  X C  and the Wob%le f o r  checkout of' the l aunch  
v e h i c l e .  This l i n k  can tle connected t o  t h e  E o b i l e  Launcher 
a t  t h e  VAB o r  a.t  t h e  pad. 

Mobile Launcher 

The Mobile 1-3.unchsr is a t r a n s p o r t a b l e  l aunch  p l a t f o ~ r n  
and urnbf l i ca l  tower f o r  t h e  space v e h i c l e .  N A S A  has t h r e e  
of' t h e s e  huge facr i - l i t ies .  



The launch p l a t fo rm i s  a two-s tory s t e e l  s t r u c t u r e ,  
25 f e e t  h igh ,  a60 f e e t  long ,  and 135 fee t  wide. It i s  
p o s i t i o n e d  on s i x  s t e e l  p e d e s t a l s  22 f e e t  h igh  when i n  t h e  
VAB o r  a t  t h e  launch  pad. A t  t h e  launch  pad, i n  a d d i t i o n  
t o  t h e  s i x  s t e e l  p e d e s t a l s ,  f o u r  ex t endab le  columns a l s o  
are used t o  s t i f f e n  t h e  Mobile b7unchcr a g a i n s t  rebound 
l o a d s ,  if t h e  engine  c u t s  o f f .  

The u m b i l i c a l  tower, extending  398 f e e t  above t h e  
launch p la t form,  i s  mounted on one end of t h e  launch  p l a t -  
form. A hammerhead c r a n e  a t  t h e  t o p  has a hook h e i g h t  of 
376 f e e t  above t h e  deck w i t h  a t r a v e r s e  r a d l u s  of 85 f e e t  
from che c e n t e r  of t h e  tower.  

The 12-mill ion-pound mobile l aunche r  s t a n d s  445 f e e t  
h i g h  when r e s t i n g  on i t s  p e d e s t a l s .  The base ,  C O V ~ P I ~ ~  
abou t  h'alf a n  a c r e ,  i s  a compartmented s t l w c t u r e  b u i l t  of 
25-foot  s t e e l  g l r d e r s .  

The launch  v e h i c l e  s i t s  over  a 45- foo t - square  6pening 
which al-lows a n  o u t l e t  f o r  engine exha-usts i n t o  a t r e n c h  
c o n t a i n i n g  a flame d e f l e c t o r .  T h i s  opening i s  l i n e d  w i t h  a 
r e p l a c e a b l e  s t e e l  b l a s t  s h l e l d ,  independent  of t h e  s tmzc tu re ,  
'and w i l l  be cooled by a wa te r  c u r t a i n  i n i t i a t e d  two seconds 
a f t e r  l i f t o f f .  

There  a r e  n i n e  h y d r a u l i c a l l y - o p e r a t e d  s e r v i c e  arms 
on t h e  u m b i l ~ c a l  tower .  These suing a1x.s suppost  line3 
f o r  t h e  v e h i c l e  u m b i l i c a l  systems and provide  access f o r  
personn.el  t o  t;he s t a g e s ,  

On ApoLlo 6 t x o  of t h e  s e r v i c e  a,m,s ( ~ n c l u d i n g  t h e  
Apollo spaacecraf t  a c c e s s  arm) a r e  retx-acted early i n  t h e  
coun t .  A t h l r d  i s  released at T-3G scconcls, a.rs-d a f o u r t h  
a t  T-16,7 seconds.  The rernainlng f i v e  arms a r e  s e t  a t  
T-0 t o  swing back a t  v e h i c l e  f i rs t  n o t i o n .  

The swlrzg arms are equipped with a bacliup r e t r a c t i o n  
systeril 11-1 case t h e  pritnary mode fail-s. 

The Apollo 5 v e h i c l e  -Ls secured t o  t h e  MobS1.e L8uncher 
by f o u r  cornbtn?tlon 3 u p p o r t  and  hold-dor!n 8.1-rns mountec? on 
the azuncher  d e c k .  The hold-~?ovm am:s 21-e c a s t  i n  one 
p i e c e ,  about  6 by 9 f9e t  a t  the base znc' 10 f e e t  tall, 
wetghj.ng more t h a n  20 t o n s .  Damper s t r u t s  secure tile v e h i c l e  
nea r  I ts  t o p ,  



A f t e r  t h e  engines I g n i t e ,  t h e  arms hold Apollo 6 
f o r  about  s i x  seconds u n t E l  the engines b u i l d  up t o  95 
p e r  c e n t  t h r u s t  and o t h e r  monitored systems i n d i c a t e  t h e y  
a re  f u n c t i o n i n g  p rope r ly .  The arms r e l e a s e  on r e c e i p t  of 
a launch  commit s i g n a l  a t  t h e  ze ro  mark i n  t h e  count .  

T r a n s p o r t e r  -- 
The 6-mill ion-pound Transpor t e r s ,  t h e  l a r g e s t  t r a c k e d  

v e h i c l e s  known, move Mobile h u n c h e r s  i n t o  t h e  VAB and 
Mobile Launchers a long  w i t h  assembled Apollo space  v e h i c l e s  
t o  t h e  launch  pad.  They a l s o  a r e  u s e d  t o  t r a n s f e r  t h e  
Mobile S e r v i c e  S'cmz.cture t o  and from t h e  - launch pads. NASA 
has two o f  t h e s e  - "crawlers" .  

The 114. by 131-foot  T ranspor t e r  rnoves on f o u r  double-  
t r a c k e d  c rawle r s ,  each 1 0  f ee t  h lgh  and 40 f e e t  long.  
Each shoe on t h e  c r awle r  t r a c k s  weighs about  a ton.  

S i x t e e n  t r a c t i o n  motors powered by f o u r  1,000-.En$ 
g e n e r a t o r s ,  which i n  t u r n  a re  d r i v e n  by two 2,750-hor6k-- 
p o m r  d i e s e l  eng ines ,  p rov ide  t h e  m o t i v e  power f o r  t h e  Trans- 
p o r t e r .  750-K2 g e n e r a t o r s ,  d r i v e n  by two 1,065-horse- 
p o w r  diesel engftnes, power the jacl:j.ng, s t e e r i n g ,  l i g h t i n g ,  
v e n t i l a t i n g  and  electronic systems. 

Maxinum speed of the Transpor t e r  Is abou t  one-mile- 
per-hour  loaded ar,d abou"ctr;:o-~iles-.per-hour unloaded.  A 
t r i p  from t h e  pad wi th  a Mobile Launcher, made a t  l e s s  t h a n  
maximum speed ,  takes  approximately  scven hours .  

The o v e r a l l  h e l g h t  of t h e  Transpor t e r  1s  20 fee t  from 
ground  l e v e l  t o  the  t o p  deck on whlch t h e  Mobile b .unche r  
s t a n d s  f o r  transportat Ton, Tne f l a t  deck is about  t h e  
s i z e  of a basebsll diamond (90 by 90 f e e t ) .  The v e h i c l e  
has  two oper2,tor  c c n t r o l  cabn, one a t  each end of t h e  
chass i s  loca ted  ~iia~golza3.3 y oppos i t e  each o t h e r .  

The T r a a s p o r t e r  move:; on a roadway 1-31 f e e t  wide, 
d iv ided  by a medj-an n S ~ i p .  This  i s  almost  a s  broad a s  a n  
e i g h t - l a n e  t u ~ > n p i k e  and Is designed t o  accommodate e 
c ornbined pieight of a b o u t  18 rn l  l l i o r ,  pounds. 

The ~loa.d.~a.y Is bu.i.lt ln three  l a y e r s  wLth a n  average 
d e p t h  of seven f e c t .  The road.:\ray base I.ayer is two-and-one- 
ha3.f f e e t  of hydr2.ul l .c  f i l l  compacted t o  95 p e r  c e n t  denslty, 
The next layer  consists of three fect of crushed rock packed 

. t o  rnzxrlnui.:~ d e n s i t y ,  fo l lowed by a 1.syer of one f o o t  of ~;clee. ted 
h y d ~ ~ s u l i c  f l l l .  The bed :s  tnpped and sealed v;jth an  as?hal$ 
prjm5; C C ? ~ ? ' ~  



On t o p  of t h e  t h r e e  l a y e r s  i s  a cover  of r i v e r  rock,  
e i g h t  i nches  deep on t h e  cu rves  and s i x  i nches  deep on t h e  
s t r a igh tway .  T h i s  l a y e r  reduces  t h e  f r i c t i o n  d u r i n g  s t e e r i n g  
and h e l p s  d i s t r i b u t e  t h e  load  on t h e  T r a n s p o r t e r  b e a r i n g s .  

Mobile S e r v i c e  S t r u c t u r e  

A 4 0 2 - f o o t - t a l l ,  9.8-milhion-pound tower  i s  used t o  
s e r v i c e  t h e  Apollo launch  v e h i c l e  and s p a c e c r a f t  a t  t h e  pad. 
The 40 - s to ry  s t e e l - t r u s s e d  tower,  c a l l e d  a Mobile S e r v i c e  
S t r u c t u r e ,  p rov ides  360-degree p l a t f o n n  a c c e s s  t o  t h e  S a t u r n  
v e h i c l e  and the  Apollo s p a c e c r a f t .  

The s e r v i c e  s t r u ' s t u r e  has f i v e  p l a t fo rms  -- two sel f -  
p r o p e l l e d  and three f i x @ d ,  bu t  movable. !Pwo e l e v a t o r s  c a r r y  
personne l  and equipment between work p la t forms .  The p l a t -  
forms can open and c l o s e  around t h e  363-foot  space v e h i c l e .  

After d e p o s i t i n g  the  Mobile Launcher w i t h  i t s  space  
v e h i c l e  on t h e  pad, t h e  T r a n s p o r t e r  r e t u r n s  t o  a pa rk ing  
a r e a  about  7,000 fee t  from t h e  pad. There It p i c k s  up 
t h e  Mobile S e r v i c e  S t r u c t u r e  and moves it t o  the  launch  
pad, . A t  t h e  pad, t h e  huge tower i s  lowered. and secured  
t o  f o u r  mount mechanisms, 

The t o p  three work p l a t f o r m s  a r e  l o c a t e d  Tn f i x e d  
p o s i t i o n s  which s e r v e  t h e  l u n a r  module, t h e  s e r v i c e  module, 
t he  command module and t h e  launch  escape  system of t h e  
Apollo s p a c e c r a f t .  The two lower movable p l a t fo rms  s e r v e  
t h e  S a t u r n  V ,  

The Mobile S e r v i c e  S t r u c t u r e  remains i n  p o s i t l o n  u n t i l  
abou t  T-11 hours  when i t  i s  removed from i t s  mounts and re- 
t u r n e d  t o  the  park ing  a r e a .  

Water Deluge System 

A wa te r  de luge  system p rov ides  a m i l l i o n  g a l l o n s  of 
i n d u s t r i a l  wa te r  f o r  c o o l 1  n.g and f i r e  p reven t ion  d u r i n g  
launch.  Once t h e  s e r v i c e  arms a r e  r e t r a c t e d  a t  l i f t o f f ,  
a s p r a y  system c o o l s  t h e s e  arms from t h e  h e a t  of' the  f i v e  
S a t u r n  F-1 engines  du r ing  l i f t o f f .  

On the deck of t h e  Mobile l aunche r ,  29 wate r  n o z z l e s  
s t a r t  immediately a f t e r  l i f t o f f  and de luges  t n e  f a c e  of 
t h e  launcher  f o r  30 seconds a t  t h e  r a t e  of 50,000 g a l l o n s -  
per-mlnute.  After 30 seconds,  t h e  f low i s  reduced t o  2C,000 
gPm 



Posl t ioned on both s i d e s  of t h e  flame t rench  are a 
series of nozzles  which w i l l  begin pouring water  over t h e  
flame d e f l e c t o r  a t  8 , ~ o o  gallons-per-minute,  10  seconds 
before l i f t o f f .  

Pad Areas 

Both Pad A and Pad B of Launch Complex 39 are roughly 
octagonal  i n  shape a.nd cover  about one-fourth of' a s q u a r e  
mile .  

Th.e c e n t e r  of t h e  pad is a hardstand cons.t;ructed of 
heav i ly  r e in fo rced  concre te ,  I n  a d d i t i o n  of the Mobile 
Launches and t h e  Saturn  V, it m u s t  suppor t - - a l l  at once-- 
t h e  9.8-million-pound Mobile Service  S t r u c t u r e  and 5.5- 
million-pound Transpor ter .  

S a t u r n  V p r o p e l l a n t s ,  l iquid.  oxygen, liquid hydrogen, 
and RP-1,  are s t o r e d  near t h e  pad perimeter .  S t a i n l e s s  
s t e e l ,  vacuum-jacketed p i p e s  c a r r y  t h e  l i q u i d  oxygen (LOX) 
and l i q u i d .  hydrogen f r o m  the  tanks  t o  the pad, u p  t h e  
Mobile lAur,cl~er and i n t o  t h e  rocket  propel3.an'c tanks .  

LOX i s  s u p p l i e d  f POX a 900,000-gallon s to rage  tank. 
A centrifuga.2. pump wi th  a d i s c h a r g e  p ressu re  of' 320 pounds- 
per-square- inch purrips LOX a, t  flow rates as  hLgh as  10,000- 
gallons-per-minute.  

Liquid hydrogen, used i n  t h e  second and t h i r d  s tages ,  
Is s to red  i n  an 850,000-gallon tank, and i s  sent t h ~ o u g h  
1,500 f e e t  of 10-inch, vacuum-jacketed invar  p i p e .  A 
vaporizing hea t  exchangsr psessur izes  t h e  storage tank t o  
60 p s i  f o r  a. ~ ~ , ~ ~ ~ - g a ~ ~ o n s - p e r - n i n u . t e :  flow rate, 

The R?-1 f u e l ,  a high grade of kerosene, I s  s to r ed  l a ? .  
t h r e e  ta.nks, each ;\r%th a capac i ty  of' 86,000 g a l l o n s .  It 
i s  p.~mped a. t  a rate of 2,000 gallons-per--minute a-t 175 psPg, 



LAUNCH E'KENTS' 

TIME EVENT 
Min, See. 

AI,TITUDE VELOCITY 
Feet MPH 

Liftoff 
Tilt Initiation 
Maximum Dynamic Pressure 
S-IC Center Engine Cutoff 
S-IC Outboard Engines 
Cutoff 

S-I1 Ullage Ignition 
S-IC Retrorocket Ignition 
S-IC/S-11 Separation 
S-I1 Lgnitlon 
Jettison S-XI Aft I~ter- 
stage 

Jettison Launch Escape 
Tower 

Jettison S-I1 Aft Cameras 
1 &; 2 

Initiation of I G N  
S-I1 Engines Cutoff 
Command 

S-IW Ullage Rocket 
Ignition 

S-I1 Hetrorocket Ignition 
S-II/s-Iv~~ Separation 
3-IW Engine Ignition 
S-IVE3 Ullage Case Jettison 
S-IVB First Guidance 

C u t o f f  
Insertion Into Parking 
OrbZt 
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Apollo 6 Normal Events Surmary (cont'd.) 

Time From 
L i f t - O f  f Weight Altitude 

( ~ ~ r : X i n : ~ e c )  ( ~ b s . )  ( ~ t  , ) 

Geodetic I n e r t i a l  
Latitude Longitude Velocit 

(9%. 1 ( ~ e g -  ) (Pt/secY 
- 

A J ~ m o s 3 h c ~ l c  Entry 

1:00, C00-?t,  A l t i t u d e  09 :29 :24 12,1100 400,000 31-9N 155 .OE 36,500 
1- 2n;er S-2azd C ~ ~ w ~ i c a t i o n s  

El2clccrls  09:29 :48 iz, 396 3 0 3 ~  400 32.15N 157.6E 36,573 
Znter C-3and Co~i,~~,unlcations 

i?,lackout 09 :29 :54 12,395 290,410 32.2N 158.1~ 36,580 
E x i t  C-3nd Communications 

~~cc ico t r :  09 :32 : 15 12,141 218,524 32 .m 1 7 1 . 0 ~  24,846 
ZxiJc  S - 3 a ~ d  Cor;7municatlcns 

31.~cit0v.t 09 :32 :'c6 12,117 235,94.2 3 2 . 6 ~  173.63 24,055 
T-? ~ n ' c c r  2nd S-Band 

C O T - ~ : : n i c ~ t i c n s  13lac;ce~t 09 :37 :14 12,038 223,860 2 9 . 8 ~  1 6 7 . 1 ~  22,461 4 
0 5x2.: 2 - d  S-Zend w 
Y 
r;, Cor?~.xni~at iom Slack~ut 09 :39 :O8 11,955 164,618 28-41? 1 6 1 . 0 ~  15,333 ! 

-$ Relative V e l o c i t y  i n  feet-per-second 



FLIGI-IT P,SOFII,E AXD SEQIENCE Or' E-k'XRTS ---- 
NOTE: Information presented i n  t h i s  p r e s s  k i t  i s  -- 
based on a nonina l  mission. Plans may be a l t e r e d  
p r i o r  t o  Oie dur ing  f l i g h t  t o  meet chang3lng condi t ions .  

T'ne f i rs t  s t a g e  of t h e  ~ a t u r l z  ir w i l l  c a r r y  t h e  v e h i c l e  
and Apollo s p a c e c r a f t  t o  an a l t i t u d e  of 32 n a u t i c a l  (37 st+ 
t u t e )  mi les  and 46 n a u t i c a l  (53 s t a t u t e )  mi les  downrange, 
bu i ld ing  up speed t o  5,278 n a u t i c a l  (6,194 s t a t u t e )  mi les  
p e r  hour i n  2.5 minutes of powered. f l ight , .  Af ter  s e p ~ r a t i o n  
from t h e  second s tage ,  t h e  f irst  s t a g e  wil.1 cont inue a 5zl-  
l i s t i c  t r a j e c t o r y  ending i n  t h e  A t l a n t i c  Ocean some 344 nag- 
t i c a l  (395 s%at~-~.t ;e) m i l e s  downrange from Cape Xenxedy ( l a t i -  
tude 30.15 degrees North and longi tude  74.27 degrces 1:) about 
n ine  minutes a . f te r  l i f t o f f .  

Second Stage 

The second s t age ,  with engines running about 6 minutes, 
w i l l  p rope l  t he  v e h i c l e  t o  an  a l t i t u d e  of a b o l ~ t  100 n a u t i c a l  
(115 s t z t u t e )  mi les  some 818 n a u t i c a l  (942 s t z t u t e )  n i l e s  
dozt:r!range, building up to 13,381 nautica.1 (1.5,1!09 s t a t u t e )  
mlles-per-hour space f i x e d  v e l o c i t y .  The spen t  second s t a g e  
v i r i l l  land. i n  khe Atla ,nt ic  Ocean about 20 rfiim%es a f t e r  Il:b- 
o f f  some 2,3lLk naut2.cal (2,665 s t a t ~ t e )  ~ i l c s  from K S C ,  a t  
l a t i t u d e  31.'75 degrees ?Jort;h and longitude 35.9 degrees ';,'esi;, 

F i r s t  Third-Stage - Burn - 
The t h i r d  s tage ,  i n  i J c s  136-secor~d. in"r"c1 peuerlod, w i l l  

p l a c e  i t s e l ?  2nd t h e  Apollo s p a c e c r z f t  in a c i r c l ~ l a r  o r b i t  
100 n a u t i c a l  (125 s t 2 t u t e )  mi les  above the  Sarth. Its i n c l i n -  
~ t i o n  ~ 5 . 1 1  be 32.73 degrees and o r b i t a l  per iod,  88.2 minutes .  
A~jo l lo  6 w i l l  enA;er o r b i t  a t  about 55.1 degrees bi'est l o n ~ i t i t d e  
and 32.6 North la%?-tu.de a t  a vel-ocity of 25,570 f e e t -  

statuli;e o r  15,140 naut:ical rn~les-per -hour)  . 

k;ixi.le i n  t he  two r e v o l u t i o n s  i n  E?.rth parlcing o r b i t ,  t he  
Sa tu rn  V t h i r d  stage an6 spacecra,f'c system:: i a ~ l l l  be checlccd 
out  I n  p r e p s r a t i o n  f o r  t h e .  s e c ~ n d  S-T7G3 bur-. 

Seconc%- Th3.rd-:;tare Burn ---.-----..-- ..?---- 

S h o ~ t l y  a r t c r  coming w:Lthln ranEc of C.?pc Kennedy, a t  t h e  
end oJ" t h e  nccoricl ycvolut j .on,  the J-2 e n ~ i ~ ! c :  1,~:l.I.l be re-ign?"i.d 
for. 5 mj.nut;c:; 10 r;c!concl:;. This lt!i13. send t h e  vc?~?.cle  Ir1t.c: 2 
t : ra jec tory  s ! . m L i ~ ~ y  $9 the t;y,?nnl~\.r,ar tra,j cc. tory :;o 5e ~ ~ s e 2  :car. 

1 .  . . rr;anncc! i i ! ~ n ? ~ ?  l.ailt7:I.n~ t?.lasj-c)ns, ~-:ol.;cvcr, in -- I ~i . :: rn- i  ,LA..8 <-?--l i nr!. ';FC\ 
. 7  t~aJc?cSol-y .  i.;i~l not b e  in ?,he clirect:'ic,!i ol:' ';he I.Ioo!;. 



F o l l o w l ~ g  S-NB c u t o f f ,  t h e  vehic le  w i l l  change spa.ce- 
c m f t  a t t i t u d e  before the command and s e r v i c e  modules 
s e p a r a t e  from the S-XVB i n  preparat ion f o r  a re t ro  burn of 
its Service Propulsion System (SPS) . 

CSM r e a c t i o n  c o n t r o l  system provides  t h e .  t h r u s t  needed 
f o r  separatLon a f . t e r  t h e  l u n a r -  module adap te r  i s  deployed. T'ne 
t h i r d  s t a g e  w i l l  t hen  c o a s t  in t r a n s l u n a r  o r b i t .  The t r a j e c -  
t o r y  ?:ill take  t h e  s t a g e  279,000 n a u t i c e l  (320,000 s t a t u t e )  
n i l e s  i n t o  space. 

O r b i t a l  Coast and Cold Soalc 

Af te r  t h e  t h i r d - s t a g e  cutoff', t h e  sp2,cecraft  i s  o r i e n t e d  
t o  an  a t t i t u d e  f o r  a f i rs t  s e r v i c e  propuls ion  system burn, Lee., 
p i t c h e d  ~2ol.w a b o ~ ~ t  173 degrees,  o r  26 degrees frorn t h e  l o c a l  . 

ho~izo~ l t ? . . l .  

Three minutes a f t e r  t h i r d - s t a g e  engine c u t o f f ,  a progrmdned 
s e p a r a t i o n  signal i s  f e d  i n t o  t h e  Coma,nc! Module Conputcr ( C M C )  
L 
50 i n i t i a t e  sey;arat ion o f .  t h e  com~nand and s e r v i c e  modT;;lllcs from 
the  Saturn V t'rlix-d s t a g e .  The CMC i n i t i a t e : ;  a s e r v i c e  ]nodule 
r e a c t i o n  c o n t r o l  system burn t o  achieve a forv;ard t h r u s t .  After 
1,7 second-s of' t h r u s t i n g ,  t h e  spacecra,f t  211d t h e  launch vehic1.e 
t h i r d  sta.6;~ sepc rn te ,  Reaction c o n t r o l  sjistc.!n tkl-r'xsting con- 
t i n u e s  f o r  ano the r  8.3 seconds t o  sep?.ra2~e the  veh ic les  a t  a 
r a t e  of zboilt '2 feet-per-second., 

A 90-second coa-st phase fo l lows t h r u s t  t e m l n a t i o n  of t h e  
S a t u r n  t h i r d  stage. 

F i r s t  SPS B u r n  -- 
?ii th s p a c e c r a f t  a t t i t u d e  26 degrees pi.tched dovn ~ T O R  t h e  

l o c a l  h o ~ i z o n t a l ,  t h e  burn w i l l  l as t  I+ minutes 11; seconds and 
w i l l  produce an apogee of 12,000 n a u t i c a l  (13,820 s t a t u t e )  
mil-es, and pe r igee  of 18 naut icaL (20.7 s t a t u t e )  mi ies .  In- 
c l i n a t l o n  will be 32.5 degrees.  Reentry v e 1 o c i . t ~  and f l i g h t  
p a t h  angle ,  i n  t h e  event  t h e  second s e r v l c e - - p ~ ; o p u l s l o n - s ~ r s t ~ m  
i g n i t i o n  does not  occur, w i l l  be 32,813 feet-per-second anC 6 
degrees belor.! t h e  l o c a l  h o r i z o n t a l  w i t h  a r e s u l t a n t  m a x i ~ n u ~  
l o a d  f a c t o r  of 5.2 g .  

Inser'!;.i.on i n t o  t h i s  new ellipse w i l l  occur about 9.3 
L> L - des rees  R c r t h  latj.tu.de, 211.21 degrees I.icst 1ofigil;ude, 2"; -OF- 

r\ ' I  vice-propulsion-syste~n engine cutof f  3 hol~l-x rnin'~tcts zfi:er 
l i f t o f f ,  



Earth Intersecting Coast - 
After service-propulsion-system cutoff, the spacecraft 

initiates a programmed reorientation ma.neuver to reestablish 
the cold soak a$titude. This is a nominal 62-second movement 
using the RCS. At thls time, the cormand module computer be- 
gins calculating the time to free fall to reentry (~400,000 
feet). The coast phase ends 25 minutes before reentry. 

About 2 hours 57 minutes after service-propulsion-system 
cutoff -- 6 hours 22 minutes after liftoff -- the spacecraft 
reaches apogee. The coast phase will end about three hours 
after apogee. At thisitirne the Carnarvon, Australia, ground 
station will update the CM computer with spacecraft position, 
velocity and. time of free fall to reentry. 

Some two minutes after this update is received the CTdC 
schedules the second se~vice-propulsion-system ignition, then 
time of free fall to reentl-y reaches 9 ml,nutes, the c ~ m a n d  
and service module reaction control system begins a 30-second 
ullage maneuver, which is followed immediately by service- 
propulsion--system ignition, Time from first servlce-propulsion- 
system cutoff is 5 hours 57 minutes; from liftoff 9 hours 22 
minutes, 

Second SPS - Burr1 

Tne second burn -- 3 minutes 8 seconds ---of the service- 
propul.xicn-system is deslcj%ned to achieve a reentry velocity of 
36,500 feet-.per-second (2z, 866 statut:, 23., 626 nautical miles- 
per-hour) and a flight path angle of 0.5 de frees below local 
horizontal. Ignition attitude is pltch 24, degrees below the 
inertia.1 velocity vector, or 45.6 below local horizontal. 

At service-propulsion-system cutoff, about 14 minutes re- 
main unt5.2 reentry begins (b0,000-feet  altitude). In t h i s  
period the cor~~qand and service nlodules will separate and the 
co:mr.and module w i l l  be oriented to reentry attitude. These 
changes occur over the western Pacific in the Guam ar3ca. 

\hen time of free fall to reentry equals 3 minutes 5 
seconds, the spacecraft will reorient j.tselS so that a crew 
would. be heads-up and facing forb~ard, This attitude re;!lairls 
conzitant until time of free fal.1. to reentry 1)ccor;ier; 1 rninl-lte 
30 seconds, then physical scpar.stSon OCCLII'R w i t l l  the react ior l  
control system thrusters prov:t.ding a rca2-ward j>:.i:.;h $0 thc Scr- 
v l c e  mocIul.c, These fil-c until propel3.arz'; is u:;ec! up,  



Nominal splashdown f o r  t h e  s e r v i c e  module ( s p i n - s t a b i l i z e d  
non-tumbl.ing r e e n t r y )  w i l l .  be about  9 hours  149 minutes  a f t e r  
l i f t o f f  -- 18 minutes  a f t e r  sepa . ra t ion  -- 32,8 deg rees  North 
l a t i t u d e  and 168.5 degrees  E a s t  l o n g i t u d e .  

Allowing about  f i v e  seconds a f t e r  s e p a r a t i o n  f o r  command 
module s t a b i l i z a t i o n ,  t h e  guidance and n a v i g a t i o n  system w i l l  
r e o r l e n t  t h e  s p a c e c r a f t  t o  t h e  prede te rmined  r e e n t r y  a t t i t u d e .  

 h his a t t i t u d e  h a s  an  a n g l e  of a t t a c k  157;5 deg rees  wi th  t h e  
r e l a t i v e  v e l o c i t y  v e c t o r ,  wi th  t h e  l i f t  v e c t o r  up. A crew 
would be  heads  dovm, f a c i n g  rearward.  

Reentry,  cons ide red  as beginn ing  when t h e  s p a c e c r a f t  
r e a c h e s  400,000 f e e t  a l t i t u d e ,  w i l l  occur  about  9 hours  29 
minutes  a f t e r  l i f t o f f  a t  3103 d e g ~ e e s  North l a t i t u d e  and 155.0 
deg rees  E a s t  longitude, with  i n e r t i a l  v e l o c i t y  of  36,500 f e e t -  
per-second (24 885 s t a t u t e  miles-per-hour)  and i n e r t i a l  f l i g h t  
p a t h  a n g l e  of 6.5 d-egrees below l o c a l  hor izontal . .  Applying a 
nominal comma.nd module l i f t - d r a g  r a t i o  of 0.331'. t;o t h e  r e e n t r y  
p r o f i l e ,  t h e  s p l a s h  p o i n t  w i l l  be 27.33 deg rees  North l a t i t u d e  
and 157,18 deg rees  Vest  l ong i tude ,  some 2,500 n a u t i c a l  (2,877 
s t a t u t e )  m i l e s  downrange from r e e n t r y .  

This r e e n t r y  p rov ides  a ma,xirnum r e e n t r y  h e a t  r a t e  of 372 
B r i t i s h  Thermal Un i t s  (BTU) per-square-fooC-second, a t o t a l  
heat l o a d  of 37,615 BTU pcr -square- foo t ,  a t  9 hours  30 minutes  
30 seconds elapsed time, and. a maxirnu.m r e e n t r y  l o a d  f a c t o r  of 
5.74 g a t  5 )  bows 30 minu.tes 46 seconds elapse6 t-tme. The 
maximum h e a t  r a t e  w i l l  be  encountered about  66 seconds a f t e r  
a normal r e e n t r y ,  rnaxirnurfl 1-oad w i l l  o c c u . ~  a t  drogue chu te  
deployment. 

Comriu.nications b1ackou.t w i l l  o ccu r  some 29 seconds a f t e r  
r e e n t r y  and w:ill l as t  2 minutes  22 s e c o n d s .  Drogue p a r a c h u t e  
d e p l o p e n t  t a k e s  p l a c e  1.4 n~lnu- tes  10 seconds after r e e n t r y  a.t 
23,500 f e e t ;  main parachute  deployment 59 seconds 1-ater  a t  
10,500 f e e t .  

Spla.shdov.!n f o r  a norn5.na.l ml.ssion w i l l  b e  9 hours  b9 
mlnu te s  43 seconds a f t e r  l i f t o f f  a t  27.2 degrees North l a t i -  
t u d e  and 157,J- deg rees  West I.ongitu.de, o r  some 339 n a u t i c a l  
(390 s t a t u t e )  m_i.les north:ltest of Kau.a.i, Hawaii. 



APOLLO 6 WCOVERY 

Command module l and ing  i s  planned i n  t h e  mid-Pac i f ic  
near H a w a i i  (zone 4 ) .  

Sea and a i r  recovery  v e h i c l e s  2nd crews a r e  p rov ided  by 
the  Departrnsnt of Defense. Deployment of f o r c e s  and t e c h -  
n iques  of s e a r c h  and recovery  w i l l  f o l l o w  those used i n  
p rev ious  Apollo miss ions .  

The nornlal r ecove ry  p l a n  c a i l s  f o r  sp1ashdov:n i n  day- 
l i g h t .  Recovery ad ids  ac t iva t ed .  j u s t  b e f o r e  and a f t e r  l a n d -  
ing w i l l ,  i f  needed, a s s i s t  recovery  crews I n  l o c a t i n g  t h e  
s p a c e c r a f t  i n  darkness .  

Abort Recovery - 

Mode 1 a b o r t s  u s i n g  t h e  launch  escape  system occur  
11 off-the-pad" p r i o r  t o  o r  a'c l . if 'coff,  o r  a t  a l t i t u d e s  up 
t o  abou t  300,000 f e e t .  A f t e r  launch escape  system j e t t i s o n ,  
abou t  185 seconds a f t e r  l i f t o f f ,  Mode 2 a b o ~ t  i s  accomplished 
by a f u l l - - l i f t  r e e n t r y ,  a f t e r  a s e r v i c e  module r e a c t l o n  con- 
t r o l  system separation ma,neuver ( s e e  cliagram, page ) .  

Some 1 4  seconds a f t e r  an  off- the-pad ( o r  ex t remely  
low a l t i t u d e )  a b o r t  i s  i n i t i a t e d  t h e  launch  escape system 
i s  Je t t i soned .  from the  command. modul.e. F o r  h i g h e r  a l . t l t u d e s ,  
It i s  j e t t i s o n e d  a t  23,100 f e e t .  

Sequencing of t h e  E a r t h  l and ing  system (ELs) i s  t h e  
same a s  f o r  landing  a f t e r  o r b i t a l  f l i g h t  (see dizgsam page 

> 0 

Boundaries of t h e  launch  a b o r t  l-anding c o r r i d o r ,  beyond 
the  launch  s i t e  l a ~ z d i n g  a r e a  irrrcediately sur rounding  t h e  launch  
pad,  are t h e  mcst extrerce aziniu t h  ground i;ra.cks a n t i c i p a t e d ,  
S p o t t i n g  of recovery forces w i t h i n  t h i s  c o r r i d e r  i s  based on 
t he  p r o b a b i l i t y  of' a  l and ing  i n  o r  n e a r  each  p a r t i c u l a r  a m a ,  

Access tit:ie t o  a . b o r t l a n . d l ~ z g  p o i n t s  i s  g r ~ : a . t e r  f o r  some 
a-seas In  the a b o r t  c o r r i d o r  t h a n  f o r  t h e  planned l a n d i n g  zone 
fo?  o.rbj.tal f:!ighC, E\ircra.ft  a c c e s s  time of f o u r  hour:;, rcaxi- 
mum t o  any point in t h e  a b o r t  c o r r i d o r  1s  probab le ,  however. 



Pos t  -Recovery 

Some 24 hours a f t e r  recovery of t h e  Apollo 6 s p a c e c r a f t  
t h e  recovery s h i p  i s  scheduled t o  dock a t  Ford Island, P e a r l  
Harbor, wh.ese t h e  spacec ra f t  w i l l  be off-loaded and spacecraft 
systems deactivated. Deact ivat ion will t a k e  about 30 hours .  

The spzcecsa f t  then w i l l  be t r a n s f e r r e d  t o  Kickam AFB, 
whence it will be flown by a C-133B a i r c r a f t  t o  Long Beach, 
Calif'. It will be trucked from the re  t o  the  North American 
Rockwell p l a n t  a t  Downey, Calif.  
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MISSION CGNTI?OL CENTbH (MCC)  

The Mission Control Center a t  t he  Manned Spacec ra f t  
Center, fiotlston, i s  the  f o c a l  p o i n t  f o r  a l l  Apollo f l i g h t  
c o n t r o l  a c t i v i t i e s .  The Center w i l l  r ece ive  t r ack ing  and 
t e l emet ry  d a t a  from the  Manned Space F l i g h t  Ne tb~ork~  These 
d a t a  w l l l  be processed throvgh t h e  DTissior~ Control Center 
Real-Time Conputer Complex (RTCC) and used t o  d r i v e  d i s p l a y s  
f o r  t h e  f l i g h t  con5ro l l e r s  and engineers  i n  the  Missicn O p r -  
a t i o n s  Control 3oor;; and S t a f f  S1:pport rooms. 

The Manned Space F l i g h t  Network (MSE'N) t rackirlg an6 Z ~ t r  
a c q u j s i t i o n  s t a t i o n s  lLnk t h e  f l i g h t  cont ro l ' l e rs  a t  t h e  Cen- 
t e r  t o  t h e  s p a c e c r a f t .  

For Apollo 6, a l l  s t a t i o n s  w i l l  be configured a s  rernoted 
s i t e s  x i t h o u t  f l i g h t  contlaol teams. This irzpiies t h a t  a l l  
up l ink  cofimands and voice commulzications sill o?igir;atc from 
iIousto.~, and t h a t  t h e  t e l emet ry  d a t a  s e n t  back t o  IiousJon xi3.1 
be ix :;he f o m  of' h igh  speed (2.4KT35) datrz and can be e t t h e r  
yea.1 t ime o r  playback informa4;;_'lon. 

Signal flow f o r  voice c i r c u i t s  between Houston and t h e  
remote s i t e s  is  v i a  corrmercial c a r r i e r ,  u s u a l l y  s z t e l l l t e ,  
wherever possib1.e usinp; l eased  l i n e s  wilich a r e  p a r t  of the 
NASA Cormunications He two?;< ( N A S C G I ~ )  . 

Camaads a r e  s e n t  from Houston t o  Goddard Space T l igh t  
Center (GSFC), Gyecnbelt, Md., l i n e s  which l i n k  compute~s  a t  
t h e  two p o i n t s .  The Goddard conputers provide automatic 
swi tching  f a c i l i t i e s  and speed buf fe r ing  for the cornnand 
data.. B t a  a r c  t r a n s f e r r e d  f r o n  GSFC t o  remote s i t c s  on 
2.4KBS high speed l i n e s .  Cornrand lozds  can a l s ~  be s e n t  on 
TTY l i n e s  f r o n  fIoustorl t o  thc , rernote  s i t e  at; a 1-00 v ~ y m  r a t e ,  
Again, Goddard cor?,pl~ters provide s t o ~ s g e  and! ctvitchi-nf; f unctio-rls . 

Telemetry d a t a  a t  t h e  rerrlote s i t e  a r e  received by t h e  RF 
r e c e l v e r s ,  processed by t h e  PC74 ground ska t ions ,  ar,d t rans- .  
f e r r e d  t o  t h e  6142?3 remote-s i te  te lernet ly  computer f o r  s to rage .  
Depending on t h e  format s e l e c t e d  by t h e  te lemetry  c , o n t r c ~ l l e r  
a t  Rouston, the 6423 w i l l  output  t h e  des i red  format t h r o l ~ ~ h  a 
2010 clc?.ta tranr.mission u n i t  which provides p a r a l l e l  t o  s e r i e l  
conve1-slonJ 2nd d r i v e s  a ~,LI.KRS d a t a  modem, Tie d a t a  node;: 
conver ts  t h e  d i g i t a l  s e r i a l  d a t z  t o  phase-shi f ted  keyed torlea 
which a r e  f ed  t o  tile h i s h  speed data l imes of' t h e  NASCGI.: 
Nei;~/:orlc. 

Tel.ernetrjr sunmary messages can a l s o  be output  by t h e  
611.23 cnm>~uter, buf i these  rnessrrges a r e  serlCs 50 X o ~ s t o n  on 120 

TTy 1 l r . c ~  rather than  or1 the hlg;~ speed 3.i!1e;. 



Tracking data are output  from the  s i t e s  i n  both a low 
speed 100 words p e r  minute TTY format, and a. 240 bit block 
h igh  speed ( 2 . . 4 ~ 8 ~ )  f o m a t .  Data r a t e s  a r e  1 sample/6 sec- 
ond .~  f o r  TTY messages, and 10 samples (frames) pe r  second 
f o r  high speed data., 

All high speed data, whether t r ack ing  o r  te lemetry,  which 
o r i g i n a t e s  a t  a remote site a r e  s e n t  t o  GSFC on ~ , ~ K B S  l i n e s .  
'Goddard r e f o m a t s  t h e  d a t a  when necessary and sends them t o  
Houston i n  600-3it blocks at a 40.8 Ki3S r a t e ,  O f  t h e  600-bit 
block, 480 b i t s  are reserved f o r  data ,  the  o the r  120 b i t s  f o r  
address ,  sync, intercomputer i n s t r u c t i o n s ,  and poly-noxinal 
e r r o r  encoding, 

~ 1 1  wddeband (40.8~~~) data o r i g i n a t i n g  a t  Houston a r e  
converted t o  high speed (2.liKBS)daf;a a t  God.d.ard b e f o ~ e  being 
t r a n s f e r r e d  t o  t h e  des ignated  remoted. s i t e ,  



Ground S y s t e m  f o r  Snacecraf t  Guidance, Comand and Contsol - 
, The Manned Space F l l g h t  Network i s  a n  around-the-world 

ex tens ion  of the P:iission Control Celltert s monitoring and coin- 
nand c o n t r o l  c a p z b i l i t i e s .  A s  I n  Apollo 5 , the  network w i l l  
provide t h e  f l l g h t  d.lr.ector complete r~aviga t iof ia l  and miss ion  
eyent  control- through g l o b a l  remote facilities connected by 2 
m i l l . i m  n!Lles of' NASCOX (NASA Ccmnunications ~'~etllror~k) c l r c ~ f i r j ; .  

Geographical ly ,  ; the  14,~nned Space F l i g h t  Network f o r  A p o l l ~  
is slmilar t o  t h a t  empioyed in T4ercury and Gemini, b u t  t h e  syP- 
tern is nore Gla.Dorat;e f o r  Apol lo t s  grea . te r  needs. 

N e w  I k v e l o ~ m e n t s  

Extensive alterations have Seen made to network equipmen5 
t o  accommodate tnhe greater volurne of inrormat icn  exch%n.ged w i t h  
ground s t a t i o n s  over  longer periods of t i m e ,  A h igher  degree 
of r e l l a , b i l i t y  has been incorporated.  by designing reclund-ancy 
where necessayy. N e w  ix~sertlon/inj e c t i o n  and r e e n t r y  ships, 
Apol2.o range Lxxstr~~mented a i r c ra f ' c  and antenna systems f o r  
c i r c u i t s  with Zntelsat coimunications saTelSltes have been 
added t o  provlde naximum spacec ra f t  coverage t h r o u z h o ~ t  t h e  
mission.  

Apollo dcma~ds  a more compa.ct Srackri.ng ancl co~muni  ca . t ions  
system oi' g~esrtcr power, f l e x i b i l i t y  2nd r e l i a b i l i t y ,  Grol~nd 
s t a t i o n s  receiving vol'umlnous quan t i t i e s  of mlssion data a r e  
so equipped t o  d i s p l a y  it immediately for c o n t r o l  teams. 

Apollo cons is t s  of  f o u r  vehicles f rcnm which infonna'clon 
must  be acqui red  sirnulta,ncously, instently recognized, decoded 
and a r r anged  5.9 a mafiner s u i t a b l e  f o r  cornputer processing acd 
dfsplay. in t h e  Ilo~anton con'crol cen te r .  Tne Apollo Unif ied S- 
Bar@ System (ITSB) er2s developed f o r  these requ.j.remen-ls. It 
cozbines Tn one t ransmiss ion  (uplink-downlink) the  m u l t i p l e  
func t ions  p rcv lous ly  r e q u i r i n g  separate systems:  tracking, 
detemninl-ng f l i g h t  pc?.-Lh 2nd spacecr2.f " ,doci ty;  coinri~a~ding 
t h e  s?:>.cecraft v i a  coded r a d i o  signals; and :-eceiving coded 
~?aGio signals (te:emetry) on s g a c e c r a f t  i n t e g r i t y ,  systems 
condi t ion ,  bxt terTes,  fuel stz%e, e t c .  

S L t e s  and. S!;!;stas 

Unlfic:d S-Cand sites a . ~ e  10 _)iar-tC sta';ions equipped 'xit i? 
30-foot dla.mei;er 3.1-ttcnna sgstei~s,  th ree  :.~i'k.h 85-foot d isk~es  
2 n d ~ .  G?ancl Jkaharr.2 Isla.ncl s$a-Lj.on xf th a ty2r;sport2'nle va.n- 
~noi~fi?,~;c:1 z - r ~ f  n::! :.:ith fin er?cta.'a?.c 30-f oat nnkcnr12, 



The USB systems have been under engineering e v a l u a t i o n  
f o r  two yea r s .  Network opera t iona l  experience has been ga ined  
with Lunar O r b i t e r  V, Apollo-Saturn 202, Apollo 4 and Apollo 5, 
The l b s t a t i o n  networlc team performs d a i l y  r e l i a b i l i t y  t e s t s  
and f requen t  s imulated miss ions to  i n c r e a s e  o p e r a t i o n a l  pro- 
f i c i e n c y  and read iness .  Previous Apollo f l i g h t s  have been 
c o n t r o l l e d  l a r g e l y  through a combination of Gemini ground sys-  
tems and t h e  newer USB equipment. These w i l l  provide d u p l i c a t e  
(backup) d a t a  t o  t h e  USB systems f o r  b o t h , t h e  S-IvB/IU and CSN. 

TTS ( ~ e s t  and Tra in ing  ~ a t e l l l t e )  

The TTS ( ~ e s t  and T,raining s a t e l l i t e )  launched last  Dec. 
13, has  proved a va luable  t r a i n i n g  a i d  of t h e  Manned Space 
P l i g h t  Network. This  40-pound e ight -s ided  s a c e c r a f t  opera t -  
i r g a  265 by 165 n a u t i c a l  (305 by 190 s t a t u t e 7  mi le  o r b i t ,  pro- 
v i d e s  a p r a c t i c e  s p a c e c r a f t  t o  a l l  US3 system o p e r a t o r s ,  

A s  t h e  s a t e l l i t e  passes  overhead, USE3 opera to r s  t r ansmi t  
va r ious  voice  and d a t a  s i g n a l s  t o  It. A device on TTS r e c e i v e s  
t h e  s i g n a l ,  a m p l i f i e s  i t  and r e t r a n s m i t s  it back t o  i t s  source.  
Upon ~ e c e i p t  of t h e i r  o r i g i n a l  t ransmission,  MSFN s i t e  o p e r a t o r s  
a r e  a b l e  t o  a s s e s s  t h e  q u a l i t y  and accuracy of t h e i r  s i g n a l .  
The s a t e l l i t e  s imula tes  t h e  passage of an Apollo s p a c e c r a f t  
over  t h e  s t a t i o n  and provides f r equen t  p r a c t i c e  f o r  t h e  opera to r s .  

Mfth TTS, Apollc USB ground systems opera to r s  a r e  a b l e  t o  
conduct equipment and crew checkout 3.n r e a l  time between m i s -  
s i ons  and Lrxmedi.ately be fo re  a, launch. Tnis  has Ancreased 
s i t e  system r e l i a b i l i t y ,  b e t t e r  coordina t ion  of equipment and 
more speed i n  a c q u i s i t i o n  of t h e  s p a c e c r a f t ,  

P a r t i c 3 a t i n g  -- S t a t i o n s  - 
For Apollo 6, 17 NASA'USB ground f a c i l j . t i e s ,  seven De- 

~ a r t m e n t  of Defense a s s o c i a t e d  radar l and  s i t e s ,  two ins'cru- 
hen'ced s h i p s  and f o u r  Apollo i n s t r w - e n t e d  a i r c r a f t  (ARIA) w i l l  
provide t h e  required. t rzcking ,  d a t a  acquisition and voice/data 
commun5.cations s e r v i c e s .  



USE S i t e s :  

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

Antigua (ANG) 
Ascension I s l a n d  (ACN) 
Bermuda (BDA) 
Canary I s l a n d  (CYI) 
Carnarvon (CRO), Aus t ra l i a  
Grand Bahama I s l a n d  (GBN) 
Gum (Gk94) 
Guaymas (GYM), Mexico 
Hawaii (I-L~FJ) 

- - 

M e r r i t t  Island. (MIL), Fla .  
Texas (TEX) , C0rpu.s C h r i s t i  

Canberra (CNB) , A u s t r a l i a  
(prime ) 

Goldstone (GDS), Calif, 
(prime) 

Madrid (MAD), Spain (prime ) 
*Canberra ( D S S - L C ~ - A ~ O ~ ~ O  wing) 

(~acku.p ) 
*Goldstone (DSS-11-  pol lo Wing) 

( ~ a c k u p  ) 
*Madrid (DSS-61-Apollo ~ i n ' g )  

(~acltcup ) 

*Wings have been added t o  J P L  
Deep Space Network s i t e  oper- 
a t i o n s  buildings, These wings 
conta in  a d d i t i o n a l  Unified S- 
Band equipment as backup t o  
the P r ime  S i t e s .  

P a r t i c i p a t i n g  Ships :  - 
U S E  REDSTO14E - I n s e r t i o n  In jec t ion-At lan t i c  
USNS MERCURY - I n s e r t i o n  / In jec t ion-At lan t i c  ( ~ o t  required-Test  

and Evaluat ion only)  
USNS WATERTO~iDJ - CM/SM Separa t ion  
USNS TWIN FALLS..VICTORY - Powered F l i g h t  P a c i f i c  

T r a c k 2  Third S tage toLILgh  Apogee 
P - 

NASA s Manned. Space F l i g h t  Network i s  respons ib le  f o r  t r a n s  - 
mitting command, co:c~munlcations, t r ack ing  and d a t a  a c q u i s i t i o n  
s i g n a l s  from t h e  S- IC ,  S-11, S-IVB/IU and t h e  CSX throughout t h e  
Apollo 6 f l i g h t ,  

At'approxrimately 200,000 f e e t  a l t i t u d e  t h e  S-IC s t a g e  w l l l  
s e p a r a t e  from the S-I1 boos te r ,  The first S-IVB burn occurs  
s h o r t l y  a f t e r  S-XI burn, b u n c h  Escape System J e t t i s o n  and S-XI 
sepa , ra t ion  from t h e  S-IVB, p lac lng  t h e  s p a c e c r a f t  i n  near-  
c i r c u l a r  100-naut ical  (11.5-statute) mi le  Earth o r b i t .  

\?hen t h e  second r e v o l u t i o n  i s  completed over Cape Kennedy, 
Houston Mi.sslon Control will j.nii;j.ate a prograrroned maneuver f o r  
the  second S-XYB burn of 5 minutes 10 seconds dura t ion ,  i n j e c t -  
ing the spaceclaaf t  i n t o  a t r a n s l u n a r - l i k e  coas t  which will c a r r y  
it some 278,000 n a u t i c a l  (320,030 s t a t u t e )  rn3.l.e~ away from Ear th  
bGt not  i n  t h e  d i ~ e c t i o n  of the Moon. 



The worldwide Smithsonian Astrophysical  Opt i ca l  Network 
w i l l  keep i t s  telescopic cameras poin ted  along t h e  p r e d i c t e d  
p a t h s  of r e e n t r y  t o  p ick  up t h e  r e t u r n i n g  S-IVB. Space pos i -  
t i o n  and look angle  information w i l l  be genera ted  by t h e  God- 
dard  Real Time Computing Center and provided t o  S A O  network 
s i t e s  as requ i red .  

mckup Cap- Space Networlc (DSN) S t a t i o n s  

For f i n i t e  t r a c k i n g  and d a t a  a c q u i s i t i o n  a t  deep space 
ranges,MSFN 85-foot USB antenna systems have been co-located 
with NASA JPL Deep Space Network 85-foot systems a t  Goldstone, 
Calif; Madrid, Spa,in and Canberra, A u s t r a l i a .  1,ocated a t  120- 
degrees a p a r t ,  t h e s e  s i t e s  w i l l  cover t r a n s l u n a r  and l u n a r  
ranges  f o r  Apollo missions.  

A s  a. r e l i a b l l % t y - s a f e t y  f a c t o r  each DSN s i t e  has been 
equipped with Apollo Unif ied S-Band ground systems. These 
systems a>re housed i n  a wing added t o  t h e  DSN opera t ions  b u i l d -  

11 ing - -  f o r  t h i s  reason they  a r e  c a l l e d  wing s l t e s . "  MSFN 
Apollo 85-foot systems a r e  known as prime s i t e s .  

Apollo 6 w i l l  provide t h e s e  new network s i t e s  an l n i t i a l  
opportufii ty t o  e x e r c i s e  long range c a . p a b i l i t i e s  and God.dard 
network d . i rec tors  an engineering eva lua t ion  of i n d i v i d u a l  and 
c o l l e c t i v e  site per fomances .  

Canberra and Goldstone w i l l  be called-u.p f o r  t h e  f i r s t  
and secolzd r e v o l u t i o n s  2nd Ma.drid, fin t h e  t h i ~ d  revo1ut:Lon. 
P r i o r  t o  t h e  s t a ~ ? t  of t h e  t h i r d  revolutj-on, t h e  second S-IVB 
burn occurs ,  % f o r e  e i t h e r  Madrid prime o r  wing can a c q u i r e  
CSM/S-XVB, s e p a r a t i o n  has occu.rred-. By t h e  time Nadrid does 
acqui re ,  t h e  S-IVR w i l l  have a t t a i n e d  an a l t i t u d e  of about 933 
miles .  Madrjd prime o r  wing w i l l  t r a c k  t h e  S-IT,@ u n t i l  t h e  on- 
board b a t t e r y  d i e s  a t  an es t imated  10 hours  GLY, 

Data Ddrinp: Reentry 

Reentry of t h e  Ci'4 w i l l  beg in  a t  1-100,000 f e e t  over  t h e  
western P a c i f i c  Ocean. A t  t h i s  p o i n t  s c i e n t j . s t s  of Goddard 
w L l l  c o l l e c t  data on t h e  r een t ry : , cha rac t e r i s t i c s  of t h e  space- 
c r a f t  and t h e  f r i c t i o n - g e n e r a t e d  super-lleated envelope s u l - ~ o u ~ d -  
i n g  i t ,  Called. plasma, t h e  g ~ e a t l y  d.isturbed atmospheric mole- 

I I  c u l e s  f o ~ , i n g  t h e  shezth!'  mzke a c c u r a t e  t r a c k i n g  d i f f i c u l t  
a.nd comun:!.cntions with t h e  s p a c e c r a f t  vir1;ually impossible .  

The i0-mzr! Apollo 6 R e e n t r y  Stu.dy Group w.f.11 investigate 
reentry raclar s igna tu res ,  record s p a c e c r a f t  t e l emet ry  ( r a d i o )  
d:j.i;~ 'GO mea.;,.:;ure coriununj.caf;ions "blackout"  time:: c r c a t e d  by t h e  
plasma shea t;h . Tiley w I l 1  a..lso stlxdy' pla.s:na pene~;ra'~Ion seek-  
!in[; a n  a!!swer t o  tkic r>centry blackout  problem, 



Network S u m o r t  Team 

Around-the-clock c o n t r o l  of t h e  Manned Space F l i g h t  Net- 
work i s  maintained by a 30-man ( p e r  8-hour-sh i f t )  team of n e t -  
work systems s p e c i a l i s t s  a t  Goddard, They w i l l  monitor every  
a s p e c t  of t h e  worldwide network. The team r e p o r t s  i t s  s t a t u s  
and f i n d i n g s  t o  t h e  mission f l i g h t  d i r e c t o r  a t  Houston b u t  w i l l  
r e t a i n  i t s  autonomy f o r  checks, balances and c o r r e c t i o n s  f o r  
c o n t i n u i t y  of coverage. 

T e s t i n g  t h e  Network 

Before Apollo 6 i s  flown, t h e  n e t w ~ r k  w i l l  und-ergo 114 
days of checking and t e s t i n g .  Each system and subsystem a t  
each s t a t i o n  has  i t s  own performance c r i t e r i a , .  

A t  Goddard t h e s e  c r i t e r i a  a r e  s t o r e d  i n  a computer memory 
system. Each s t a t i o n  r e p o r t s  i t s  own system-by-system checks 
v i a  t h e  NASA Communications Network (NASCOM) high-speed d i g i t a l  
c i r c u i t s ,  By comparing t h e s e  r e p o r t s  automatical1.y with t h e  
s t o r e d  values,  any v a r i a t i o n  from t h e  des i red ,  t h e  computer r e -  

I! p o r t s  a no-go" condi t ion ,  If t h e r e  i s  no v a r i a t i o n ,  "go" i s  
repor ted ,  The process  i s  repeated  u n t i l  t h e  t e s t  conductor 
f i n d s  t h e  e n t i r e  networlr ready,  The procedure known as CADFISS 
( f o r  Computer and I%-ta Flow X n t e g ~ a t e d  Subsystems ~ e s t s ) ,  i s  r e -  
pea ted  f o r  each mission.  

F i n a l  Conf i~u.rai;J_on -- -- 
The Apollo Manned Space F l i g h t  Network w i l l  c o n s i s t  of 11 

30-foot Ear th -o rb i t  USB antenna s i t e s ,  t h r e e  85-foot antenna 
s i tes  with 85-foot antenna wing s i t e s  f o r  deep space t r a c k i n g  
and communications; f i v e  Apol1.0 s h i p s  and e i g h t  Instrumented 
A i r c r a f t  (ARIA) with USB f a c i l i t i e s .  Three s h i p s  w i l l  be  
equipped with 30-foot antennas (VANGUARD, EEIXSTOI\?E, MERCUEY) 
f o r  i n s e r t i o n - i n j e c t i o n  coverage, Two s h i p s  a r e  equipped with 
12-foot antennas f o r  r e e n t r y  coverage (WUTESVILLF, ~TEITERTOWN);  
F ~ c h  a3.l3craft i s  equipped with a four - too t  d i s h  i n  i t s  nose,  
I n  addf.t ion t o  t h e  USB s i t e s  l i s t e d ,  o t h e r  ground s t a t i o n s  w i l l  
provide te lemetry ,  C-Pand (space p o s i t i o n )  rad.ar and voice  r e l a y  
as requ i red ,  

Con~puters a r e  key components i n  t h i s  s y s t e x .  mTIVIIC 642 
connuters  a t  t he  USE s t z t l o n s  s o r t  t h e  d a t a  r ece lved  from Apollo 
zn:? r o a t e  it, v:i.a telecommunications, t o  t h e  Mlssi.on Control  

m--~?;j-fig s t a t i o n s  ashort? and af loa?;  a r e  linltec! "Lhough Ct-!nter. L X  G, *- 

c.iilal. ?J>!I1JiIC L118 r e a l  t b n e  systeins t h a t  fu.nc'iion as co!nt;lun.i.ca- 
tj.c)ns sub-s iqi tcners  w i t h  t h e  con5rol centera a t  Goddard, x h i c h  
ha:; %a.yr..cy 0 IJ:{-fVil.C !4911 real. t L i e  .kL~'iomatj.c, Sr.r3-:;c:?-l-ng Systems . 



Remote S i t e  Data Processing Requirements f o r  Apoll-o 6 Events - 

A t  remote s t a t i o n s  t h e  te lemetry  data. process ing  system 
w i l l  be used t o  compress and reformat Pulse Code Modulation 
(PCM) rea l - t ime and real-time-playbaclc te lemetry  d a t a  f o r  
t ransmiss ion  t o  the  MCC-H computer complex. Telemetry d a t a  
process ing  systems w i l l  be used t o  compress and reformat  PCM 
r e a l - t i x e  and real-t ime-playback te lemetry  d a t a  t o  t e l e t y p e  
sumarg t ransmiss ions  t o  t h e  MCC-H computer complex, on-s t a t ion  
CRT d i sp lays  and high-speed p r i n t  o u t s ,  The connand d a t a  pro- 
cesso r  w i l l  r ece ive  and s t o r e  high-speed and. t e l e t y p e  coinmands 
loads  from P'iCC-H. T'ne computer a l s o  w i l l  t r ansmi t  these  corn- 
mands t o  t h e  s p a c e c r a f t  v i a  Ufw o r  US3 equipment e i t h e r  a: a n  
?4CC-H o r  on-s t a t ion  execute s i g n e l ,  

A t  sp l l t - second i n t e r v a l s  t h e  d i g i t a l  d a t a  process ing  
systems, with t h e  Houston Center a s  t h e  f o c a l  po in t ,  t a l k  i n  
computer d ig i ta l .  language t o  each o ther ,  o r  t o  t h e  spacec ra f t ,  
i n  real-  t ime. 

Cornmands a r e  t h m  sen.t t o  t h e  Apollo spa.cecrar"'c r ap id ly ,  
even thol~gh t h e  s p a c e c r a f t  2s ~riany thousands of mi les  from t h e  
c o n t r o l  cen te r .  The command c a p a b i l i t y  i s  needed f o r  c o n t r o l  
o r  o r b i t a l  guidance, go/no-go dec is ions ,  e t  c  . 

Before it i s  s e n t  t o  t h e  spa-cecraft ,  each conaand i s  
automa.t ical ly  checked. w l t l r l  pre-progra~r~n~cd inf'ormation by t h e  
o n - s t a J ~ i o n  cor,?pu.'~ers t o  determine valici.lty and thus  guarantee  
t h a t  only t h e  c o r r e c t  corrrmands a r e ' s e n t  t o  t h e  s p a c e c r a f t .  

For downv:ard c?.ata, sensors  b u i l t  i n t o  t h e  s p a c e c r a f t  
c o n t i n u a l l y  sample f u e l  s t a t e ,  temperature, a t t i t u d e ,  and 
send these  d a t a  t o  t h e  ground., The on-s i t e  UN1VP.C systems 
d e t e c t  changes o r  v a r i a t i o n s  f o r  comparison with s t o r e d  d a t a ;  
provide con t inua l  d i sp lays ,  and assenble ,  log and s t o r e  d z t a  
f o r  im-nediate o n - c a l l  d i sp lay ,  They a l s o  pyocess and pu t  it 
i n t o  Tom for t ransmiss ion  t o  Mission Control Center i n  
Kou.ston. 



WEATHER 

The Weather Bureau provides opera t iona l  weather support  
t o  t h e  Apollo flLght program. I n  a s s o c i a t i o n  wi th  o t h e r  . 

meteorological  s e r v i c e s ,  t h e  Space f l igh t  Meteorology Group 
of t h e  Weather Bureau monitors and f o r e c a s t s  conditTons tha t  
might a f f e c t  t h e  Apollo missions.  These inc lude  t h e  weather 
elements important i n  the  launch a.rea, f o r  s e l e c t e d  a r e a s  
beneath t h e  o r b i t a l  pa ths  planned, and f o r  p o s s i b l e  landing  
and recovery a r e a s .  

While t h e  Saturn  V i s  being t r anspor ted  from t h e  
Vehicle Assembly Bdi ld ing  to t h e  launch pad, and before  t h e  
a-ctual launch, weather cond i t ions  a re  watched c a r e f u l l y  t o  
sa.feguard personnel and equipment ~ g a i n s t  c r i t i c a l  weather 
such 2s l i g h t n i n g  o r  s t rong  winds. A t  launch time, cl-oud 
c e i l i n g s  m u s t  be high enough above t h e  ground t o  a l low proper  
p o s i t i o n i n g  of recovesy personnel and equipment f o r  emergency 
recovery.  If c e r t a i n  wind v e l o c i t i e s  are exceeded f.n launch 
and early flight phsses, the launch veh ic le  may fail t o  per- 
form proper ly ,  Engineers need photogra>phs o f  the v e h i c l e  i n  
.the e a ~ l y  p o r t i o n  o f  f l i g h t ,  so excess ive  cloud cover i s  a 
hindrance , 

~ e r t a i h  experiments on t h e  spacec ra f t  depend on 
weather conditions a long the o r b i t a l  ground t r a c k s .  

The Apollo s p a c e c r a f t  can come d.ov~n s a f e l y  on water 
when wind and sea c o n d i t l o , ~ ~  are favorable. If cond i t ions  
a r e  poor, i t  would be d i f f i c u l t  t o  e f fec t  recovery.  Low 
clouds o r  poor v l s i b i l f ' c y  a l s o  would harnper sea rch  and 
rescue  opera t ions ,  



APOLLO/SATURN FROGRAM MANAGalENT 

D i r e c t i o n  of t h e  Apollo Program, t h e  United S t a t e s t  
e f f o r t  t o  l and  men on t h e  Moon and r e t u r n  them s s f e l y  t o  
E a r t h  b e f o r e  1970, i s  t h e  r e s p o n s i b i l l - t y  of t h e  O f f i c e  of 
Manned Space P l i g h t  (OMSP), Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion .  

NASA Manned Spacec ra f t  Cente r  (MSC) ,  Houston, i s  
r e s p o n s i b l e  f o r  development of t h e  Apollo s p a c e c r a f t ,  f l i g h t  
crew t r a i n i n g  and f l i g h t  c o n t r o l ,  

NASA Marsha l l  Space 1Fl.ight Cente r  (MSFC), H u n t s v i l l e ,  
A l a . ,  i s  r e s p o n s i b l e  f o r  developrnent.of' t h e  Sa tu rn  launch 
v e h i c l e s .  

NASA John P. Kennedy Space Center  (ICSC), F l a . ,  is 
r e s p o n s i b l e  f o r   pol-lo/Saturn launch o p e r a t i o n s .  

NASA Goddard Space P l i g h t  Center  (GSFC), Greenbe l t ,  
M d e ,  manages t h e  Menned Space F l i g h t  Network under  t h e  
d i r e c t i o n  of t h e  NASA O f f i c e  of Tracking and Data Acquisition 
(OTDA) . 

D r ,  George E.  Muel les  Assoc ia te  Adminla t ra tor  f o s  Manned 
Space F l i g h t ,  NASA Headquar te rs  
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Ma j. Gen. John D. S tevenscn D i r e c t o r ,  Miss ion Opera t ions ,  
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Ozro M .  Covington Ass i s t an t  D i r e c t o r  f o r  Manned 
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Technical I n t e g r a t i o n  and 
Evaluation 

General  Electric-ApolLo Support Apollo Checkout and 
Department, Daytona Beach, F%a. Reliability 

North American Roclcwell Corp, Spacecraf t  Command and 
Space DivisS.on, Dostrney, C a l i f ,  Service Modules 

Grwnmn A i r c r a f t  Engineering Lunar Module 
Corp., 

Bethpage, N , P ,  

Massachusetts I n s t i t u t e  o f  Guidance & Navigation 
Technology, Cambridge, Mass, (Tcchnlcal ~anagement  ) 

General  Motors Gorp,, AC Gu3iiance & Navigation 
E l e c t r o n i c s  Bludsion, Milwaukee ( ~ a - n u f a c  t u r i n g )  

Avco Corp, , 
Wlhing ton ,  Mass, 
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The Ebel.ng C o  , 
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North Arne7:'-can Rockwell Corp, Development and P~oduct:Lon of' 
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Seal Beach, CalLP. 

McCu;mel I Douglas Co , Dcvel-opnent and Production of 
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International Eusinesc Machines Instsument Unit (prime 
Huntsville, Ala. contractor) 
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