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THE ROLE OF THE S-IVB IN THE APOLLO AND POST APOLLO PROGRAMS 

Two years ago at the annual meeting of the Hermann Oberth Society I had the 

privilege to report on the development of one of the large launch vehicles in 

the Saturn Program, the S-IV. I mentioned that the next generation, the S-IVB, 

was well along in the development and today I am proud to be able to state that 

this vehicle seems to continue the success we had with the S-IV. ~iree S-IVB's 

have been launched in the meantime and all three fully fulfilled their mission. 

To refresh your memory permit me to show you where the S-IVB belongs in the 

Saturn/Apollo Program. The development of the Saturn rockets is being carried 

out under the supervision of the National Aeronautics and Space Administration 

(NASA), Marshall Space Flight Center, Huntsville, Alabama. 



The upra ted  Saturn I which formerly was ca l l ed  t h e  Saturn I B  i s  a  two s t a g e  

boos ter  wi th  a  payload of 17,000kg i n  a  195 ki lometer  e a r t h  o r b i t .  It uses  

t h e  S-IVB a s  a  second and f i n a l  s t age .  Twelve of t hese  v e h i c l e s  a r e  i n  produc- 

t i o n  a t  t h i s  t ime. Three of them have a l ready  flown a s  I s t a t e d  before .  

Severa l  have been de l ive red  t o  NASA and a r e  awai t ing  launch, and the  r e s t  a r e  

i n  f i n a l  assembly. There a r e  p l ans  t o  provide f o r  more v e h i c l e s  of t h i s  type. 

The Sa turn  V i s  a  t h r e e  s t a g e  "moon boos ter , "  cons i s t i ng  of t h e  S-IC, t h e  S-I1 

and t h e  S-IVB. Several  of t hese  S - I V B 1 s  have a l ready  been de l ive red  and more 

a r e  under cons t ruc t ion .  P repa ra t ions  f o r  n ine  a d d i t i o n a l  s t a g e s  a r e  being made. 

Landing man on t h e  moon w i l l  be i n  t he  focus of pub l i c  i n t e r e s t  f o r  t h e  r e s t  

of t h i s  decade u n t i l  we have reached t h i s  goal.  But everyone involved i n  t h i s  

program is  a l ready  asking "What a f t e r  Apollo?" NASA has e s t ab l i shed  a s  one of 

t h e  major "post" programs t h e  Apollo Applicat ions Program, The b a s i c  conten t  



of this program is the scientific exploration of space in its broadest sense 

but based on hardware which was developed for the Apollo Program. 

I personally believe that this program will finally surpass all other programs 

. with respect to the interest and participation of the general public and 

especially the scientists of the whole world, 

What is the present Apollo Applications Program? It is of course relatively 

difficult to precisely describe an emerging program when the existing prime 

program is as dominating as the Apollo Program. But the Apollo Applications 

Program has already established a list of numerous desirable experiments, 

large and small, and has defined its first mission, a very ambitious one as 

such. Let me show you some of the planning for this first mission since the 

S-IVB stage plays a major role in its accomplishment. 



APOLLO APPLICATIONS PROGRAM 
MISSION PROFILE 

REACTIVATE WORKSHOP 

TIME - DAYS 

Four uprated Saturn I v e h i c l e s  had been planned. A s  I explained e a r l i e r  t h e  

uprated Saturn I has two s t ages  and can c a r r y  a v a r i e t y  of payloads. I n  ou r  

case  t h e  payload of Vehicle No. 1 c o n s i s t s  of a Command and Serv ice  Module 

(CSM) a s  used i n  t h e  Apollo Program. This v e h i c l e  w i l l  be launched i n t o  a 

c i r c u l a r  e a r t h  o r b i t  of approximately 140 mi les  and an i n c l i n a t i o n  of 29 

degrees.  The launch opera t ion  i s  i d e n t i c a l  t o  t h e  s tandard  Sa turn  procedure. 

The launch escape system w i l l  be discarded s h o r t l y  a f t e r  f i r s t  s t a g e  c u t o f f .  

The S-IVB then w i l l  i n s e r t  t h e  system i n t o  o r b i t  a f t e r  which t h e  crew de taches  

t h e  CSM. A day l a t e r  Vehicle No. 2 w i l l  be launched. It i s  an unmanned 

uprated Saturn I which c a r r i e s  a s  a payload an a i r l o c k  and m u l t i p l e  docking 

adapter  (MDA). It provides a s p e c i a l  S-IVB s t a g e  which can be converted i n t o  

a workshop a f t e r  second s t a g e  cu to f f .  There is  a l s o  a nose cone shroud which 

w i l l  be discarded a f t e r  leav ing  t h e  s e n s i b l e  atmosphere. The v e h i c l e  w i l l  be  

i n s e r t e d  i n t o  a 260N mi le  o r b i t  i n  which t h e  braking f o r c e  of t h e  atmospheric 

r e s i s t a n c e  has a r e l a t i v e l y  low va lue  and w i l l  g ive  i t  a l i f e  time of a t  l e a s t  

a year .  



A f t e r  r e a c h i n g  i t s  p r e s c r i b e d  o r b i t  t h e r e  w i l l  be  c e r t a i n  a u t o m a t i c  

o p e r a t i o n s  which w i l l  change t h e  S-IVB from a l i q u i d  oxygen and hydrogen con- 

t a i n e r  i n t o  an  oxygen gas  c o n t a i n e r .  I w i l l  e x p l a i n  t h i s  l a t e r  on. I n  t h e  

meantime, t h e  f i r s t  s p a c e c r a f t ,  a scends  t o  t h e  second v e h i c l e  o r b i t  w i t h  t h e  

h e l p  of t h e  CSM p r o p u l s i o n  system and docks t o  t h e  MDA. The a s t r o n a u t s  e n t e r  

t h e  workshop through t h e  MDA and a i r l o c k ,  complete t h e  convers ion  of t h e  S-IVB 

i n t o  a l a b o r a t o r y  and conduct exper iments  f o r  about  26 days ,  At t h e  end of 

t h i s  p e r i o d  t h e y  r e t u r n  t o  t h e  CSM, undock, and r e t u r n  t o  e a r t h  i n  t h e  normal 

procedure .  Workshop, a i r l o c k ,  MDA remain i n  o r b i t  f o r  t h r e e  t o  s i x  months 

b e f o r e  t h e  n e x t  miss ion  i s  s t a r t e d .  



A t  t h e  p re sen t  t ime, d i scuss ions  a r e  being he ld  t o  decide i f  t h e r e  should be 

an in spec t ion  and resupply of t h e  workshop between t h e  two missions.  

Vehicle  No. 3 i s  a manned "Uprated Saturn I" cons i s t i ng  of a  second CSM payload 

which w i l l  detach from t h e  second s t a g e  and rendezvous wi th  t h e  workshop. 

This w i l l  then rendezvous wi th  Vehicle  No. 4 which is  an unmanned Lunar Module 

(LM) and Apollo Telescope Module (ATM). The Vehicle  No. 3 CSM w i l l  a t t a c h  

i t s e l f  t o  t h e  LM/ATM and ca r ry  them t o  t h e  workshop where they j o i n  wi th  t h e  

MDA. The a s tonau t s  aga in  w i l l  e n t e r  through t h e  a i r l o c k  i n t o  t h e  workshop 

and cont inue t h e i r  s c i e n t i f i c  experiments,  a t  t h e  same time manning and 

opera t ing  t h e  ATM. Af t e r  an opera t ion  of approximately 56 days the  crew w i l l  

then r e t u r n  t o  e a r t h  using s tandard  procedures.  The whole workshop c l u s t e r  

w i l l  remain i n  space f o r  an i n d e f i n i t e  time. 

A t  f i r s t  glance t h i s  p lan  looks extremely complex f o r  a  f i r s t  mission bu t  one 

should cons ider  t h a t  we have proven t h e  f e a s i b i l i t y  of rendezvous i n  t h e  

Gemini f l i g h t s  and we a r e  confident  t h a t  we w i l l  no t  encounter many obs t ac l e s .  

We a r e  aware t h a t  a  l a r g e  amount of new knowledge w i l l  be gathered dur ing  t h e  

l i f e t i m e  of t h i s  program which w i l l  enable  us  t o  make b e t t e r  u s e  of space 

f l i g h t  i n  o r b i t  and beyond t o  t h e  p l a n e t s .  
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When the suggestion was first made to keep on using a depleted fuel container 

in space for other missions, reception was not too enthusiastic. These first 

proposals go back several years to the time when neither the S-IV or S-IVB 

had ever flown. The many unknowns scared most people who were then looking 

into the possibility of converting such a large vehicle into a workable labora- 

tory. We have since accumulated much knowledge about the behavior of such 

systems in orbit, controlled and uncontrolled. 

Now, let me give you some of these details. First of all assume the S-IVB 

stage has completed its delivery operation. It will be necessary to prepare 

it for ingress of the astronauts. This means that we will have to depressurize 

our pneumatic systems, the cold and ambient helium spheres which assist our 

propulsion system, the pressure systems in the auxiliary propulsion system and 

naturally to empty the liquid oxygen and hydrogen containers of residual 



p r o p e l l a n t s .  We w i l l  a t t e m p t  t o  d e f u e l  through t h e  eng ine  s i n c e  t h i s  can be 

accomplished i n  a r e l a t i v e l y  s h o r t  t i m e .  W e  a l s o  have t o  d i s c o n n e c t  t h e  

e l e c t r i c a l  power system. We c a l l  t h i s  a c t i v i t y  "pass iva t ion" .  I n  o r d e r  t o  

e n a b l e  t h e  a s t r o n a u t s  t o  e n t e r  t h e  l i q u i d  hydrogen c o n t a i n e r  we have p rov ided  

c e r t a i n  minor m o d i f i c a t i o n s  t o  our  b a s i c  s t a g e .  We have,  f o r  i n s t a n c e ,  changed 

t h e  man h o l e  i n  d i a m e t e r  t o  a l a r g e r  s i z e ,  and designed a man h o l e  cover  o r  

e n t r y  h a t c h  which can be  e a s i l y  and q u i c k l y  opened by t h e  a s t r o n a u t s  and s t o r e d  

i n s i d e  t h e  c o n t a i n e r .  We have a l s o  provided i n  t h e  g r i d  p a t t e r n  of t h e  t a n k  

w a l l ,  a t t a c h  p o i n t s  which e n a b l e  us  t o  i n s t a l l  a v a r i e t y  of i t ems .  These 

a t t a c h  p o i n t s  e n a b l e  us  t o  i n s t a l l  t h e  s k e l e t o n  of t h e  crew q u a r t e r s  and a 

l a b o r a t o r y  arrangement  w i t h i n  t h e  s t a g e .  These w a l l s  and f l o o r s  n a t u r a l l y  

have t o  be  des igned  i n  a way t h a t  t h e y  do n o t  a f f e c t  t h e  f l o w  of t h e  l i q u i d  

hydrogen t o  t h e  e n g i n e  system. T h i s  means a l l  w a l l s ,  doors ,  e t c . ,  a r e  des igned  

as open g r i d  work. The a s t r o n a u t s  w i l l  e i t h e r  u n f u r l ,  o r  c a r r y  i n ,  s o l i d  

c o v e r s  f o r  t h e s e  w a l l s .  Some of t h e  exper iments ,  t h e  normal demands of human 

b e i n g s  f o r  p r i v a c y  d u r i n g  rest p e r i o d s ,  and t h e  s p e c i a l  r equ i rements  of food 

p r e p a r a t i o n  and p e r s o n a l  hygiene,  demand c l o s e d  q u a r t e r s .  Consider ing t h a t  t h e  

a c t i v i t y  i n  t h e s e  l a b o r a t o r i e s  have t o  be  conducted under zero-g c o n d i t i o n s ,  
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mobi l i t y  a i d s  f o r  t h e  a s t ronau t s  have t o  be provided. There w i l l  be  fu rn i shed  

a f i reman ' s  p o l e  l ead ing  from t h e  e n t r y  ha tch  down t o  t h e  l abo ra to ry  a r e a  and 

t h e r e  w i l l  a l s o  be hand r a i l s  around t h e  circumference of t h e  con ta ine r  t o  

enable  t h e  a s t r o n a u t s  t o  a t t a c h  e l e c t r i c a l  l i g h t i n g  f i x t u r e s  and v e n t i l a t o r s .  

These v e n t i l a t o r s  have p a r t i c u l a r  importance s i n c e  i t  i s  necessary t o  keep t h e  

ope ra t ing  temperature w i th in  t o l e r a b l e  boundaries.  The atmosphere i n  t h e  con- 

t a i n e r  has  t o  be cons t an t ly  c i r c u l a t e d  and mixed s i n c e  one s i d e  of t h e  s t a g e  

w i l l  be  exposed t o  t h e  r a d i a t i o n  of t h e  sun when t h e  o t h e r  s i d e  i s  exposed t o  

t h e  temperature of space. This  temperature c o n t r o l  of t h e  workshop system i s  

one of t h e  most important  systems t o  be developed. 

O / W - E ~  -x  
56-67 

Another i n s t a l l a t i o n  which i s  equal ly  important is  t h e  p r o t e c t i o n  a g a i n s t  

p o s s i b l e  meteoroid pene t r a t ion .  Our present  experience i n d i c a t e s  t h a t  over  

t h e  per iod  of one yea r  we might have t h r e e  pene t r a t ions  by meteoroids through 

the  tank wal l .  Since t h i s  c o n s t i t u t e s  n o t  only a  p o s s i b l e  danger of decompres- 

s i o n  bu t  a l s o  a  f i r e  hazard,  s t e p s  had t o  be  taken t o  avoid any such pene t r a t ion .  

The chosen s o l u t i o n  was a  meteoroid bumper t o  be arranged w i t h i n  a  d i s t a n c e  of 

12 cent imeters  from t h e  conta iner  w a l l .  Such a n  aluminum s h i e l d  w i l l  d i s i n t e -  

g r a t e  incoming meteoroids s o  t h a t  t h e  mass of t h e  f r a c t u r e d  p a r t i c l e s  is  no t  

s u f f i c i e n t l y  h igh  t o  p e n e t r a t e  t h e  tank wal l .  

9 
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As you know, t h e r e  had been an  a c c i d e n t  a t  t h e  beg inn ing  of t h i s  y e a r  i n  t h e  

Apol lo  Program because  of t h e  p resence  of oxygen. We t h e r e f o r e ,  t r y  t o  avo id  

flammable m a t e r i a l s  i n  t h e  O r b i t a l  Workshop. The i n t e r n a l  i n s u l a t i o n  of t h e  

hydrogen c o n t a i n e r ,  though flammable, could  n o t  b e  changed, t h e r e f o r e  a  new 

method was developed t o  p r e v e n t  t h e  development and s p r e a d i n g  of f i r e .  Over 

t h e  e x i s t i n g  i n s u l a t i o n  a t h i n  aluminum f o i l  i s  bonded t o  avoid  f i r e  g e n e r a t i o n  

and p ropaga t ion .  T h i s  f o i l  i s  equipped w i t h  l i t t l e  h o l e s  s o  t h a t  any en t rapped  

hydrogen g a s  can evo lve  d u r i n g  p a s s i v a t i o n .  

Another c h a l l e n g e  f o r  t h e  d e s i g n e r  i s  t h e  f a c t  t h a t  a l l  o p e r a t i o n s  are conducted 

under  zero-g c o n d i t i o n s .  W e  have t o  develop a  " f e e l "  f o r  t h i s  new environment.  

N e u t r a l - b u o y a n c y - f a c i l i t i e s  are be ing  used a s  d e s i g n  and development t o o l s .  

Also s p e c i a l  suspens ion  systems have been designed t o  s i m u l a t e  zero-g condi-  

t i o n s ,  b u t  underwater  o p e r a t i o n s  seem t o  be s t i l l  t h e  b e s t  s i m u l a t i o n .  



LH2 FEED DUCT PLUG 

At the present time we intend to enter the tank while it is in unpressurized 

condition, but the astronaut will still be in his pressure suit. He will 

enter the tank, make certain electrical and mechanical connections, and inspect 

and seal the existing outlets. Maximum simplicity is therefore a must for 

these activities and constitute quite a challenge to the designer. Take 

for instance the main tank outlet which has a diameter of 25.24 cm with parti- 

cularly close tolerances. There is a closed valve sealing the line but we 

have to assume that there might be some leakage after the operation of the 

propulsion system has ceased. A tight seal will be needed considering an 

operating period of one year for the workshop. 

As we have seen this first primitive space station consists basically of the 

OWS, the Airlock, and the MDA. It is supposed to be in active operation for 

28 and 56 days during the first year in orbit. The power requirements for 

these periods are naturally much higher than in the Mercury and Gemini space- 

crafts. We therefore will use solar energy for the power system. As you know 

the efficiency of solar cells is very much dependent on the orientation toward 

the sun, so an attitude control will be needed. We will use the solar energy 

to recharge the batteries which are located in the Airlock. One of the 

presently planned configurations is shown in this picture. Several experiments 



will have their own orientation requirements in addition to those of the solar 

panels. Two systems are being considered, a passive system based on the grav- 

ity gradients, which would orient the axis of the Cluster toward earth and an 

active system, using some type of mass expulsion like small rockets, gas jets, 

or something similar. 

I hope that these few details give you an impression of the development 

of the orbital workshop in which we are engaged. The scientific and techni- 

cal experiments which will be conducted by the three astronauts are largely 

connected with the investigation of human behavior in this particular environ- 

ment. Some are intended to establish requirements for the accommodation of 

scientific space workers and still others will give us answers as to how to 

maintain such a system in space. I will refrain from going through the details 

of these experiments, since it would take too much time, and naturally the 

established list will see many changes before we have our laboratory in 

operation. 

I have spent most of my time acquainting you with the use of the S-IVB as an 

orbital workshop, since this is presently in the focus of our attention. But 

let me shortly mention a few other possible uses of the S-IVB which are 

similarly exciting. 

SOLAR PANEL DEPLOYMENT SEQUENCE 



There i s  f o r  i n s t ance  the  use  of t h e  S-IVB f o r  synchronous missions.  You know 

t h a t  i n  a synchronous o r b i t  t h e  v e h i c l e  takes  a permanent " local"  p o s i t i o n  

above t h e  e a r t h .  Many missions can make use of such a system. Since t h e  

Sa turn  V i s  capable of p lac ing  a payload of from 29,000 t o  35,000 kg i n t o  such 

an o r b i t ,  we can p l ace  an o r b i t a l  workshop i n t o  a synchronous o r b i t  which would 

enable s c i e n t i s t s  t o  perform long term continuous observat ion of t h e  e a r t h .  

We have made s t u d i e s  t o  determine t h e  necessary a l t e r a t i o n s  t o  t h e  S-IVB and 

we know t h a t  i t  can be accomplished r e l a t i v e l y  e a s i l y .  Another program which 

is  being s tud ied  i s  t h e  s o  c a l l e d  advanced o r b i t a l  workshop. Its conf igura t ion  

w i l l  enable  u s  t o  s p i n  t h e  c l u s t e r  around i t s  mass-center and so  c r e a t e  accel-  

e r a t i o n s  i n  t h e  l abo ra to ry  a r e a  of t h e  o r b i t a l  workshop. 

With t h i s  system we could explore  phenomena i n  a one-sixth-g environment over 

l onge r  per iods  of time than has been poss ib l e  so f a r .  The next  s t e p  i n  using 



the S-IVB in the form of the orbital workshop could be the establishment of a 

lunar orbital laboratory. This would enable us to study the moon in detail 

without exposing the explorers to the hazards of lunar environment and of 

course we could as well land a stage on the lunar surface and use it as a 

protective shelter. All these missions obviously involve multiple launchings. 

One more study we are presently engaged in is the potential use of the S-IVB 

in planetary fly-by. Here we are using as a final assembly a train of three 

S-IVB's, which you can see here in this artist's conception. With such a 

system we could conduct a Venus or Mars fly-by with performance as shown in 

this last figure. 

In conclusion I would like to emphasize again that these possible missions I 

have mentioned are developed from a basic design of the S-IVB with the intent 

to reduce as much as possible new development costs by using existing and well 

proven hardware. The orbital workshop is a typical example of introducing 

such economic thinking into a seemingly uneconomical venture. We believe that 

the ambitious goals our planners are setting themselves can be achieved with- 

out always starting from scratch and have proven very recently that good results 

are obtainable in a much shorter time than otherwise is possible. 
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