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ABSTRACT 

This paper describes the significant events and equipment associated with 

transporting the Douglas Aircraft Company, Inc., built Saturn S-IVB stage 

from stage fabrication at Huntington Beach, California, to the Sacramento 

Test Center and to the Kennedy Space Center. Descriptions and illustrations 

of the transportation vehicles and major ground support and instrumentation 

equipment are presented for a more comprehensive understanding of the trans- 

portation problem. 



TRANSPORTATION OF DOUGLAS SATURN S - I V B  STAGES 

A s  our  n a t i o n ' s  s p a c e  v e h i c l e s  i n c r e a s e  i n  s i z e  and complex i ty ,  t h e  manufac- 

t u r e r s  of t h e s e  s p a c e  g i a n t s  f a c e  a  new and i n c r e a s i n g l y  d i f f i c u l t  problem; 

t h a t  of how t o  t r a n s p o r t  t h e s e  c e l e s t i a l  covered wagons w h i l e  t h e y  a r e  s t i l l  

on t h e  ground.  The Douglas A i r c r a f t  Company, I n c . ,  M i s s i l e  and Space Systems 

D i v i s i o n  was c o n f r o n t e d  w i t h  t h i s  c h a l l e n g e  i n  t r a n s p o r t i n g  t h e  S-IV and 

S-IVB s t a g e s  of t h e  S a t u r n  s p a c e  v e h i c l e .  How Douglas and t h e  N a t i o n a l  Aero- 

n a u t i c s  and Space A d m i n i s t r a t i o n  have s o l v e d  t h i s  problem, p l u s  f u t u r e  

Douglas p l a n s ,  a r e  t h e  s u b j e c t s  of t h i s  paper .  

The S a t u r n  v e h i c l e  w i l l  p a s s  th rough  t h r e e  d e s i g n  and m i s s i o n  changes b e f o r e  

i t  e v o l v e s  t o  i t s  planned d e s t i n y ;  t h a t  of t a k i n g  man t o  t h e  moon. F i g u r e  1 

i l l u s t r a t e s  t h e  d e s i g n  and comparat ive s i z e  of t h e s e  v e h i c l e s .  Douglas i s  

t h e  o n l y  s p a c e  v e h i c l e  c o n t r a c t o r  p a r t i c i p a t i n g  i n  a l l  t h r e e  of t h e  v i t a l  

S a t u r n  m i s s i o n s .  S a t u r n  I ,  t h e  i n i t i a l  v e h i c l e  d e s i g n ,  p laced  i n  E a r t h  o r b i t  

t h e  t e s t  v e r s i o n s  of t h e  Apol lo  Command and S e r v i c e  modules.  The Douglas- 

b u i l t  second s t a g e ,  S-IV b o o s t e r ,  p rov ided  t h e  f i n a l  v e l o c i t y  t o  p l a c e  a n  

11-ton pay load  i n t o  low E a r t h  o r b i t .  The S a t u r n  I v e h i c l e  completed i t s  

f l i g h t  program w i t h  i t s  1 0 t h  s u c c e s s f u l  l aunch  on 30 J u l y  1965. S a t u r n  I B ,  

t h e  i n t e r m e d i a t e  d e s i g n ,  w i l l  boos t  Apol lo  i n t o  E a r t h  o r b i t  manned tests.  

Douglas i s  b u i l d i n g  t h e  second s t a g e ,  S-IVB, t h a t  p r o v i d e s  t h e  f i n a l  v e l o c i t y  

needed t o  p l a c e  a  17  112-ton v e h i c l e ,  w i t h  i t s  t h r e e  a s t r o n a u t  o c c u p a n t s ,  i n  

E a r t h  o r b i t .  

S a t u r n  V ,  t h e  f i n a l  c o n f i g u r a t i o n ,  w i l l  p l a c e  Apol lo  i n  E a r t h  o r b i t ,  t h e n  

b o o s t - t h e  l u n a r  l a n d i n g  module on i t s  way t o  t h e  moon. Douglas w i l l  b u i l d  

t h e  S-IVB s t a g e  t h a t  w i l l  i n j e c t  t h e  47 112-ton v e h i c l e  w i t h  i t s  t h r e e  man 

crew i n t o  l u n a r  t r a n s f e r  t r a j e c t o r y .  

A c u r s o r y  g l a n c e  a t  t h e  problems of moving j u s t  one s t a g e  of t h e  space  v e h i c l e  

may seem r e l a t i v e l y  s i m p l e ,  b u t  how l a r g e  i s  t h i s  one s t a g e  and what i s  t h e r e  

about  i t s  d e s i g n  t h a t  p roves  a  problem i n  t r a n s p o r t i n g  i t ?  The S-IV s t a g e ,  

f i g u r e  2 ,  of t h e  S a t u r n  I v e h i c l e ,  i s  1 8  f e e t ,  4  i n c h e s  i n  d i a m e t e r  and 41 

f e e t  l o n g ,  and weighs approx imate ly  14,000 pounds. As shown i n  f i g u r e  2  t h e  

s t a g e  h a s  two l a r g e  p r o p e l l a n t  t a n k s ,  which a r e  empty when i n  t r a n s i t .  

Mounted a t  t h e  a f t  end of t h e  s t a g e  a r e  s i x  r o c k e t  e n g i n e s  weighing 



F i g u r e  1. S a t u r n  Comparison 

F i g u r e  2. S-IV S t a g e  



F i g u r e  3 .  S-IVB/TB S t a g e  

approx imate ly  500 pounds each .  The S-IVB/IB s t a g e ,  f i g u r e  3,  is  2 1  f e e t ,  8 

i n c h e s  i n  d i a m e t e r ,  and 59  f e e t  i n  l e n g t h ,  w i t h  a  d ry  weight  of 25,000 pounds. 

L i k e  t h e  S-IV s t a g e ,  t h e  S-IVB has  two l a r g e  p r o p e l l a n t  t a n k s ,  b u t  r a t h e r  t h a n  

s i x  r o c k e t  e n g i n e s ,  i t  h a s  o n l y  one weighing approx imate ly  3,500 pounds. The 

S-IVB/IB s t a g e  i s  e s s e n t i a l l y  t h e  same c o n f i g u r a t i o n  a s  t h e  S-IVB/V, f i g u r e  4 ,  

w i t h  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  b e i n g  t h e  S-IVB/V f l a r e d  a f t  i n t e r s t a g e  

which h a s  a  maximum d i a m e t e r  of 33 f e e t .  The S-IVB a f t  i n t e r s t a g e s  a r e  sh ipped  

s e p a r a t e l y  from t h e  p a r e n t  s t a g e .  

Ordinary modes o f  t r a n s p o r t  can o n l y  b e  used w i t h  d i f f i c u l t y ,  i f  a t  a l l .  The 

u s e  of t h e  n a t i o n ' s  roads  f o r  long  d i s t a n c e  moving has  s e r i o u s  r e s t r i c t i o n s  

because  o f  t h e  s i z e  of t h e  S-IVB s t a g e .  A t  l e a s t  two highway l a n e s ,  f i g u r e  5 ,  

would b e  r e q u i r e d .  On two-lane r o a d s ,  t h e  t r a n s p o r t e r  would hang o v e r  t h e  

edge of  t h e  pavement on b o t h  s i d e s .  Highway t r a n s p o r t  of t h e  S-IVB s t a g e  i s  

comparable t o  moving a  t h r e e - s t o r y  barn.  Other  d i f f i c u l t i e s  i n c l u d e  l e g a l  

maximum s i z e  and weigh t  l i m i t s ,  moving t i m e  r e s t r i c t i o n s ,  t h e  enormous c o s t  of 

permanent ly  r e p o s i t i o n i n g  u t i l i t y  and power l i n e s ,  and d e t o u r i n g  underpasses  

and b r i d g e s ,  f i g u r e  6 ,  t h a t  cannot  a c c e p t  t h e  s i z e  of t h e  S-IVB s t a g e  and 

t r a n s p o r t e r .  



Figure 4. S-IVB/V Stage 

Figure 5. Highway Movement 



Figure  6 .  a r i d g e  Crossing 

C l e a r l y ,  t h e  u se  of highways f o r  long d i s t a n c e  t r a n s p o r t a t i o n  is  ou t  of t h e  

ques t ion .  

Ra i l roads  cannot b e  used s i n c e  r a i l r o a d  r o u t e s  a r e  designed t o  a  wid th  l i m i t  

cons iderab ly  l e s s  t han  t h e  dimensions of t h e  S-IVB s t age .  

Because of i t s  s i z e ,  t h e  S-IVB was no t  a i r  t r a n s p o r t a b l e  i n  t h e  cargo  compart- 

ment of any a i r c r a f t  e x i s t i n g  a t  t h e  t ime of i t s  design.  I t s  weight  p r ec ludes  

t h e  u se  of e x i s t i n g  h e l i c o p t e r s .  L ighter - than-a i r  cargo c r a f t  o f f e r  i n t r i g u -  

i n g  p o s s i b i l i t i e s  f o r  long-range t r a n s p o r t ;  however, t h e s e  c r a f t  w i l l  r e c e i v e  

cons ide ra t i on  i n  f u t u r e  de s igns  encompassing even l a r g e r  v e h i c l e s .  

Water t r a n s p o r t  i s  l i m i t e d  by t h e  e x t e n t  t o  which nav igab l e  bodies  of wa t e r  

a d j o i n  t h e  f a b r i c a t i o n ,  t e s t i n g  and launching f a c i l i t i e s .  Fo r tuna t e ly ,  a l l  

t e rmina l  a r e a s  f o r  t h e  S-IVB s t a g e  a r e  reasonably c l o s e  t o  such bod ie s  of 

water .  Seve ra l  t ypes  of v e s s e l s  a r e  accep t ab l e  f o r  t r a n s p o r t  of t h e  S-IVB 

s t age .  Barges can be used  f o r  s h o r t  h a u l s ,  on r i v e r s ,  where d r a f t  i s  l i m i t e d .  

Conventional  f r e i g h t e r s  o r  cargo  v e s s e l s  can be  used f o r  long  ocean t r i p s ,  

such a s  from San Franc isco  t o  Kennedy Space Center.  



The p r e s e n t  t r a n s p o r t a t i o n  concept  had i t s  i n c e p t i o n  i n  t h e  movement of t h e  

S-IV s t a g e s  d u r i n g  1960 th rough  1962. The p lann ing  and implementat ion of t h e  

v a r i o u s  a c t i v i t i e s  n e c e s s a r y  t o  move S-IV hardware from S a n t a  Monica, 

C a l i f o r n i a ,  t o  t h e  v a r i o u s  tes t  f a c i l i t i e s  and launch  s i t e s  l a i d  t h e  ground 

work f o r  t h e  t r a n s p o r t a t i o n  of t h e  S-IVB s t a g e s .  

It s h o u l d  b e  emphasized t h a t  d u r i n g  t h e  development of t h e  S a t u r n  Transpor ta -  

t i o n  sys tem,  s p e c i a l  c a r e  was g iven  t o  t h e  r e t e n t i o n  of t h e  h i g h  r e l i a b i l i t y  

r e q u i r e d  by t h e  v e h i c l e s .  The Saturn-Apol lo  v e h i c l e  i s  scheduled t o  b e  used 

i n  a  program i n  which men w i l l  r i s k  t h e i r  l i v e s .  For t h i s  r e a s o n ,  i t  i s  n o t  

p o s s i b l e  t o  downgrade t r a n s p o r t a t i o n  a t  t h e  expense of s t a g e  r e l i a b i l i t y .  

The s t u d i e s  by Douglas ,  d u r i n g  t h e  i n i t i a l  d e s i g n  phases ,  determined t h a t  

w a t e r  t r a n s p o r t a t i o n ,  t o g e t h e r  w i t h  a  s p e c i a l  highway t r a n s p o r t e r  f o r  u s e  a t  

t e r m i n a l  a r e a s ,  o f f e r e d  t h e  most r e a d i l y  a v a i l a b l e  s o l u t i o n  f o r  t r a n s p o r t  of 

t h e  S-IV and S-IVB s t a g e s .  

The S-IVB s t a g e  t r a n s p o r t e r ,  f i g u r e  7 ,  p r o v i d e s  s u p p o r t ,  m o b i l i t y ,  and shock 

i s o l a t i o n  f o r  t h e  S-IVB s t a g e  d u r i n g  a l l  normal l a n d  and s e a  t r a v e l .  The 

t r a n s p o r t e r  i s  a l s o  c a p a b l e  of t r a n s p o r t i n g  n e c e s s a r y  s t a g e  hardware,  w i t h  t h e  

F i g u r e  7 .  S-IVB S t a g e  T r a n s p o r t e r  



e x c e p t i o n  of t h e  a f t  i n t e r s t a g e .  The t r a n s p o r t e r  i s  a  b u i l t  up b a s e  f rame,  

mounted on a  four-wheeled under  c a r r i a g e  a t  t h e  r e a r  end and two sets of drop 

l e g s  a t  t i le forward end.  The dimensions o f  t h e  unloaded t r a n s p o r t e r  a r e  46 

f e e t  l o n g ,  22 f e e t  wide,  and i t  weighs approximately  22,500 pounds. With t h e  

S-IVB s t a g e  i n s t a l l e d ,  t h e  loaded  t r a n s p o r t e r  i s  approx imate ly  30 f e e t  h i g h ,  

58 f e e t  l o n g ,  26 f e e t  wide ,  and weighs approximately  60,000 pounds. The 

t r a n s p o r t e r  i s  c a p a b l e  of t r a v e l i n g  a t  speeds  of 10 t o  1 5  m i l e s  p e r  hour  over  

paved r o a d s ,  and i s  f i t t e d  w i t h  a l l  s a f e t y  d e v i c e s  i n  accordance w i t h  I n t e r -  

s t a g e  Commerce Commission r e g u l a t i o n s .  

The S t a g e  Handl ing K i t ,  f i g u r e  8 ,  p r o v i d e s  segmented m e t a l  r i n g s  which a r e  

b o l t e d  t o  t h e  forward and a f t  s k i r t  of t h e  s t a g e .  The s t a g e  handl ing  k i t  i s  

u t i l i z e d  when h o i s t i n g  and mounting t h e  s t a g e  i n  o r d e r  t h a t  t h e  induced 

h a n d l i n g  l o a d s  w i l l  be t r a n s m i t t e d  s a f e l y  i n t o  t h e  s t a g e  s t r u c t u r e .  

S-IVB S t a g e  C r a d l e s ,  f i g u r e  8 ,  a r e  a t t a c h e d  t o  t h e  t r a n s p o r t e r  t o  p r o v i d e  

s u p p o r t  f o r  t h e  s t a g e  d u r i n g  ground and s e a  t r a n s p o r t a t i o n .  The c r a d l e s  a r e  

des igned  t o  a t t a c h  t o  forward and a f t  s t a g e  h a n d l i n g  k i t  r i n g s .  

F i g u r e  8 .  S-IVB S t a g e  Handling and T r a n s p o r t i n g  Equipment 



A S t a g e  H o i s t i n g  K i t ,  f i g u r e  8, is prov ided  t o  l i f t  t h e  s t a g e  o n t o  t h e  t r a n s -  

p o r t e r  and t o  l i f t  t h e  s t a g e  from t h e  t r a n s p o r t e r  t o  a  ground o r  w a t e r  c a r r i e r .  

To e s t a b l i s h  env i ronmenta l  p r o t e c t i o n  f o r  t h e  s t a g e  d u r i n g  ground and s e a  

t r a n s p o r t a t i o n ,  p r o t e c t i v e  and tiedown t r a n s p o r t  k i t s ,  f i g u r e  8, a r e  p rov ided .  

These k i t s  i n c l u d e  a  neoprene coa ted  nylon cover  assembly which, when i n s t a l l e d  

on t h e  s t a g e ,  forms a  w e a t h e r - t i g h t  p r o t e c t i v e  cover .  A sponge rubber  pad i s  

p l a c e d  between t h e  p r o t e c t i v e  cover  and t h e  s t a g e  t o  p r o t e c t  t h e  s t a g e  from 

f a l l i n g  o b j e c t s .  A s t a t i c  d e s i c c a n t  sys tem,  u s i n g  a  s e r i e s  of commercial 

s i l i c a  g e l  d e s i c c a t o r s ,  a t t a c h e s  t o  t h e  p r o t e c t i v e  cover  t o  c o n t r o l  humidi ty  

w i t h i n  t h e  cover  and t h e  s t a g e .  Environmental  c o n t r o l s  a r e  i n s t a l l e d  on t h e  

s t a g e  t o  moni to r  t e m p e r a t u r e  and humid i ty ,  t o g e t h e r  w i t h  any shock and v i b r a -  

t i o n  l o a d s  t h a t  might b e  encounte red  d u r i n g  t r a n s i t .  

During ground and s e a  t r a n s p o r t i n g  of t h e  S-IVB s t a g e ,  a  NASA-furnished ~ o b i i e  

I n s t r u m e n t a t i o n  System T r a i l e r ,  f i g u r e  9 ,  and a  Power Supply T r a i l e r  i s  con- 

n e c t e d  t o  t h e  s t a g e  and towed beh ind  t h e  t r a n s p o r t e r .  The u m b i l i c a l  t h a t  

c o n n e c t s  t h e  i n s t r u m e n t a t i o n  t r a i l e r  t o  t h e  s t a g e  i s  n o t  d i sconnec ted  a t  any 

t i m e  w h i l e  i n  t r a n s i t .  A l l  l o a d s  exper ienced  en r o u t e ,  which i n c l u d e  e f f e c t s  

F i g u r e  9. Mobile I n s t r u m e n t a t i o n  System T r a i l e r  and Power 

8 



of v i b r a t i o n ,  d i f f e r e n t i a l  p r e s s u r e s ,  humidi ty,  and tempera tures ,  a r e  

recorded on tape .  

When t h e  S-IVB s t a g e  is  being t r a n s p o r t e d  on w a t e r ,  t h e  Dynamic Desiccant  

System T r a i l e r ,  f i g u r e  10 ,  p rovides  cons t an t  low humidity c o n t r o l  of t h e  S-IVB 

s t a g e  by c i r c u l a t i n g  warm dry  a i r  through t h e  s t a g e  and a  dehydra tor  bed of 

s i l i c a  g e l .  The system a l s o  main ta ins  a  cons t an t  low p r e s s u r e  on t h e  environ- 

mental  p r o t e c t i v e  cover ,  keeping t h e  cover  from l a y i n g  on t h e  s t a g e  s u r f a c e .  

The dynamic de s i ccan t  system c o n s i s t s  of a  commercial t ype ,  s e l f -gene ra t i ng  

d e s i c c a t o r  u n i t  and gasol ine-engine-driven gene ra to r  t o  provide  a c  v o l t a g e  f o r  

t h e  o p e r a t i o n  of t h e  d e s i c c a t o r  when s h i p  power is n o t  a v a i l a b l e  o r  i n o p e r a t i v e  

A s  p r ev ious ly  mentioned, t h e  i n t e r s t a g e s  and s k i r t  s e c t i o n s  a r e  t r a n s p o r t e d  

s e p a r a t e l y  from t h e  s t a g e  i t s e l f .  Handling k i t s  a r e  provided f o r  t h e s e  i t ems  

which i n c l u d e  d o l l i e s  f o r  t r a n s p o r t i n g  t h e  s e c t i o n s  f o r  s h o r t  d i s t a n c e s ,  and 

neoprene-coated nylon  p r o t e c t i v e  covers  t o  p r o t e c t  t h e  s e c t i o n s  from t h e  

elements  w h i l e  i n  t r a n s i t .  Hois t ing  beams a r e  a l s o  inc luded  and a r e  a t t a ched  

t o  t h e  forward end of t h e  s e c t i o n s  t o  provide  a  means of l i f t i n g  t h e  s e c t i o n  

when i t  i s  a t t a c h e d  t o  t h e  d o l l y .  F igure  11 i l l u s t r a t e s  t h e  a f t  i n t e r s t a g e  

F igure  10. Dynamic Desiccant  System T r a i l e r  



F i g u r e  11. I n t e r s t a g e  and S k i r t  S e c t i o n s  

s e c t i o n ,  forward i n t e r s t a g e  s e c t i o n  and a f t  s k i r t  s e c t i o n  w a i t i n g  t o  be 

t r a n s p o r t e d  t o  Kennedy Space Center .  

The i n i t i a l  S-IV s t a g e s  t h a t  were d e l i v e r e d  t o  t h e  test and launch  f a c i l i t i e s  

were s h i p p e d  by commercial s h i p  and b a r g e  f o l l o w i n g  a  t r a n s p o r t a t i o n  f low a s  

shown i n  f i g u r e  12 .  Consider ,  f o r  a  moment, some of t h e  a s p e c t s  of t r a n s -  

p o r t i n g  an  o v e r s i z e d  s t a g e  such  a s  t h e  S-IVB. Fol lowing a  t r a n s p o r t a t i o n  f low 

such  a s  shown i n  f i g u r e  1 2 ,  t h e  S-IVB s t a g e  on i t s  transporter, f i g u r e  1 3 ,  

w i t h  t h e  towing i n s t r u m e n t a t i o n  t r a i l e r  and power supply  a t t a c h e d ,  a r e  t r a n s -  

p o r t e d  from t h e  Douglas Space Systems Cente r  a t  Hunt ington Beach, C a l i f o r n i a ,  

on t h e  f i r s t  l e g  of i t s  l o n g  t r i p  t o  Kennedy Space Cente r .  From t h e  Space 

Systems Cente r  i t  i s  seven  m i l e s  t o  S e a l  Beach Weapons S t a t i o n  Harbor.  

A t  t h e  S e a l  Beach h a r b o r ,  t h e  s t a g e  and t r a n s p o r t e r  a r e  r o l l e d  on to  t h e  NASA 

f u r n i s h e d  sea-going b a r g e ,  Orion,  f i g u r e  14. The b a r g e  i s  towed a long  t h e  

C a l i f o r n i a  c o a s t  t o  San F r a n c i s c o  and up t h e  Sacramento R i v e r ,  f i g u r e  15 ,  t o  

C o u r t l a n d ,  a  dock s i t e  j u s t  below t h e  c i t y  of Sacramento. Then, t h e  S-IVB 

and t r a n s p o r t e r  a r e  unloaded,  f i g u r e  1 6 ,  and towed t o  t h e  Douglas Sacramento 
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F i g u r e  13. S-IVB Stage--Space Sys t ems  C e n t e r  

r ' l g u r e  1 4 .  S-IVB Stage--Loading a t  S e a l  Beach 
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Figure 15. Barge Orion--Sacramento River 

Figure 16. S-IVB Stage--Unloading at Courtland 



T e s t  C e n t e r  o v e r  e x i s t i n g  r o a d s .  A t o t a l  t r a n s i t  t ime of f o u r  o r  f i v e  days 

i s  r e q u i r e d  f o r  t h e  S e a l  Beach t o  Sacramento T e s t  Cente r  move. When d e p a r t i n g  

Sacramento,  t h e  t r a n s p o r t e r  and barge  a r e  used t o  t r a n s p o r t  t h e  s t a g e  t o  San 

F r a n c i s c o  Bay where t h e  S-IVB s t a g e  and t r a n s p o r t e r  a r e  t r a n s f e r r e d  t o  t h e  

ocean  f r e i g h t e r ,  t h e  P o i n t  Barrow, f i g u r e  1 7 .  The s t a g e  i s  sh ipped  v i a  t h e  

Panama Canal  t o  P o r t  Canavera l ,  f i g u r e  1 8 ,  a t  Kennedy Space C e n t e r .  T r a n s i t  

t ime  from San F r a n c i s c o  t o  t h e  Kennedy Space Cente r  i s  approx imate ly  17 d a y s .  

The Or ion ,  f i g u r e  1 4 ,  a  modi f ied  YFNB c l a s s  b a r g e ,  was t u r n e d  o v e r  t o  t h e  

M a r s h a l l  Space F l i g h t  Cente r  which was t u r n e d  o v e r  t o  them by t h e  Navy. It i s  

264 f e e t  long  and 48 f e e t  wide.  

The P o i n t  Barrow, f i g u r e  1 7 ,  h a s  a  speed of approx imate ly  1 5  k n o t s  and i s  

465 f e e t  l o n g ,  74 f e e t  wide,  w i t h  a  1 9  f o o t  maximum d r a f t .  It i s  s e l f -  

p r o p e l l e d  and i s  owned and o p e r a t e d  by t h e  M i l i t a r y  Sea T r a n s p o r t a t i o n  S e r v i c e  

f o r  t h e  N a t i o n a l  A e r o n a u t i c s  and Space Admins t ra t ion .  

During t h e  e a r l y  d e l i v e r y  o f  S-IV f l i g h t  s t a g e s ,  i t  was c l e a r  t h a t  program 

r e q u i r e m e n t s  d i c t a t e d  a need f o r  f a s t e r  s t a g e  d e l i v e r i e s .  Consequent ly ,  

F i g u r e  1 7 .  P o i n t  Barrow 



Figure  1 8 .  S-IVB Stage--Unloading a t  P o r t  Canaveral  

p r e l i m i n a r y  p l a n n i n g  f o r  a i r  t r a n s p o r t a t i o n  of S-IV s t a g e s  was i n i t i a t e d .  I n  

1962,  Aero S p a c e l i n e s  of Van Nuys, C a l i f o r n i a ,  modi f ied  a  Boeing B-377 com- 

m e r c i a l  a i r c r a f t  t o  c a r r y  S-IV s t a g e s .  Th is  25,000 pound pay load  a i r c r a f t ,  

nicknamed t h e  Pregnant Guppy, f i g u r e  1 9 ,  was o p e r a t e d  under  t h e  d i r e c t i o n  o f  

t h e  N a t i o n a l  Aeronau t ics  and Space A d m i n i s t r a t i o n .  I n  1963 t h e  f i r s t  S-IV 

s t a g e  was flown t o  t h e  Kennedy Space Cente r  s e t t i n g  t h e  p a t t e r n  f o r  a i r  

t r a n s p o r t i n g  t h e  remaining S-IV s t a g e s ,  and t h e  f u t u r e  S-IVB s t a g e s .  A 

NASAIMSFC f u r n i s h e d  Cargo L i f t  T r a i l e r ,  f i g u r e  1 9 ,  i s  u t i l i z e d  t o  l i f t  t h e  

s t a g e  t o  t h e  p r o p e r  a i r c r a f t  ca rgo  f l o o r  h e i g h t .  Th is  t r a i l e r  can b e  used  

a l s o  t o  tow t h e  s t a g e  from t h e  manufac tur ing  o r  t e s t  f a c i l i t i e s  t o  t h e  

l o a d i n g  s i t e s .  The ca rgo  l i f t  t r a i l e r  i s  a  s c i s s o r  l i f t ,  d u a l  r a i l e d  t r a i l e r .  

S p e c i a l  ground s u p p o r t  equipment had t o  be des igned  t o  accommodate t h e  S-IV 

s t a g e s  f o r  a i r  t r a n s i t .  T h i s  equipment i s  b e i n g  modi f ied  f o r  t h e  S-IVB s t a g e s .  

A R o l l e r  T r a n s f e r  K i t ,  f i g u r e  20 ,  i s  mounted on t h e  t r a n s p o r t e r  when t h e  

s t a g e  i s  t o  b e  t r a n s p o r t e d  by a i r .  The two l o n g i t u d i n a l  beams of t h e  r o l l e r  

k i t  a r e  topped w i t h  a  s e r i e s  of s m a l l  r o l l e r s  which p r o v i d e  t h e  c a p a b i l i t y  of 



F i g u r e  19 .  Pregnan t  Guppy 

1 



Figure  20. S-IVB Stage  A i r c a r r y  Handl ing Equipment 

moving t h e  s t a g e  mounted on an a i r c a r r y  s u p p o r t  assembly from t h e  t r a n s p o r t e r  

t o  a  ca rgo  l i f t  t r a i l e r .  

For a i r  t r a n s i t  an A i r c a r r y  Support  Assembly, f i g u r e  20 ,  r e p l a c e s  t h e  s t a g e  

c r a d l e s .  The s u p p o r t  assembly i s  s i m i l a r  t o  a  p a l l e t  and p r o v i d e s  a  s u p p o r t  

c r a d l e  f o r  t h e  s t a g e  when i n  t r a n s i t  f o r  r o l l i n g  t h e  s t a g e  o f f  t h e  r o l l e r  

t r a n s f e r  k i t  o n t o  a  ca rgo  l i f t  t r a i l e r .  

When t h e  s t a g e  i s  t o  be t r a n s p o r t e d  by a i r c a r r i e r ,  a  l i g h t  weight  p r o t e c t i v e  

cover  i s  p l a c e d  over  t h e  forward and a f t  end of t h e  s t a g e .  F ive  s t a t i c  

d e s i c c a t o r s  a r e  connected through t h e  p r o t e c t i v e  cover  i n t o  t h e  p r o p e l l a n t  

t a n k s .  The d e s i c c a t o r s  e n a b l e  f r e e  f low of c l e a n  d r y  a i r  and a r e  mounted on 

t h e  s u p p o r t  assembly.  These i t e m s  comprise t h e  a i r c a r r i e r  env i ronmenta l  

c o n t r o l  system.  

The a i r c a r r i e r  i n s t r u m e n t a t i o n  system i s  comprised o f  GSE t h a t  w i l l  b e  perma- 

n e n t l y  i n s t a l l e d  w i t h i n  t h e  a i r c a r r i e r .  Th is  equipment w i l l  moni to r  and 

r e c o r d  t h e  e f f e c t s  of v i b r a t i o n ,  d i f f e r e n t i a l  p r e s s u r e ,  h u m i d i t y ,  and 

t e m p e r a t u r e  v a r i a t i o n s  w i t h i n  t h e  s t a g e .  



E a r l y  i n  1965 ,  Aero S p a c e l i n e s  a g a i n  s t a r t e d  m o d i f i c a t i o n  o f  s e v e r a l  B-377 

a i r c r a f t ,  t o g e t h e r  w i t h  components f o r  two C-97J a i r p l a n e s  ( t u r b o p r o p  m i l i t a r y  

v e r s i o n s  o f  t h e  commercial  3 7 7 ) .  T h i s  a i r c r a f t ,  nicknamed t h e  S u p e r  Guppy, 

f i g u r e s  2 1  and 22 ,  can t r a n s p o r t  a  pay load  of a p p r o x i m a t e l y  45,000 pounds and 

i s  s p e c i f i c a l l y  d e s i g n e d  t o  c a r r y  t h e  S-IVB s t a g e ,  a s  w e l l  a s  s i m i l a r  s p a c e  

components.  T h i s  a i r c r a f t  i n i t i a l l y  f l e w  i n  l a t e  August 1965.  When t h e  

Super  Guppy i s  f u l l y  o p e r a t i o n a l ,  a l l  S-IVB s t a g e  d e l i v e r i e s  w i l l  be performed 

by M a r s h a l l  Space F l i g h t  C e n t e r  u t i l i z i n g  t h i s  a i r c a r r y  method. 

Fo l lowing  t h e  t r a n s p o r t a t i o n  f l o w  i n  f i g u r e  1 2 ,  t h e  S-IVB s t a g e  w i l l  b e  

t r a n s p o r t e d  from t h e  Space Systems C e n t e r ,  o v e r l a n d  5  m i l e s  t o  t h e  Los 

Alami tos  Naval A i r  S t a t i o n .  A t  Los A l a m i t o s ,  t h e  s t a g e  and i t s  s u p p o r t  

assembly w i l l  be  r o l l e d  from t h e  t r a n s p o r t e r  o n t o  t h e  c a r g o  l i f t  t r a i l e r  

which w i l l  r a i s e  t h e  s t a g e  t o  t h e  c a r g o  l e v e l  of t h e  a i r c a r r i e r .  When t h e  

c a r g o  l i f t  t r a i l e r  i s  r a i s e d  t o  t h e  p r o p e r  h e i g h t ,  t h e  s t a g e  w i l l  b e  r o l l e d  

o n t o  t h e  p a r a l l e l  r a i l s  w i t h i n  t h e  Super  Guppy. The s t a g e  w i l l  t h e n  b e  

f lown t o  Mather  A i r  Force  Base which i s  e a s t  of Sacramento and n e a r l y  a d j a c e n t  

t o  t h e  Sacramento T e s t  C e n t e r .  The s t a g e  w i l l  b e  un loaded  from t h e  a i r c a r r i e r  

a t  t h e  Mather  A i r  Force  Base ,  p l a c e d  on a  t r a n s p o r t e r ,  and towed o v e r l a n d  t h e  

F i g u r e  21. Super ~ u ~ ~ ~ - - ~ r t i s t ' s  Concept ion 



Figure 22. Super Guppy 

s h o r t  d i s t a n c e  t o  t h e  Sacramento Test Center.  Af t e r  t h e  s t a g e  has  been t e s t e d ,  

i t  w i l l  be towed back t o  the  Mather A i r  Force Base and placed on the  a i r c a r r i e r  

t o  continue i t s  journey t o  t h e  Kennedy Space Center.  The Super Guppy w i l l  l and  

a t  t h e  Kennedy Space Center sk id  s t r i p .  The s t a g e  w i l l  r ece ive  i t s  f i n a l  

unloading from t h e  a i r c a r r i e r  and be taken t o  a  launch a r e a  a t  t h e  Kennedy 

Space Center when i t  w i l l  be readied  f o r  i t s  f l i g h t  i n t o  o u t e r  space.  

Now t h a t  t he  major problem of how t o  t r a n s p o r t  t h e  S-IVB s t a g e  has  been so lved ,  

l e t  us r e f l e c t  on some of t he  numerous and seemingly i n s i g n i f i c a n t  l i t t l e  

d e t a i l s  t h a t  have t o  be resolved  i n  order  t o  move t h i s  3-story space age g i a n t .  

Weeks of searching  and i n v e s t i g a t i n g  the  var ious  p o s s i b l e  overland t ranspor-  

t a t i o n  rou te s  a r e  requi red .  Then, when the  one rou te  w i th  t h e  b e s t  advantages 

has been chosen, t h e  right-of-way must be c l ea red  and o b s t a c l e s  removed. When 

a  s t a g e  i s  ready f o r  t r a n s i t ,  l and  t r a n s p o r t a t i o n  c a r r i e r s  must be arranged 

and coordinated by Douglas, and schedules e s t ab l i shed  and m e t .  Douglas 

n o t i f i e s  NASA who ar ranges  f o r  s ea  o r  a i r  t r a n s p o r t a t i o n .  The d e s t i n a t i o n  

agencies must be n o t i f i e d  of t he  expected time and means of a r r i v a l ,  s o  t h a t  

r ece iv ing  f a c i l i t i e s  can be made ava i l ab le .  S t a t e ,  county, and c i t y  permi ts  



must be o b t a i n e d  t o  move over loaded  and o v e r s i z e d  equipment through t h e i r  

j u r i s d i c t i o n .  The u t i l i t y  companies must b e  n o t i f i e d  and r e q u e s t e d  t o  lower 

o r  r a i s e  any l i n e s  t h a t  might p r e s e n t  an o b s t a c l e .  The l o c a l  law enforcement  

a g e n c i e s  must b e  n o t i f i e d ;  t h e  r a i l r o a d  must b e  informed and p r o v i d e  a  f l a g -  

man wherever  t h e  s t a g e  c r o s s e s  t h e  t r a c k s .  Even t h e  l o c a l  s c h o o l  d i s t r i c t s  

and commercial bus  l i n e s  must be n o t i f i e d  i n  advance s o  t h a t  they  can r e r o u t e  

t h e  bus  p ickups  d u r i n g  t h e  t ime t h e  s t a g e  i s  i n  t r a n s i t  on t h e i r  r o u t e .  These 

a r e  j u s t  a  few of t h e  many complex l a s t  minute  i t e m s  of c o o r d i n a t i o n  t h a t  must 

be completed f o r  t h e  b e n e f i t  of t h e   ati ion's Space program, and t h e  conven- 

i e n c e  of i t s  people .  

T r a n s p o r t a t i o n  i s  a  v i t a l  p a r t  of t h e  space  program and i s  d a i l y  growing more 

complex. Even l o n g e r  p e r i o d s  of p lann ing  w i l l  b e  r e q u i r e d  i n  t h e  f u t u r e  

because  of t h e  s i z e ,  c o m p l e x i t i e s ,  and s e n s i t i v e  n a t u r e  of t h e  ca rgo .  Today, 

t h e  pr imary m i s s i o n  t o  o u t e r  space  i s  t r u l y  t r a n s p o r t a t i o n  o r i e n t e d .  






