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A' .ncn el:;", tons from the originally-designed 53-ton S-I stage. Actually, 

we will show a saving of slightly more than 10  tons, and how our 

Cli;-ysier engineers acconplished this will form a ' principal part of m y  

d i s c ~ s s i o n  . 
rn , o set things in proper focus, however, perhaps I should first  

e:lrp:ain the why 02 this weight removal. 

q- .- 
A Saturn I vehicle, which uses  the S- 

& 
as  tts principal mission the placing of -r,J F.~-E!c cf - 

- l m -  L.I. Lbbru?u :An& A" d - - e a T b ~ &  s?? 

lacing about 26,000 pounds in low earth orbit, wi4- 

a d  c o w t s  of a -AA w d  

and the n- structure to connect it to the first and ~ e c d  

T o  place into low earth orbit a complete Apollo system -- consisting 

of tk--e command module plus the service module and the lunar excursion 

x.odi;le -- requires a completely new vehicle. This vehicle W consists 

02 the rc~.aslgned S - L  booster stage, now called the S-IB, and a re- 

7 .  ~es::neC. S ~ C O X ; ~  stage, the S-IVB. This system, called the Saturn I B ,  

" " "  7 1  

w;-- 'z .- c,Taoie of placing approximately 34,00 0 pounds into low earth 

. . 
zTs,:, c.- ough for the v a ~ i e d  missions that must be undertaka? before we 

caz - :zl;r send a tnree-man Apollo spacecraft to the moon's surface. 

! ~ ';J1;1' this 3zc:cground behind us ,  let us now examine Chrysler  Space  

327J1s:; oper-,.ens in New Orleans.  As I proceed with my presentation 

- 
A. ax gol;;~ a to i!l~;;l-ate it with slides, the first part of which is a photo 

of ,he George C .  Marsha;; Spacz  Flight Center 's  Michoud Operations, 



n- i n i s  is the way the Michoud plant looked w'hen we arrived in New 

O?;zans late in 1961. This government-owned facility, built during 

VJorlc! War 11, was marked for the auction block when the urgency of 

the national space program led to the decision to reactivate it, Desirable 

fta:uTas iricluded its size,  suitable for production of huge rockets, and 

its accessibility to inland waterways and deep-water routes that linked 

',he site with N A S A  facilities at Huntsville and Cape Kennedy, F la .  

m- , ,ie plant 'tself, kowever , had to undergo substantial modification to make 

iz su9tzbble for rocket assembly. 

rn L ~ L ~ S  L : slide is  an air  view of Michoud today. T h e  original main 

.iil;dir,g (-,oin'; o ~ t  pparrneters) has  more than 2 million square feet of 

21 &.a02 s p ~ c e  -- z22roximately 4-2 a c r e s  -- and is said to be one of the 

l a ? g e s ~  LIT cor,c;tloned piants in the United States .  T h e  smaller structures 

2-0 * A  d L A i .  -- .- of the main ;?lact a r e  Administration buildings. Chrysler operates 

~ l ~ z t  2rjFu;~n of the Michoud plant shown in yellow, while the remainder 

. - -,- *GIaL;;r , - - - -=  occa;):led by hTASA, The  Boeing Company, and the Mason-Rust 

o ,  T h e  building in the right foreground (check position on slide) 

:S the r e c  ently-completed Engineering Building. This slide includes only 

z port;on of the 624 hcpcs which Michoud Operations cover.  Not shown 

i s  a icwiy-constructed dock where the boosters a r e  loaded on barges 



f a r  A-- ,, ;?s to and from Et;ntsville, where static test firings a r e  conducted, 

axel to Cape Kennedy for launching. 

As engineers, I am s u r e  you a r e  interested in the Chrysler  . 

-poduction layout, As you look at this slide, you will note that all , 

~ e c e i ~ n g  and shipping takes place in the a r e a  at the bottom o r  back 

of the plant. We have various quality control labs, engine preparation 

sections, tool. r o o n s ,  heat treatment and weld shops, and electrical 

fabricakiion sections. T h e  mock-up a r e a  i s  over to the left, then we s e e  

the assembly a r e a s  -- starting with spider and tail assembly, tank assembly, 

and final assenb:;i. F ' roa  this last point, the booster i s  moved to the 

center for checkaut, and then to a r e a s  for modification and cleaning, 

gaintifig and preparation for shipment. I t  took two yea r s  to put the 

piarit in the condition shown he re .  

( S L I D E  4 )  

As ; have mentioned, Chrysler  Corporation S p a c e  Division i s  con- 

cerned w i ~ h  two of thre- Saturn configurations, These  -- the Saturn I 

zxd S a t ~ r n  I B  -- a r e  shown at the left of this slide. T h e  Saturn I i s  

".C - 
*uc, ;eet high and weigPL:; about 60 tons empty and 560 tons fueled. T h e  

S a : ~ x i  I B  stanas 225 feet high and weighs 640 tons when fueled. T h e  

secozi siages of these vehicles -- the S - I V  and S - I V B  -- a r e  the 

~asgo~~ ; ib i l i t y  of the Douglas Aircraft Company. Chrysler  , I might add, 

+ RwL 
is  ~ c ~ j o n s i b l e  for the design, manufacture, checkout, static tests of the 

4 



S-IB iirst stages,  and launch&hese vehicles under the direction of the 

National Aeronautics arid Space  Administration at Cape Kennedy; 

T h e  third configuration you see  here  i s  the Saturn V, a three-stage 

vehicle, for which the Boeing Company will build the first o r  booster 

stages in the Michoud plant. The Saturn V,  which will be used for 

the actual moon landings, is 364. feet high, weighs 200 tons empty, and 

3 , 0 9 0  tons fueled. I t  will be capable of launching a 901 000 pound payload 

to escape velocity. 

Actually, the big difference between the Saturn I B and the Saturn V 

is  that the Saturn  V will c a r r y  the fuel required to perform all the actual 

elements of the lunar mission that the Saturn I B  simulates in Ear th  orbit, 

We now move to a slide that shows certain sectional cuts of the 

Ch-ysler S-IS b o o s t e ~ s .  The  eight Rocketdyne H-1 engines, uprated 

to 1 .6  rnillior. pounds ihrust compared to 1.5 million for the S-I, a r e  

aitach.ed to an eight-legged thrust frame on the aft end of the booster 

ar,d a?r.:rA,ed in two-square patterns. T h e  four inboard engines a r e  

ri,-idly attached at a 3-degree cant angle. The  outboard engines a r e  

caztee s2x degrees  and r n ~ - ~ t e d  on gimbals which permit control of the 

veLcle d ~ r i n g  first-stage powered flights. 

:\,::e tanks feed the engines. Clustered in a circle around a 105-inch 

=; . c ;me ;~=  - ,znk 2 r e  eight 70-inch diameter tanks. T h e  center tank and four 

o ~ t e ~  o-- ,, contain liquid oxygen, while the other four outer tanks c a r r y  

kerosene.  T h e  kerosene fuel containers a r e  pressurized by gaseous 



helium in two 20 cu ,  ft. metal spheres  atop the tanks. T h e  liquid oxygen 

containers, on the other hand, a r e  pressurized by gaseous oxygen that 

i s  obtained by passing liquid oxygen through heat exchangers that a r e  

part of the engine. 

As I noted In the introduction, the Saturn S-IB booster 1s the 

result of a redesign by Chrysler of the S-I in which the design objective 

was  a weight reduction of approximately eight tons so  a s  to increase the 

payload capability for low earth orbit missions from about 2 0 , 0 0 0  pounds 

to 35,000 pounds. How, you might a sk ,  i s  it possible to reduce eight 

tons of metal from a rocket such a s  the S-I? The  slide I will now 

show you gives some of the answers .  

F i r s t ,  we must know something of the missions intended for the 

S-I . When this booster was  first designed, the most critical missions 

envisioned w e r e  those involving the Dynasoar and the reactor in flight 

test.  Today, the most critical mission envisioned i s  the Apollo. This 

change in missions required a reduction in loads, bending moments at 

the spider beam, and fin lift loads. 

Second,  we must consider the matter of operating experience. T h e r e  

have been 7 very successful test flights of the S-I stage. These  tests,  

fully instrumented, have yielded data on the actual flight environment as 

comparsd with the flight environment that the design engineers assumed. 

As might be expected, some of the assumptions were  conservative and 



- 7 -  

and the actual p ressu res  and temperatures experienced were  not as 

severe  as anticipated. 

Third,  refinement of analysis has been conducted. I n  early design 

studies of the S-I, for example, the circumferential members of the 

spider beam were  assumed to c a r r y  zero  loads. Today, with refined 

a;i&ysis, the design of these members has  been evaluated and weight' 

saving has resulted. 

Fourth,  design refinements a r e  now available. I n  the early S-I 

skages, the upper and lower flanges of the spider I 1 I t 1  beams w e r e  of 

equal thickness, ignoring the difference in the compression and tensile 

ioads. Today, these differences a r e  exploited by removal of metal 

from the flange taking the tensile load. 

And, finally, there  a r e  savings that resulted from system simplification. 

F o r  example, the single J2  engine used in the new S - I V B  has  a 

r eclrculating liquid. oxygen chiildown cycle, thereby eliminating the heavy 

LOX-GOX d;spersal system which was originally part of the S-I first 

stage. Also,  the new S - I V B  second stage permits elimination of the 

liquid oxygen-solid oxygen system and its support structure. 

I n  a word ,  it can be said that maximum use i s  being made of all 

the flight and development experience that has  accrued since the original 

design. 

With this background, let us  examine the design requirements for 

the S-IB booster and note specifically where it was deterrninedkiight 

savings could be obtained, 



( S L I D E  7 )  

T h e  major part of the projected 16,000 pound saving in weight, 

we s e e  he re ,  i s  contributed by the structure -- a total of 10,584 pounds. 

The spider beam assembly, at the top of the booster, is the largest 

contributor with 3,623 pounds lopped off. T h e  redesigned fins con- 

tributed 2,566 pounds and refinement of the propellant tanks and tail 

structure resulted in savings of 1,933 and 1,747 pounds, respectively. 

(SLIDE 8 )  

Chrys ler  engineers determined that 2 ,391 pounds could be saved 

by redesign of the propulsion system. Biggest contributor he re ,  

representing a 960-pound saving, was the previously mentioned elimination 

of the LOX/SOX system. Reductions of 361 pounds and 540 pounds resulted 

from changes in the L O X  and fuel tank p ressu re  systems. 

( S L I D E  9 )  

Moving to a third a r e a ,  the instrumentation unit, we found that a 

weight saving of 3 ,350 pounds was possible. One-third of this was  

obtained by deleting the motion picture and T V  camera system, and the 

remainder by deleting about 60 per  cent of the instrumentation and 

measuriz; equipment , 

The total programmed weight saving, therefore, i s  16,325 pounds. 



( S L I D E  10) 

H e r e  we  s e e ,  in pictorial form, the assemblies we have been 

discussing. 

T h e  complete stage structure i s  shown at the center of the picture, 

with blown-out sub-assemblies surrounding it. 

T h e  spider beam assembly, which was the largest contributor to 

the weight reduction effort, i s  shown just above the main assembly. This 

unit was  the first one changed and, with the redesigned fins, makes up 

the only structural changes in the first S-IB booster. 

All other structural changes a r e  scheduled for the third S-IB unit. 

T h e  weight reduction in electrical instrumentation will be  effected in the 

fifth unit, 

As most of you know, the usual approach for any design job i s  to 

establish the design cri teria,  perform the load analysis, prepare designs, 

perform the s t r e s s  analysis, modify the design and start fabrication, I n  

our  program, however,  we could not change any major tooling, 

Therefore ,  instead of starting with design studies, such as would 

be required for a new missile concept, we established new stage criteria 

for  the existing S-I and developed new external and internal loads. 

This  extensive parallel effort'is shown in some detail on this chart .  
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T h e  preliminary design group made detailed sketches of the a r e a s  

where weight savings appeared practical and a conceptual design review 

was held with the customer. A load review was also made with the 

customer, and a preliminary s t r e s s  check conducted against the design 

changes. 

Meanwhile, weights w e r e  being estimated and drafting started. 

T h e s e  activities w e r e  bucked against each other and a 50 per  cent review 

made with the customer, based upon compatability of s t r e s s  data. Follow- 

ing this, the engineering documentation parts list and bills of material w e r e  

created,  and advance notice was  given engineering for distribution, while 

customer sign-off occurred after the 100 per  cent design review. 

By use of this parallel technique, we were  able to meet a very 

close delivery schedule with hardware fully test qualified before flight. 

(SLIDE 1 2 1  

T o  illustrate the analysis methods used, I am showing you the whole 

stage assembly as a mathematical model. T h e  bottom of the stage i s  

shown at the right. Each line represents  a major structural element. 

T h e  dots a r e  nodes o r  locations where either major loads a r e  applied 

o r  where structural characteristics experience change. T h e  tanks, for  

example, a r e  shown as a single line. The  actual structure i s  replaced 

by a mathematical equivalent, a composition of simple structural elements 

such as beam columns, plates and torque boxes, 



T h e  response of these elements to loads can be readily expressed 
6, 

mathematically. F rom these data, an alpebraic matrix i s  formed. I f  
< 

each point w e r e  analyzed for six degrees of freedom, X ,  Y, and 

Z forces ,  and pitch, roll, and yaw moments, the matrix would indeed 

be formid'able, 

By application of some ingenious simplification, however, this 

matrix has  been reduced to a 350  x 350 element a r r a y  -- that's 350 

equations with 3 5 0  unknowns. The  I B M  7094 computer i s  capable of 

inverting this matrix, permitting it to yield deflection data in about 

2-1/4 hours .  

I don't know how many centuries would be required for a team 

of mathematicians to do this job manually. The  computer, therefore, 

makes it possible to do a job that otherwise would have been impossible 

to accomplish in any practical sense .  T h e  deflection data combined with 

This slide shows the application of the technique to the spider beam 

assembly alone. H e r e ,  again, some ingenious simplification has  permitted 

the construction of a 72 x 72 a r r a y  from what would have been a 150 x 150 

a r r a y  if six degrees  of freedom had been assigned to each junction. 

0-7 : 
i AS slide illustrates the effect of tank operating p ressu res  on tank 

weight. As is  well k n o w ,  the operating p ressu res  can be used as a 



structural element helping to support the load. With increased operating 

p r e s s u r e s ,  the tank weight can be reduced while maintaining required 

compressive stability. The  increased operating p ressu res ,  how ever ,  

increase the hoop tension. The  intersection of these two curves represents 

the optimum structural weight, This principle is  used in determining the 

optimum tank wall thickness. 

(SLIDE 15) 

H e r e ,  we s e e  where some of the weight saving occurred. T h e  

eight radial beams weighing 221 pounds each were  reduced by 53.9 pounds 

each,  for a total of 431 pounds. Six of the c r o s s  beams h i c h  weighed 

103.1  pounds have been reduced.  13.6 pounds each, for a total saving of 

182 pounds. Two of the c r o s s  with clearance arches  gave weight 

savings of 34 pounds each, for a total of 68 pounds. T h e  16 center L O X  

tanks support fittings were  reduced 2 .6  pounds each for a total of 42 pounds. 

T h e  ends of the radial beams that formerly held the retro rockets w e r e  cut 

off for approximately a 50-pound saving. 

This  slide shows in summary what we achieved a s  compared with 

our  initial objective. I n  the structure a r e a ,  we have removed more weight 

than the design objective -- some seven tons a s  compared with five tons. 

T h e  big difference was  in the fin assembly, where complete redesign 

yielded l ich  dividends. The  weight saving he re ,  a by-product of the design, 



w a s  needed for other reasons.  Greater  aerodynamic stability was required 

to protect the astronauts in the event of an abort, and new fins povided the 

required stability. 

T h e  propulsion system came out on target, as did the instrumentation 

system. 

(SLIDE 16-B) 

3 1, 
LL W C -get. t a r .  

fM v e ' i c - l r ,  it -1.1 S - I G  wiii be Zi;,252 P O L I P I Z & ~ ~  

t-ilt: S I -- a w-' 9 a m o s  , 

i U g , n ,  s 

The  next se r i e s  of slides depict the sequence of earth orbiting of a 

Sa tu rn  vehicle. The  first  slide shows the Saturn 1dwith an Apollo payload 

at lift off. 

JSLIDE 18) 

Here ,  we s e e  the complete vehicle in flight, Incidentally, more than 

50 tons of propellants a r e  burned by each of the eight engines during the 

146 seconds of propulsion, 



( S L I D E  19) 

At this point, the second stage is separated from the .S-I booster. 

T h e  S-IV second stage, you may be interested to know, i s  powered by 

six liquid hydrogen - liquid oxygen engines exerting a total of 90,000 

pounds thrust ,  

( S L I D E  19-A) 

And h e r e ,  the Apollo payload is separated from the second stage. 

( S L I D E  20) 

This slide shows what will take place when rendezvous and docking 

techniques a r e  perfected. While in orbit, two of the three astronauts will 

enter the lunar excursion module of the Apollo spacecraft. The  module 

will then be separated from the ~Apollo for an independent flight through 

space ,  following it will rendezvous with the Apollo, which then will 

re turn to the earth's surface.  

(ST-IDE 21) 

Of paramount importance to all at Chrysler  i s  that the vehicle be 

man-rated and that it be absolutely reliable. I n  spite of adverse environments 

resulting in a wide variety of s t r e s s e s ,  all components and systems of the 

booster must function perfectly if a mission i s  to succeed. Every  detail 

i s  important. Failure cannot be tolerated because human life i s  at stake. 

We have reliability laboratories where we can simulate the environment 

that components and subsystems of boosters experience in flight, including 



Wuding temperature, altitude, shock, and vibration. 

Another useful reliability tool that Chrysler has  developed i s  a model 

that expresses  the Saturn  hardware in mathematical terms.  The  vehicle 

i s  flown mathematically on an I B M  7090 computer. T o  date, w e  have 

flown simulated flights. A summary of these flights shows those parts 

that would fail most frequently, the failure effects, and the time of failure. 

T h e  importance of detail i s  highlighted. F o r  example, our  math model 

showed that failure of a single electrical relay would shut down all eight 

engines. This  potential problem was  corrected by adding a second relay 

in parallel with the first,  Another potential problem uncovered by the math 

model involved normally closed prevalves , where the loss of control 

p ressu re  would have shut down one o r  more engines, This problem was  

corrected by redesigning the valves to be normally opened instead of 

normally closed . 
T h e  present Sa turn  I and Saturn I B  program consists of 10  .Sa turn  I 

flight missions and 12 Saturn  I B  missions. 

Sa turn  I B  flights will begin into 1968, with peak 

activity occurring during 1966. 

Xowever,  Sa turn  I B  usefulness does not end with the presently 

planned vehicles and missions, ltFollow-onlt Sa turn  I B  activity i s  now in 

the study stage and under consideration a r e  investigations of additional 

earth-orbit flight testing, space station deployment and logistics, and lunar 

and interplanetary flights in a three-stage configuration. 



As the space program proceeds,  payload requirements will certainly 

grow and the Saturn  I B  can be uprated to meet many of these needs. 

Heavier payloads in earth orbit, for example, will make possible more 

extensive checkout of the Apollo payload, including a lunar excursion module 

with sufficient fuel for longer, multiple excursions from the command module 

and additional practice on the rendezvous maneuver. I n  addition, increased 

payload capability will enable us  to launch la rger ,  long-term space stations 

and to support them more economically. 

Chrys ler  has  looked at several  methods by which Saturn I B  payload 

capability can be increased to accomplish these more demanding future mission 

requirements. We a r e  working closely with Marshall Space  Flight Center ,  

Douglas &rcraft,  Rocketdyne, and others to select the more attractive of these 

methods . 

As an example, we have determined that within the next 30  months the 

thrust of the engines of the first and second stages of the Saturn I B  could be 

increased by 10 pe r  cent to 220,000 pounds. Through this uprating, the Pay- 



load capability for a 100-nautical-mile earth orbital mission would be increased 

I f  l a rger  earth orbital payloads a r e  required, this capability could be 

increased to 51,000 pounds by using four Minuteman solid motors as strap-ons 

for  first stage boost assist .  

I n  o rde r  to extend the mission flexibility of Saturn I B ,  a third stage i s  

required.  A three-stage Saturn I B  would provide the capability of sending 

large scientific packages on lunar o r  inter-planetary missions. A logical choice 

for  a third stage i s  the Centaur, which i s  undergoing development flight tests. 

Ear th  escape payload capability of the nominal Saturn IB with a Centaur 

third stage i s  13,000 pounds, I f  the Centaur i s  used atop the Saturn  IB with 

the uprated engines I lve just mentioned , this escape payload capability, which i s  

indicative of the size of payload that could be sent on a circumlunar o r  Mars 

fly-by-mission , could 'be increased to 16,000 pounds within the next 30 months. 
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Study missions which designate the Saturn IB as the booster 

include the Voyager Mars and Venus probes,  and launch of nuclear- 

electric stages for outer planet exploration. These  missions extend well 

into the 1970's and indicate a long life for the Saturn IB. 

Thank you. 
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