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TOOLIiTG FOR AEROSPACE A?PLiCP.TION 

I have chosen Saturn S-IC Toolin3 f o r  t h i s  presentat ion,  f e e l i n g  t ? l a t  

i t  i s  representa t ive  of the current  t rend towards l a rge  b o o s t w  t o o l  

support.  I n  order  to go i n t o  s u f f i c i e n t  d e t a i l  I w i l l  limit the  d iscuss ion 

t o  tank s t r u c t u r e s .  

It might be w e l l  t o  s t a r t  by ou t l in ing  the  Saturn Program SCOPE?; t h a t  i s ,  

the  responsibilities t h a t  The 30einf: Conpany has and i t s  i n t e r f a c e  wi th  t > e  

National Aeronautics and Space A d ~ i n i s t r a t i o n .  The major a c t i v i t i e s  t h a t  

a r e  cont r ibut ing  t o  the  o v e r a l l  program a re  a t  f i v e  locat ions :  Nichoud, 

Marshall Space and F l i g h t  Center, Booing - Wichita, Yi s s i s s ipp i  Tes t  S i k  

and Alant ic  Missle Range. i3oeing - Wichita has r e s p o n s i b i l i t y  f o r  tile 

majori ty of the  too l ing  and hardware manufacture while Nichoud and PEFC a r e  

responsible f o r  assembly and t e s t i n g .  When the  s t a t i c  t e s t  s i te  a t  NTS 

becomes opera t ive ,  the  s t a t i c  t e s t i n g  now planned f o r  XSFC, Huntsvi l le ,  

w i l l  be phased out .  

The f i f t e e n  Saturn S-IC ground t e s t  and f l i g h t  s tages  t o  be manufactured 

have a divided respons ib i l i ty .  MSFC w i l l  assemble and t e s t  the  Fuel  Tes t  

Tank, the  S t r u c t u r a l  Test Stage, the  S t a t i c  Tes t  Stage, the  Dynamic Tes t  

Stage,  and the  f i r s t  f l i g h t  s tage.  Boeing w i l l  fu rn i sh  some co~nponcnts 

and aubassernblies t o  support these  requirements, and i n  addi t ion  w i l l  have 

the  fu l l  assembly r e s p o n s i b i l i t y  f o r  the  F a c i l i t i e s  Checkout Stage and 

second through t e n t h  f l i g h t  s tages.  These a re  a l l  the  s t ages  defined 

i n  the  cu r ren t  cont rac t .  



O n  the l eve l  oI" tool in3 and processin,? t h a t  I w i l l  discuss, the a c t i v i t y  

Itas been a jo in t  e f f o r t  between Soeing and NSFC . Aclmowledgment sllould 

be given t o  the  M-143 Division of $iSPC f o r  t h e i r  par t  i n  t h i s  prozrant, 

and when I spsak oi" too ls  andpprocesses, it should be mentioned t h a t  they 

a re  not necessari ly Boeing conceived and developed. 

Late i n  the l a s t  decade when it became apparent t o  s c i e n t i s t s  and engine- 

e r s  t h a t  payleads i n  the weight range 02 the  three man Apollo spacecraft  

could not be l i f t e d  t o  escape ve loc i t i es  by exis t ing boosters, the  Saturn 

S-IC was conceived. A s  prelimina7,r stage designs developed, it became 

apparent to the manufz;ct~ring engineer t h a t  rad ica l  new tooling was not 

forthcoming, but with few exceptions, it would be within the  s t a t e  of the  

a r t .  Problems, inherent with the immonse s i z e ,  would challenge h i s  ingc- 

nuity. Further analysis of stage design indicated t h a t  i n  most instances 

the  conventional manufacturing processes would be applicable. Convention 

i n  t h i s  respect  was not enough, however. A s  s tudies  continued the  components 

began t o  appear as suspected..... large.  The moaning of t h i s  was fair21 . 

obvious; the pa r t s  could be processed conventionally, but where do you f i nd  

equipment f o r  these processes? Suitable equipment f o r  the manufacture of 

t he  'Y' Ring, the Cylindrical  Skins, and the Gore S e ~ e n t s  was unavailable. 

A s imilar  s i t ua t i on  existed with weld accessories. Those a r e  f e w  of the  

problems we were confronted with, t o  which I w i l l  re turn l a t e r .  

This presentation i s  l imited t o  tan, s t ructures ,  however f o r  continuity,  

it may be of i n t e r e s t  t o  discuss b r i e f l y  the overa l l  stage construction. 



The oveual l  l e n ~ t ' n  from the  F-1 engines t o  the  S-I1 Stage I n t e r f a c e  

i s  approximately 1/40 f e e t .  To v i sua l i ze  s i z e ,  imagine locking a t  t h i s  

aurraee frorn an e l e v e n t t ~  s t o w  wlridow. Tha diarnster 1s 33 f e e t ,  exclud- 

ing  the  f o u r  f i n s .  It has a  gross l i f t  o f f  weight exceeding 5,000,008 

pounds, wi th  an approximate dry weight of 290,000 pounds. The f i v e  

F-1 engines produce over 7,000,000 pounds t h r u s t .  

The booster  i s  p r inc ipa l ly  of aluninum semi-monocoque const ruct ion;  

inc luding engines, t h r u s t  s t ruc tu re ,  f u e l  tank,  in te r t ank ,  ox id ize r  tank,  

forward s k i r t ,  f i n s ,  engina f a i r i n g s  and wiring tunnels .  These compon- 

e n t s  a r e  mechanically at tached t o  one anot!ier. The tanks a r e  f ab r i ca ted  

of 2219 aluminum al loy;  current  design spec i f i ca t ions  f o r  the  remaining 

s t r u c t u r e  c a l l s  f o r  7075 aluniinun a l l o y ,  wi th  exception of the  circurn- 

f e r e n t i a l  i n t e r n a l  r i n g s  which a r e  7178 aluainum a l loy .  The c y l i n d r i c a l  

tank sk ins  have i n t e g r a l  longi tudinal  s t i f f e n e r s ;  each tank i s  closed by 

two e l l i p t i c a l  bulkheads. I n t e r n a l l y ,  the  tanks have a n t i s l o s h  and a n t i -  

vortexing b a f f l e  i n s t a l l a t i o n s .  The forward s k i r t  assembly conta ins  

c y l i n d r i c a l  sk ins  s t i f f e n e d  ex te rna l ly  by longi tudinal  h a t  sec t ions  and 

i n t e r n a l l y  by c i rcumferent ia l  r ings .  The in te r t ank  conta ins  corrugated 

panels s t i f f e n e d  i n t e r n a l l y  by c i rcumferent ia l  r ings .  The t h r u s t  s t r u c t u r e  

conta ins  c y l i n d r i c a l  sk in  pancls,  i n t e r n a l  circuinferential  r i n g s ,  forged 

t h r u s t  pos t s  and shear  panels ,  at tachod i n t e r n a l l y .  

The ox id ize r  and f u e l  tanks a r e  b a s i c a l l y  welded s t r u c t u r e ,  s i m i l a r l y  

constructed.  Tank sk in  assemblies from the  outs ide  surface  of t!ic sta;<e 

and a r e  closed by bulkheads, each containing 16  gore sec t ions .  The 'Y' 



Ring forms the  j o i n t  between the  bulkhead and the  skin assemblies. 

The 'Y' Ring, a s  the  name implies,  has a cross-sect ion approximating a 

wye. A s i z a b l e  r i n g  i s  made when th ree  aluminum b i l l e t s ,  measuring 5: 

inches th ick ,  27 inches high, 37 f e e t  long, each weighing 54-00 pounds a r e  

r o l l e d  t o  a 16$ f o o t  radius  and joined by welding. We considered m i l l -  

i n g  the b i l l e t s  i n  sec t ions  t o  the des i red  cross-sect ion followed by weld- 

i n g  them i n t o  a f in i shed  r ing .  Logis t ics  would have been improved immense- 

Ijr using t h i s  process because t r anspor ta t ion  i s  l imi ted  t o  water  f o r  hand- 

l i n g  a completed 33 f o o t  diameter r ing .  Welding could be accomplished a t  

the assembly loca t ion .  Feasible methods of joining were beyond the  s t a t e  

of  the  a r t ,  t he re fo re ,  t h i s  concept was d i s k r d e d .  I t  should be menti oncd 

however, t h a t  MSFC has implimented a development program u t i l i z i n g  e l e c t r o n  

bean welding. This program has unquestionable po ten t i a l  i n  t h a t  it provides 

a manufacturing method f o r  t h i s  c r i t i c a l  p a r t  wi th  v i r t u a l l y  no size l imi ta -  

t ions.  

To produce a 'Ye Ring turning was chosen. We were faced wi th  f ind ing  a 

boring m i l l  of proper s ize ;  i f  one could be found would i t  be adjacent  t o  

water  f o r  t r anspor ta t ion  and would it have avai labla  load time? This  ques t ion  

was answered by loca t ing  a surplus .27  f o o t  diameter m i l l  and i n s t a l l i n c  it 

a t  iqichoud. This machine has been producing 'Y' Rings f o r  near ly  a yea r  

now. Severa l  modifications t o  the m i l l  were necessary; we i n s t a l l e d  out-  

r i g g e r s  t o  increase  the  swing, t r a c i n g  equipment f o r  contouring and machine 

equipment f o r  holding purposes. 

Now t h a t  we had a means of joining the  skin  and bulkhead our  e f f o r t s  were 

concentrated on bulkhead manufacture and p a r t i c u l a r l y  the  gore forming. 



ARer  much tinought, the  options were narrowed down to  four; increment 

f o d n g ,  explosive forinin-, s t r e t ch  fon iny :  and bulge forming. Increment 

forming was considered a n g i n a l  from a r e l i a b i l i t y  standpoint because of 

the  difficulties i n  obtaining th3 d5sired contour. A development program 

has been implimentod to f o m  gores explosively. This program i s  n o t  y e t  

complete. A s t r e t c h  form press with adequate capscity could not  bc 

found. Because of procurement lead time f o r  a new machine, t h i s  method 

was el iminated.  The preceding pr inciple  was not  completely el iminated,  

however. We had been developing a method of forning mater ia l  ca l l ed  

bulge forming. The po ten t ia l  of t h i s  process became obvious'when t e s t s  

on sub-scale d i e s  indicated t h a t  gores could be formed i n  a sculptured 

section.  If f u l l  scale  bulge forming proved prac t i ca l ,  not  only could 

we form gores, bu t  i n  addit ion,  chemical mil l ing could be replaced wi th  

standard numerical controlled skin  mill ing of gore stock i n  the f l a t  

condition. 

The bulge f o m  d i e  cons i s t s  of two halves held together wi th  I~yciraulical- 

ly actuated clamps. The d i e  i s  of welded s t e e l  construction,  faced wi th  

c a s t  epoxy. Gore stock i s  held between Yne d i e s  by se r ra ted  faces' around 

the perimeter of the d i e  halves, '  ijydraulic pressure i s  applied t o  the  

prefomcd blank. The water i s  contained by s ea l s  and capable of t r ans -  

mit t ing 33 mil l ion pounds of force.  Interlocking mcchanisas guard aga ins t  

accidenta l  overpressurizat ion,  clamp roleaso while the  d i e  i s  pressurized 

and s e a l  f a i l u r e .  

To complete the  tank primary s t ruc tu re  it was neccssayjr, now t o  f i nd  a means 

t o  manufacture and assemble t he  cy l i nd r i ca l  skins.  Each skin  requ i res  fcur 



segments to complete the  cylinder,  Externally,  these segnents a r e  

f lush,  however in te rna l ly ,  i t ' s  q u i t s  d i f fe ren t .  Not only a rc  there 

i n t eg r s l  longi tudinal  s t i f f ene r s  spaced every (6)  inches bu t  each sep;:wnt 

has a stepped weld land around i t s  perimeter. 

The only p r ac t i c a l  approach t o  machining p la te  stock measuring 2; inches 

by 11 f e e t  bj 26 f e e t  was on a numerically controlled skin m i l l .  This 

operation, incidenta l ly ,  removes 80$ of the metal before t he  pa r t  i s  

complete. While the machining has caused no major problems, the  forming 

to a 16; foo t  radius did cause some consideration. A t  f i r s t ' w e  consider- 

ed increment forming with a brake press. Because of tho i r r egu l a r  cross  

section,  a f i l l e r  material  would be required, t o  be l a t e r  removed. Not 

only did t h i s  dissuade us from t h i s  agproach, but  with i n t e g r a l  s t i f f e n e r s ,  

d i e  in terference would r e s u l t  and the poss ib i l i ty  of achieving a uniform 

radius appeared questionable. 

While increment forming was being considered, the  method of age forming 

was anallzed. Previous applications had been successful so why not use 

t h e  pr inciple  f o r  our requirements? A sub-scale development t o o l  was rnade 

t o  e s t ab l i sh  f e a s i b i l i t y  and overbend requirements. After  success i n  t h i s  

development, a f u l l  s i ze  f i x tu r e  was designad and b u i l t .  This a l s o  suc- 

cessf ull:~ produced hardware. 

Application of t'nis techniqus was then adapted t o  the core and lit tin^ 

assomblics. When the  various suction,  loading, access, ins t runentat ion 

and pressurization bosses and welded i n to  the gore apexes, d i s t o r t i o n  occurs. 



This d i s t o r t i o n  appears i n  the  form of "out, of plane f langes  and o i l -  

canning" adjacent  t o  t h e  f i t tZng ,  To ninimize the e f f e c t s  of t h i s  

d iotos t ien.  on bulkhoad csntiellr a trsat f ix ture was designad. nnvclop- 

.merit t e s t s  showed t h a t  pressures n u s t  be applied l o c a l l y  t o  t h e  a r e a s  of 

di .s tort ion.  This was accomplished by a sandwich eype f i x t u r e  wi th  a 

f a c i l i t y  t o  apply the  l o c a l  pressure with s e t  screws. Use of t h i s  f i x t u r e  

has been successful  i n  improving contours during aging of assemblies. 

Being of a  mechanical nature,  possibly the  most i n t r i c a t e  toolint; f o r  the  

s t ruc tu re  assembly i s  the weld tool ing .  Much de l ibe ra t ion  wont i n t o  the 

e a r l y  conceptual s tud ies .  Trade s tud ies  were made regardin: f i x t u r i n g ,  

weld to rch  and p a r t  movement and t h e i r  a t t i t u d e  and weld processes.  Devel- 

opment has  solved many of our problems; while some, we f e e l ,  w i l l  be 

encountered a s  we progress. 

Ear ly  i n  the program design began on a f i x t u r e  f o r  weldinc the  bulkhead 

f i t t i n g s  t o  the gore apexes, Anticipat ing many f i t t i n g s  of v a r j i n g  diarqeters 

we r a t i o n a l i z e d  t h a t  the  most v e r s a t i l e  approach would be t o  cons t ruc t  a 

gantry,  hang a weld head and rou te r  head. from it and dr ive  them i n  a c i r -  

cular  path. Underneath would be a f i x t u r e  holding the  gore f o r  rout ing  

t h e  f i t t i n g  hole ,  followed by welding the  f i t t i n g .  The f i x t u r c  was placed 

on a d o l l y  which runs on a t rack .  This system t ~ o u l d  f a c i l i t a t e  p a r t  sc tup ,  

removal and increase  g a n t r : ~  load c a p a b i l i t i e s .  The f i t t in : :  and gores a r e  
* 

aligned and held t o  the  f i x t u r e  by a sp ide r  hold d m  a r rangemnt ,  rea'ch- 

ing  from underneath the holding f i x t u r e .  Because t'ne weld to rch  must 

r o t a t e  360°, tine sp ide r  holding the  gore had t o  be i n  ti10 p a r t s ,  separated 

by a bearing.  The upper port ion of the  sp ider  i s  driven Sy t he  s a w  d r i v e  



uni t  as  tkte weld or router head. Dependent on the operation, t h i s  

equipment Ss placed between the spokes of the spider when i n  use and 

re t racted to an out-of-way position when not. 

To make a gore assembly, one-eighth of a bulkhead, it i s  necessary to 

join the apex assembly t o  a base. The base i s  formed t o  an e l l i p t i c a l  

contour i n  a die similar t o  the apex. For dinensional control ,  tritnxing 

of the joining edges i s  required. To accomplish t h i s  operation f ix tures  

were deaigned t o  nes t  and hold the par t s  f i m l y .  These f ix tures  u t i l i z e  

the vacuum chucking principle. Chucking i s  done agafnst inside surfaces 

of the parts.  The f ix tures  nest  against  a gage surface on the trimming 

f ix ture  which ca r r i e s  a motor driven router along a track. Once the joint 

on the apex and i t s  mating base has been trimmed, the par ts  arc l e f t  chuck- 

ed on t h e i r  respective f ixtures .  The t~qo f ix tures  are then rnoved t o  a 

weld s ta t ion ,  mated and joined by welding. An in te res t ing  feature  of 

t h i s  s t a t i on  is the t i l t i n g  table on which the f ix tures  a r e  placed. T i l t -  

ing provides a par t  a t t i t ude  such t h a t  welding is  Always uphi l l ,  thus 

enhancing weld quali ty.  

The coordination of t h i s  tooling family, the gantry family, the bulge form 

d ie ,  and subsequent bulkhead tooling i s  achieved by a muster model. T l i i s  

model is  of p las te r  construction and masters the bulkhead OXL. Coor6ination 

i s  achieved by the use of numerous tooling holes t ha t  are  transferred t o  

the tooling famtlies previously mentioned. 

Trimming of the gore apex-base~assembly is a s i n i i a r  operation t o  tine previous 



one. The assembly i s  nss tsd  on a vacuum chuck where each meridian edge 

i s  trimmed with a rou te r  t ravel ing  on a t r ack .  To assure proper loca t ion  

of the f i t t l n g  cen te r l ines  i n  the  bulkhead assembly, the  f irst  two goros 

a r e  trimmed n e t ,  however, the  remaining s ix  have t h e i r  t r i m  l i n e s  opt ic?  

a l l y  located  i n  r e spec t  t o  the  f i t t i n g  cen te r l ine .  Allowance i s  mzde on 

each p a r t  f o r  weld shrinkage a c m s s  the  jo in t .  

Af ter  trirnmjng, the gores then a r e  t ransported t o  the bulkhead weld 

s t a t i o n  where the  meridian weld i s  accomplished. Again a vacuum chuck i s  

u t i l i z e d  a s  a  holding device. I n  addi t ion  t o  t h i s ,  the  s t a t i o n  c o n s i s t s  

of a tu rn tab le ,  a  cen te r  post  and a weld boom. The tu rn tab le  and the  

cen te r  pos t  serve a s  a  support f o r  the bulkhgad, an indexing msdia, and 

provides a means f o r  r o t a t i n g  the assembly t o  the  weld pos i t ion  under the  

weld boom. The weld head t r a v e l s  on a t r ack  along the boom to perform 

the  welding operat ion.  

To c lose  o u t  the  bulkhead assembly a t  i t s  apex, a  54 inch diameter,  forned 

dome c a l l e d  a "polar  captt i s  used. The bulkhead i s  moved t o  another  posi- 

t i o n  where it i s  trimmed to f i t  the  polar  cap . ,  The assembly i s  supported 

i n  t h i s  pos i t ion  by a f i x t u r e  a t  the  open end and i n  the cen te r  where t h e  

trimming apparatus,  weld head and f i x t u r i n g  i s  located.  A " s q u i r r e l  cage" 

i s  used "Lo t ransmit  hold down pressure from the  center  post ,  through the  

ou te r  hold down r i n g ,  through the  assembly, and i n t o  the f i x t u r e .  Insida. 

t h i s  arrangement i s  driven weld and r o u t e r  heads; each r o t a t i n g  through 

360' while the  work remains s t a t ionary .  



The nex* operat ion involves joining the  'Y' zing t o  complete the 

bulkhead assembly. This pos i t ion  c o n s i s t s  of a  tu rn tab le ,  i d e n t i c a l  

t o  the  one used a t  the  maridian weld s t a t i o n ,  and a r o u t e r  and a weld 

head. The t r i tming  i s  accomplished by plungiqg the  rou te r  c u t t e r  thGugh  

t h e  ro ts t$ng bulkhead. To provent the bulkhead from bindin2 as a r e s u l t  

of weight and metal removal, spacer clamps a r e  used. I n s t a l l a t i o n  of  

these  is  made while c u t t i n g  progresses. Upon conpletion of t h i s  opora- 

t i o n ,  the  bulkhead i s  removed and the  'Y' Ring lowered onto t h e  tu rn tab le .  

The bulkhead i s  returned t o  the  s t a t i o n  and mated t o  the  'Y' Ring using 

s t r a p  clamps. 

To complete the  b a s i c  tank assembly we need only t o  provide sk in  sec t ions .  

To complete each sec t ion  requi res  four  longi tudinal  welds. This  pos i t ion  

c o n s i s t s  of  a  holding f i x t u r e ,  a  weld and rou te r  f i x t u r e  and an a l ign-  

ment f i x t u r e .  The skin  segments a r e  positioned on the holding f i x t u r e  

where the  mating edges a r e  trimnod. Alignment pressure i s  provided by a 

ba r  bridged by a s e r i e s  of vacuum cups located  on both s i d e s  of  the  jo in t .  

When vacuum i s  appl ied ,  the  end pressure i s  created by drawing the  s e r i e s  

of cups together  hydraulical ly.  The skin  sec t ion  i s  r o t a t e d  from j o i n t  

t o  j o i n t  by r o l l e r  assemblies contact ing the  lower edge. 

Assembly of the  major tank componmts is  performed i n  s t i l l  another  s t a t i o n  

c a l l e d  the  tank assembly tower. This s t a t i o n  contains a  t u r n t a b l e ,  s i m i l a r  

t o  the  one previously used, a  p i t ,  an e l eva to r ,  a h o i s t ,  weld equipment, 

and access s t r u c t u r e .  The tank assembly tower, along wi th  t h e  s t a p  assem- 

b ly  tower, and the  hydros ta t ic  t e s t ,  c leaning and c a l i b r a t i o n  tower a r e  

housed i n  the  V e r t i c a l  A s s e ~ b l y  Building now under cons t ruct ion  a t  Xichoud. 



Our approach t c ,  tan:? assembly was t o  use the "buildinj; 'block" principle.  

That is, GO stack components one on top of the other aq assernbl;~ progresses. , 

In t h i s  manner handlfng trould be roduccd. Tho p i t  provides clearance for 

the bulkhead during the closeout weld, permitting a l l  welding t o  be accom- 

plished a t  one level.  This simplified the weld boom and access s t ructure .  

The elevator i s  capable of r i s ing  in te rna l ly  within the tank s t ructure ,  

from a re t racted position i n  the bottom of the p i t ,  to the junction of 

the uppertnos* skin section and bullchead; some 60 f ee t .  It provides access 

f o r  in te rna l  i n s t a l l a t i ons  and circumferential welding of components. 

Bulkhead t o  skin section welding is accomplished by a weld pass made s i m u l -  

taneously on the i n t e r i o r  and exter ior .  One torch preceeds the other  by 

approximately 8 f e e t  on the circumference. The torchcs and the i r  associated 

equipment a re  supported on 'the tank in t e r io r  by the elevator platform and 

on the ex te r ior  by a mast. Welding becomes more complicated when sk in  

sections a re  joined. On t h i s  joint  exter ior ,  a similar weld swquence i s  

followed, however, on the i n t e r io r  we have the in tegra l  s t i f feners .  As 

previously mentioned, these mzmbers run longitudinally and a re  spaced 

approximately every 6 inches circumferential&, to ta l ing  about 200. Their 

cross section i s  the form of a *T1. When there i s  access t o  these jo in t s  

bj the elevator,  welding i s  accomplished by the equi.pment mounted there. 

Closeout welding on both tanks cannot be accomplished i n  t h i s  manner because 

the lower bulkhead blocks the passage of the elevator in to  the tank. To ,cope 

with t h i s  s i tua t ion ,  a "skatev welder has been developed. This paclcagh 

is designed t o  be extremely l i g h t  weight for  handling. It i s  driven along 

a curved t rack t h a t  i s  clampd to  the s t i f f ene r  caps. The "skate" i s  capable 



of welding,a  s m i e s  of caps and then i s  noved t o  a new posi t ion  where 

tb same process i s  repeated. 

The l a s t  major weld t o  complete the  tank assembly i s  accomplisl~ed on tho 

LOX tunnels .  Theso f i v e  40 f o o t  long, 2.5 inch dizrnuter tubas run from the  

upper f u e l  bulkhead through the  tank t o  the ' lower  bulkhead. The t anne l s  

surround tha LOX ducts  as the3- pass from the oxidizer  tank a f t  through 

the  f u e l  tank t o  the  engines. I t  may be of i n t e r e s t  t o  diverge here  t o  

t a l k  of the  tunnel  construct ion.  Present ly ,  tunnels  a r e  being developed 

a t  a sub-contractor using the shear forming process. A forced b i l l e t  of 

aluminum is f ~ r m e d  t o  a 40 f o o t  length ,  wi th  a w a l l  th ickness  of  108 

thousandths. The tunnel  i s  msehanically atta'ched t o  the  upper bulkhead 

through a bglllows arrangement. It i s  d i r e c t l y  at tached t o  tho lower bulk- 

head by a weld. This j o i n t  has l imi ted  acct;ssibilit-). The pat'n the  to rch  

generates i s  ova l  shaped and the weld a t t i t u d e  i s  no t  conventional because 

o f  the j o i n t  plane angle. I n  s p i t e  of the  join% uniqueness, a piece of 

equipment has been proposed by a sub-contractor t h a t  promises t o  accomplish 

t h i s  task.  

Perhaps t h e  most c r i t c a l  a rea  not  y e t  discussed i s  radiographic inspect ion  

of  the weld jo in t s .  With a ca lcu la t ion  of 33,000 inches of welcling, i t  

was apparent t h a t  t h e  conventional X-ray techniques would be too  time con- 

suming f o r  economical processing. A b e t t e r  m~thad had t o  be founcl. Tlie 

idea  of mechanized X-ray was suggested and a f e a s i b i l i e y  study was i n i t i a t s d .  

The study resu l t ed  i n  a conclusion t h a t  a system was f e a s i b l e  and desic;n got  

underway. 



The mechanical X-ray system developed i s  basical ly  an X-ray source, well  

shielded with a bellovs. A fillm r e e l  uni t  i s  aligned with t h e  x-ray source 

on the opposite side of the part. Dependent on the par t icular  assembly, the 

source - reel  unit e i the r  t ravels  along the work a s  inspection progresses, 

o r  the work moves and tho source - r e e l  uni t  remains stationary.  

The r e e l  un i t  functions on the same principle a s  a camera; a shot i s  taken 

and the exposed fi lm i s  wound onto a reel moving the unexposed film in to  

position. This process continues u n t i l  the en t i re  weld has been inspected. 

Possibly the most unique developnent i n  t h i s  system is the bellows. They 

are  made of lead impregnated neoprene and muit f i t  par t  contour t o  limit 

radiat ion t o  a l eve l  where normal work ac t iv i ty  i s  not affected.  

I feel the welding process sl~ould be discussed i n  closing t h i s  presentation. 

It might be of i n t e r e s t  t o  know why we chose the process we did and what 

par t icu la r  problems we have encountered, 

TIG mechanized welding was chosen f o r  two reasons: 

(1) Experience i n  welding 2219 aluminum. 

(2)  I t  was f e l t  t h a t  TIG welding would provide be t t e r  weld bead control  

over the various weld a t t i t udes  encountered. 

To provide versa t i l i ty ,  equipment has been ordered with both '1IG tie X I G  

capabi l i t i es  . 

Weld backups, where thcy are  used, a l ign  the par ts  but do not c a s t  the  



underbead. The clearance i n  the back-up beneath the  weld j o i n t  c a r r i e s  

the  purge gas, 

The weld schedules c a l l  f o r  three  passes: 

(1)  A shallow tacking pass without  any wire feed. 

(2) A penet ra t ing  pass without wire feed forming the  underboad. 

(3 )  The f i n a l  f i l l e r  pass with wire  feed. 

Edge prepara t ion  var ies .  A s t r a i g h t  b u t t  j o i n t  i s  used ono 

(1) Skin sec t ion  t o  skin sec t ion  welds. 

(2)  F i t t i n g  t o  gore welds. 

(3') Polar  cap t o  bulkhead weld. 

(4) ' Y o  r i n g  t o  bulkhead weld. 

A double 'V ' groove i s  used on the  ' Y o  r i n g  ' to  sk in  weld. On tho gore 

apex t o  base weld an in ter locking convex jo in t ,  i s  used. 

D i f f i c u l t i e s  have been experienced wi th  f i x t u r e s  adjacent  t o  the  weld. 

This was p a r t i c u l a r l y  t r u e  welding the  f i t t i n g  t o  the  gore and t h e  polar  

cap to the  bulkhead. Tlm s t o o l  sp ider  and backups became magnetized 

causing a r c  blow. The modification t o  non-magnetic s t a i n l e s s  s t e e l  

and aluminum has el iminated this problem. 

Generally speaking, welding of 2219 aluminum has been very successful  

on the  Saturn  S-IC Program. Repairs have been few. This  i s  g r a t i f y i n g  

when one th inks  of 33,000 inches of weld f o r  each s tage  manufactured. 
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