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FA3EIZATIXG THE SATURN S-IC BOOSTER 

k i t n e x  G. Smith 

The 3oeing Company 

Z m c t  Systems Branch 

ThT.ODTJCYION - 

:he Sat--- 5-26 coaster is  t h e  first szage of t h e  Saturn V/Apollo launch v e E z l e  szteduled 

L O  place 2 m ~ q  or. Lhe moon in t ~ L s  decade. It is t h e  l a r g e s t  and most poiier:d veh ic le  
> .  

5 LL- .- - - - ~y :re f r e e  world. ?.e 3oeL--g Company i s  w d e r  con t rac t  t o  N . G A ' 5  George C. 

L i r s h a l l  Space F L g h t  Center f a r  :r.e Ces~gn ,  development and ~ i z d a c t u r e  o' 2% S I C .  

,re t r e ~ e r . z c ~ s  s:ze of t h i s  v e k ~ z l e ,  coqJed with i t s  design c c z p l e n t l e s ,  ksve cr=ied 

zany wli>s s7.c :r,allenging p r c z l e s  f o r  t h e  Aerospace a i t e r i i l s  engmeer. 
Z > = s t l q  

finrlca;:zr. -=.:rx;s and facllir:es na-re Deen s t re tched  t o  :hex xaxmum caFiz::y, %XI m 

=i?y znsz;?ces i?. has been necessary t o  develop new tech?iques a d  new fat-xi-. 
A 

97;ef d e s c r i p t i c n  of t h e  S-IC h' ix  provide a bas i s  f o r  appreciat ion of t h e  f l b r i c ~ t - 9 n  

p r s o l e m  issoz: i~ed m t h  t h i s  cOcs;er. 

:be Sat.-- bccs re r  i s  33 f e e t  L? dianieter and 138 f e e t  t a l l .  %?ending ~ p o r  -L-e ~a2-load 

at tacked =o rLe +per s tages ,  t:?a o v e r a l l  height of t h e  Saturn V vehic le  
*=I1 s e  azout 

- - _;3 fee', :: x-5 *qL;ivalent of a i2 s t o r y  bai lding.  The o v e r a l l  weight wLl1 z ~ ; r c : c a t e  

sever. z i11ion F:--5s. The p r o p l s i o n  sj-stem of t h e  S a t m  BoosLer cons i s t s  c":;e ?-1 

e?gines s - p p z e c  by the  Rocke tape  a i ~ s i o n  of North American Aviation w h ; ~  c e v e l q  a 

t o t a l  thr.;st qf 7.5 f i l l i o n  po-;Ls. 

The follo%-;r.g t e 2 l e  s u m a r i z e s  S-IC s t l g e  Charac te r i s t i cs .  

* 
Ckeral l  Height 138 f t .  

Diameter 33 ft. 

Weight : 
W ~ Y  
Fueled 

287,000 l b s .  
4,711,000 lbs .  

Burn Time 150 sec .  

Distance Above M h  a t  38.5 miles ' 
Burn Out 

Propellant  LOX (oxygen)& RP-1 ( ~ e r o s e n e )  

(1 )  

* ,' 

. . 
+he Booster, a s  lllust-.a:ed ?r f 5 ~ x - e  1, s t r u c t u r a l >  c - q s i s t s  of i :r.rus: rrr-:Lure t o  

which t h e  engines a r e  z::achec: two welded aluminum -Lg'21d prop? l lz :  ~ o Y = - r s ? s  ( a LOX 

tank and an RP-1 f u e l  :L*); zz i n t e r t m k  sz ruc ture  c ~ - ~ e c t m g  t h e  t d o  tan ik  <.s a for-  

ward s k i r t  s t r u c t u r e  k-?::.". p ~ - ~ < d e s  an attachment poFr5 f a r  t h e  upper s t a g ~ s .  The selec-  

t i o n  of mate r ia l s  f o r  z zooste? such as the  S-IC i s  i c o q l e x  process a t  bee:, ;ut i n  

general  begins with a cs==icerz:lsn of t h e  types anc c t a r a c t e r i s t i c s  cf t h e  2 2 4 s  t o  be 

ca r r ied  by t h e  s tructx-e wqde? c ics ldera t ion .  The for,,zr-, s i d r t ,  x:ertaric, i-.S th rus t  

s t r u c t u r e s  a r e  desip.ed = r3.g s t i f f e n e d  cyl inders  2 5  a r e  p r i r n a r i l ~  loader'l k compress- 

icr. from the  weight of :?.; q 3 5 ?  5:ages and the  t h r p s t  ioads gener&:ti by zke 5-xines.  

Compressive y i e l d  s trecg-b,  ~ c t . ~ l u s  and dens i ty  of tins n z t e r i a l s  ~ r . 5 e r  c o ~ s 5 5 e . ~ f i o n  a r e  

t h e  c r i t e r i a  f o r  s e l e c t i c n .  ;;ege cozsiderat ions r e s a l t  iq t h e  use c? 7055 ? k L n w n  f o r  

compression s t r e z g t h  c r 5 r i c a l  z;p2ci:ions; 7079 a1arh-a f o r  compress:on s:pC-zty 

c r i t i c a l  s t r u c h e s  k ~ d  -:;E ~?An.m i n  c e r t a i n  app1icetior.s which ~ ? e  c r i 5 i z s 1  i n  

combined shear  and compr=sion. - % 

The LOX a?d f u e l t a n k s ,  acts l=kn t o  carrying t h r u s t  &a cpper s t a g e  :oqrzss ian  loads 

i n  t n e i r  c y l i n d r i c a l  sez t ions ,  =:st a l s o  ca r ry  hydrostatzc p-essure 1 2 ~ ~ s .  'Z-.-s situation 

,-laces t h e  f,mk domes ir. t i - s C s L  ~ e z s i o n  and t h e  tank c x l i n d r i c a l  ses5ions i-. z e a l  

c o q r e s s i o n  and P.oc> te~zL:n. The tor-bination of hyCrcs5atic t ensicr. %?d a k r l  :om- 

pression resu l ted  i n  ar. L-?teg?zL;~ s t i f f e n e d  design uri l iz5r .g xe lde i  e 2 l r 5 r ; r  li:ricat,ion 

) Three aluminum a l loys  we-e coxr:;e?ed f c r  t h e  tankage r ~ l : c a t i m s ,  r n i l ~ & c j  iLloyS M U ,  

2219, m d  jQ56. A l b m  3 l l c y  22;9 -*as se lec ted  a s  t h e  prime s t r u c t u - e l  el lci -  f o r  both 

1 t h e  l i q u i d  oxygen and tk f a e l  ;a&s. Several f a c t o r s  %ere considere- r7 xizlr< :he a l l o y  

se lec t ion ,  inc ludmg:  strsr.,--,h cr.: & a c t i l i t y  a t  room arc cryogenic t e ~ e - a t c r e s :  weld- 

a b i l i t y ;  f r a c t u r e  tou@r.fsz; az:lable s l z e s  and terr iers;  s t r e s s  c o r r c s : ~ ~  :esisiance 

ana previous experience h2;h r t e  a l loys  under considerat ion.  Seberal  -f these  l a c t o r s  

a r e  compared i n  f i g u r e  2 

MANUFACTURING SEQYENCE - 
Each of t h e  Lox and Fuel  Tznk do= o r  bulkheads a r e  e l i i p t i c a l l y  shap.:~ ~ 1 . 3  i rs  m o e  of 

(2 )  



eight ple-s:.~gez gcres. P gore i s  made up cr^ a tr iangularly shaped ipex s e w n ?  z ~ d  a 

trapezoldallq- shapes base s e y e n t .  Fhch segzent i s  made from a s ingle  piece of m i e r i a l  

appro&mately% f e e t  by 12  f e e t  q t o  an inc5 thick.  Thesg segments, shown i n  f'_gr:re 3 ,  

are  sculpture- ;o provide inzegral  s t i f f e n i r e  2nd beefed-up weld l a d s .  The t h x ~ e r  weld 

:ar.ds compezsi:e l o r  i w e r  szrength asld j o L ~ t s .  A t  the present t b  msst of the gore 

s e ~ e n t s  are - z h e  sculpt&& in the  f l a t  tken hydraulically bulge formed t o  co:tcur. 
1 
4 -'- remainder a r e  hydraubcally formed t o  ccriour and then sculptured by c h e m d L ? g .  
\ ---- 

v&zhme sc'2~:-%g m the  f l a t  and then fo..---ng IS the more. economical of ~ h e  L W ~  

zrocesses aid :r.e c h s  ~ r i i l ~ g  i s  c 'z rent ly  Seing phased out. 

Fjdraulic b k 5 s  fo- has seen us- previoi;.ly, however, the apphcatlon usual> re- 

?-lred the  LS+ 3f cozplex h ~ r a u l i c  presses. Slnce Saturn gore segments are  l a rge r  t h m  

e - ~ s t i z g  Fre:s czca:,ties tr;s metho3 ha3 t 3 be ruled out. A technique has been worked 

o ~ r ,  whlch u t i l i z e s  d i e  halves t o  reskrain t he  part  blank with a peripheral s e a l  to with- 

stand the pressare of the  f2zd ( in  t h i s  case water). Typical fo- tooling f a r  an 

ipex segmezz -5 s r m z  ln f ig -~ re  4. 'arming ;ressures vary. from about 500 ps i  f o r  t h i n  

par ts  ( s e c t i o s  a s  tb& as 0.10 incn) t o  abc~% 1100 p s i  f o r  thicker par ts  (sec t lors  a s  

th ick  as 0.835 x c h ) .  Contours a r e  held t o  2 l /8 inch and thinout 1s held to  l e s s  than 

3.008." 

Tne z n l t i a l  z,sez.zd ss-,ep in 5r.e z ~ ? ? a c t ~ - e  of a bulkhead 1s tne w=;cmg of f i t % _ - ~ s  ---a 

t h e  apex & ~ d  t a se  s e p e n t s .  These f i t t i n g  Jc ln ts  are  made using hard t oohng  a m  fitt-ag 

s ~ z e  and cod5gxation varies widely. F i t t u g  weld tooling is shown i n  figure 5 with a 

' base segment %I place. High residual s t r e s s  in these c i rcular  welds soolletimes causes 

011 c w n i r g '  zeformtlon. This i s  u u a l l y  corrected by age forming in a f ix ture  or yl 

extreme cases zy t h e  ase of r o l l  p l a i s h i n g .  An a l te rnate  technique f o r  correctLn4 " o i l  \ c ~ n u l g  rr:=res a magnetic harmer *rash w a r  developed by the George C. Marshall Space 

\ Fllght Center. Tf.e "hammer", shown m f l g z e  6, i s  a large c o i l  through which a high 

voltage, shcrz 3yratlon inp 'dse 1s  passed. m d l e  current i s  passlng through the  c o i l  a 
t 

l e ld  1 s  cre&$eu aoout the c o i l  which m t 3 s - n  creates an opposing f i e l d  i n  the  prt. 

The opposinb- f i e l d s  tend t o  move apart  and s izce  the  m s s  of t h e  c o i l  is grea t e r  than 

.C 

t he  miss of t he  part ,  t he  part act=* moves. There i s  ,no physlcal -act and a ?iece of 

t i s sue  paper placed betyeen %he c o i l  and the  part  w i l l  be undamaged. 
i 

The second assembly s tep  is the  j o i - ~ 7 g  of apex and base segments t o  form gores. 3 c h  gore 

contains 3 iyches of excess zeater:al around the edges t o  compensate for  movement = z i n g  

t rnming and provides in tegra l  runoai tabs  f o r  welding. Apex t o  base weld toom& 1 s  
a 

sham m figui-P 7. 

Kext, eight gores a r e  joined C,o forri 2 S>ulkhead. During welding the  gores a r e  t e 2  Ir, 

place by an e l l ipsoidal  v a c ~ a  chucr. Figure 8 shows the gore t o  gore we12 sta:l:r. w+th 

a f b a l  bulkhead meridiw. weld i n  pxz re s s .  

The bulkhead i s  joined t o  c p 5 d r i - a 2  iank sectlons through a t rans i t ion  piece caLed a 

Y-Pxg. F1g-e 9 she-.is t he  weld s',a;:sn f o r  joining these two parts.  Tkis s e n  zs welded 

frsm two sides using a modified v-t?-,e edge preparation on the inslde. 

The Y-Ring configuration i s  i l l u s t r i%ed  i n  the  cross section s c h m t i c  i n  f i gu re  3. This 

r ing  MS specLfically designed t o  e m a t e  lap  joints i n  joining the bulkhead, h t e r t ank ,  

and tank c y m e r  walls. The Y-Ring begins as three,five-mch thzck f l a t  ~ l a t e s ,  2': inches 

wide by 40 f ee t  long. Each p l a t e  i s  r o l l  formed t o  a 16.5 foot radlus. Three of Lye 

curve plates are  welded-to form a rLcg 33 fee t  i n  diameter. Figure 11 shows the  T-3- 

weld station.  The edge p r e p i r a ~ i c x  f o r  :his joint i s  a double J. About 160 passes uslng 

asc l l la t ing  torches from both sides i r e  reqiired t o  make each joint. After w e l q  each 

joint i s  s t r e s s  relieved usbig large  induction heaters. The 5" t?ick ring is I.&= placed 

on a boring sill and a p p r o h t e l y  2 , 5 0 0  pounds of material i s  removed leaving t t e  

finished 3,500 pound Y-fling. The xring lnSll (Figure 12) was bu i l t  i n  19% m t i  an 

orlginal  capacity of 27' dia.  It ws enlarged t o  a capacity of up t o  42' diaaeter,  the  

largest  i n  t?As country and has a -. turning speed of SIX rpu. 

The cylmdrlca l  tank walls a r e  made of in tegra l ly  t-stiffened skins. This par t  begins as a 

2; i?ch thick by ll foot wide x 26 s o t  long plate.  A numerically controlled s a  m11 

sculptures the  in tegra l ly  s t i f fen-  sk in  from the  plate.  After machining the  p ~ + s  are 

clamped in a f i x tu re  having a 148 i l c h  radius as shown in figure U. The c l - d  -?art i s  

then aged i n  a f u r n a c e  a t  325O f o r  2L hours. While a t  temperature the par t  takes a per- 



=a+, set t o  conto-a, i s  age hardened t o  che T87 condit ion and reaches i t s  W m  strength.  +,hlchess. ~h~ fabrica~lon ss--uen2e is as follows- 

-<.- rem0v@ from t h e  f i x t u r e ,  t h e  panel. springs back t o  the  d e s d  198 inch raal~s. a. Procure 20% -T6511 extrusion. . 
Z 3 . z  of zhese S~ panels a r e  welled toge ther  t o  form a c y l i n d r i c a l  skin r lng  3 f o o t  high 

1 

b. Mach~ne t o  . 9'3 w a l l  thickness. 

5-"_; ?:3: 1~. & m t e r  a s  Shown L? f i s r e  U+. LOX tanks a r e  a s a m l e d  l n  tbe  s t a t L z n  a t  c. F u l l  w - ~ e a l  

- .-, --  -eft  whi le  f u e l  tanks a r e  assembled a t  t h e  r lgh t .  The l e f t  hand s t a t i o n  s n o ~ s  a a ; d  d .  Forge end clo--e and =chine. -' 

- -1 --  .= -. - -  place prey;atory t o  l o w e r ~ r g  a bulkhead. A completed f u e l  tank i s  i n  t z e  rlght - e. Solutlon heat i reat ,  and age t o  T6 tenper. 

r,a--a s:atlon. The lower bulkhead ;s i n  a p i t  and i s  not v i s lo le .  The c l r c u m f s r e ~ i i a l  
* 

f .  Fiyish cu t  e m  5hreaCs. 

,,_;s xCe at tnls station are  =;.le w L t r  a fixed iorch  a?d tke ~ z ~ -  i s  rot2te";ast %P 
g. Shot Fse? ~-;Lz% of b o t t l e  

- --= - 
L- _ -3. h. Anodize outer  5 -z faze  w d  chemical f l n i s h  xnner surface per YZ-r-5541. 

2 : - z  c q g e n  is zransmt ted  from t h e  Lox Tank zhrough the  Fuel Tank t o  t h e  erglnes by means i. LOX c i e i ?  f l r a l  assenhly, 

rf I x  s ~ c t i o n  lmes. These a r e  s t r a ~ g k  tubular  assembhes consist ing of two concerrzrlc = r e a d y  t l g h t  inspection c ~ ; ? 3 l s  a-e iraintained I n  procuring the  ma~,~~:a: ~ - d  I n  t h e  

- - - z  -,_ - i 3 r zy  feet  The m s l d e  duct, o r  l o x  suctlon l m e ,  1 s  3-1 s t e e l  and r=s c 3- proclct lon processing. 

- -  - =_,e = m e t e r  of 20 inches and a ua l l  thiclmess of 0.085 inches. The l o x  tmel,  wkLch THRUST STflU~VREE --- 
,?cises t h e  suc t ion  line, i s  a oze-piece seamless tube shear s p m  from 2219 a b n n m n  t o  Figure 18  i s  a ~hotbgrkph  of a completed t h r u s t  s t ruc ture .  %is  assembly is fabricated of 

;. 2.slde aiameter of 25 lnches w d  a 0.098 inch wall  thickness. 7000 s e r i e s  a l l o y  and t h e  s w s  a r e  s t i f fened  by f a s t e n l r g  hat-shaped s ~ l f f e n e x .  The 

6-=- + - . p l ~ - * g  shear forming o r  f l m  t~rm t o  t h i n e l l  tubes 13 f e e t  long sq.-eezed from in te r taqk  and forward 3dir-t a?€ s x l a r  ?GOO s e r i e s  a l l o y  non-welded s t n c t ~ ~ e s .  &gine 

i =~.e-;?ch t h i c k  blank only 02 Inches long, convent;sial &hods -5 be 
t h r u s t  2s transmitted t o  the  t& through the  t h r u s t  s t ruc ture  skins. 3 e  center  

=rz_:-?: t,? L?sure d i s t o r t i o n  f r e e  and p m ~ e r l y  s i z e d  par t s .  The Parsons Corporation, t h e  er.glne sspport which f i t s  m t-.e c e r t e r  of the  t h r u s t  s t ruc ture  i s  shown k Z%ure 19. 

-:* ?-"L ,.7- -_ A,_,-,r,acconphshes t h i s  in a s e r i e s  of passes whlch f i r s t  reduces t h e  &--realeo rork- This support t r a n s r i t s  t h e  c c z e r  engine t h r u s t  t o  t h e  t h r u s t  s t ruc ture  skins.  

r:e-e -5 percent of i ts w a l l  thickness. It is then solut ion hea t  t rea ted  t o  tFe  -TL3 
Some of t h e  l a r g e s t  forgi?gs e-,-fr produced i n  t h i s  country a r e  a l so  par t  of t f f  t h r u s t  

:cr=lt-3n and f p t h e r  reduced 50 percent  of t h e  r a w  wall  tklckness. After  %he ~ r t  is  s t ruc ture .  These forgings a r e  used a s  anchors or  hold down posts  t o  hold i n e  vehic le  in 
- --- ,,, - t o  t h e  -T8 cond:tion, it e ~ G b i t s  -a ult imate s t rength  of 6jKS1, a y ie ld  s t r e n g t h  of place during countdom. The fcrgings,  made by Wyman Gordon a r e  l!+ f e e t  1or.g 2?d weigh 1800 
:=;:- 
, I-, and an average elongation 3f 9 percent ,  in 2 inch gage length.  A c o q l e t e d  l o x  pounds. F i w e  20 stows two cf zhese forgings. These forgings a r e  produced on one of the  

-. .--.el -- x ~ t h  at tached bonded s t i f f e n e r s  is shown i n  f i g a e  16. two presses i n  t h i s  ~ o - ~ t r y  ca=cle of 50,000 tons of pressure. The f in i shed  t o l d  d m  post ,  

- T?-2 - B O T E  
welghing 670 pounds i s  milled I'ron t h e  forging using punched tape control led w h i n e s .  Shot 

rre -Ilage pressure  i n  t h e  f u e l  t ank  i s  control led by helium s tc red  under 30Oi ? s i  pmssure  peening i s  used t o  conpress z-2 s e a l  the  surface s t r u c t u r e  of t h e  metal, t o  he lp  prevent 

:? four b o t t l e s  located ins ide  t h e  LOX zank, see  f l w e  17. Thes~ storage bcittles a r e  s t r e s s  corrosion. 

2 a b ~ i c a t e d  by t h e  Iilartin CoItPay from %he l a r g e s t  2014 a~uminum ever mde- These 
Figure 21  shows t h e  i n i t i a l  s t e g  I n  t h e  bu7ld up of t h e  booster. It sh- a tank being 

e x ~ a i _ o n s  a r e  approximately 22 iacfies in diameter, 20 f e e t  long and have a one inch wal l  lowered onto a t h r u s t  s t ruc ture .  
I 

Since t h e  S-IC is designed t o  boost mul i n t o  space t h e  r e l i a b i l i t y  demnded of it is 

' + .  (5 )  exeeedirely high, on t h e  order af 99.9 +. In order that t h i s  r e l i a b i l i t y  r i g h t  be assured 

( 6 )  



. . 
- .  

C-..-i-.. ,,:, .; -..-"-, .,..,. ,- m es:b s tep  3f fabric~:ion i s  t i g t l y  stressed. Ccnc-::rent w:tk 2.5 

C - i - :  ---: -- -,-. -. = .-,.. a'.?;~' descriSed' above an er.er.sire >yogram of nondestructive . test in& i s  z lso  
. . * .  - -  - --z . =< . *..- :be various a~s l ica t ior .3  cf  n.o:keitructive tesLing be&s hi th  the  rau 

. . 
=:+:i~: s.:;sliers. For ex%--,le, eack ; late -.-?9:b i s  subseqcently ts:?.Lned e i ther  i*o 

- - . < -  - - - - - A  : ; :-.. rrr...- ..-, B g3re segze.-.; o r  u l t 5 t s L :  -52 Y-Xng i s  ul'.rascnicblijjr inspect+: L: 
. . . . .  

- - - -  :.'.e s t e r i s l , i s  2 class  ".:." q:sLiy. In  addition t o  p l i = t  ~ c t e r i a l  I':rc:?.$s, a: :'--* -..=. 
. . -.- . .- - - -  ,., :ar s=-c;c azd ex-r is i ins  are  aka cl:?zicnically inspected. 

. .  . . .  . 

- .  -..- .5---i..- - -^--"- '  ----.--.... ., 4-:.;..L.g,all ;&AS are  ptntrzrr'. 5:spected t o  assure tha t  no discor.:?:Lti~s 

:-.+-:+ ?err. ir2;ii:ed o r  exposed by t h ~  =z:iA-Lr.~ ;rc:ess., , Figdre 22 i s  a photog?%.-;.'. :--f t t e  - 
---;--:-- ..-. .. -. - - ' - . -=--i  -.-r ... .-Or. '*:-ility --. use 2: YL:;-..r.;:. The tanks a r e  26 fee: long x iL ??tt 

. . .  
. . -  - - -- -.- . "or .xide; i'r:ey a r e  capable cf ac:e?:fzg the largest  of the  d a t u n  de:rilei . , 

. . -; -- = . .- - . C -. .. ,..- ... L_TS -.he 25 foot :? 10 foct skA7 segzsr.ts. iiater wzshsble f1uorescer.r .-;enrrzx 

Z:--: i s  zsed. . . . .  . . . 
. . . . I / ::rrs i r e  over 5,000 f e e t  o d k e ~  i n  ea:h bocs'.e& most of which'are made in the  ti-k 

C. --: .. -: ^- ii-...S"^C . -  - : ---.-.-.-... --,--.. -.. iescr5:~i  above. i3,SCC f ee t  of weld wire i s  ad2ed d-z ing w e 2  

: -=->- . .. -.--..-. ,.-= Yo i n s u e  higher quali ty 52 wel=s each weld i s  inspected r&diograpE:zl3 L? . . 
. . 

2: :+La: :h.o ar.gles anb s t i ~ e t ~ s  three doper.= upon the  thickness of t he  weld. 2'3,WX 

* - - -  --- -- -- "=z. ----- 
-7 - .. . .- , - --A1se-~r:~i~ f i ' a  i s  use? f o r  z5.e x-ray inspection of h-elds on eack S:;iter. 

- - =  -:-.. C -,-.., in .:.. --.- = "-,- g sequesce. X i s  i s  ac:sq~Es?.ei by use of semi-autoratic x-r2y L-.s.s;e:tim 

- .  - - -  .-.-. --; h + ~ C h  . .... ..& devised by N3T engkee-x sat Yzchoad. Each weld is rdiographed, pmetra-,t 

L-.?;?:-.e5 ad. acceptid before t he  next veld i? mnufactwing sequence i s  mde. 

!:-i=_ ...- I :.-.. ...- 2.-. spe:ifi:+iior. a l l  rsdiograp5.s La-.-e z s  exhibit a s ens i t i v i t y  of a t  leas t  2 ger- 

-5:: ~5 =eaol.:tion czbple of allowing i3ert:l'i:ation of defects a s  s x a l l  as  0.022 =f 27 
. . . 

k:k L-. a ..1 izch thick weld z?d 0.010 izch C i r e t e r  defects in 5 inch welds. In aidi t icn ,  

cr;-:-::. :s:t cf  penetration a d  lack of fusicr. tave t o  be detected. Eepairable defects 

- = --5 :.-.- r; ':e loczted f o r  depth in additisr. t o  tke  usual coordinate loca:ions, therefcre a l l  
. r  

cr' :r.e 1-rz: tcol ing  was designed fo r  tzeL-g i ? y l a r  shots up t o  30 degrees each s ide  of 

\The z-i-e radiographic system u t i l i ze s  a metkd where app ro~mate ly  200 f e e t  of SC m 
1 

.# .. 
Ti:: i s  pla:s? i n  a lead cocsrrd %gazine xhich includes zecessarjr motorize4 ccr.-.r:ls md 

sbitches t o  advance the f i l !  a r p r o r h t e l y  16 inches a t  one t i r e .  12 i x k s s  cf ~ k i i  film 

i s  €.posed :saving a margir. cf 2 5r.z:-.es cn each end t o  gck* agalzst  the :I-.L-.ges :f over- 

eq;sure o r  Cmble exposure. The f i b  r ee l  uqit i s  mourted or. a' t rack wbi-h a l l -us  fo r  

ravezent of t:-.e uni t  along :te veld beat r-..Q by means cf PirLt sii',!.ctes :a: Le $::;?.;d a t  

preselected p-sitions. A t  t ke  s u e  : k e  the  x-ray mchin? i s  mo~?ted or. :he c;.-;-sl:e side 

- of the  part  t o  be inspected i?d i s  aiv&?ced along the co?:i'lr of the par'. ~ r d  st:;;i.d t o  

a l i ~ .  i t s  pcsil ion w:th t he  f i b ,  re-: .init on the  opposite s i t e .  

F ip -e  23 s t rd s  the x-ray to:Zr.g 3::ei ir. t he  gore t3 gcre i s s e ~ l y  f i k c r e .  7k.e :<-ray 

f i k  r ee l  ~ r i r  fo l lom the  e.xerr.al :cr.to?ir ~f the gcre weld bjr riding cr. 5 gehr T L : ~  

-. 
s.cp~3ri.ed. or. a large curved 5 s ~ .  . rB x-ray rzchine i s  driven i n  a s icLlr r  !Z&~:.SI. :n B 

:-r.:xr rack ~ r r a n g e ~ e n t  lit.:??. pe.-21s tbe x-yay tcbo t o  I'cllo-x t t e  ins ise  cor?t.rl;r of the 

t.&-.ead. 'Ite x-ray uni t  i s  & h a p  plz:eC t i gk t  against '.he bulk??ead d5rir.g . eqzs ' i re  % t o  

prevent sca:tered radiatxos: ,411, :f the x-ray equipment has apprspriate i-.?erlc:> switches 

so tha t  nc; ~ ~ 3 s ~ u - e ~  are  na i r  -ales:  :ke '..;be and the x-ri: f i lm uni t  a re  prcperlj-,ali@ed 

m.d are in pcsit ion against rhe t.32.ead. The d e s i p  of the  shielding as evider.:ed by the 

lead rubber bellsws in.the f i c i r e s  i s  so  ef f ic ient  tha t  a ogerator cocle i f  necessiry 

s:z3 withir. a few fee t  while e ~ o s . ~ - e  i s  beizg made. i t e  t i g h t  shieldiqg is ze:ezsaq- 

;id allows rmufacturing org~-~zari;-..s t o  ccstinue weld2.g on o t t e r  gore t c  gar* s e s e n t s  

wt i le  a finisbed weld i s  bei-.g ips;e:=ed ndiographically.  

A t  the  l e f t  L? Figure 23 i s  &? x-ray cons-le which controls t he  speed of =oovezer.'. of a l l  

the drive m t c r s  i n  the  f i lz l  r e e l  r L t  and the  'x-ray tube drive notor, as well  as the  

zecessary controls f o r  ar.g.ilrr posi:i~ning of the  x-ray t .~be,  and the izcresents l  x v e -  

ments of both the  x-ray tube arrd t t s  f i l s  r e e l  unit. It e l so  has controls f o r  r;cex*nt 

of the filc: between shots, f c r  a d j c x h g  tube KV and M 27d a l l  other necessaw : ~ s t r o l s  

f o r  one operator t o  perform ;he en t i r e  radiographic inspection of t h e  weld a t  the  s ta t ion  

a t  which the equipment i s  lscated. 

mere handling of 20,002 f ee t  of x-ray fi lm t per booster, both before and a f t e r  exposure 

again a f t e r  processing a?d ix terpre ta t ion  has introduced problems which neces;itated 

( 8 )  



design l f  specialized equipnent. 70 ~r i s  purchased in 2,000 foot rolls and i r  i s  

necessary t o  remove the fi lm f -cs  -he k r g e r  r o l l s  t o ' t he  20C foot ree ls  w5-L ;-+ ut i l ized  

In the nagazkes i n  a mnner w - l - 5  ;s -I: o ~ l y  ef f ic ient  but i s  l ea s t  liKeL- :r: c;ase 

samage t o  the f i lm auPtng handlL~g. 2 s  l i lm  used i s  commerc:ally availabls,  -2 m, t p e  

M with the  llg.%tproof paper covczng ;rsr'i-ced by the Kodak Coq3any. The frlr 3 cereeled 

from the 2000 foot r o l l  and plize3 a;? 1'- 200 foot r ee l  just prior t o  use 7r.e SLlm 

ree l  -unit. 

Figwe 2L, i s  a clase-up view cr' :re Z : k  r ee l  unit. The r e e l  a+, r ight conz---s =rs un- 

exposed fi lm w x l e  the r e e l  a t  lef: Li ::ie take-up reel .  The r ee l s  a r e  f l t z e z  zer.?d a 

h e a y  lead plaze t o  prevent fa=-g ?L-:-& eqosure .  The unit  a lso  c o n t a l r ~  xt-3 f o r  

advaxing the  f i h  as  well as f i lm  rerefon devlces and autamatic mrking ant c a L ~ g  devlces 

t h a t  :he fi lm i s  r o l l 4  up t:? two separate sections of tne  papsr a r e  a l so  rolled on spook 

whose ends may be quickly rezsved so t h a t  t he  scrap pa?er can be 6-:&c,sed of i n  r o l l  form. 

Thls machine was designed s: rnat fl lm would be undalaged in an7 ,;;lj- =rr.k= ?;ght af fec t  

the  e=~ l s lon  i n  the eqosed zzz2;tion pr ior  t o  i t s  bcrr.g processe?. 3 e  f i l ~  i s  then 

processed iE aubomatic pra-ssssrs whlch take not only the ro l lec  i-lz LL? a l so  sheet f l lm 

whict. i s  used i n  other appl:-ations. 4fter the f i b .  i s  p r ~ e s s e c  15 ~s r.oved in to  the 

mterpre ta t ion  rocio h-kere si~::al consoles provlde rnkxk,v eff~:-f-:a ' 3 -  x t e r p r e t i n g  

resL::s. The consoles as  s-XT. 27 fflgure 28 are  designed t o  t a ~ e  5?5 feet reels of f i lm 

ana psss them ovey a -.iew'-3,- s e a .  The operator of :his ziclune z ; r  zsr.;rol f i lm stop 

and s t a r t ,  forward u.z re-;?-.?, feed-through speed, h g h t  i s tens i r?  'or vie-xng, h g h t  

spot s i ze  and other fac tors  c i c h  a re  necessary t o  insure accurzte x~e~qx-e5ation. The 

A small r e e l  of tape with punched m m r s  automatically indexes t o  provide squenTia1 console a lso  provides f o r  a z  s ~ e r l a y  feature which permits the operztor t o  drop over the 
- 7  

cumberug of the  x-ray frames each t k e  the  fi lm advances and u, exposure is mde. f i h  a previously printed, clear p l a s t i c  sheet which 9 s  marked with cer ta in  coordination 

Complete t r aceab i l i t y  with a l l  other records 1s  maintained and films a re  s t c d  in en- l i s e s  which permit the  operczor t o  mark the position of defects. 

vironmentally controlled vaults f o r  a e r l d  of not less  than 5 years. 

Figure 25 i s  a close up of the x-ray t-lje angular manipulation t rack  and t.& pssit ioning 

:rack. 

Figure 26, i s  a schematic of t he  r e c t c z e d  x-ray tooling used t o  inspect 'A b;se t o  apex 

weld. The weld joining the  base t o  ike  apex i s  approximately 10 f e e t  long azci us- the  

mechanized concept it i s  possible to c q l e t e  ten  s t ra ight  through shots am 10 aagular 

----:es per Shots across t h i s  weld in apprc=te3 30 d n u t e s  or an average of aaout ' =  -'- 

shot. 

Similar mechanized x-ray tool i rg  i s  .sed a t  a l l  other tank we15 stations.  r x s s  &clude 

the ?'-Ring weld. s ta t ion ,  t he  ?-?'* t o  Pulkhead stxtion,  the  skin  segment te 3k2 segment 

s ta t ion ,  The Y-Ring t o  skin ring an? SF-? r ing  t o  skin ring s ta t ions  ir- b e  x a n i s a l  

assembly b m l b n g  as have been c',escri=e< previouslg.. 

Flgure 27 shows a device bow.  as the Film s t r ipper .  It i s  designed primar9ly to  remove 

the paper from the  film and a t  t h e  s z z e  tune r o l l  the exposed f i lm on a specia l  r ee l  which 

1s  l t t e r  used i n  feeding the  fib th-mwh automatic f i lm processors. A t  t h e  sazz time 
, v  
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:a.-.~~cate A-g Sase Metal Fkms Temp. We!&;: E. 7 .  '*P-a?r-. YeldabiLity 
c - 

r a m e n t i  
r ? m e ?  P ~ o P P - T : ~  ;:tw.r , _ - ~ - = _  

fair 

(a) PE-s mr be fabricated 2 

sol: -T37 t a p e r  then qs-. 
to -797 

(b) Avai lable  k. a 2  mill ~; : rs  
& tkiicr;.esses 

(a) Parts nay be f ibricated 2. 

soft -T, t q e r  then age= 
to -TL z e q e r  

(b) Avsiiable & thicme9ses $. &a1 mill wi2-3 

( c )  S~scsp:ible t~ sirese 
CST::E:X? 

(a) Pars r;s*. ;r :ebrica:es :: 
er-d t e q e r  c 3 q L c a t m n g  f;r- 
i"g 

(b) Aviilazie *id:?s h thlckxes3es 
are k t e d  

( c )  Imam-e to s t ~ s s  corrosi ;r  

I.-it;:al f lak :-pzt at ope rat^-g stress -sea >:. ri.-i%s of r-.:zmenled A.S.T.M. fracture tougmesi t a s i n  

,&, Incliies evallratlon of sutoratlc and mual HiG, I:: >rigina: r;i repair welds 
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