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1 .  ' I N T w  Duc'r I ON 
r 

I n  s u p p o r t  of t h e  C e n t a u r  L igh twe igh t  Tiink Development Program, @ 

p r o g r a m  of t e s t i n g  o f  t e n  welded  s t a i n l e s s  s t e e l  j o i n t  d e s i g n  c o n f i , p r a t i o n s  

I -  

was c a r r i e d  o u t  t o  e v a l u a t e  c o m p a r a t i v e  f a t i g u e  b e h a v i o u r  and  l o a d  b e a r i n g  

c a p a c i t y  of e a c h  j o i n t  conf  i g u h i t i o n  a t  room t e m p e r a t u r e s  and  a t  -42S°F. ]  

( b o i l i n g  l i q u i d  h y d r o g e n ) .  The t e s t  p rogram was p l a n n e d  and c a r r i e d  o u t  t o  

i e o l t i t e  v i l r i o u s  p a r n m e t e r s  b y  compar ing  e q u i v a l e n t  j o i n t  c o n f i g u r a t i o n s  w h i l e  

a l l o w i n g  i n d e p e n d e n t  v a r i a t i o n  o f  a l l o y  comi los i t ion  (301 and 310 s t a i n l e s s ) ,  

a k i n  gage  (.010 and  .Ole), w i t h  and w i t h o u t  n i c k e l  e n r i c h e d  s p o t  w e l d s ,  and 

v a r i a t i o n  of s p o t  weld p a t t e r n s  ( 3  row and 2 row s t a g g e r e d ,  2 r o w  t andem) .  

The e x l ~ e r i r n c n t u l  r e s u l t s  ,if 011 t e s t s  r u n  a r e  p r e s e n t e d  p r a p h i c i i l  l y  a n d  i n  % 

t a b u l a r  form i n  F i g u r e s  1 t h r o u g h  17 (S-logN c u r v e s ) ,  and  i n  T a b l e s  I t h r o u g h  

X .  

M a t e r i a l e .  ,111 welded  j o i n t  spec imens  used  in t h i s  program were 

f a b r i c a t e d  f rom ;i s i n g l e  h e a t  and  c o i l  o f  e a c h  of t h e  t h r e e  gage and a l l o y  

c o m b i n a t i o n 8  e v a l u a t e d  (.010-301XFH, .010-301XF'ff, and .010-310XFli). The 

c h e m i s t r y  of these t h r e e  h e a t s  i l i id c n i l s  is l i s t e d  i n  T a b l e  X I ,  Base m a t e r i a l  

t e n s i l e  p r o p e r t i e s  were d e t e r m i n e d  tiy t e n s i l e  coupons  t a k e n  from areas i m -  

m e d i a t e l y  ad j r r aen t  t o  t h e  s k i n  panels a t  i n t e r v a l s  not e x c e e d i n g  18 i n c h e s  

t h r o u g h o u t  ench  c o i l  as j o i n t  spec imens  were p r e p a r e d .  C e n t e r  s p l i c e  

d o u b l e r s  i n  b u t t - w e l d e d  j o i n t  specimcne w e r e  t a k e n  f rom s c r n p  m i i t e r i n l  

a d j a c e n t  t o  s k i n  p a n e l s  where p o s s i b l e .  -111 w e l d i n g  t h r o u g h o u t  t h e  progriim 

wi i s  p e r f o r m e d  by Depar tmen t  758  u s i n g  c e r t i f i e d  w e l d i n g  s c h e d u l e s .  

A p p r e c i a b l e  d i f f e r e n c e s  i n  m e t a l l u r g i c a l  behi iv iour  wiis n o t c d  d u r i n g  t!ie 

c o u r s e  of  t e s t i n g  be tween t h e  .016-301XFtI (Lit-135562) and t h e  .010-301 YFli 

1 



I (Ht  56287‘3) a t  c r y o g e n i c  t e m p e r a t u r e .  Rase material  t e n s i l e  coupons  o f  t l i e  1 .  

.Gl6-301 XFH t e s t e d  a t  -423’F t v y i c a l l y  f a i l e d  by d u c t i l e  f r a c t u r e  a f t e r  con- 

s i d e r a b l e  s l i p  d e f o r i n a t i o n  ex tend i r ig  o v e r  the e n t i r e  gage l e n g t h  of the 6 t w ~ i -  

men, g i v i n g  ty i J i ca1  e l o n g a t i o n s  o f  up t o  13% i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  

The .010-301 XFIi on t h e  o t h e r  h i n d  f a i l e d  t y p i c a l l y  by b r i t t l e  s h e a r  t y p e  

f r a c t u r e  w i t h  l i t t l e  o r  no p l a s t i c  d e f o r m a t i o n  a p p a r e n t .  E l o n g a t i o n s  were 

0 - 1.5;; i n  t h e  l o n g i t u d i n a l  d i r e c t i o n .  i l t h o u g h  the .010 gage material be- 

h a v i o u r  ccin be a s c r i b e d  t o  a h i g h  s e n s i t i v i t y  a t  -423 F t o  a n y  n o t c h - l i k e  

edge i m p e r f e c t  i o n s  t h a t  may have been p r e s e n t  i n  thc. t e n s i l e  cou!)ons t e s t e d ,  

the exact  c a u s e  o f  this h i g h e r  n o t c h  s e n s i t i v i t y  i n  the .010 gage t i i d i i  t h e  

.01G gdge inateri,-il i-. o b s c u r e .  I t  must be c o n c l u d e d ,  however, that  t h i s  

b r i t t l e  be t iuv iau r  a t  -423 17 probably hCts i r ; t r o d * i c e d  somc b i a s  i r t o  t h e  fcitigjir-l 

res i l t s  o i i t a i n e d  froin s p e c i m e n s  f a b r i c a t e d  from the .010 g q e  301 YF’H ii-,ntolriril 

w ‘ i i c h  c o u l d  be s e r i o u s l y  inisledding i f  n o t  t a k e n  i r i t o  a c c o u n t  when cota;)aring 

f a t i g u e  charac te r i s t ics .  

0 

0 

Corif i q u r a t i o n s  o f  t . ,nk j o i n t s  t e s t e d  were s e l e c t e d  by ttie C e n t a u r  S t r e L s  

Group a n d  are i l l u s t r a t e d  by r e d u c t i o n s  of t h e  o r i g i n a l  dr.jwi n g s  i n c l u d e d  i n  

the Appendix. h list of t he  t e n  j o i n t s  t e s t e d  w i t h  a b r i e f  d e s c r i p t i o n  o f  

c o i l f i g u r a t i o n  ~ n d  ,adter i*l l  i s  i n c l u d e d  as T a b l e  XI1 for b r i e f  siimmary. 

T e s t  P r o c e d u r e s  

S t a t i c  and f a t i g u e  c y c l i n g  t e s t s  were c o n d u c t e d  p e r  !- laterials Test 

JKibor;r tory S t a n d a r d  Test Procedure  ML-.’jG3-1-62-103, F a t i g u e  r a t e  was 6 c v c l e s  

per  , d . n u t e ;  s t . c t ic  s t r a i n  r a t e  w a s  9,001 in/in/min. 

:2dt i g u e  and s t a t i c  t e s t s  were cond:rcted on i io r iLon tn1 ,  h y d r a u l i c  powered 

r m s  with a n  e f f e c t i v e  area of 10.1 sq. i n .  e a c h .  C y c l i c  drid s t a t i c  loads  

were c o n t r o l l e d  and  r e c o r d e d  by a n  e l e c t r o - h y d r a u l i c  c o n s o l e .  

2 



T e s t s  c o n d u c t e d  a t  -423'F u t i l i z e d  l iqiAid hydrogen  as t h e  e n v i r o n m e n t .  

T h i s  was a c c o m p l i s h e d  by e n c l o s i n g  the tes t  s e c t i o n  o f  t h e  spec imen  i n  a 

vacuum j a c k e t e d  c r y o s t a t .  The spec imen and c r y o s t a t  w e r e  t h e n  p l a c e d  in i n -  

s u l a t e d  t i n k s  a t t a c h e d  t o  t h e  h y d r a u l i c  rCuns. r h e  tanks were t h e n  f i l l e d  

w i t h  l i q u i d  n i t r o g e n  a n d  l i q n i d  hydrogen  was i n t r o d u c e d  i n t o  t h e  vacuum 

j a c k e t e d  c r y o s t a t .  A c o n s t a n t  flow of l i q u i d  hydrogen  w a s  m a i n t a i n e d  d u r i n g  

a l l  a p , h l i c a h l e  t e s t s .  

RESULTS IIND DISCUSSIUN 

I n  g e n e r a l ,  no a p l ) r e c i a b l e  d i f f e r e n c e  was n o t e d  i n  t h e  f a t i g u e  b e h a v i o u r  

of t h e  t h r e e  row s t a g g e r e d ,  two row s t a g g e r e d  and two r o w  tandem bu t t -we lded-  

s p l i c e d  c o n f i g u r a t i o n s  e i the r  a t  room t e m p e r a t u r e  o r  a t  -423'F. A t r e n d  o f  

d e c r e a s i n g  s t a t i c  t e n s i l e  s t r e n g t h s  was n o t e d  i n  g o i n g  from t h r e e  row s t a g -  

g e r e d  t o  t w o  row s t a g g e r e d  t o  two row trindem, as cdn  be s e e n  i n  FiK. 11. I t  

room t e m p e r a t u r e ,  l e s s  d e c r e a s e  i n  s t r t i c  s t r e n g t h  was no ted .  ( F i g u r e  l l a ) .  

I n  t h e  mat te r  of e f i ' e c t  o f  gage v a r i a t i o n  from .016 t o  .010 i n  t h e  301 

Xm, none of t h e  t e s t a  r e v e a l e d  any n o t i c e a b l e  v a r i a t i o n  i n  f a t i g u e  b e h a v i o u r ,  

e i t h e r  a t  room t e m p e r a t u r e  or -423 F, i n  e q u i v a l e n t  j o i n t  c o n f i g t i r a t i o n s  ex- 

c e p t  as t h e  p a r t i c u l a r  h e a t  of .010-301 X F H  u s e d  e x h i b i t s  h i g h e r  base tensile 

p r o p e r t i e s  t h a n  the .016-301 XFH. (Figures 1 6 ,  16a, 17, 1 7 a ) .  

0 

The most  s t r i k i r i r  e f f e c t  on b o t h  f a t i g u e  a n d  s t a t i c  tensile b e h a v i o u r  was 

p r o d u c e d  by t h e  a J d i t i o n  o f  .003 n i c k e l  f a i l  be tween the s k i n  a n d  s p l i c e  

d o u b l e r  p r i o r  t o  s p o t  w e l d i n g  i n  t h e  .010 gage 301 XFH spec imens .  A compar i -  

s o n  o f  F i g u r e s  13 and 1 4  r e v e a l s  a c l o s e  s i m i l a r i t y  i n  t h e  slope, s h a p e ,  a n d  

d i s p l d c e m c n t  of t h e  S - N  c u r v e  w i t h  n i c k e l  e n r i c h m e n t  o f  t h e  301 s p o t  w e l d s  

i n  one case (Fig. 13), a n d  v a r i a t i o n  due t o  a n  i n c r e a s e  of 14% i n  t h e  n i c k e l  

c o n t e n t  of the base a l l o y  i n  t h e  sccond  ( F i g .  1 4 ) .  The imp1icat iC)n is tiiat 

for a n  .010 gdce 301 XFH s k i n  e n r i c h e d  by .003 n i c k e l  f o i l  i n s e r t s ,  enough 



n i c k e l  is  d i f f u s e d  t o  t h e  b a s e  m a t e r i a l  i m m e d i a t e l y  a d j a c e n t  t o  t h e  weld  

nugge t  t o  a c h i e v e  someth ing  c l o s e  t o  t y p e  310 CRZS b e h a v i o u r  i n  f a t i g u e  

a t  -423'F. 

An i n t e r e s t i n g  s i d e  p r o d u c t  o f  t h i s  series o f  tes ts  is t h e  conve r -  

gence  o f  t h e  S-K curves e x h i b i t e d  i n  F i g u r e  13. T h i s  c o n v e r g e n c e  a n d  i n -  

t e r s e c t i o n  a t  a p p r o x i m a t e l y  150 KSI-1000 c y c l e s  r e v e a l s  a f a t i g u e  c h a r a c -  

t e r i s t i c  of n i c k e l  e n r i c h e d  welded j o i n t s  n o t  h i t h e r t o  o b e e r v e d ;  namely, 

t h a t  over  t h e  s t r e s s  l eve l  of p a r t i c u l a r  i n t e r e s t  i n  t h e  C e n t a u r  tank 

d e s i g n ,  a d d i t i o n  of n i c k e l  f o i l  i n  t h e  j o i n t  is  o f  no p a r t i c u l a r  a d v a n t a g e  

s i n c e  a j o i n t  e i t h e r  w i t h  or w i t h o u t  n i c k e l  would be e x p e c t e d  t o  f a i l  a t  

a b o u t  1000 c y c l e s  i f  c y c l e d  from z e r o  t o  150 KSI. It m u s t  be  emphas ized ,  

however,  t h a t  b e h a v i o u r  e x h i b i t e d  by F i g u r e  13 is b a s e d  on c o m p a r a t i v e l y  

l imi t ed  data a n d  c o n s i d e r a b l y  more t e s t i n r :  would be needed  t o  v e r i f y  t h i s  

s t a t i s t i c a l l y  its a basis o f  d e s i g n .  Also,  a l t h o u g h  f a t i g u e  b e h a v i o u r  at 

150 KSI is n o t  p a r t i c u l a r l y  enhanced  on t h e  b a s i s  of t h i s  p a r t i c u l a r  h e a t  

of m a t e r i , A l ,  c r o s s  t e n s i o n  s t r e n g t h  is  c o n s i d e r a b l y  enhanced  by n i c k e l  

d i l u t i o n ,  s o  b o t h  b e h a v i o u r s  must be c o n s i d e r e d .  

MET A i . LO GRA I' I1 I C U A M  I N AT I 3 N 

.As a q u a l i t y  c o n t r o l  back-up, f o u r  s p e c i m e n s  w e r e  ee lec ted  a t  random 

f m m  ezrh c~nfiguration after  i e e i i n g  a n u  the o u t e r  r o w  of  s p o t  welds on 

t h e  f a i l e d  s i d e  of  t h e  j o i n t  macro -eec t ioncd .  Pleasurements of nugge t  d i a -  

meters a n d  p e r c e n t  p e n e t r a t i o n  were made i n  e a c h  case a n d  average v a l u e 8  

a re  p r e s e n t e d  i n  T a b l e  XIU. 

4 



CONCLUSIONS 

The following conclusions can be stated: 

A. Variation of number of rous of spot welds from three to t w o  in 

the butt-welded joints appears to have no significant effect on 

fatigue behaviour over the ranges teeted either at room tempera- 

ture or at -423 F, although some decrease in static tensile pro- 

pertieo takes place. 

0 

B. No eignificant difference in fatigue behaviolw w a s  noted due to 

variation in gage of skin material for equivalent joint configu- 

rat i ons. 

C. Appreciable improvement in high stress level fatigue bohaviour 

and static t e n s i l e  properties is obtained by nickel enrichment 

of spot welds in 301 butt-welded configurations. L o w  stress 

level fatigue behaviour (0-150 KSI) is not particularly enhanced 

by nickel enrichment. 



T e m p .  ( O F 1  F’6u(KSI) $Ftu of Base Mater ia l  

E 1 - 8 6 - 80 3 -3 0 1 -S-ItT - 1 R.T. 200 

R.T. 200 

- 3 195 

-42 3 1 8 6  

E 1 - 8 6 - 80 3 - 30 1 -F 1 -.I 2 3 - 2 ( S -1iiT ) 

E 1 - 86 - 80 3 - 3 0 1 -S - 4  23 - 1 
E 1 - 80 - 80 3 - 3 0 1 -Y  - 42  3 - 2 

9’. 1 

9 2 . 1  

65.6 

G0.6 

EI-86-803-301-F1-RT-1 IL. T. 

El -86-803-301 -FZ-ItT-l I1.T. 

F 1 -8 6 - 8 0 3 - 3 0 1 -1“ - 4 2 3 - 1 -4’3 

-423  

- 423 

-423 

-423  

1-86 -803 -3 0 1 -P 1-42 3-1 

P 1 - 8 6 - 8 0 3 - 3 0 1 - F 2 -4 2 3 - I 

F 1 -86 - 803 -3  0 1 -P3 -&I2 3 -2  

F1-86-80:, -30 1 -F-425 - 2  

(It = 0 )  
180 

180 

180 

180 

150 

150 

135 

1b.T . -4230E’ 

El Transverse 2 1 7 . 4  307.1 

83.0 

83.0 

58.8 

58.7 

49.0 

49.0  

4 4 . 2  

F1 Transverse 3 1 7 . 3  305 .8  

G 



I -  
TABLE XI 

TEXS I L E  AND FATIGUE D.\TX, CJOIKT CONFIGUILiTION VS-0086-805 

ST.\TIC 

s I'EC IlrfEN Ternp.(OP.) 

1 - 8 6 - 80 5 - 3 1 0 -S - JiT - 1 

2 -86  -805 -3  10  -X1( S -RT ) 

R.T. 

1 1 . T .  

1 - 8 6  - 8 0 5 - 3 1 0 -S -1iT - 2 11. (r . 
1-86-805-310-S-423-1  - 223 

2-86-805-310-X2 (S -423)  -423  

FA r IGUE Temp.(OP.) 

SPEC IMCN 

1-86-805-310-F2-HT-l I1.T.  

I1 .T.  

1-86-805-310-F1-RT-1 R.T.  

1 - 8 6  -8 0 5 - 3 10 - il' 1 - RT - 2 1i.T. 

-423 

1 -86 -80  5 - 3 1 0 - F2 - RT - 2 

1 -86 - 805 - 3 1 0 -F 1 -4  2 3 - 1 

1 - 8 6 - 8 0 5 - 3 1 0 - F 2 - ~ 2 3 - 1  -433  

B iSE  AdlFF,RI.iL TCiYS ILI*: PItOPERTIES 

176 

177 

176 

266 

225  

U 
mnx 

( KSI-R=O i 

145  

145  

1 G O  

160  

180  

180 

$ Ftu o f  Base M a t e r i a l  

94.6 

0 5 . 6  

91.6 

9 2 . 7  

7 9 . 3  

i6 E' o f  Base Material t u  

7 8 . 0  

7 8 . 0  

8 6 . 0  

8 6 . 0  

6 2 . 7  

6 2 . 7  

Cycles t o  
F a i  1 tire 

169  

263  

95  

80  

1009 

1 7 8 4  

L o n g i t u d i n a l  1 8 6 . 9  2 8 3 . 7  9 
L 

7 



F ( K S I )  %Ftu o f  Hasc Material remp. ( O F .  ) t u  

,413-88-803-501-5- 123-2 -.4”3 “07 6 0 . 5  

~~11)-88-803-;iOl-I.’3-iiT-l i:.T. 1 R O  8 2 . 5  2 i i8 

1 PO 60.4 I P  XB-R8-803-;01 -P1-.1_13-1 

- 123 150 50.8 1155 XC-88-803-301 -F2-  123-2  

xc - 86- 80 3 - 30 1 -F - 4 2 5 - 1 -423  135 15.8 

:I c Lon gi t ud i n  a 1 2 14.6 295.0 

Y 



5-88-80s-3 10-S -!tT- 1 11. T. 

5-88-805-310-F2- )~T- l (S -RT)  1i.T. 

5-88-805-310-5-423-1 

F,!T IGUIS 

S i 1,C T ?J 1 :N 

5-88- 895-3 10-F 1 - 1LT - 1 

5-88-805-3 10-Fl-I tT-2 

5 - ~ 4 ~ ~ l U - c j - I t T - t !  (F-ILT) 

5-88-805-510-F2-HT-2 

5 -  88- 805- 3 10 - F 1-4 2 3  - 1 

g - ~ 8 - 8 0 5 - ~ 1 0 - F 2 - 4 ~ 3 - 1  

6-88-805-91O-Xl(P-4X3) 

6-88-805-31 0-52  (F-‘11‘3) 

6 L o n g i  t u d i n n l  

1 7 8  

162 

27 2 

gFtu o f  

H n s e  M a t e r i a l  

81 .rl 

8!1.3 

8 9 . 3  

6 2 . 5  

65 ,  i) 

7 2 . 3  

711.3 

178 .9  288.0 

180.2 2 7 7 . 3  

100.0 

90.6 

9 4 . 5  

C y c l e s  t o  

Fa i 1 ure 

“18 

“ 9  % 

105 

88 

2 1 2 2  

1949 

942 

1219  

9 



STAT IC 

SI’ .CIML.N T e t n p . ( O F . L  

G-96 - 5 -5  0 1 -S -ILT - 1 II. T .  

E’ + . , ( K s 1 ) F of Base Materia l  f,g tu 
L U  

2 10 100 

10 



T e m p .  ( “ P . )  

1i.T. 

1i.T. 

302 

307 

190.0 

100.0 

4 Longitudinal 2 1 2 . 1  2139.8 

L o n g i  t u d i n n l  211.9 Sot av<ti l a b l e  A.1 

11 



YT I T  IC 

I'emii. ( " F .  ) 

v1- 9 6 -10 3 -30 1 -s - I:! 3 - 1 

v1- 96 - 80 3 - 3 0 1 -s  - 12 3 - 2 

-423  

-.I23 

197 

199 

" 8  

276 

9 1 . 2  

92 .O 

V1- 96-80; -30 1 -F 1 -i iT - 1 1i.T. 189 83.4 '77 1 

F t u (  KS1 j 

1L.T. - L 2 3 ( J F *  

v 1  Lotigi t u d i n a l  2 1 6 . 1  N o t  avtti l n b l c  

\v i I -ougi  t u d i  niil  "16.3 N o t  a v a i l a b l e  

12 



T.IULE VI11 

s ?CC I k l E  Temp. (OF.) 

S - 9 6 - 8 0 7 - 3 0 1 - S -RT - 1 

S - !I 6 - 8 07 - 5 0 1 -S -42 3 - 1 

S - 9 6 - 8 !) 7 - 30 1 -S -.I 2 3 - 2 

I1.T. 

-423 

-423 

T-96-8()7-301-P-423-3(S-4.’5) -423 

F vr I WE a m u  

213 9 7 . 9  

2 2’1 7 4 . 5  

268 89.0 

21 7 6 9 . 8  

ci;F o f  t u  Cyc le s  t o  

S - 9 G  - 807 -30 1 -F2 - i lT - I 11.T. 180 82.5 190 

S - 9 6 -8 0 7 - 3 0 1 -I: 1 - 4 2 5 - 1 3 9 . 8  2 8  -423 180 

- 0 6 - 80 7 - 3 0 1 - F 2 - 4  2 3 - 1 59.8  3 2  

‘r - R 6 - cso 7 - 3 0 i -F 1 -.I 2 3 - 2 18. L! 119  

~ - 9 ~ - t 3 0 7 - 3 0 1  -E- 123-2 -423 150 18. ‘2 304 

T - D 6 - 80 7 - 3 0 1 -F - -1 2 3 - 1 4 1 . 8  957 

-423 180 

-423 150 

-423 130 

s Longi t u c l i n a l  

T 1 ,ongi  t u d i n a l  

13 

F t u  ( KS 1 ) 

1I.T. -4“SOF. 

217 . G  300.9 

218.9 311 ,-I 



F (KSI) 6Ftu  o f  U H S C  h i a t e r i a l  
r c l m p .  ( U F . ~  t u  

.I n - 9 6 - 8 1 1 - 5 0 1 - S - ! :T - 1 1L.T. 1 9 2  

R.T.  198  .I E- 9 6 - t~ 1 1 -XI 1 - 1 1  ( s - 1 IT j 

(I mnx 

8 9 . 3  

9". 0 

;a of  t u  C y c l c s  t o  

dl D-315 - 8 1 1 - 3 0 1 -Y 1 - 1 U  - 1 I1.T. 180 137.8 3 2.4 

5 0 

59 

- 187 

4 9 . 3  368 

IC-96-81 1 ->Ol -F'2-42;-2 - 4 2 3  150 4 9 . 3  7 4 9  

.i 9 Lo n g i  t u d i  na 1 

?\ c I .ongi  t u d i  nH1 

s L o n g i t u d i n a l  

205.6 

2 1 5 . 4  

2 0 8 . 6  

Not a v a i l a b l e  

SO t clvili 1 iIb 1 e 

3 0 4 . 6  

14 



(KSI) &Ftu o f  Bas e Mat e r i a 1 
T e m p .  ( O F . )  Ll 

T - 86 -81  5 - 30 1 -S - 1 <T - 1 

T - 9 6 -8 15 -30 1 -S -’I 23 - 1 

r - 9 6 -8 1 5 - 3 o 1 -s. - 4 2 3 - 3 

R.T.  

-423 

-423 

213 

240 

2 2 5  

9 7 . 3  

7 7 . 2  

7 2 . 3  

$Y o f  tu C yc  1 e s t r) 

T - 9 6 - 8 1 5 - 3 0 1 -iz 1 - I1T - 1 n:r. 180 82 .3  333 1 

U-96-8 15-30  1 -P2-1iT-1 L1.T. 180 83 .5  3!)3  

T - 9 6 - 8 1 5 - 3 0 1 - F 1 - 4 ~ 3 - 1  - 4 2 3  180 5 7 . 9  5 0 

U-96-813-301-F2-423-1  -4’3 180 58.1 2 9 

IT- 96 - 3 I 5 - 3  0 1 -F2 -‘&2 3 - 2 1 5 0  

U-96-815-501-P- 123-1 - , I 2 5  135  

-4’3 

T L o n g i t u d i n a l  213.9 

U Longi tudinal  2 1 5 . 8  

3 1 1 . 4  

3G9.6 

15 
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I -  

GD/A 
Dag. N O .  

1. V S - 0 0 8 6  

2. VS-0086 

3. VS-0088 

4. VS-OOt)8 

5 .  VS-0096 

6. VS-0096 

7. V S - 0 9 9 6  

8. V S - 0 0 9 6  

I 9. V S - 0 0 9 6  

TABLE: XI1 

LIST AND DESCRIPTION O F  JOINT CONFIGURATIONS TESTED 

Dash No. 

803 

805 

803 

805 

S 

80 1 

803 

80 7 

81 1 

10. VS-0096 815 

J o i n t  D e s c r i p t i o n  

Spot-Seam- S p o t ,  C i r c u m f e r e n t i a l  

Spot-Seam-Spot , Circiunf e r e n t  i a l  

2 Row Tandem, L o n g i t u d i n a l  

2 Row Tandem, Long i tud i  n a l  

3 Row S t a g g e r e d ,  L o n g i t u d i n a l  

3 Row S t a g g e r e d ,  L o n g i t u d i n a l  

3 Row S t a g g e r e d ,  L o n g i t u d i n a l  

3 Row S t a g g e r e d ,  L o n g i t u d i n a l  

2 Row S t a g g e r e d ,  L o n g i t u d i n a l  

2 Row S t a g g e r e d ,  L o n g i t u d i n a l  

S k i n  
Material 

.016-301 XFH 
w/o N i c k e l  

.016-310 X F H  
w/o N i c k e l  

.016-301 XFH 
w/o N i c k e l  

.016-310 XFH 
a / o  Nickel 

.010-301 XFH 
w/o Nickel 

.010-301 XFH 
w i t h  N i c k e l  

.010-301 XFH 
w/o Nickel 

.016-301 XFH 
w/o Nickel 

.010-301 XFH 
w/o N i c k e l  

.016-301 XFH 
w/o Nickel 

17 



TZBLE X I 1 1  

AVERAGE NUGGET DI AYLTERS AND DEPTH O F  PENETRlTION 

Joint 
Configuration 

VS- 008 6- 803 

VS-0086-805 

VS-OOt38-803 

VS- 0088-8 05 

VS-0096-5 

VS- 0096-80 1 

VS-0096-803 

VS-0096- 807 

VS- 0096- 8 11 

VS-0096- 8 15 

IN OUTER ROW SPOT WELDS 

S k i n  Average 
Nuage t Di i f m e  t er 

.016 0.093 

.016 0.111 

.016 0.097 

.O16 

. O l O  

,010 

.010 

.016 

.OlO 

.016 

0.128 

0.085 

0.0'36 

0.071 

0.081 

0.067 

0.034 

Ave r a g e 
96 Penetra t ion  

57.7 

60.3 

5 5 . 5  

54.4 

58.7 

50.0 

27.3 

67.7 

38.0 

67.0 

18 
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APPENDIX 

Joint Specimen Number Code 

Drawing Number VS-0086 

Drawing Number VS-0088 

Drawing Number VS-0096 

43 



JOINT SPECIMEN NUMBER CODE: 

A - 8 6 -  1 - 301 - S - R T  - 1  

n L Room Temperature i o r  -/id3 r j 

- Static Test 
(or  F I ,  P'atigue a t  
( o r  F2, Fatigue a t  

- Ty, 301 CRES (or Type 3 

- -1 Assernbly of Drawing 

I Drawing VS-0086 or VS-0088 or VS-0096) 

L Panel Designation 

44 
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