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re?:i.nt ivt: l y  i r r s e n s i t i v e  t o  o p e r a t o r  e r r o r .  Based or1 

thrc f a t i g u e  r c s u l t i - , ,  b r u s h  ::hot p e e n i n g  was a p p l i e d  t o  
w c  i d  r e p a i r e d  f;iti , i ;ue cr:2cic:; on t h e  s u r i ; i c e  e f f e c t  
s h i p ,  SES-100A, ;inti w a s  :-;ucces:ifully perforn:uti on 
i r r c g 2 1 r i r  weld s u r f a c e s  i n  ar t in? of  l i m i t c t l  nccesi.iibi.1- 
i t y .  Due t o  t h e  s i ; . ,n i f i c r iu t  isy;rovcments  i n  i z t i g u e  
perforniar,ce o f  w l d i s d  5086 and tl:e r e l a t i v e  in . ;ensi-  
t i v i . t y  of f a t i g u e  l i f e  t o  o p e r a t o r  p r o c e s s  var i ; ib l . es ,  
r o t a r y  b r u s h  peen ing  slmu1.d he cons idcre r l  a p o t e n t i a l  
mi~tliod t o  be used i n  alurriiniin 1 1 ~ 1  1 con<;:ruct ion f o r  
p o s t v c l  d t r e a t m e n t  i n  a r e a s  s u b j o c t t t i  t o  l o c a l i z e d  
c y c l i c  l o a d i n g .  

T h i s  r e p o r t  was p r e p a r e d  u n d e r  Work Units 1-2822-107 and 1-9420-801, 

Task Are'? S4b2!?, Task 10341.  

The work rcpor t t . i i  i l e r e i u  w a s  conduc t$d  u n d e r  t h e  s u p e r v i s i o n  of  

Xr. F..J, Lciti:ertfelder, Head,  T i t a n i u m  and ?Jonf e r r o u s  Hctn; s F a b r i c a t i o n  

I3rancl1, F a b r i c , ~ t  i o n  Technology D i v i s i o n .  

BilCKGROU?:D 

An i n v e ~ ; t i g , i t i u n  was conduc ted  , ~ t  t h i s  Ccntc3r t o  d e v e l o p  s u i t a b l e  

m(:thoJs t o  improve t h e  f n t i g u e  pcrforrnnncc o f   el ticd 5086 a l l o y  aluminum 



and  i u v e  e s s e n t  i a l  i y  ti!e sairic f a t i i g u e  performance .' T h e  b a s e  p l . a t e  

c ' l o s e n ,  f o r  t h i s  s t u d y  was 114-  a n d  5 / 8 - i n c h - t h i c k  ~ L l o y  5086 i n  t h e  1111.6 

e x f m i n t i o n  rii:;i.;tant tcr:ii>er. illurninurn a i . loy  5356 f 11 l e r  w i r e  was  used  

i n  f n b r i c < l t  ion  o f  b u t t  and f i . l l c t  w e l d n ~ c n t s .  
4 

:*A l i s t  31 a b b r e v i a t i o n s  is g i v e n  on p:lge vi. 

**A l i s r  o f  r c f c r e n c c s  i s  g i v e n  on p a g e  37 .  



f ? r i  , . ,s ,<7- .# . .  
'*$3." i;,;t 1 P:<::l'~l::&~;r LOX w:9 '7YS'Y I:;(; 

$;i:idrE,.l,ts were Cnbric;i tc. i j  ,liitc?i:t;iCicnlljr iit t h e .  i'l'ii. [:c>!;itioil by t h e  

(&;:J prc?c.tJs;; ill tilt: i ipr i ly  : la ( iu .  T?:r  weidin:; par ; i ! : ! l" t : i~~ t ' i ; : ? i ~ y ~ t i  clri' ijI:(~!dtl 

I 1. nf  tt:r s;:? ].Jillj; ,  t ] i i  we i~: : ; :~ ' , t i~ wiire s i i b j e c  t i . ~ c i  t o  r,il.iic:c;r:~;)hic 

!Ilsi,L,c-ioi~. 'T,:sC l>l;l!lk:; : j c i r r 2  rii:nu\ioi? f r o m  ur:vir?iii.ii h,i!;t: pl & C o :  :iiid bit! l d -  

iiients ,inti mchi:li:d i :r to tile :'atii:ue ~rpecimtns si~oc:n i n  I7 ig i i re  2 .  S p ; , . i - -  , - A  

mcns were p r i ' p a v c d  S G  c1::i.t a l l  w e l d s  :<ere t r a n s v e r s e  to t i le  l o n g  spt:c. i :-~!l  

axis. A l t e r  rmctr iiiiri;:, thc t c s t  l;i'cl: i o n s  of ttai: si:iiciiiic?i~:i uertz ;:i.v.i?ri a 

r o t a r y  wire brush i ' ini:rh.  S;,ecinc~ii: vc!re t e s t e d  in air in co:::plc:i:~ly 

--- 
i'eldriten t 
i l<>nt  ili- 
.at i o n  

S5-L 

s5-4 

55-5 

S5-9 

S5-9 

SS-10 

S5-17 

S5-18 

veragc 

Rnngc 

C u r r e n t  
-- 

A 





:isi:-s\if ~ t ~ t : ~ : ~ o ~ - ~ ; l  j, i t ! > I * i t t i r - v  : , t , ~ i i i s  t!:,?t s i i r i i -  

~ ' . ~ ~ ~ ~ l ~  bl-i~:,:] 1 I ' t p  d t b f l t C C t  1011 l - ' l l ~ ; t  ~ J C '  < l ~ > t ~ i ~ 1 1 4 ' < f  ft)r 0 ) p f .  L!;lU;l! { > t ' t C ; l j r t $ <  Tta:;c'lt!;. 
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I.! , , &  4 I, : *, , , tz :~~ "., , .~!IC! I",::~:X~.I:I:I~> b r ~ t : i i i  & f l e ~ t .  L L O I ~ S  L O  1!12 !~ : i< ' d  1, ~ r  t 1112 ,;:tzjl 1 (5 IJlO X 1 - 

i ~ - , ! - l ~ j  : . t ~ n t ; : ; r ~ ~ n  carbid:: s i t ~ o t  b:u.;\i L ~ : ~ : l  t . 1 1 ~  ~ ~ - ~ I ~ C ~ I ~ - - ~ I J ~ ~ I , - ; ~ ~ ~ . ~ ~ T -  c , ~ ; t :  s t . ~ ~ > l  

~ J , , ~ ~ ,  '5. I J i -~ , j i~ ;~ i r~ : i ry  p:cni~:g t-e::l.:i w.crc rt:zl ,,,it11 .,;:at ijrir:;li ,ire .ihtii*i; i n  ; ' i , ' , s . .  

~ I I C  o i>cr: i t .cr  ~ p p l y J : ~ g  s ~ ~ ~ ~ i . ~ c i c : ~ t  prc,;5t!rc? t c i  r ause  fl:!i> ~ ! ~ ! ~ ~ c t i o i ~ : ;  

t ~ : ~ i ~ i . \ ~ ~ ~  1 t ' i l t  b<>t . i~  t ! t t '  i : l  i t:i i:~*.;:~~ :i11(1 : ; i S ~ X . * ~ ~ : i ; i  1 j . ~ ! i t ~  t? (3 C t.h12 r:l~I>;<! Shi)!?11 i i t  

1~i;;iix.c 5 s  L I I ~ ~ " ; I $ ;  ,;u!;~;t:qticnt JL!;c~ts:;i~;:::; t.kt:? I I I ~ ! I ~ ~ I I ~  :111d 1:1:1:<1:.it!fi: l .j .Ii~it:~; 

,irt. rtifi:rr.>d t o  3 : ;  1 i t  i v y  p i  i r C r  I i v l  The 

rot;ir, i on , i l  :;piscii of t hc peoni.rr$; brushc: ;  w<t.; cor~tl-oi!.ec! throui;! l  thc us2 CII 

,I v : i ~ - i , ~ i ) l  I.? sj'f !?d drivt: : : ~ i ) t ~ r  a n d  i l  s t r o b e  l i g h t  . 1Ji;inj; n pr-act ice p i a t e ,  

~ ! ; t r  i : rusl i  slbee,l w:is : ; \ i t  h y  an ;issl:;L!i:t :icijir:;tini_: t h i ?  vnr iaI ) l . i?  spccd cori- 

trnl w i t i l c  t h c  a ; > i ? r . r t o r  i r ; n i n t : i i . n ~ ~ d  t i r e  / )ropr:r  pccninj; p i e s s i i r e ,  The iopcr-  

;x tor  c o t s l i j  tiit!n v a r y  pc1t.n i n g  p r c s s c i r e ,  a s  riecest;ary, io i i i r ~ i n t a i n  a con- 

:;t-arzt sji<ii?d ;iG; inilii-.:ici.i! b y  t h e  s t n t i ~ > n : i r y  ini;i;;e of  .In i .ndex n n r k  o n  t h e  

t j r u s l i  w l i c n  i l l u i i i i r i a t t d  by  t i l e  s t r o b e  l i g h t  set n t  the d c s i r e d  spec?il of the 

d r i v i .  m u t o r .  T!ri:s t:?ci-inicjuc controlled b o t h  t i l e  b r u s h  :;peed nszd p c i i i ~ i n g  

prt:sgriire ; i r d  w;is l io t  d i f f i c u l t  t o  m a s t e r .  



8 - -" !-> 1 

l:j.0 
I '> . 0 
1 7 . ,  
LO. 0 
2 2 . 5  
2 2 . 5  

... -. - - 
7 . 5  
i l .  i 

10.0 
1 0 . 0 
1 0 , 0 
L O  . 11 
11.;  
12.5 
1 2 . 5  
1 2 . 5  
14.0 
13 .0  
l>.O 
15.0  
1 6 . 0  
1 7 . 5  
1 7 . 5  
111.0 



EU'TT-I.ICI,D PI i,3 l N G  

With wcLd r e l n i o r c e : . i c n t s  rcrnoved, butt-cre1dt.d j / 8 - i n c h - t h i e k  f ' t t i g u e  

specinici~:; were peened uc;iny, t h e  8- ,ind 12-incl i -dic~rr~et<1r  p e e n i n g  bru:ihes 

t o  , ~ l n c n  ('2) s c ~ l e  i n t r n s l t i e s  o f  0 .0015 ,  0 .0025 ,  0 .0035 and 0 , 0 0 6 5  i n c h ,  

Pt>ening w , i s  j)i.rfornied on b o t h  p l a t ( ,  s u r f a c e s  o n l y  i n  tlic weld a r cn .  To 

~ s ( , u r f t  tii,it p ~ e n i i ~ i ;  intensities were a c c u r a t e ,  a n  a l i i ~ c n  s t r i p  w d s  pec.neti 

< ) l o n g  w i t h  t~,1c11 f,l t i i :ue spec imen .  The spec i rncns  peened a t  i n t c n s i t i c s  of 

0 , 0 0 1 5  ,ind 0 .0035  ~ n c h  e x h i b i t e d  a s p o t t e d  s u r f a c e  w h i l e  t h e  o t l i e r  s p p c i -  

mens showed w ~ v y  p a t t e r n s .  A t y p i c a l  b u t t - w e l d  .;;wcimen u n d e r g o i n g  peening 

I s  ~;liown i n  F i g u r e  9 .  

A f t e r  pc~eniri;: t h e  s p e c i m e n s  wcrc  f a t i g u e  t e s t c d .  ?tie r e s u l t s  o f  t h c i i ~  

screening tcaots were  camp,lrod t o  t h e  r e s u l  t s  of  unpecncd bu 'c t  we lds  i n  

I ' i q u r c  10 .  Altlinugli scme peenad s p c c i ~ ~ r e n s  exhibited s r i r i n c e  d i 5 c o n t i n u i -  

t i c s  f rom p r e v i o u s  ii ,~ntil  i n g ,  "I I JCI I  ' 1 s  d . i i ~ ~ c e i  ri,rchining i ~ l < i ~ l , ! i ,  ( F i c u r e  2.1) 

p m i n g  r a u w d  t h e  f r a c t u r e  t o  o c c u r  a m y  frcin t h e  c!&ect l o c . ~ t i o n s .  



A n a l y s i s  o i  t h e  s c r e e n i n g  f a t i i :uc  d a t a  d i d  not  r e v e a l  any  deleterious 

cf  f c c t s  from t h e  ty!,i~ of  peened s u r f , l c c ,  ne lt11t.r w~tvc? n o r  s p o t ,  on  f a t i g u e  

p e r f o r m n c e .  I3,lsc~tl on tllclse r e s u l t s  , ~ d J i t  i o n a i l  bu t t -welded  s p e c  iniens were  

lpecncd t o  ;:"ncrate a  f u l l  S-N cur-ve.  ' T c > s t ~ ;  were a l s o  r u n  t o  d e t e r m i n e  i f  

i t  were p o s s i i , l c  t o  ovcrpi.cn t h e  b u t t  wr l t l s  and c a u s c  n d e g r a d L l t i o n  of 

f a t i g u e  perform'incc by p e e n i n g  t o  almen ( A )  s c a l e  i n t e n s i t y  o f  0.0C30 irrch. 

Thc r e s u l t s  o f  t h e  f a t i f ; u e  t e s t < ;  per formed on t h c  spcci inens a r e  l i s t e d  i n  

T a b l e  4. F i g u r e  13  shows t h e  f a t i g u e  t e s t  r e s u l t s  f o r  311 of t h e  peened 

b u t t  welJinents. Tlwce d , l t a  show t h a t  p e e n i n g  i n  t h e  r a n g e  of  0 .0035  t o  

0.0080 i n c h  ( t .11~  malxirnum pecnlr lg i n t i n s i t y  t h a t  c o u l d  b e  o b t a i n e d  u s i n g  t h e  

8- o r  12- inz l1-d i ,~ i11c t~r  h r u s l ~ c s )  ? i f g n i f I c ~ n t l y  improves t i le  f a t i g u e  :;trerr$;th 

of butt-xcltlcci 5i)86-'rillG. A t  thc. high-cyclt! t o  f a i l u r e  end c f  t h e  c u r v e ,  

t h e  pcencd s p e c i n e n  f , ~ t i g u c  p e r f o r ~ n n c r  i 3  c q u n l  t o  o r  p o s s i b l y  h l g h e r  t h a n  

t h e  b a s e  : ; ie t l l  pe r for ,wr ic .e .  111 t h e  low-ryclr? ,  h i ~ h - - . ; t r r ? s  r e a i m ,  pcrned  



0.0035 Spot  
0 .0035  i; p o t 

I 1 5 . 0  103 .4  
1 7 .  1 2 0 . 6  

1 7  .5 120.6  
I 
I 

I 
1 7 . 5  1 2 0 . 6  
1 7 . 5  1 2 0 . 0  
20 .0  1 3 7 . 9  
20 .0  1.37 .9 

0.0065 22.5 1 5 5 . 1  0 . 1  Wive 
-- 

0  . 0013 0 1 5 . 0  103 .4  12.0* j Iv';1ve 
0 . 0 0 8 0  17 .5  120 .6  3 . 0  1 Wave 

No f a i l u r e .  
o t c s :  i \ l l  tes t : ;  i.n a i r .  

Bending f a t i g u e  ( R  = - 1 ) .  
F.eil:forccmcn'; remo-;e,j. 
5356 f i l l e r  i n e t a l ,  
P e e n i n g  per fc rmed by 12-inch--di;irr1i!ter brush.- -~ 

spec imens ,  v h i l e  p e r f o r m i n g  b e t t e r  t h a n  unpeened w e l d s ,  a r c  o n l y  s l i g h t l y  

lower i n  f a t j g u c  s t r e n g t h  t h a n  t h e  b a s s  m e t a l .  I t  is ,11so s i g n i f i c a n t  

t h a t  t h e  maximum i ~ t e n s i t y  which c o u l d  be  o b t a i n e d  w i t h  t h e  8- o r  12- inch  

b r u s h e s  d i d  n o t  r e s u l t  i n  any  d e l e t e r i o u s  o v e r p e e n i n e .  T h i s  f a c t o r ,  d l o n g  

w i t h  t h e  o v e r a l l  wide r a n g e  o f  optimum p e e n i n g  i n t e n s i t i e s  t h a t  improve 

f a t i g u e  p e r f o r m a n c e ,  0.0035 t o  0 .0080  almpn ( A ) ,  makes t h e  b r u s h  peen ing  

p r o c e s s  r e l a t i v e l y  i n s e n s i t i v e  t o  o p e r a t o r  e r r o r .  

FILILT-FII:LD P E C N I X G  

The e f f e c t 3  o f  p o t ~ t i r e l d  p e e n i n g  on f i l l e t - w e l d  f a t i g u e  r s ~ r f o r m ~ l n c e  

were s c r e e n e d  u s i n g  t h e  optimum butt-?weld p e e n i n g  i n t e n s i t i e s .  P e e n i n g  w,is 

performed u s i n g  t h e  1 2 - i n c h - d i n m ~ t c r  b r u s h  r o t a t i n g  p L l r n l l c l  t o  the. 

s t  i f  f e n e r  l e n g t h  d i r c - c t i o n .  A r e a s  f u r t h e r  t h a n  318-.inch a way from t h e  t o p s  



o f  the: MC~<I:$ g t z r e  m,~ski:d, g!sin!; glilt;:j c  Lot;l~ ~ ~ d l i c s i v e  L , > p t ?  t o  pr(,vP~lC 

i r ~ ; i J v e r t i i n t  peeti ing o f  thi.:-;i? ; i r r , l s .  E'i I l e t  spec  iiiiian:; r i ~ - r ~ .  Sat  igue  ti*:;ti,ti 

i n  two coi.tlitio11:;. I n  tile f i r s t ,  , i i . ly Clii! toc!s oE t h e  wclils wt?rc! peenod;  

i n  tile ocher, b o t h  t!ie w2l.d tdi?:; :rnd t h e  p l ; i t e  sur f : i ce  oppo:;i.te t l i e  

ti::? s t i f f e n e r  ( u i i d ~ c r s  Ltle) were pi>eried. 

The i n i t i a l  pce t~ . in~;  h,?d a soines~iiat e r r n t i . ~  c f f c c t  ou f i l l i r t - i !e ld  

f , . i t iguc perfori i :~i i lce ,  ;IS :;ilo.,.iil i n  Fii;;ll-L: 1.4. S0iii12 :ip~ci.lrien:i, peer:i>d ;it 

O.(?O35, 0 .  GO65 o r  0 .  GOSO-inch nln~irn ( A )  s c a l e  intet l : ; i ty ,  ' ;howecl :i 50: 
7 

iinprovenrent o v e r  tile as-welded E,lt ip,:ic s t r e ~ t q t h  a t  1 0  r y c l e s ,  wli!ere;is 

o t l i c r  spc:ci;n{:ns S r a c t u r c d  a t  s t r c s s  lcve!:; and c y c l e s - t o - S n i l u r e  e q u i v a l e n t  

t o  u:rpei,iied w e l d s .  Examinst it in of t l ie f  r a c t u r c t l  speciriiens revc;il.etl t h e  

p r e s c n c e  o f  rol.leil  l i p s  t h a t  formed on tlie specicien e d g e s  d u r i n g  peening , 
a s  shc,,n i n  Fi ; ;urc  1 5 .  13y p e e n i n g  p a r a l l e l  t o  t h e  s t i f f e n e r  i n t o  a f r e e  

edge o f  t h e  spec imen,  r o l i c d  l i p s  were formed and soinctii~:i?s actccl as c r a c k  

i n i t i a t  i o n  s i t e s .  Cr:lck i n i t i . a t i . o n  s i t e s  werc al.so l o c a t e d  i n  r e g i o n s  

where l o c a l  wpld i r r e g u l a r i t i e s  h a d ,  i n  e f f e c t ,  innskcd t h e  weld t o c s  from 

t h e  12- inch  p e e n i n g  t)rii:;ii. I t  was a l s o  o b s e r v e d  t h a t  p e e n i n g  urily tlie 

weld t o e s  i o r c e d  f a t i g u e  i n i t i a t i o n  t o  t h e  back o r  unwelded s i d e  of  t h e  

f 1 .>nnr-r -....()-. 
F u r t h e r  p e e n i n g  t e s t s  showed t l i a t  t h e  sirrail turig:;tcn c a r b i d e  p e e n i n g  

b r u s h e s ,  w h i c ! ~  were d e s i g n e d  f o r  p e e n i n g  i n  r e s t r i c t e d  a r e a s ,  were  t h e  most 

e r f e c t i v e  iiietliod f o r  o b t a i n i n g  100% p e e n i n g  coverage, w h i l e  a v o i d i n g  e x c e s -  

s i v e  specimen cdge  dcforin; i t ion.  The 9/16- by 1- inch  f l a ] )  b r u s h  c o u l d  

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

w h i l e  p e e n i n g  p a r a l l e l  o r  perpendicular t o  t h e  s t i f f e n e r .  

F i l l e t - w c l d e d ,  1 1 4 - i n c h - t h i c k  speci incns were peened on t h e  we1.d t o e s  

arid on t h e  back of t h e  f l a n g e  t o  almen ( A )  s c a l e  i n t e n s i t i e s  of  0 .0040 

and 0 .0070  i n c h ,  u s i n g  t h e  9116- x 1- inch  f l a p  b r u s h .  A f t e r  p e e n i n g ,  t h e  

specirirens werc f a t i g u e  t e s t e d .  R e s u l t s  of  t h e s e  t e s t s  ( F i g u r e  1 6  and 

T a b l e  5 )  show t h a t  p e e n i n g  w i t h  t h i s  t y p e  of b r u s h  improves t h e  f a t i g u e  

s t r e n g t h  o f  5086 f i l l e t  w e l d s  from a n  as-welded s t r e n g t h  o f  5 , 5 0 0  p s i  t o  
7 1 0 , 0 0 0  p s i  a t  1 0  c y c l c s .  



PROCESS VARIAD1,ES 

S i n c e  b r u s ! ~  s l lo t  peenlnfi  wn.; shown t o  s i g n l t l c a n t l y  improve t h e  

f a t i g u e  piJr torm,lnce o f  5086 h u t t  and f l l l c t  weldments ,  t h e  c h a r a c t e r i s t i c s  

of t h e  peenlnp, procil.;s were f u r t h e r  i n v e s t i g a t c c i .  T h i s  d i s c u s s i o n  i s  con- 

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

b r u s h e s  wcre t h e  e n s l e c = t  f o r  t h e  o p e r a t o r  t o  manipulc3te  i n  r e s t r i c t e d  

a r r a s ,  and t o  o b t a i n  100% p e e n i n g  c o v e r a g e  o f  i r r e g u l a r  s u r f a c e s  and i n  

r e s t r i c t ~ J  a r e a s .  

Brush s h o t  p e e n i n g  i k ,  a c o l d  work p r o c e s s  w h i c ! ~  , p l a % t i c , i l l y  deforms  

and s t r n l n  h a r d e n s  t l , e  s o f t  a luminl ix weld and i;-iduccas r e s i d u a l  compressive 

s t r e s s r . ;  i n t o  t h e  weld ,ire;l. The i i icrcnseci  h n r n n e s s  and r e s i d u i l  cornpres- 

s i v e  s t r e s s  a c t  t o  Improve f a t i ~ u e  strc n g t h  b y  r e t a r d i n g  thr. i u i t i a t  i o n  and 

growth  o f  f a t i g u e  c r a c k s .  Tne h,xrciness o f  tire ~ i i , i t c r i n l  r e l a t i v e  t o  d c p t h  

from surface f o r  d i f f c r r n t  p e e n i n g  i n t e n s i t i e s  i s  shown i n  F i g u r e  1 7 .  



lj i ; ~ c c  tliti c - f - f cc t  o f  work hnrL!criirt,-, on t l ic siirf:ice c x t , ~ ; l i l ~  npprc ix i r~ la t t~ ly  

114 incll  ( 6  I:I::) d e ~ p ,  :;u,ch a kpened S U ~ F , I C I C  ~ l 1 1 ) u l  [I b(: r c s i s t : ~ n t  t o  dm~ia!~;e 

o r  rciwv;iL by subvc?qiii:nt s u r l , i c e  tri;,ii:~nents o r  i;rintli.ng. 

'i'llc oper -n t iqg  tiiiw i n t e n s i t ) '  ctir'i;.'s u s t d  f o r  f i l l ~ ! t : - w ~ l c i  peenii:): , i re  

sliown i n  F i r  8 ,  1 r l  i of  t i  1 1 1 - i l i  i l i p  I i h c  

u s e  o f  (]illy ;I si.ngl.c row o f  s l io t  on c,ii!i i l;ip rt!sislts i n  ' lower ~ e e n i n i ;  

i n t c n s i t . i c s  wl~cn ~ i s e d  at t h e  :same ro tn t : ion : i l  spoctl:; a s  t h e  l a r g e  brii:ih~:s, 

However, tile c o n s t r i i c  t  i o n  of  t h e  :;i:i:?lL fl.;>ps ; t i  lows peen ing  a t  spec:ti:; lip 

t o  i 5, CJOO rpin. ' l ' ! :~ l l ighcr  r o t a  t io i i , i l  speed  a ~ l d  t h e  u s e  of d e n s e  tun:;:; t cn  

c a r b  iu'e s t l o t ,  r ; i t i ier  tit;in s t c e l  s l ~ i o t ,  c a n  rrl.tilri;ttely g i v e  i;:uc11 11i.giicr 

i n t c n s  i t  i c s  t h a n  t h e  8- and 12-inc!i b r u s h e s .  

F i g u r e  1 9  coi!ip;trc!s tile peenin!; i n t e n s i t i e t i  t rb ta incd  by two oper;rtcr:i 

u!?in): t h  1)/16- by 1 - i n c h  brus11. Each o p e r a t o r  made t i l r e e  sc!jlarnte t e s t  

s t r i p s  :it c i i i fe rcn t :  t  irncs. Tlie r a n g e  of  i n t c r n s i t y  v a l u e s  obtnincxd f o r  

e a c ! ~  o p e r a t o r  i s  a l s o  sliowri. Tiic d i r l c x r c n c e s  i n  t h e  i n t e n s i t y  c u r v e s  a r e  

d i ~ e  t o  d i f f e r e n t  b r u s h  m a n i p u l a t i o n  tcciiniquc?-; and a~nount;  of  p r e s s u r e  

a p p l i e d  by e a c h  o p e r a t s r .  These  c u r v e s  i l l u s t r a t e  t h e  need f o r  "ca:i.brat- 

i n g 1 '  e a c h  o p e r a t o r  t o  cietcnnine t h e  brusir rprn and p e e n i n g  lriiile reqr l i red  t o  

y i e l d  t h e  s p e c i f i e d  peen ing  i n t e n s i t y .  Pub1 isiieil c u r v e s  s h o u l d  be  used 

on1 y  a s  g u i d e  f o r  e s t a b l i s h i n g  a c t u a l  p e e n i n g  par , i inetcrs  ,. The m i l i t a r y  

s p e c i f i c a t i o n  for p e e n i n g  (?!TI,-R-81841) c n l  1s t o r  :I r e p e a t a b i l i t y  of 

i n t c n i j i t  i e s  l o r  n p a r t i c u l a r  o p e r a t o r  t o  be l e s s  tiian +0.001 i n c h .  
6 

- 

I n  t h e  t e s t s  r u n  t o  g e n e r a t e  F i g u r e  1 9 ,  t h e  maxiinurn r a n g e  of  i n t e n s i t i e s  

f o r  a n  o p e r a t o r  a t  3 p a r t i c u l a r  p e c n i n g  t i m e  was 0.0006 i n c h .  P o t e n t i a l  

p rob lems  w i t h  o p e r a t o r  r e p r o d u c i b i l i t y  a r e  miilimizetf hy f o l l o w i n g  t h e  spe-  

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

r u n  every 30 m i n u t e s  t o  v e r i f y  t h e  a c t u a l  p e e n i n g  i n t e n s i t y  u s e d .  The 

s i z e  o f  t h e  e f f e c t i v e  p e e n i n g  almen r ange ,  0.0045 i n c h ,  f o r  aluminum w e l d s  

w i l l  a l s o  minimize t h e  e f f e c t s  of  o p e r a t o r  v a r i a t i o n .  Renscnable  q u a l i t y  

c o n t r o l  p r o c e d u r e s ,  s u c h  a s  t h o s e  i n  MIL-R-81841, s h o u l d  a s s u r e  t h a t  

e f f e c t i v e  p e e n i n g  is per formed.  

SliIP APPLICATION 

Based on t h e  r e s u l t s  r c p o r t r d  l i e r e i n ,  t h e  SXS P r o j e c t  O f f i c e  (PMS 304) 

r e q u e s t e d  t h a t  b r u r h  s h o t  peening  b e  p e r l o r x e d  a s  p a r t  of  t h e  p r o c e d u r e  



f o r  weld rc,p,iir  o f  f a t  ii;ue cr;ic!cs < > I 1  t h e  SES- I O O A  (LOO-ton S!IS test c r a f t )  

p r i o r  t o  c r a f t  inodif i c n t i o n .  I'ec,nirig u.3:; performed u s  in;;  t h e  9116- b y  l- 

i n c h  tungs te r .  c a r b i d e  f l a p  b r u s h e s .  The ari tn  t o  hi? peened w:3s l L l i d  o l ~ t  i n  

g r i d s  w i t h  enc!i :;rid corrc~sponcling; t o  tire si.zt: o f  an iilr::cn s t r i p .  Pecni.ng 

par; i inctcrs  were ciiosen to y i c l  tl t h e  desir t t r '  r a n g e  of  peening i n t e n s i t i e s  

( 0 . 0 0 3 5  t o  0.0080) on e:ic!i g r i d  i n  from 39 t o  2 4 0  s e c o n d s .  Gr id  layo t i t  

was donc s o  tllc o p e r a t o r  c o u l d  c o n c e n t r a t e  on p r o v i d i n g  a u n i f o r m  sr.it*i;ici< 

covcrngi:.  F l a p  spccti and p e e n i n g  p r c s s u r e  was c o n t r o i l e d  by t h e  vnriili:l;. 

speed  r~notorj:;trc:be l i g h t  technl .qi~t t  p r e v i o u s l y  described. \ h e n  t h e  opc?r;icor 

f e l t  t h a t  con:plcte c o v e r a g e  !lad bcen a c h i e v e d ,  ire s t o p p e d  and n o t e d  t h e  

peen ing  t-iine. The peened ~ r ~ r f n c e  w a s  t h e n  examined a t  1.0X f o r  v i s i b l e  

e v l d c n c e  of p l a s t i c  f l o w  t o  i i ~ d i c a t e  coriiple t e  c o v e r a g e .  For  a c c e s s i b l e ,  

smooth a r e a s  t h e  a v e r a g e  r e e n i n 8  t i m e  f o r  e a c h  g r i d  was 45 s e c o n d s .  I r r e g -  

u l a r  s u r f a c e  a r e a s  i n  l o c a t i o n s  of  poor  a c c e s s i b i l i t y  r e q u i r e d  up t o  1 2 0  

s e c o n d s  of p e e n i n g  t i m e .  W e n  p e e n i n g  f  l o t  s u r f a c e s  t h e  p e e n i n g  b r u s h e s  

remained i n t a c t  up t o  1 hour b u t  l a s t e d  o n l y  5  t o  1 0  m i n u t e s  when p e e n i n g  

s h a r p  e d f c s .  Esamp1.e~ of peened a r e a s  on t h e  SES-100A a r e  shown i n  F i g u r e s  

20 and 21. 

CONCLUSIONS I N D  IXCCiL"II':,D.\'I I ONS 

The following c o n c l u s i o n s  and reconrmendat~ons  a r e  d e r i v e d  from t h i s  

i n v e s t i g a t i o n  on devc?Loping methods t o  improve t h e  f a t i g u e  per formance  

o f  welded 5086-11116 a l l o y  aluminum f o r  SCS c o n s t r u c t i o n .  

1. Pos tweld  b r u s h  s h o t  p e e n i n g  improves t h e  f a t i g u e  per formance  of  

bu t t -welded  5086-11116 (with t h e  weld re in for . -emcnt  removed) t o  t h e  l e v e l  

of  unwelded b a s e  m e t a l  and c a n  i n c r e a s e  t h e  f a t i g u e  s t r e n g t h  o f  5086-14116 

f i l l e t  welds  from 5 , 5 0 0  t o  1 0 , 0 0 0  p s i  a t  l o 7  c y c l e s .  

2 .  Due t o  t h e  d e g r e e  o f  i aprovement  i n  f a t i g u e  per formance  o f  

bu t t -welded  5086 and t h e  r e l a t i v e  i n s e n s i t i v i t y  o f  f a t i g u e  l i f e  t o  o p e r a t o r  

p r o c e s s  v a r i a b l e s ,  r o t a r y  b r u s h  p e e n i n g  s h o u l d  be c o n s i d e r e d  a  p o t e n t i a l  

method t o  be  u s e d  i n  aluminum h u l l  c o n s t r u c t i o n  f o r  pos tweld  t r e a t m e n t  

i n  d r e n s  s u b j c c t c d  t o  l o c a l i z e d  c y c l i c  l o a d i n g .  

3. h i t h o u g h  t h e  imnrovement i n  f a t i g u c  l i f e  o f  t h e  SES-1COA r e p a i r  

w e l d s  is  n o t  y e t  k r i o m ,  t h e  a b i l i t y  t o  c o n d u c t  t h e  p e e n i n g  o p e r a t i o n  i n  a n  

aluminum s h i p  s t r u c t u r e  makes b r u s h  p e e n i n s  a n  : ~ t t r a c t i v e  method f o r  



FUTURE WORK 

I h s c d  on t h e  r e s u l t s  ol t h e  i n v e s t  l g a t i o n  t h e  f o l l o w i n g  recoi~mrwda- 

t i o n s  f o r  f u t u r e  work a r e  mide: 

1. The e f f e c t i v e n c ~ s s  of b rubh  $hot  p e e n i n g  f o r  improving  thil dsi,:i 

f a t i g i - e  pvrrormance of aluri!ntim weldu:c*nts ~ h o u l d  be? dcte:nincd. 

2 .  Tlie c f f c c t  o f  b r u s h  qhor p e e n i n g  on t h e  s t r e s s  c o r r o s i o n  r e s i s -  

t a n c e  of  5000 s e r i e s  alu:ninurn welds  s h o u l d  be inves t i s . ,d tcd .  

3. The r e q u i r e m e n t s  f o r  inc lud in , :  r o t a r y  b r u s h  s h o t  p e e n i n g  o f  

aluminum w e l d s  a s  <in approved  n e t h o d  i n  t h e  a p p l i ~ ~ ~ b i c  Navy f a b r i c a t i o n  

docurncnts s h o u l d  be d e t e r n i n c d  and s a t i s f i e d .  

4 .  Conventional s h o t  p e e n i n g  s h o u l d  be  i n v e s t i g a t e d  f o r  " i n  p l a n t "  

p e e n i n g  of  welded ~ l u n i i n u m  p a n e l s  d u r i n g  new c o n s t r u c t i o n .  





F i g u r c  2a - But t -Weldsd  Specimens 

1 i I 

F i g u r e  2 t  - T c e  F i l l e t - W e l d e d  S p e c i m e n s  

F l g u r e  2 - F a t i g u e  Test S p e c i n s n s  



F i g u r e  3b - Tungsten Carbide 

Silo t Brushes  

F i g u r e  3 - Peening Druches 

1 7  



Figurc! 4 - A p p n r n t u : ~  f o r  Ce te r in in i r lg  
P e e n i n g  I n t , ? n s i t y  



1 / 8 - I n c h  F l a p  
Dcf l e c t i o n  

(min  imuni) 

F i g u r e  5b - 12-Inch-Diameter  F l a p  Brush  

F i g u r e  5 - F l a p  D e f l e c t i o n  ilanze f o r  3/16- x I - I n c h  
F l a p  Brush a n d  12-Inch-Uiamctcr  Y l ' i p  Rrush  









F i g u r e  9 - B r u s h  P e e n i n g  o f  5686-H116 
But  t-Weld F a t i g u e  l e s t  Specimen 



PEENED BUTT WELDS 
.4. 

PEENING PEENED I---- 

- SYMBOL INTENSI'W SURFACE APPERaMCE 

0 A 0.5075 SPOT 

0 A 0.0925 WAVE 

A 0.0035 SPOT 

h A 0.OC65 WAVE 

I I 
3" 1 O* 9 0' 

CYCLES TO FAILURE 

F i g u L e  1 0  - S c r e e n i n g  F a t i g u e  T e s t  R e s u l t s  o f  
Brush Peened 5036-11116 B u t t  idelds 

(12-Inch-Diameter  Brash) 
( a l l  tests i n  a i r )  









FILLET WELDS 
(5066 BASE METAL) - 

F i g u r e  1 4  - S c r e e n i n g  F a t i g u e  T e s t  R e s ~ l l t s  of 
B r u s h  P e e n e d  5086-H115 F i l l e t  Welds  

(12 - Inch-Diamete r  B r u s h )  
( a l l  t e s t s  i n  a i r )  





INTERSKY 
(ALL SURFACES OF F L W C E  PEZBlECS 

F i g u r e  16 - E f f e c t  o f  J r u s h  Shot  P e e n i n g  on F a t i g u e  
Per formance  of  Fille2-Welded 5086-HI16 

(9116- x :-Inch F l a p  Brush)  
( a l l  t e s t s  i n  a i r )  





F i g u r e  18  - Operating T i m c / T n t e n s i t y  C u r v c s  f o r  
T u n g s t e n  C a r b i d e  Shot  B r u s h  



F i g u r e  19 - Operator E f f e c t s  on P e r n i n j ;  I n t e n . ; i t y  



F i g u r e  20 
Peened Ilcpciir-!Jcldcd F a t i g u e  Crack 
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