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'Ihe Naval Applied Science Laboratory wechmicol peening ptocsdum Car im- 
the fatiye Jife of welds i s  described hemin. Results of .-st§. m 
l l e t  welds at stress levels in  the 60,000 to :80,000 psi range (0  t a  

tension) have indicated that the fatigue l ives  of these weldments qproxin 
those of prime base plate ,  .The process i s  inexpensive a d  readily 

d new .construction w i t h  currently available oquipn 
i f icant  iqroveatent of properties of welded .stmctures, in  ad- 

dition t o  fatigue, might also be .na1 imd0 
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Photo Ll9713-2 - As-Welded and hb& 
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t: (a) ~rinding'  and Shot Peening of HY-80 Wlds .-. Effects Ralative to 
Fatigue - I .  L, Stern, BUSHIPS'.Confemrmce Report of 12 J@n 1960 

. $b) NAVdaPI§CIIENUB ltr 9310:PA:nrg, Lab. Project 6160-2 of' 16' Ssp , 

7-01-01 Ser 634B-654 .of 22 Aug 1963 
B' Project 6160-2 Progmss-Report 2 of 17 Jul 

1. '%is inwst igat im 5 authorized by B HIPS' .latt& ROW-01-Dl Sera.634B- 
OP 22 h g ~ t  1963 (SR 807-02-01, Task ,0856). 

2. '2hs work reported hemin was under the, overall diiractlon of I, L. Gtsm, 
Head of the High Strength Steel Pfopm. Bn. 
vised by L. Ginsburg, ' Cmcultaticm on. fat i  

icbi.1 peening w 
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6.  Explcr~tory studies w i &  various methods of 
f i l l e t  wolds indicated the fo1)cwing: 

a, Wide thin ch i so l s  with edges .sfniltar .to tihat shorn in mfarmce (c) 
(l/Pa radius, 7/8" wide, 3/16" thick) caused excessive cutting and pag ing  
of metal and inssaplet% cov 

c, Spherically pointed chisels ( q p  
easiest . for  qsretim and contmriag a d  
ever, the msu%thg surn"acos bzars .dB 

7. In view of the r~asults ebteined i n  the a 
d which w e d  a aphrica l  
blunted chis01 for dres 
and 2, The peening prducsd is shown in 
3 wore pdrk0m6d a t  r o a  t@q@r&tUW, 

8. ?he basis f o r  relbcticn o f  the procedure, whi j l  i s  illustr 
through 5 ,  w a s  achievcnent of the following: . 

a. M i n i m  cost - Approximately $0.20 p r fooa, w i t h  ncsgligibla aquipmmt 
cost. . .. 
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c, Surface f inish - smooth, u n i f m  

d, Pbtal movement - appreciable and 
HAZ, base mtal junction; (Soe Fi,guro 5) 

niirmm metal f@cing. 
* 

f ,  Coverage - complete, into  f i l l e t  
t i ca l  M Z  and stress concentration amas. 

in  appearance. (See Fi 

uniform, includes mouenent of weld- 
. * 

corners and extending well beyond cri-  
($as Figures 4 and 5) 

i. Equipment - si la ,  only conventional shipyanl .cmlking pm 
- . s e l s  required, 
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: i n  . a  p l a t e  type specimen, t h e  "equivalent e l a s t i c  s t r e s s w  is, according . t o  p l a t e  
, theory, abmt 10 par cant highax than t h a t  c k i l ~ l h i t ~ d  on . the  basis of t h e  

- engineering . s t r e s s - s t r a i n  diagram frm slender  uniaxia l  .specimens, 

12, During the course of the test, a continuous char t  record of cyc l i ca l  de- 
f l e c t i o n  a t  t h e  cen te r  of t h e  p l a t e  was .obtained f o r  the entire t o s t . o f  each 
plate.  In  addit ion,  maximum and minimum .def lect ions  measured.with d i a l  in-  
d ica to rs  were recorded a t  i n t e r v a l s  of 500 o r  1800 cycles,  Observations -were 
a l s o  mads throughout t h e .  t a s t  t o  daternine .  the number of loading cycles a t  
whicll'a c rack ' s t a r t ed  .and progressed t o  various lengths along t h e  toe of the 
weld. ?Ae cracks were detected by observing the  flow of SAE-10 o i l ,  applied 
i n  a l i g h t  coating along the c r i t i c a l  sect ion,  i n t o  and out of the .crack as 
t he  p l a t e  flexed under load, 

13, Fatigue d obtained on .as-walded a d  .m micall~lLy peened specimens are 
summarized i n  e s  2 and 3, raspectively,  . ess indicated .for each 
specimen . repra s an . avorage of nine rnaasurmnen en along the c r i t i c a l  
section.  In g e r a l ,  cracks were ,observed t o  s t a  one . o r  .more h e a t  ions 
at  the toe of B f i l l e t  wshd, These cracks grew i n  length while o thers  
s t a r t e d  a t  new o c a t i m s .  Theryarious cracks joined each other  t o  form l a r g e r  
cracks u n t i  1 f i n a l l y  a s i n g l e  c o n t i n t ~ o u ~  .crack was formed .along t h e  weld, In 
tho case of t h e  nt chanbcally peened welds, the cracks warn =ore d i f f i c u l t  t o  
detect ,  probably because-the metal  a t  . the  _surfice w a s  . i n i t i a l l y  i n  c a p  
In  addit ion,  .sme o f .  t h e  early. i n d i c a t i s a s   ere not. t a t o  cracks; .but were 
localfzed intadaces between defomsd metal md.wderfyiq base met& These 
were not considered cracks unless they propagated a l m g  tho  weld. t o  f o n  t r u e  
cracks, . The first two d i g i t s  o f .  the specinen numbers, esimated i n  Tables 2 
=d 3, .d.~p?icsts *the first tws ntrmbers nf  the  plates fo r  .whi& 
proparties are  shorn i n  Table 4. 

14. Fatigue, l ives ,  .based on a 10 per.ant increase  in def lec t ion  .over the Ini- 
t i a l  d s f  l s c t i m ,  are shorn p l o t t e d  on S-N coordinates, F i g u r e  8, .for both t h e  
as-welded and chanicolly peened tee  f i l l e t  .welds.. This 10 per. cent cr i ter ier r  
Somad the B a s  f o r  rnf 1 previous curies submitted . f o r  plate type fa t igue  t e s t s .  
The l ine?  passing through. t h e  d a t a  have been f i t t e d  by ayd. The S-N curve pre- 
viously  reportad f o r  b h e - p l a t s  is a l s o  shown f o r  coaporjlson, I t ' w i l l l  be ob- 
served t h a t  although the "cquivaleht e l a s t i c  stressn levhls  wen, the ran6 for 
a-welded and meJlanicolly peened . p la t4 .  s p s c i ~ e n s  thr resu l t ing  .nominal . streroc?, 
based on .ca l&lat ions  .weie s i g n i f i c a n t l y  higher  'for tho chanically peen 

a n n t l y  the ?l ie f .  of:  res idual  stresses .by medianiwl peening 
ar. loads - t o  .be applied before s i g n i f i c a n t  plast ic d e f o r m t i a n  
t~ l i n e s  .drawn through . the t e s t  data afa widsly separated a t  o 

s t r e s s  .of 60,8043 .p s i  converge .as .they reach. a .ncainal  stress of .U0,W0 psi .  
cally peened f i l l e t  .welds .show f a t i p a  lives equal t o  
nd are -&mt  . f o r t y  t i n e s  gma er than those o 
zmiscns at .oth 'sr  levels nay b c o n w n i m  tly n 
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15. mica1 curves showing var ia t ion  of def lect ion with number of cycles f o r  
the =-welded and .the mechanically peened t ee  f i l l e t  welded p l a t e  specimens 
are shorn on. Figures 9 and 10, respect ively  

16, A new mechanical peening procedure has beon developed which achieves ap, 
unprecedented increase i n  t h e  f a t i g u e  l i f e  of HY-80 f i l l e t  welds. Tl~e pro- 
cedure is rapid, inexpensive and read i ly  applicable with  current  shipyard. 
ski f ls and equipment. 

5 

e .beoeficial effects obtainad by.npplfin tXfe NAVABLSCPENUB ~ ~ f i ~ i c ~ 1  
process t o  W-80 tot3 f i l l e t  weld assanbl ie  may .be strmarizsd ;as follows: 

Life Reported k 
Rmina l  S t r e s s  t o  wAs-WelQedM h w e  ldad 
(6 t o  tension) **Condition Bass Pla te  

gs i - .  O_ . - (Refmen ca (d) ) 
. - -. 

60,000 ". 
. - .  ... . 

. .. . 40 times Equivalent 

AD91 TIONAL WOW REQUPPZD 
1 

Ic thr, r e s u l t s  obtained an, very promising w i t h  regard t o  fa t igue ,  
cts  cf mechanical peening have n o t  been assessed i n  o the r  msp 

The follawing on, some of the  nom important data w h i c h  should be obtained: 

a. Extant of improvement obtainad mdsr f a t i  loads other  t h m  Q 
teasfm, (such a ~ s  O t o  coonpression a d  alternating tens ian m d  cotnpmssion), 

. b. Picability t o  jo in ts  other. than tee f i l l e t s  (such eu b u t t  



19. h a  fac i l i ty  with which veld and adjacent contour can .be chugad pnd the 
ogpamnt mininirstian .or . ternoval. of nasidunl .tensile .stresses. at .the toss o 
d e  .welds .sungats -additicnal -iqortnnt .npplieatieas .for the  .subjsct process. 

28. Applicatim of .the subject .pmc 
s a t . ~ % e . ~ t e o s  .of 

r inciprl  -Eastor .in tke.fomation o f .  
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25. NNAPLSCIENM regrssentativos expect to  v i s i t  BUSHIPS in  the near future 
to discuss: (a) the .potential applicability of the subject process arid (b) ths 
acquisition of the additional infomation discussed i n  paragraphs 18 and 19 above. 
I t  is  understood that the Bureau desires early investigation of the fatigue l i v e s  
of mechanically peened butt welds. 

26, A study of t h e  ~ata l lurg ica l  natum and properties of f i l l e t s  peened by 
rocess and char3ctd.st ics  of fatigue fractures in th 

and w i l l  be reported in approxlmtaly 3 ncmths. 

27, Studies .relative t e  residual stresses i n  those wel$ments am tandarmy under 
SF013-03-02, Tmk 2025, 

in fatigue l ife-  s t  stresses in the 60,000 
elastic stress range, Associated msidual 
being studied, 

p s i  to 120,000 psi eguiva8cat 
stmtses of .  t h e m  we1 
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Figure 2 - Mechanical Peenin- Technique Showing Position o f  Tool Relative 
t o  F i l l e t  Toe of 1-1/2" Thick IiY-80 Tee-Weldmnt 

Photo L19713-1 
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Figure 3 - Macro-Section of &-Welded ('i'op) and lkchanically Peened (Ijnttorn) 
Specimens Taken Frm 1-1/2" Thick llY-80 Tee-lie ldments 



a1 Mplf ed Science Laboratory 

chemically Peened 

F i  y r e  4 - Appcarwce of Filllet To. of 1-1/ZW ?hick HY-80 Toe-We1 

Photo ~ 1 9 7  13-3 
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rn 5 - Typical b c h m i c a l l y  Peened P r o f i l e  Obtained on 1-1/2" n ick HY-80 Tee-Weldment. Arrows 
Indicate Extent of Metal Pbvemnt and Contouring, 

Photo L19713-4 



Fatigue Test Specf men 

A - Specimen for. other r e J i t 9 d  fatiwe work. 
-.I 

B - Saction for Macro specimen 

' U.S.h'ma1 p l i e d  Science Laboratory 
.. . 
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F i g u r e  7 - Finished Flachincd, 1-1/2" mi&. HY-80 Tee-Weld- 
tigue Specimn (29-5/8" Wide x 32" Long) 

PHOTO L19713-s 
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