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ABSTRACT 

The influence of six different SAE cast steel sfiot siz& (S-280, S-330, 
S-390, S-460, S-550, and S-660), measured mder canstant flw rate of 
454 k i l q r m s  per minute d the travel speed of the work piece thraugh 
the blast adjusted t o  obtain 9 8  percent coverage in cp3 pass are re- 
viewed as to their induced residual stresses on SAE 5160 leaf spring 
COUPO=- 

Ten coupans were shot peened w i t h  each. shot size in + intensity range 
of 5C to 14C. Randua coupons were then checJed for 'residual stress 
by x-ray diffractian analysis t o  a depth of ..350 mn.  curve^ were then 
plqtted showing residual stress versus depth belaw the d a c e  far each 
coupon. A canparisan can then be made of coupm for each . shot . size 
d shot intensity as t o  the residual stresses. 

w data was U, a n a ~ d  mathematically to the crnclusicns in- 
ferred by the c a p s i t e  curves. Cubic prabla regression equatims 
are used to closely predict the measmd stress value. The regression 
curves, plotted fran the calculated stress values are ampared t o  the 
measuredstressforeachco.pm. - 

Shot peening; steel; residual stress; x-ray d i f h c t i o n ;  regressim 
equations; fatigue. 

In the manufacture of suspension leaf springs shot pedng is vital for 
implcrving their fatigue life. The benefits of shot peening both in free 
s ta te  and prestressed d t i a n s  are well docmated and have been sub- 
stantially developed. Specificatims on leaf spring manufacture naw re- 
quire a canpressive residual stress a t  a specific aepth k d m  the surface. 



In order t o  carrelate the needed results w i t h  shot peening p-ters, a 
study was ~rdet-tak~ w e b y  shot sizes and their resulting intensities 
were cfmpared. Through the methods of residual stress mammrmt by 
x-ray diffract im, a "fingerprint" of these canpressive stresses can be 
incorparated into the control of the shot peening process. Prediction 
of results was also investigat'ed by M e s s i o n  quatims to arrive a t  
a &el whereby mathematid equaticxs can also be incarporated a t  the 
early design stages. The experinwtal results and mrrparisons with 
mathematical d e l s  were canpared on the basis of accuracy and pre- 
dictability. 

-pRcxXmFs 

The mt&rials involved in the e x p e r k t  were hot-rolled spring steel 
plate 7 xm thickness, 70 mn width, and 450 mn length. The .weight 
percent of chcmical amposition is listed i n  Table 1. Specinens 
were normalized, machin&, austenitized, quenched and tanpered to 
between 44 and 48 Rockwell C. Free height was 33 m. 

Material was prestressed t o  6,300 K ~ / ~ ~ ( ~ o , o o o  psg and shot peened w i t h  
a centrifugal wheel t o  100 -t cflverage. Coverage was measured by 
the polish& s t r ip  m e t h c d  using a planimeter to quantitatively detexxine 
travel speeds. Flow rate was set for  a constant 454 KgsJmin. and wheel 
speed t o  a amstant 2250 r.p.m. For a l l  tests, Alnw intensity is 
sham i n  Table 2. Shot for a33 tests rret SAE standards 5827 and J444a 
with hardness range of 44 t o  50 Rc. 

&% No. C Mn P S Si Cr 

5160 0.56-0.64 0.'/5-1.00 .035 .040 0.15-0.36 0.70-0.90 ' 

X-ray diffractian residual stress measuremants were made in the longi- 
tudinal direction to  the springs and in the center of the concave 
specimens. 

. 

Material was  r m e d  for subsurface masmamt by electro-polishing in a 
sulphuric - phosphoric - chrcmic acid electrolyte minimizing possible 
alteraticx of the subsurface residual stress distribution a s  a result 
of mterial r d .  Readings were taken t o  a depth of 350 mn. 



4. REGRESSION EQUEtONS 

The stress was first plotted vs. depth below the surface for each 
specixlen. An initial regression mcdel of the fm: Cf%+by+cy2 
was chosen where aequals stress, y, the depth belw the surface, 
and a, b, & c are arbitrary constants. 

The r~thcxl used to e-te these arbitrary constants is called the 
mthd of least squares. Simply stated, a matrix equation is set 
up of the form: ' y f = u  

The lswer upper deccmpositim ~llethcd was used in  the cal.culatiom 
which is e&remly useful for ccmputerized analysis. After several 
sets of data were analyzed, it was found that a better fit could be 
obtained by including the depth cubed t e n n  in the regressicn equation. 
The equatim then took the form: c=a+by+cyky3. 

The regression equations were thm developed. Plots frm the calcu- 
lated stress values were then canpared to the X-ray diffraction read- 
ings. See Figuxes 1 to 6. . 

1) The regression equations closely predict the stress values and 
can be develaped to reduce X-ray diffraction neasmeirents, 

2 )  A pattern exists wfiich indicates that stresses are deeper into 
the part w i t h  Larger shot sizes and appears to maximize w i t h  
S-550. 

3) The ccnnposite curves drawn by the eyeball of average stress 
mew is similar to those using the regression method. 
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