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1 Abstract 

To introduce large residual coinpressive stresses by means of shot peening, the authors conduc- 
ted an experiment using vacuum carburized and shot peened or stress peened test pieces. The in- 
fluence of arc height (Ah), shot radius (R), retained austenite (y,), strain-induced inartensite 
(MQ)  and bending stress (o,,,,) upon residual compressive stresses was investigated systeinati- 
cally. Residual compressive stresses were found to be quite dependent on AlzIR, only slightly in- 
fluenced by y, and hardly affected by MQ content. Approximately, 50 % of the applied o,,,, was 
introduced as residual coi~ipressive stress. Finally, the amount of induced residual coinpressive 
stresses linearly depended on AMR, yR and o,,,. 

2 Introduction 

It is generally recognized that the introduction of large and decp residual compressive stresses is 
highly effective in improving the fatigue limit of mechanical parts which are subjected to cyclic 
loads at stress ratios R = 0 [l-31. An economical method for inducing such beneficla1 res~dual 
stress distributions is to use shot peening which has been studied by various researchers 14-61. 
For a given shot peening intensity, the following two conditions will help in inducing large and 
deep residual compressive stresses: 

1) Decreasing the deformation resistance of a material during shot peening 
2) Increasing the yield stress (hardness) of a material. 

To achieve item I )  warm peening and stress peening were developed [7, 81. There is carburi- 
zing and quenching for item 2) as a simple and easy to apply method. However, this method can 
lead to significant amounts of yR which will negatively affect hardness. On the other hand, it is 
known that this y, can transform to h/lQ during shot peening. Further, the transformation from y, 
to MQ involves volume expansion. Therefore, the authors assumed that by utilizing this pheno- 
inenon large and deep residual compressive stresses could be obtained. An experiment was con- 
ducted using vacuum carburized and shot peened or stress peened test pieces with various 
contents of y,. The influence of Ah, R, j/, , Mo and oj,,,,, on the residual compressive stress (q) 
was analyzed systematically. 



3 Experimental Methods 

Material for the test pieces was JIS SCM822H with the following chemical composition in wt. 
%: 0.22 C, 0.25 Si, 0.86 Mn, 1.13 Cr, 0.36 Mo. Smooth rectangular test pieces were machined 
having the dimensions 30 x 90 x 5 mm. To investigate the influence of yR content on o;, the 
above test pieces were given three different vacuum carburizing or nitrocarburizing treatments. 
Hereafter, these test pieces are denoted as VCl ,  VC2 and VCN. The maximum residual stress 
(cr,,m,,) among these test pieces was found to be only -412 MPa, while the maximum content of 
retained austenite of VCl,  VC2 and VCN amounted to 15.2, 22.9 and 47.4 %, respectively. 
Shot peening was performed on the various test pieces being subjected to 4-point bending with 
o,,, of -1000, 0, +I000 and +I400 MPa. Peening was done either by means of an impeller type 
(ISP) using 0 0.8 inin shot of 560 HV hardness to 0.55 mmA intensity or by means of a direct 
pressure blast system using double peening (DSP). In primary shot peening (PSP), peening was 
performed with 0 0.7 lntn shot of 700 HV hardness to 0.30 mmC (conversion value of A strip: 
1.05 mmA) intensity and in secondary shot peening (SSP), peening was done with 0 0.08 inm 
shot of 700 HV hardness to 0.35 tnmN (conversion value of A strip: 0.1 17 mmA) intensity. 

Table 1 gives an overview of the various test piece conditions. 

Table 1: Material and shot peening conditions 

I 11 111 IV v V1 VII VIII IX X XI 

Vacuum car- VC1 VC2 VCN VCI VC2 VCN Vc2 VC2 VC1 VC2 VCN 
burizing 

Shotpeening ISP ISP ISP DSP DSP DSP DSP DSP DSP DSP DSP 

a,,, (MP4 0 0 0 0 0 0 1000 -1000 1400 1400 1400 

Measurements of y, contents and of o; values were performed by means of a micro X-ray 
stress analyzer using Cr-K, radiation, Stresses were calculated by the sin2y~-method. 

4 Results and Analysis 

4.1 a,.-Depth Profiles and 7,-Depth Profiles in Shot Peened Test Pieces 

Among the 1 I test piece conditions, characteristic differences in q-depth profiles were evalua- 
ted as illustrated for test pieces 111, IV, VIII and IX in Figure I .  Based on these experimental re- 
sults, characteristic values within the 0,-depth profiles and y,.depth profiles are defined in 
Figure 2. 

Table 2: cr, and yR values in ISP test pieces 

No. q, (MPa) YRS (OjO) ";my (MPa) X m  (%I 
I -819 

TI -757 

ITT -628 
















