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ABSTRACT

The present research aims at obtaining a theoretical solution on basis of actual measurements
of residual stress by shot peening. Firstly, it was conducted that residual stress on two different
strength of plate specimens have been shot peened are measured by X-ray difractometer and
the effect of a few type of shot peening conditions on profiles are confirmed. The equation to
simulate profiles was obtained by the superposition method of simple three stress, based on
the equation that Y.F.Al-Obaid suggested. It was confirmed that the predicted stress profile
shows good correspondence with experimental value in case of every shot peening conditions
i this study.
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INTRODUCTION

In recent years, automotive structural parts have become compact in accordance with strong
demands for light weight. In order to enhance the performance of machines, steel components
have been shot peened(1). It is generally recognized that one of the reason for improvement
on fatigue durability by shot peening is surface compressive residual stress(2). And a shot
peening condition decides a residual stress profile on surface layer. However, now most popu-
larity method to confirm that profiles is only measurement by X-ray difractometer.

In this study, a simulation technique was applied to predict the residual stress distribution by
shot peening. Firstly, it was conducted that residual stress on two different strength of plate
specimens have been shot peened are measured by X-ray difractometer and the effect of a few
type of shot peening conditions on profiles, shot diameter and shot velocity and peening time,
are confirmed. The equation to simulate profiles was obtained by the superposition method of
simple three stress, based on the equation that Y.F.Al-Obaid suggested(3). It was confirmed
that the predicted stress profile shows good correspondence with experimental value in case
of every shot peening conditions at this study.



EXPERIMENTAL PROCEDURE

The tested plate specimens(50 mm width 50 mm length and 10 mm thickness) were made
of S50C carbon steel. Two kinds of specimens were prepared to clarify the different of the
maximum compressive residual stress on material strength. Firstly, after machine finishing,
the specimen was annealed by holding 720 °C for 1h followed by gradually cooling at vacuum
furnace. Secondly, specimens were austenitized at 870 °C for 1h and oil quenched. Tempering
treatment were performed at 320 °C for 1h. Consequently, the hardness of annealed specimens
was HV220 and quenched and tempered specimens was HV550. Shot peening was conducted
by means of the centrifugal type machine with shot velocity of 40 m/s and 80 m/s. Shot
peening media were rounded cut wire with a diameter of 0.3 mm and 0.9 mm at the hardness
of HV 700. And peening time was decided to obtain the same coverage 100% . In case of
using 0.3 mm dia, peening time were 60 s and 120 s for 0.9 mm dia.

The surface residual stress of specimens after shot peening was measured by X-ray diffractmeter
with 20 - sin®W method. Stress distribution was obtained by repeating the X-ray measurement
and electrochemical polishing successively.

EXPERIMENTAL RESULTS

Fig.1 shows residual stress distribution of both strength specimens after shot peening. Max-
imum residual stress value slightly increase with increasing diameter of shot media. And the
effective layer by shot peening also increase. On the other hand, maximum residual value of
quenched specimens are twice that of annealed specimens. This results showed approximately
similar to those of other studies(4) which concluded that maximum compressive stress value
depend on the yield strength of material. The effect of shot velocity on residual stress distri-
bution contributes to effective layer, however, not to maximum value.

The effect of peening time, which is equivalent to coverage, on distribution shows Fig.2. As
the same of above results about shot velocity, maximum value is almost same in case of dif-
ferent coverage. And effective layer increase with increasing coverage.

METHOD OF THEORETICAL SIMULATION
The depth of effective layer

On the basis of the Hertzian model of normal impact of a spherical hard particle on a flat
surface, the relation between depth of plastic zone (%,) and radius of particle (R) and depth
of dent (7)) was defined by Y.F.Al-Obaid(3) as follows :
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On the other hand, we assume that when a spherical projectile indents a medium exhibiting a
rapid plastic behavior, the resistance to its motion may be represented by an average pressure
(p = 3Y') at contact zone, thus the equation of motion of the projectile is

dV
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(2)
where M is mass of particle, p is density, a is radius of contact zone and Y is a yield strength
of material. By means of neglecting friction inertia of the moving metal ahead and strain
hardening, eq.(2) may be integrated in term of the penetration to give
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