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ABSTRACT

Recent advances in shot peening technology have resulted in
the development of a two stage process to maximize the beneficial
surface residual stresses induced in hardened, carburized steel,
such as SAE 8620, 2 material commonly used for gears. Steel samples
with an effective case depth of 0.72mm (0.029in) were used. Shot
peening conditions investigated included: a) single shot peening
with: regular hardness steel shot (HRC 45-55), hard steel shot (HRC
55-62), and b) dual peening, first with hard steel shot followed by
either smaller diameter hard steel shot at a lower intensity, or smaller
diameter glass beads at lower intensities. To investigate the near
surface effects initially observed, two samples were dual peened
after surface layer removal (0.13mm -~ 0.29mm).

Comparing the residual stress profiles obtained, the following
observations were made: use of higher hardness shot produces
higher magnitude residual stresses, dual peening produces higher
magnitude residual stresses; shot peening after the removal of the
surface upper transformation products results in increased surface
residual compressive stresses for similar shot peening parameters.

It is widely recognized that compressive residual stresses
enhance the bending fatigue life in metal components, such as
gears. This study was initiated to investigate improved shot peening
parameters under various peening conditions to permit the maxi-
mization of compressive residual stresses in carburized steel.
Conventionally carburized and hardened steel blocks of SAE 8620,
(see Figure 1) 76mm x 5Imm x 13mm (3in x 2in x 1/2in), having a
case depth of 0.58mm - 0.76mm (0.023in - 0.030in), were subject
to several shot peening conditions for the development of residual
compressive stresses. Residual stress values were determined by
x-ray diffraction techniques.

A microstructure and hardness determination was conducted
on 4 representative specimen from the same batch of heat treated
steel blocks, Figure 2 shows grain boundary oxidation extending to
0.01mm. The core and case microstructures are shown in Figures 3
and 4 respectively. Figure 4 indicates the presence of upper transfor-
mation products at the surface. The case depth hardness profile is
shown in Figure 5. The lower hardness value of 51 HRC, near the
surface, is attributed to the presence of upper transformation
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Figure 1, Sketch of steel blocks, used in this study, showing orientation
of residual stress measurement along OX direction.

Figure 2. Cross section through sample #81 showing grain boundary
oxidation (SAE 8620 carburized and bardened, 500x).

products. The effective case depth was measured to be 0.72mm
(based upon 50 HRC criteria).

The residual stress measurements were conducted by an
independent laboratory using x-ray diffraction techniques per SAE
J784a. The residual stress measurements were performed in the
longitudinal direction as shown in Figure 1. The size of the irradiated
area was 1.27mm x 5.08mm, with the short axis in the direction of
measurement.

The residual stress data obtained from the samples is plotted in
Figures 6, 7, 8, and 9. Figure 7 shows data points in addition to
those presented in Figure 6 from the surface and to 0.02mm
beneath the surface.
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