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Prediction of Relationship Between Grain Size and Residual Stress
in Shot Peening Q235 Steel

HE Haoran' LIU Feng' LI Hengzhi® ZHNAG Huihui'
(1. Key Laboratory of Mechanical Reliability for Heavy Equipments and Large Structures
of Hebei Province, Yanshan University, Qinhuangdao 066004, China;
2. Hebei Institute of International Business and Economics, Qinhuangdao 066311, China)

Abstract: As an excellent surface treatment process, shot peening surface treatment can improve metal surface performance and is
widely used in the aerospace field. In order to study the physical mechanism of shot peening surface strengthening, a mechanical model
of shot peening impact was established. The DYNA software was used to study the impact of shot velocity, radius and number of shots
on the residual stress. The Zener-Hollomon parameter model and dynamic recrystallization were further used. The formula calculates
the theoretical grain size, and dis-cusses the evolution rule of residual stress and grain size. Results show that the increase of projectile
velocity, radius and number of shot peening will make the residual stress larger and the grain size relatively smaller. Although the
changes of residual stress and grain size are similar, there is no quantitative relationship between them, and these two strengthening
mechanisms are independent of each other.
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Table 1 Components of Q235 steel (wt. %)
C Mn Si S P Fe
0.14~0.22 0.3~0.65 0.30 <0. 05 <0. 045

Balance
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Table 2 Material properties of specimens and projectiles

Type Densit};/ Elasticity Poisson Specif-ic heat
(kg/m™) modulus/GPa capacity J/K
Panel  7.8x10° 210 0.3 -
Projectile 7. 8x10° 210 0.3 502
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Fig. 1 Model in shot peening surface treatment
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Fig. 3 Residual stresses on the surface at different velocities
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Fig. 4  Stress contour plots of surface position o at different velocities
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Fig. 5 Stress contour plots of depth position o, at different velocities
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Fig. 6 Residual stresses in the depth at different velocities
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Fig. 7 Residual stresses on the surface at different quantities
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Fig. 8 Residual stresses in the depth at different quantities
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Fig. 9  Residual stresses on the surface at different radii
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Fig. 13 Grain size at different velocities
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Table 3 Data of residual stress and grain size under

the influence of velocity factor

residual . residual L
SN ctross grain size SN cress grain size

o/MPa D/ o/MPa b/pm
1 -3.22397 34.177 80 11 -55.2892 12.064 94
2 -0.47558 32.029 34 12 -74.4659 12.837 91
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Table 4 Data of residual stress and grain size under the

influence of radius factor
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