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Bending deformation behavior on pre-stressed shot peening based on
energy equivalence

Wang Tong, Wang Wanli, Xu Xiaojie, Shi Jinke, Yang Qian, Zhang Ting, Yang Yi
(Xi'an Mordern Control Technology Research Institute, Xi’an 710065, China)

Abstract: For the problems that the pre-stressed shot peening forming process involved complex elastic-plastic deformation, and it was
difficult to directly establish the mapping relationship between shot peening parameters and deformation response of parts, the deformation
behavior of pre-stress shot peening was investigated from the perspective of energy equivalence, and a shot peening bending deformation
calculation model for flat specimen was established. In this model, the deformation energy of shot-peened plate was determined by the total
kinetic energy input by the shot impact and the correction coefficient, which comprehensively considered the influence of oblique impact,
shot interaction and shot overlap in the actual forming process. The results show that the square of curvature radius for shot-peened plate
is inversely proportional to the dent coverage ratin and the average input energy of individual peening shot. In addition, the greater the
pre-stress, the greater the proportion of the kinetic energy input by the shot that is converted into plate deformation energy, and the corre-
spondingly larger the curvature radius. Thus, the research findings can be further used to guide the actual forming and manufacturing of
large thin-walled parts.
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Fig. 1 Schematic diagram of pre-stressed shot peening forming for parts
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Fig. 2 Schematic diagram of plate subjected to uniform bending moments
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Fig. 3 Schematic diagram of test fixture for pre-stressed shot peening forming
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Fig. 4 Relationship curves of shot peening forming test parametens

(a) Relationship between dent diameter and jet air pressure

(b) Relationship between shot velocity and jet air pressure

(¢) Relationship between energy input into plate by single shot due to impact and dent diameter
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Fig. 5 Relationship curves of pre-stressed shot peening forming test parameters with only pre-stress variation

(a) Effect of dent coverage ratio on correction cofficient

(¢) Effect of pre-stress on correction cofficient
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(b) Effect of average dent diameter on correction cofficient

(d) Effect of pre-stress on curvature radius
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Fig. 6 Relationships curves of pre-stressed shot peening forming test parameters with only jet air pressure variation

(a) Variation of curvature radius with average shot energy

(¢) Variation of average dent diameter with jet air pressure
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(d) Variation of curvature radius with jet air pressure
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Fig. 7 Relationship curves of pre-stressed shot peening forming test parameters with only machine tool feeding rate variation

(a) Variation of bending deformation energy with dent coverage ratio

(¢) Variation of dent coverage ratio with machine tool feeding rate
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