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Area-Averaged Solution of Peening Residual Stress Using
a 3D Multi-impact Symmetry-cell FE Model with Plastic Shots
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Abstract

In this paper, we estimate area-averaged solution of peening residual stress using a 3-D multi-impact
symmetry-cell FE model. The symmetry-cell model includes factors reflecting peening phenomena and
plastic shot. Area-averaged solution is much closer to XRD experimental solution than 4-node-averaged
solution in plastic shot FE model. We then obtain FE Almen saturation curve corresponding to experimental
Almen curve based on area-averaged solution. Using the curve, we obtain FE area-averaged solution in major
peening materials, and compare the FE solution with experimental solution. In peening materials, surface,
maximum compressive residual stress and deformation depth reach experimental solutions. Thus, FE Almen
curve is useful for estimation of residual stress solution and could improve the efficiency of peening process.
Consequently, it is confirmed that concept of area-averaged solution is the realistic analytical method for
evaluation of peening residual stress.
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Fig. 2 Four-nodes and full-nodes in a symmetry-cell
model for peening residual stresses
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Fig. 9 Area-averaged residual stresses with various
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Table 1 Numerical values of Eq. (3)

FEH Computed Error

ms) A4 M mmA) HmmA) (%)
4 0.414 0.406 1.97
70 0470 8 0.449 0461  2.70
12 0.465 0469  0.82
4 0.370 0.363 1.88
60  0.420 8 0.405 0.412 1.77
12 0.425 0.419 1.35
4 0.315 0.303 1.15
50  0.350 8 0.340 0.344  0.96
12 0.351 0349 051
4 0.260 0252 298
40  0.292 8 0.281 0.287 1.90
12 0.292 0291  0.39
Table 2 Numerical values of Eq. (4)

y Computed Computed Error
(m/s) B C FEH EXPH %)

(mmA) (mmA)
B1=-9.2x10"7 100 0.260 0244 6.6
70 B,=6.21x10* 200 0.281 0.272 33
Bs=0.362 300 0.292 0293 0.2
B1=-7.7x10"7 100 0.315 0290 89
60 B,=5.81x10* 200 0.340 0.328 37
Bs=0.32 300 0.351 0357 1.7
By=-7.25x107 100 0.370 0348 6.2
50 B,=4.69x10" 200 0.405 0392 33
B;=0.276 300 0.425 0.425 0.2
B;=-50x10"7 100 0.414 0393 55
40 B,=3.62x10* 200 0.449 0440 2.1
B3;=0.229 300 0.465 0.474 19
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Table 3 Numerical values of Eq. (5)
Computed Computed

C Error
G FEH FE

0, ! 0,
(%) mma) ™) gy (0
0260 40 39.7 0.8

100 €i=1930 0315 50 50.3 0.7
C,=105 0.370 60 60.9 15

0.414 70 69.5 0.7

0260 40 39.8 0.5

00 Ci=175.0 0322 50 50.2 0.3
C,=9.4 0.386 60 61.5 25

0.452 70 69.2 1.2

0.261 40 39.9 0.1

300 Ci=1684 0323 50 49.5 1.0
C,=9.6 0.389 60 61.9 3.2

0.461 70 68.7 1.8
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