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Table 1 Plastic parameter setting for sheet molding
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Fig.1 Schematic diagram of sheet loading
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Fig. 2 Schematic diagram of the sheet structureprior to material removal (green for area Q, yellow for area P)
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Fig. 3 Schematic diagram of the force on the sheet prior to material removal
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Inverse results of residual stress (left) and finite element calculation results (right)
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Fig.5 Inverse results of displacementw (left) and finite element calculation results (right)
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Table 2 Inverse error of residual stress

s AR o. (MPa) oy, (MPa) 7.y (MPa)

7 (o 2 {E HLH R S H HLSH RE S {E HAE RE
1 (64,84) 37. 48 36. 55 2.54% 52. 83 52. 26 1.09%  —38.85 —37.19 4.46%
2 (48,40)  108.73 109. 20 0.43% 112.08 111.51 0.51% 9.99 9.15 9.18%
3 (36,58) 142. 32 142. 35 0.02% 132.25 134.07 1.36% 8. 80 8.49 3.65%
4 (10,18 30.19 34,42 12.29% 29. 96 34. 50 13.16%  —61.82  —60.69 1.86%
5  (36,86) 71. 44 77.41 7.71% 84. 20 88. 04 4.36% 19. 87 21.78 8.77%
6 (60,16) 57.57 57.18 0.68% 50. 28 52.15 3.59% 20. 93 21. 04 0.52%
7 (64,28  102.91 102. 22 0.68% 107. 76 105. 78 1.87% 26.19 26.78 2.20%
8 (70,22 87.70 90. 86 3.48% 84.99 88. 68 4.16% 33.61 35.75 5.99%
9 (80,84) 17. 20 16. 87 1.96% 27. 40 27. 30 0.37%  —51.14  —48.52 5.40%
10 (78,58) 47.24 47.56 0.67% 56. 02 57.63 2.79%  —19.19  —18.96 1.21%
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Table 3 Inverse error of displacement
. o7 B AR bR w (mm)
=
(x.y) B H S AH A JF R 2 HH X iR 22
1 (64,84) 0.1799 56 0.0143 8.6353%
2 (48,40) 0. 3682 .3728 0. 0046 1.2339%
3 (36,58) 0.3723 . 3807 0.0084 2.2065%
4 (10,18 0. 0701 . 0737 0. 0036 4. 8847 %
5 (36,86) 0.1878 . 1838 0. 0040 2.1763%
6 (60,16) 0. 1990 L1742 0.0248 14.2365%
7 (64,28) 0.2888 . 2722 0.0166 6.0985%
8 (70.22) 0.2317 . 2049 0. 0268 13.0796 %
9 (80,84) 0. 1229 . 0976 0. 0253 25.9221%
10 (78,58) 0.2372 . 2175 0. 0197 9.0575%
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Fig. 7 Inverse results of residual stress after reconstruction (left) and finite element calculation results (right)
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Table 4 Inverse error of residual stress after reconstruction
S AR Y i o, (MPa) o, (MPa) 7., (MPa)
5 () S H HIE B2 S AE HIME B2 S AE HIE W%
1 (20,54 —93.11 —86.19  8.03% —52.13  —46.95 11.03%  —25.78 —25.30 1.90%
2 (24,90) 31. 04 25.43 22.06%  —12.42  —14.94 16.87%  —62.71  —54.93 14.16%
3 (40,60) —109.67 —95.19 15.21% —105.19 —91.81 14.57%  —15.38 —13.55 13.51%
4 (44,66) —106.57 —92.14 15.66% —105.85 —96.98  9.15% —15.33  —14.71 4.21%
5 (52,62) —87.58 —78.42 11.68%  —81.65 —71.33 14.47%  —11.00 —10.79 1.95%
6 (60,28) —37.84 —35.41  6.86% —56.91 —52.86 7.66% —3.56 —3.31 7.55%
7 (62,52) —66.44  —60.35 10.09%  —57.73 —49.48 16.67% = —2.17 —2.93 25.94%
8 (70,44)  —64.30 —59.24  8.54% —49.18  —42.74 15.07% —3.07 —2.78 10.43%
9 (78,60) —26.63 —23.61 12.79% 38. 54 42,07 8.39%  —20.15  —20.59 2.14%
10 (88,38) —22.56 —21.09  6.97% 50. 90 51.57 1.30% 25.08 24.45 2.58%
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Residual Stress Inversion and Deformation Calculation

Based on Theory of Elasticity

Baijun Gu Xiangze Tao Yingtao Zhao

(Department o f Mechanics, School of Astronautics, Beijing Institute of Technology, Beijing, 100081)

Abstract During the manufacturing process of a rough workpiece, the non-uniformity of material me-
chanical properties can result in the generation of residual stresses within the workpiece, which can lead to
structural failure. During the cutting removal process of the workpiece, the residual stresses gradually re-
lease, causing deformation. In this study, the "birth-death element" technique of finite element analysis
was used to simulate the cutting removal process of the material. This process was then transformed into
the release of residual stresses. A novel analytical method combining radial basis function interpolation
with geometric and physical equations was proposed based on plate shell theory, small-deformation theory,
theory of elasticity, and the superposition principle. The method aimed to invert the residual stress field
and calculate the resulting deformation. This study was divided into two parts. In the first part, the influ-
ence of stress equilibrium equations was neglected, and the radial basis function interpolation method was
used to invert the release of residual stresses in thin plates according to the initial residual stress field and
the residual stress field after material removal. Next, the stresses were substituted into the physical equa-
tions to calculate the strain. The strain was then substituted into the geometric equations, and the plane
displacement was calculated by strain integration from geometric equations. Based on the plate shell theory
equations, the buckling deformation was inverted according to the plane displacement. In the second part,
the reverse process of the first part was performed. Firstly, the buckling deformation caused by material
removal in the thin plate was inverted. Then, the buckling deformation was substituted into the plate shell
theory equations to invert the release of residual stress and the reconstructed residual stress field. The re-
sults demonstrated the reversibility of these two processes. Furthermore, the analytical solutions showed
high agreement with the finite element solutions. This suggested that the analytical method proposed in
this paper is applicable to thin-plate structures under elastic conditions and can be used to estimate residual
stress distribution and predict deformation in the thin-plate cutting removal process.

Key words residual stress, residual stress inversion, residual stress release, material removal, finite

element simulation





