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A Method for Residual Stress Field Reconstruction of Structural Parts Based on

Deformation Force Data
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Abstract: Residual stress 1s an important factor for the deformation and failure of parts. The reconstruction of
residual stress field is helpful to eliminate and control the residual stress in the design, manufacture, evaluation, and
application of parts. In view of the problem that it is difficult to reconstruct the residual stress field accurately by existing
methods, a method for the residual stress field reconstruction of parts is proposed by means of the deformation force
data during the manufacturing process of the parts. In this method, the data of clamping force change due to the stress
redistribution caused by material removal is extracted firstly, i.e., the deformation force. The mapping relationship of
the residual stress and the deformation force of a part is solved by iterations with the covariance matrix adaptation
evolution strategy (CMA-ES) algorithm, so that the residual stress field of the part is constructed. Finally, the method
is verified in the simulation environment. The results show that the method can well predict the residual stress field,
and the average error between the reconstructed initial residual stress field and the original applied stress field is about
0.38 MPa. The method provides a new idea for the residual stress field reconstruction of parts.
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Fig.1 Establishment of the simulation environment based on Abaqus platform
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Fig.2 Acquisition of deformation force data
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Fig.3 Relationship between the reconstruction value of each layer stress and the simulation time
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Tab.2 Comparison of the stress field reconstruction result and the applied initial residual stress

JZH4 1 2 3 4 5 6 7 8 9 10
J5 4 i /M Pa 4.59 —4.38 —1.12 3.32 1.34 —0.13 1.34 3.32 —1.12 —4.38
= {E/MPa 3.85 —3.65 —1.28 2.80 1.60 —0.11 1.58 3.53 —1.29 —3.54
iR 2% {H/MPa 0.74 0.73 0.16 0.52 0.16 0.02 0.24 0.21 0.17 0.80

}g 6.0 0.9
< 11k 17 ELIREL:356 45t ——JEUHE ——EMWE —~—iREME 4, {038
T . —_
i (1).8- IR H bR ME:0.012 L 30 {07 g
08 S 15t 106 =
& :

0.7 ~ H0.5 &
Z 06 @ of W
& 09 S {04 3
;\3 0.4 7o 103 ﬁ
= 0.3F -3.0F — |
=02 45 '\/ o o

0.1 457 10.1
E e

0 200 400 600 800 100012001400 I 600 I 800 o

IE=R/&:
4 MULBERSHEREXE
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