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Fig.1 Diagram of a blank and its workpiece
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Fig.2 Equivalent loads applied on the workpiece
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Fig.3 Bend deformations of the workpiece: (a) constrains and

(b) deformations
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Fig.4 Calculation parameters for moment
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Fig.5 Tension and compression deformations
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Fig.6 Length variations caused by bending deformations
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Table 1 Residual stress in each layer
Equivalent Equivalent
Layer Position,  residual | Layer Position, residual
number  z/mm stress, number z/mm stress,
o's/MPa o's/MPa

1 0.075 5.0 21 3.075 -10.0
2 0.225 5.2 22 3.225 -10.1
3 0.375 5.5 23 3.375 -9.8
4 0.525 5.5 24 3.525 -8.8
5 0.675 5.5 25 3.675 -7.3
6 0.825 53 26 3.825 -5.5
7 0.975 4.9 27 3.975 -3.8
8 1.125 4.0 28 4.125 -2.5
9 1.275 2.7 29 4.275 -1.3
10 1.425 1.3 30 4.425 0.0
11 1.575 0.0 31 4.575 1.3
12 1.725 -1.3 32 4.725 2.7
13 1.875 -2.5 33 4.875 4.0
14 2.025 -3.8 34 5.025 4.9
15 2.175 -5.5 35 5.175 53
16 2.325 -7.3 36 5.325 5.5
17 2.475 -8.8 37 5.475 5.5
18 2.625 9.8 38 5.625 5.5
19 2.775 -10.1 39 5.775 5.2
20 2.925 -10.0 40 5.925 5.0
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Fig.9 Simulated results of FEM for the thin plate: (a) bending
deformation, (b) tensile deformation, and (c) stress
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Fig.10 Comparison of machining deformations and re-distribution of residual stress for the thin plate: (a) bending deformation, (b) tensile
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Model of Release and Redistribution of Initial Residual Stresses for Machining
Deformations of 7075 Aluminum Alloy Thick Plate

Ye Haichaol’2, Qin Guohua2, Lin Fengz, Zuo Dunwenl, Wu Zhuxiz, Luo Yuguo3
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(2. Nanchang Hangkong University, Nanchang 330063, China)
(3. Chengdu Aircraft Industrial (Group) Co., Ltd, Chengdu 610092, China)

Abstract: Through equaling the removal of materials to the release of residual stress, the residual stress remained in the aeronautical
monolithic component were converted into the external force according to the static equilibrium conditions, the analysis model was
deduced for machining deformation based on the small deformation theory. Because the overall consideration on position variation was
done by the tension/compression of neutral surface, bending of neutral surface, and rotation of end surface, the superposition principle can
be used to formulize the mechanical model of residual stress redistribution. The proposed analytical model can be suitable for the accurate
calculation of the machining deformation of aeronautical monolithic component, in addition to the analysis of the residual stress
redistribution. The comparison among the model calculations, the simulated values and the experimental measurement data shows that, for
the amplitude and deformation curve, the model calculations are in good agreement with the simulated values. Moreover, the measurement
error of residual stress causes a small difference in the amplitude between the model calculations and the experimental measurement data,
though the deformation curves of them have a good agreement with each other.

Key words: 7075 aluminum alloy thick plate; release of residual stress; redistribution of residual stress; machining deformation; removal

of material
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