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Prediction approach of residual stress distribution in aluminum alloy
pre-stretched thick plate based on material non-uniformity

QIN Guo-hua', LIN Feng', ZUO Dun-wen'*?

(1. School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China;
2. College of Mechanical and Electrical Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The discretization method was employed to separate the aluminum alloy thick plate into several levels. The
equivalent plastic strain was defined for each level according to the residual stress during quenching. With the linear
approximation of the stress—strain curve, the yield strength model with less than 2% difference was formulated as a
function of the equivalent plastic strain. Moreover, the curve of elasticity modulus according to the variation of elasticity
modulus with plastic deformation was fitted. Finally, by considering the non-uniformity of yield strength as well as
elasticity modulus, the pre-stretching of the 7075 quenched aluminum alloy thick plate was simulated for the residual
stresses when the pre-stretching rates are 1.8%, 2.2% and 2.5%, respectively. Whether the distribution curve or the stress
magnitude, the simulated residual stresses obtained by the proposed method are in good agreement with the experimental
data. The average error of the simulated residual stresses at the inflection points of the distribution curve is only 13.5%.
Key words: aluminum alloy thick plate; quenching; pre-stretching; material non-uniformity; residual stress
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Table 1 Material parameters of 7075 aluminum alloy'!

Parameter Value
Poisson’s ratio, v 0.33
Elasticity modulus, E; 39 GPa
Hardening slope, & 3.89 GPa
Yield strength, o7 180 MPa
2.2
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Fig. 4 Plastic stress—elasticity modulus curve of stretched

7075 aluminum alloy

5
El,i=>as 7
k=1
a(l <=k =<5) 4057350
~797878.14299  55548.18636  —1596.19567

70.95154



630 2015 3
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Table 2  Plastic strain, yield strength and elasticity modulus at each layer of 7075 aluminum alloy thick plate

Layer No.  Yield strength /MPa  Elastic strain/10~  Equivalent plastic strain/10™*  Elasticity modulus after quenched/MPa

1 183.64 —2.13026 8.54679 38731
2 182.31 —1.82103 5.45449 38980
3 180.08 —1.30564 0.30064 39409
4 176.70 —0.52397 —7.51603 40093
5 175.51 0.24910 —10.26474 40343
6 178.22 0.87615 —3.99423 39780
7 180.15 1.32282 0.47244 39395
8 181.01 1.52038 2.44808 39228
9 181.08 1.53756 2.61987 39214
10 180.78 1.46884 1.93269 39271
2.3
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Fig. 5 Yield strength of 7075 aluminum alloy thick plate Pre-stretching rate of 1.8%; (b) Pre-stretching rate of 2.2%; (c)

along thickness direction Pre-stretching rate of 2.5%
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Fig. 7  Pre-stretching residual stresses of 7075
aluminum alloy thickness plate along thickness
1.8%; (b)
Pre-stretching rate is 2.2%; (c) Pre-stretching rate is

2.5%

direction: (a) Pre-stretching rate is

Table 3 Comparison of simulated values of pre-stretched 7075 aluminum alloy thick plate with experimental data

Thickness/ Pre-stretching Experimental

With non-uniformity of

elasticity modulus

elasticity modulus

Without non-uniformity of

mm rate/% result/MPa
Calculated value/MPa  Relative error/%  Calculated value/MPa Relative error/%
1.8 -9.8 —-10.6 8.2 —4.1 58.2
10 2.2 -12.4 -10.4 16.1 —4.1 66.9
2.5 —-13.8 —-10.6 23.2 —4.1 70.3
1.8 15.8 20.2 27.8 11.5 27.2
20 2.2 16.9 16.9 0 11.5 32
2.5 15.2 16.0 53 9.4 38.2
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