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High temperature flow stress behavior of
as-extruded 7075 aluminum alloy and neural network constitutive model
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(State Key Laboratory of Solidification Processing, School of Materials Science and Engineering,

Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The flow stress behavior of the as-extruded 7075 aluminum alloy was studied through single-pass compression
experiment by using Gleeble 1500D simulator within a temperature range of 250—450 C and a strain rate range of
0.01-10 s '. The results indicate that the flow stress curves show the characteristics of dynamic recovery when the
temperature is no higher than 350 ‘C. Above 350 “C, the dynamic recrystallization occurs in local zone. Compared with
the as-cast 7075 alloy, the peak stress and steady stress of the as-extruded 7075 alloy are larger, and the dynamic
softening is prone to occur at high temperature. The constitutive relationship model of the as-extruded 7075 alloy was
constructed based on BP neural network. The global error is less than 5.35%, while the fitting degree is 2.48%. It is
evident that the model can be used to describe the flow stress behavior of the 7075 alloy at high temperature, and can be
used for analysis and finite element simulation of 7075 alloy in hot working process.
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Fig.1 True stress—strain curves of 7075 aluminum alloy under hot compression at different strain rates!'?): (a) 0.01 s (b) 0.1 s
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Fig.2 Detail characteristics of true stress—strain curves at different strain rates: (a) &=0.1s";(b) £=10s"
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Fig.3 True stress—strain curves of as-cast 7075 aluminum
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Fig.4 Microstructures of 7075 aluminum alloy under different
deformation conditions: (a) 400 °C, 0.1 s™'; (b) 400 °C, 10s™"
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Table 1 Specimen standard of 7075 aluminum alloy under
different deformation conditions

Temperature/ Standard
C 0.0ls'  0.1s" s 105
250 C T C T
300 T C T C
350 C T C T
400 T C T C
450 C T C T

C—Training sample; T—Testing sample
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Fig.6 Comparison between train values and ANN predicted values of 7075 aluminum alloy: (a) £=0.01 s™; (b) £=0.1s";
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Table 2 Comparison of flow stress values predicted by BP artificial neural network (ANN) model and experimental data at 400 C

1

s

Strain rate/s'  Strain Experimental stress /MPa Predictive stress/MPa Absolute error/MPa ~ Relative error/%

0.1 56.42 54.90 1.5185 2.69

0.3 55.09 52.27 2.8179 5.12

0.01 0.5 52.97 50.14 2.8327 5.35
0.7 51.62 49.03 2.5949 5.03

0.9 52.09 49.31 2.784 9 5.35

0.1 83.92 83.41 0.505 4 0.60

0.3 79.62 79.95 0.3292 0.41

0.1 0.5 77.68 77.30 0.382 1 0.49
0.7 75.83 75.72 0.107 6 0.14

0.9 75.46 75.52 0.056 6 0.08

0.1 106.75 104.09 2.660 6 2.49

0.3 102.01 102.32 0.314 1 0.31

1 0.5 99.49 100.67 1.18 1.19
0.7 99.17 100.55 1.3816 1.39

0.9 99.63 101.92 2.286 1 2.29

0.1 127.87 127.96 0.090 5 0.07

0.3 124.9 125.56 0.656 4 0.53

10 0.5 119.76 119.79 0.0322 0.03
0.7 115.86 115.66 0.1999 0.17

0.9 111.79 111.73 0.062 6 0.06
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