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Empirical recrystallization model and its application of
as-extruded aluminum alloy 7075

GUO Hai-long, SUN Zhi-chao, YANG He

(State Key Laboratory of Solidification Processing, School of Materials Science and Engineering,

Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Using isothermal compression test and quantitative metallographic analysis, the deformation behavior and
microstructure evolution of as-extruded aluminum alloy 7075 were studied within a temperature range of 250450 °‘C and
a strain rate range of 0.01-10s"". The true stress—strain curves, average grain size, recrystallized grain size,
recrystallization volume fraction under different deformation conditions were obtained. Based on Yada recrystallization
model, an empirical dynamic recrystallization model of the as-extruded aluminum alloy 7075 was established by means
of statistical regression method. The results show that the average error of the model is less than 5%. Through secondary
development, the established recrystallization model was implanted in the software Derform-3D, simulation validation
shows that the prediction accuracy of the model can meet the requirements. Then, adopting the established model, the
microstructure evolution in multi-way loading forging process of the as extruded 7075 triple valve workpiece was studied,
and the grain size and distribution laws of the workpiece under the two loading paths were obtained.
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Table 1 Chemical composition of extruded 7075 aluminum

alloy (mass fraction, %)

Zn Cu Mg Fe Si
5.1-6.1 1.2-2.0 2.1-2.9 0.50 0.40

Mn Cr Ti Others Al

0.3 0.18—0.28 0.2 0.15 Bal.
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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 Diagram showing grain size measured by area method
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Table 2 Recrystallized grain size and recrystallization volume fraction deformed at 400 and 450 ‘C

Temperature/ 'C Reduction/% Strain rate/s ' Recrystallized grain size/pm Recrystallization volume fraction
400 50 0.01 16.353 4 0.100 9
400 50 0.1 14.293 9 0.200 1
400 50 1 12.8152 0.213 5
400 50 10 8.6257 0.658 2
450 50 0.01 19.242 1 0.192 4
450 50 0.1 16.180 3 0.237 1
450 50 1 12.396 9 0.253 0
450 50 10 12.1712 0.274 5
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= (a) Table 5 Comparison of experimental and calculated values of
20 . average grain size of test samples
g 18+ . Sample No. Average grain size/pum Relati(\)/e
b= 161 ] . Simulated ~ Experimental error/%
gi 141 . 1 28.840 7 27.34 5.49
§ 12 b 2 27.764 9 29.15 —4.75
“ 101 3 28.2209 27.59 2.28
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Fig. 3 Comparison of experimental and calculated values of

recrystallized grain size(a) and average grain size(b)
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Table 3 Deformation condition of test samples

1

Sample No. Temperature/ 'C Strain  Strain rate/s
1 400 1.0 0.1
2 400 1.3 10
3 450 1.3 0.01

R4 ROROREAS TR ORI B 5 SR L
Table 4 Comparison of experimental and calculated values of

recrystallized grain size of test samples

Recrystallized grain size/pm Relative

Sample No. Y
Simulated ~ Experimental error/o

1 14.293 9 13.264 7.76

2 9.463 7 9.546 6 —0.87

3 22.098 0 20.851 5.98
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Table 6 Error analysis of recrystallized grain size in Fig. 4

Recrystallized grain size/pum Relative

Figure )
Simulated ~ Experimental error/%

4(a) 9.06 8.63 4.98
4(b) 115 12.82 ~10.37

4(c) 13.2 14.43 ~8.53

F7 B S AP R BHUES Rk ZE S B

Table 7 Error analysis of average grain size in Fig. 5

. Average grain size/pum Relative
Figure p
Simulated ~ Experimental error/%
5(2) 317 30.47 4.04
5(b) 30.6 28.83 6.14
5(¢) 27.8 27.23 2.09
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Fig. 4 Simulation results of recrystallized grain size in compression: (a) 350 ‘C, £=0.7, £=0.01 s''; (b) 400 C, £=I, &=
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Fig. 5 simulation results of average grain size of simulation compress: (a) 350 ‘C, £=0.7, £=0.01s"; (b) 400 C, £=I, ¢=
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