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Fig. 1 Dimension of thermal tensile test specimen (Unit: mm)
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Fig. 3 Square box experimental results of 7075-T6 alloy at
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Fig. 4 Damage morphologies of 7075-T6 alloy at different
deformation phases: (a) As-received; (b) Necking; (c) Fracture
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Table 2 Central composite experimental design (CCD) arrangement and responses
Experiment Factor Response
No. Jo N Je Jr R, R, R; Ry
1 0.0002 0.001 0.005 0.05 0.126 71.798 0.252 50.755
2 0.002 0.001 0.005 0.05 0.134 71.633 0.268 59.524
3 0.0002 0.045 0.005 0.05 0.038 67.209 0.076 66.338
4 0.002 0.045 0.005 0.05 0.024 66.570 0.048 65.71
5 0.0002 0.001 0.05 0.05 0.140 71.78 0.28 25.562
6 0.002 0.001 0.05 0.05 0.137 71.583 0.274 25.463
7 0.0002 0.045 0.05 0.05 0.119 69.560 0.238 62.141
8 0.002 0.045 0.05 0.05 0.121 69.396 0.242 63.902
9 0.0002 0.001 0.005 0.2 0.138 71.785 0.276 51.276
10 0.002 0.001 0.005 0.2 0.131 71.633 0.262 59.524
11 0.0002 0.045 0.005 0.2 0.056 67.393 0.113 67.156
12 0.002 0.045 0.005 0.2 0.029 66.647 0.059 67.574
13 0.0002 0.001 0.05 0.2 0.126 71.899 0.252 27.288
14 0.002 0.001 0.05 0.2 0.130 71.633 0.26 25.991
15 0.0002 0.045 0.05 0.2 0.121 69.699 0.242 63.279
16 0.002 0.045 0.05 0.2 0.120 69.396 0.24 63.902
17 0.0002 0.023 0.0275 0.125 0.123 69.111 0.246 61.061
18 0.002 0.023 0.0275 0.125 0.125 70.490 0.25 64.783
19 0.0011 0.001 0.0275 0.125 0.128 71.77 0.256 45.58
20 0.0011 0.045 0.0275 0.125 0.090 68.497 0.182 67.816
21 0.0011 0.023 0.005 0.125 0.076 68.537 0.154 67.715
22 0.0011 0.023 0.05 0.125 0.125 70.610 0.25 52.578
23 0.0011 0.023 0.0275 0.05 0.123 70.560 0.246 62.723
24 0.0011 0.023 0.0275 0.2 0.125 70.559 0.25 63.86
25 0.0011 0.023 0.0275 0.125 0.123 70.635 0.246 63.14
26 0.0011 0.023 0.0275 0.125 0.124 70.710 0.248 62.725
27 0.0011 0.023 0.0275 0.125 0.121 68.560 0.242 64.143
28 0.0011 0.023 0.0275 0.125 0.127 70.634 0.254 63.924
#z 3 7075-T6 A &l i it L S 4L 400t — 200 °C, Experiment
Table 3 Thermal damage feature parameters of 7075-T6 alloy 350 m T 388 g: Eig:;ng:
[ A Y £ ] S St
200 0.002  0.0217 0.0274  0.0635 é 200 ¢ 400 C, Simulation
300 0.002 0.024 0.03 0.11 § 150 b
400 0.0022  0.025  0.0301 0.12 = 56 °°°°°*oo\°
sof E RN
B A S, AT T BOR T W 8 ) NP N N
B 200 °C, BOEHE 0.098 s B IRIFLII 23 A7 1 True strain

LLLNEL 9 Fr. tiE 9 WA, FETT SR B
Ferf, BRI A AN AR, LI R A
DU ™ L B A AL, 5 75 8 SR K T 2R A AT

6 25 GTN il

curves and predicted curv
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Fig. 6 Comparison between experimental true stress—strain

es obtained by GTN model
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Experimental and simulation of damage evolution behavior for
7075-T6 aluminum alloy in warm forming

YING Liang', LIU Wen-quan®, WANG Dan-tong', HU Ping', WANG Qi*

(1. School of Automotive Engineering, Dalian University of Technology, Dalian 116024, China;
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Abstract: Based on GTN damage model, both experimental and FEM method were used to research the damage
evolution of high strength 7075-T6 aluminum alloy during warm forming HFQ process. Through the microstructure
observation, the damage evolution within tested material corresponds to the process of void growth, nucleation,
coalescence and subsequent fracture. The response surface model between GTN parameters and critical points of tensile
curve was built based on central composite design. Then, the genetic algorithm was adopted to determine damage
parameters of this aluminum alloy. After that, damage distribution during square cup deep-drawing process was predicted
by finite element software ABAQUS. The results show that the formability of aluminum alloy can be improved
significantly with the temperature increasing. The fracture behavior and location obtained by experiment consist with
those by prediction. So, it demonstrates the applicability of GTN damage model in analyzing formability of aluminum
alloy during warm forming.
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