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Modelling for flow stress and processing map of
7055 aluminum alloy based on artificial neural networks

YAN Liang-ming, SHEN Jian, LI Zhou-bing, LI Jun-peng, YAN Xiao-dong, MAO Bai-ping

(General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The isothermal compression of 7055 alloy was carried out at a Geeble-1500D simulator. According to the
experimental results, a back-propagation (BP) neural network model of flow stress and a processing map were developed.
The results indicate that the neural network can correctly reproduce the flow stress in the sampled data and it can also
predict well the non-sampled data. The predicted curves can accurately reflect the flow behavior of 7055 alloy during the
hot deformation. The processing map shows unsteady zones of high temperature deformation of 7055 alloy, including the
zone under experimental temperatures and above strain rate of 0.025 s™'. At 375-425 and 0.001 s, the peak
efficiency of power dissipation is 0.45. Electron backscatter diffraction (EBSD) observations show that there is dynamic
recrystallization in the steady zones. The temperature of 350—430 and low strain rate are recommended to set the
industrial forming conditions.
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Fig.1 Microstructure of 7055 alloy after homogenization
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Fig.2 Schematic illustration of neural network structure

e T & )
[13]
, X9 0~l 9
, g Z=095Z,, "
, 1.05Z,,, —0.95Z, .
Z Zmax Zmin
ZI

b

[11]

(Back propagation neural network)

7055

(21 0~0.25 (4]



1298

2010 7
T-0.95T . BP
T'=0.25x min ) ’
1.057 . —0.95T i, 7055
w=4+1gé 3) BP ;
BP .
¢ =025x— 2= 095Cmiy (4) 1.8%
1.05w,,,, —0.95@,,;,
T Tmax Tmin ( 01 S_l)
T’ £
é' w
M max Wmin (2 5
, Trainbr
3 7055
2.2
210
— (Processing map)
3 3 —
80 100
(@) £=0.001s" — Measured data (b) £=0.015s"
o Predicted data
80
60 oo _'
£ T 976 5 8 o o 300C £
= Z 60
5 a0 &
3 WJ a0 o 0 350°C E 40
= 380TC =
= 6""78?0 U6 o~ 6 6 0 O =
00°C
20 60T 55——0—" "0 0 6 0 6 © 0O 4207C 20
[00000—8n8n8 ~Bo—o—o—o 450 C — Measured data
o Predicted data
0 0.2 0.4 0.6 0.8 0 0.2 04 0.6 0.8
True strain True strain
160 180
150
- 120 -
a &
S = 120
£ 80 £ 905
i o
= E 60
40 H
— Measured data 30t — Measured data
o Predicted data o Predicted data
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
True strain True strain
3 _

Fig.3 Comparisons between true stress—strain curves and predicted flow stresses: (a) € =0.001s"; (b) £=0.01s";(c) £=1s";
(d) £=10s"
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Fig.6 Processing map for 7055 aluminium alloy
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