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Hot compression deformation behavior of ZK60 magnesium alloy
based on artificial neural network

QIN Yin-jiang, PAN Qing-lin, HE Yun-bin, LI Wen-bin, LIU Xiao-yan, FAN Xi

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Compression tests for ZK60 magnesium alloy were carried out in the temperature range of 200—400 ‘C and
strain rate range of 0.001—1 s, A feed-forward back-propagation artificial neural network with single hidden layer was
established to investigate the flow behavior of this magnesium alloy. The input parameters of the model were temperature,
strain rate and strain while flow stress was the output. A network contains 23 neurons in the hidden layer, and
Levenberg-Marquardt training algorithm was employed. The results show that the flow stress of the ZK60 magnesium
alloy decreases with increasing deformation temperature and decreasing strain rate. The flow stress curves obtained from
the experiments are composed of four different stages, such as work hardening stage, transition stage, softening stage and
steady stage. While for the relatively high temperature and low strain rate, the transition stage is not very obvious. The
proposed model can describe the flow behavior of the ZK60 magnesium alloy precisely, the predicted results agree with
the experimental values. The predicted results of the effect of deformation temperature and strain rate on the flow
behavior of the ZK60 alloy are consistent with what is expected from he fundamental theory of hot compression
deformation.
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Table 1 Chemical compositions of ZK60 magnesium alloy

(mass fraction, %)

Zn  Mn Fe Zr Si Cu Ni Mg

5778 0.01 0.002 0.76 0.002 0.002 0.00076 Bal.
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Fig.1 True stress—true strain curves of ZK60 magnesium alloy at different strain rates: (a) 0.001 s (b) 0.01 s (c)0.1 s (d1 5!
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Fig.2 Typical flow stress curves of ZK60 alloy at elevated
temperature: I —Work hardening stage; [[—Transition stage;
[II—Softening stage; [V—Steady stage
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Table 2  Statistical analysis of input and output data

Value Temperature/  Strain True  True stress/
u C rate/s strain MPa
Maximum 200.00 1.000 0.001 3 8.10
Minimum 400.00 0.001 0.900 0 202.50
Average 298.67 0.260 0.3300 89.65
Standard 71.23 0410 02700  48.33
deviation
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Table 3  Statistical analysis of performance of ANN model for

training and testing predictions

Data ER R EA% S
Training data  1.3309  0.998 7 2.70 0.015 4
Testingdata ~ 2.0714  0.9819 3.91 0.0213
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Fig.5

Statistical analysis of error of ANN prediction
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Fig.7  Effects of temperature on flow stress of ZK60

magnesium alloy at different strain rates
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