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High temperature constitutive relationship model of Ti40 alloy
based on fuzzy-neural network
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Abstract: The hot deformation characteristics of Ti40 alloy were studied in the temperature range of 900—1 100 C, the
maximum deformation degree of 60% and strain rate range of 0.01—10 s~ with Gleeble 1500 thermal simulator. Based on
the results obtained from experiment, a constitutive relationship model of Ti40 alloy was established by the fuzzy-neural
network and compared with the experimental result. The results indicate that the method is feasible to construct a
constitutive relationship model for this alloy and high in the degree of fitting, Simultaneously, the complicated nonlinear
relationship of thermodynamic parameters can be well described by the network model, making up for the limitations
which traditional regression cannot reflect the whole deformation process. This method is not only a wide prospect of
application but also an effective way to establish the constitutive relationship model of titanium alloys.
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Fig.1 Architecture of fuzzy-neural network model
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Fig.2 True stress—true strain curves of Ti40 alloy during

high temperature compression deformation at 900 C
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Table 2 Comparison experimental results with calculated
values by flow stress of fuzzy-neural network for Ti40 alloy

(e=0.5)

membership function Temperature/ Strain ~ Experimental Predicted
Initial Optimized T rate /s ' value/MPa value/MPa rror/%
Input Fuzzy Linguistic parameter parameter 0.01 163.51 163.93 —-0.26
set variable ; ; ; i 0.1 257.16 252.15 1.95
a; b/- a; b/- 900
: : : : 1 390.25 389.67 0.15
x| S1 Small 900 42470 900 42.470 10 429.68 428.74 0.22
x, Ml  Medium 1000 42470 1000 42.460 0.01 100.75 100.36 0.39
x3 L1 Large 1100 42470 1100 42.470 050 0.1 178.34 182.11 -2.11
x4 S2 Small 005 0.1168 —0.0086 0.0500 1 317.54 310.77 2.13
xs M2  Medium 0325 0.1168 02661 0.1478 10 404.26 401.11 0.78
xe L2 Large 0.6 0.1168 0.5502 0.1469 0.01 83.58 82.95 0.76
x;S3 Small —4.6 14670 —4.554 15390 0.1 177.23 174.28 1.66
xs M3 Medium —1.151 14670 —1.107 1.4660 1000 1 281.29 280.84 0.16
xo L3 Large 2303 14670 2362 1.3740 10 357.60 357.04 0.16
0.01 196.40 198.68 -1.16
e W AR Y AR AR (R AR S e R K i S T L 050 0.1 268.70 269.89 -0.44
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Erigfr, W EKF R E 52 BN RIE, | 100 0.1 167.89 167.17 0.43
MM E R IEALTE T 225, e I 2 () g v g fit 1 20.94 20.88 0.29
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Fig.4 Error between experimental data and predicted results
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Fig.5 Three dimensional predicted flow stress for Ti40 alloy
at 900 'C
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