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Abstract: High-temperature tensile tests on P650 high-nitrogen steel had been conducted under 1 000-
1 150 °C and strain rates of 0.01-10 s ', using a Gleeble-3500 thermomechanical simulator. Based on the
obtained stress-strain data, a strain-compensated Arrhenius constitutive model and an artificial neural
network (ANN) model were developed, with prediction accuracy evaluated by average absolute relative
error, root mean square error, and correlation coefficient. Results demonstrated that the prediction by
ANN model with a single hidden layer (17 neurons) achieved high-precision nonlinear mapping
between input parameters (temperature, strain rate, strain) and flow stress. Besides, the ANN predic-
tions exhibited good agreement with experimental data (r=0.996, Exr=4.63%, Egyse=6.721 MPa) com-
pared to the Arrhenius model (7=0.975, Eszz=7.94%, Erquse=16.032 MPa). This study reveals that artifi-
cial neural networks can effectively capture constitutive relationship characteristics of complex thermal
deformation behaviors, providing an improved strategy for establishing high-accuracy flow stress pre-
diction models and optimizing material processing technologies.
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Table 1 Chemical composition of the P650 steel %

C Mn Si Ni Cr Mo Al P

H o N S Ca Mg Fe

003 202 066 396 18.02 193 0.026 0.014

0.000 34

0.0006  0.665 0.0005 0.006 <0.0005 Bal.

1200 OC/O

"120 & Tensile test
0

N
Q"Q 60's Quenching
~N

in water

Temperature/C

Tensile test temperature: 1 000, 1 050,
1100, 1 150 °C
Strain rates: 0.01, 0.1, 1, 10 s!

Time/s

B AiidiiRiEss
Fig. 1 Schematic illustration of thermal simulation experi-
mental processes
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Fig. 7 The relationships between material constants and true strain
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