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Prediction of hot deformation behavior of 304 stainless steel using Johnson-
Cook equation
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Article Information Abstract
Original Research Paper The hot deformation behavior of materials has considerable complexity due to its dependence on the strain,
Received: 22 October 2021 First strain rate, and temperature changes. Therefore, the prediction of material behavior is very important in these

Decision: 24 November 2021

Accepted: 21 February 2022 conditions. Various constitutive equations have been developed to predict the deformation behavior of

materials at elevated temperatures, one of the most important of which is the Johnson-Cook equation. To

develop a suitable constitutive equation that can accurately predict the behavior of the material, various tests

goerilgvti%gffe equation such as tensile, compressive, and torsion tests are used. Due to the lack of frictional limitation, the torsion test

Hot torsion can apply much higher deformation or strain than the compression and/or tensile tests. Therefore, in this

Johnson-Cook study, the hot working behavior 304 austenitic stainless steel was investigated using the hot torsion test and

304 Stainless steel the Johnson-Cook constitutive equation was developed for it. For this purpose, experiments have been

Flow stress performed at the temperature range of 800-1000C and strain rate of 0.001-1 s™ and high strain up to about 3.
The results showed that flow stress decreases significantly with increasing temperature and decreasing strain
rate. In places where the strain is sufficiently applied and the deformation temperature is high, dynamic
recrystallization is observed in the microstructure while due to the strain difference along the sample radius,
the microstructure of the deformed part is not uniform along the radius. The developed Johnson-Cook
equation was compared with the experimental results which were observed to have acceptable accuracy in
predicting the hot deformation behavior of the studied steel.
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Fig. 1 Experimental set-up. (a) Test machine; (b) Dimensions of the test
specimen according to ASTM EB8 standard; (c) test specimen
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Fig. 2 Microstructure of AISI 304 austenitic stainless steel before hot
torsion test.
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Table 1 Chemical composition of AISI 304 austenitic stainless steel
(wt. %).

(h) 555 oo yobie
71/52 Fe
0/024 c

1/43 Mn
0/38 Si

0/07 Co
18/21 cr
0/15 Cu
8/11 Ni
0/109 o
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Fig. 3 Curves hot torsion test of AISI 304: a) Torque - Rotation angle

b) True stress - True strain
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Fig. 4 Microstructure of AISI 304 at 800 ° C and with a strain rate of
0.1 S-1in: (a) center; (b) R/2; (c) R.
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Fig. 5 Microstructure of AISI 304 at 1000 ° C and with a strain rate of
0.1 S-1in: (a) center; (b) R/2; (c) R.
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Table 2 Material constants of Johnson-Cook Model
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210 MPa A
508 MPa B
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Fig. 9 Graphs showing experimental and predicted stress for JC model
at various strains for strain rates of: (a) 0.01; (b) 0.1; (c) 1S-1
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