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The Effect of Strain Rate and Temperature on Plastic Deformation of a Metal
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Abstract

The effect of strain rate and temperature on plastic deformation of alloy steel is investigated.
Plastic flow stress decreases as temperature increases and increases as strain rate increases. A
strain rate and temperature dependent strain hardening law is proposed to describe stress-strain-
strain rate-temperature relations. The formulation is purely empirical, based on experimental
data for uniaxial compression of alloy steel. Agreement between the proposed strain rate-
temperature dependent strain hardening law and experimental data is very good over a wide
range of strain rates and temperatures.
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Table 1 Chemical compositions of low carbon alloy

steel
. C Mn S . 0 Ni Mo
027 021 0012 018 1.9 043
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Fig. 1 Barrelled specimens of alloy steel at various strains after uniaxial compression(unit : mm)
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Table 2 Estimates and asymptotic standard devia-
tions of parameters in (7)

Asymptotic
standard
Estimate deviations
Y(MPa) 807.83 30. 487
Xs 0.49 0. 025
€s 0.09 0.012
Ns 3.16 0.034
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Table 3 Estimates and asymptotic standard devia-
tions of parameters in (10)

Asymptotic
. standard
Estimate deviations
YA MPa) 328.30 18.933
Xa . 1. 67 0.126
€ - 0.05 0. 003
ng 1.30 0. 025
m 0.21 0. 005
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Table 4 Estimates and asymptotic standard. devia-
tions of parameters in (12)

Asymptotic
standard
Estimate deviations
0.60 0.035
y -1.84 0. 049
0.21 0. 009
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