Deformation behaviors of metallic materials at
elevated temperatures and high strain-rates : on
carbon steels and magnesium alloys
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Abstract

This study clarifies the deformation behaviors of carbon steels and magnesium alloys at elevated
temperatures and high strain-rates. Additionally, the behaviors of the carbon steels are expressed by
constitutive equations. Firstly, the study proposed the simple method to determine a constitutive
equation with both temperature and strain-rate dependencies by statistical procedures. The method
expresses the constitutive equation by polynomial and determines its degrees by an information
criterion. The coefficients of the polynomial are determined by approximating measured values with
linear least squares. The study demonstrated that the rﬁethod can easily obtain the constitutive
equation in the strain-rate range from 10 to 1000 s™ and the temperature range from about 293 to
400K, where the deformation of the carbon steels show simply dependences to the temperature and
strain-rate variances. Next, the study confirmed the carbon steels exhibit the abrupt change of the
temperature dependence by the influence of blue brittleness. The polynomial constitutive equation as
~ above described hardly expresses that phenomenon. Thus, the study proposed the static constitutive
equation that can exhibit the influence of blue brittleness. The proposed equation has two terms; the
one shows unaffected deformations and the other shows affected one by blue brittleness. The
unknown material constants of the proposed equations were determined from measured results and
its availability was validated. The study furthermore proposes dynamic constitutive equation that can
reveal the deformation behaviors of the carbon steels over wide strain-rate and temperature ranges
involving the blue brittleness range. The equation was derived by considering the mechanism of the
dislocation based on metallic physics. The unknown material constants involved in the equation
were determined from the measured results and its validities were shown. Finally, the study
investigated both the compressive and tensile deformation behaviors of representative magnesium
alloys at wide strain rate and temperature ranges. The magnesium alloys exhibit low temperature
dependence. Furthermore, the yield stresses caused under the tensile load exhibit about twice as high

as those under compressive load over wide strain rate and temperature ranges.
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