HABIRFE RHROE (A )
71 # 703 % (2005-3)

435

#@X No. 04-0158

BRMEMEER L LVRERICERATRE L RRMOEBH
SR BN B KB PR B OK % A
W4 BA OEY, K A B &Y

Temperature Dependent Constitutive Equation for Carbon Steels

with Consideration of Blue Brittleness
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This paper presents a temperature dependent static constitutive equation for carbon steels, which
can be applied for wide temperature range involving the range where blue brittleness occurs.
Generally, a stress induced in steel at a certain strain decrees with the temperature. However, the
occurrence of blue brittleness of steels increases the values of work hardening. As a result, the
stresses increase with the temperature due to the blue brittleness. Thus, the stress-strain relation-
ships of steels seemingly have negative dependence to the temperature within the range involving the
blue brittleness. Since this phenomenon arises remarkably at static strain-rate, the present paper has
proposed a temperature dependent static constitutive equation. Concretely, the paper decomposes the
stress-strain relation of steels into an unaffected part and affected part by the blue brittleness, and
derives equations revealing those parts respectively. The proposed constitutive equation is expressed
by the sum of them. The paper actually obtains unknown material constants involved in the proposed
equations by a nonlinear least squares from measured results and confirms the appropriateness of the
proposed constitutive equation over the wide temperature range.
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Table 1 Chemical composition of SS400 (mass%o)

=1 Cc [ s | Mo [ P | s
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Fig.2 Static stress - plastic strain curves on SS400
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Fig.3 Relationships between stress and temperature on SS400
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Fig.4 Relation between the stress and temperature of steels
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and yield strain of SS400 with temperature

Table 2 Material constants for SS400
(@) a (i=0, 1) of Eq. (7)

Value
a, 2.21x10°
a, (K -1.89x10°

®) K, n,(i=0, 1), C,~C,, T, of Eq. (6), (8)
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Fig.7 Measured and calculated stress - plastic strain curves
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Table 3 Chemical composition of S45C (mass%)
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Fig.9 Static stress - plastic strain curves on S45C
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(b) Plastic strain of 5%
Fig, 10 Relation between stress and temperature on S45C
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Table.4 Material constants for S45C
(a) « (i=0, 1) of Eq. (7)

Value
o, 2.56x10°
a; (K 2.82x107

(b) (®) K, n,(i=0, 1), C,~C,, T, of Eq. (6), (8)

Value
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Fig. 12 Static stress - plastic strain curves on S45C
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