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Effect of Cabon Content on Deformation Resistance

of Cabon Steels in Austenite Temperature Range

Chihiro NAGASAKI and Junji KIHARA

Synopsis :

Deformation resistance of carbon steels with carbon content from 0.05 to 0.80 wt% is examined in the au-
stenite temperature range and at the strain rates ranging from 10 2 to 200/s with special respect to its de-
pendence of carbon content. Hot deformation resistance during work hardnening stage increases with in-
creasing carbon content at lower temperature of austenite range and at higher strain rate. On the contrary,
it decreases with increasing carbon content at higher temperature range and at lower strain rate. In early
work hardening stage, work hardening is promoted with increase of carbon content. Work hardening rate de-
creases with increase of carbon content at all conditions of strain, strain rate and temperature. Such phe-
nomena are discussed with respect to the dependence of the stacking fault energy on carbon content. The
deformation resistance in second deformation stage after interruption of deformation comes close to the de-
formation resistance without interruption of deformation as strain increases. The precise mathematical
model of resistance is obtained by a quadratic formula of regression with strain, strain rate, temperature
and carbon content.

Key words : carbon steel ; deformation resistance ; carbon content ; austenite temperature range ; tensile
test ; interruption of deformation ; mathematical model.
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Table 2. Chemical composition of carbon steel

Table 1. Chemical compositions of carbon steels
(wt% ). (wt% ).

C Si Mn P S Cu Al C Si Mn P S Al N
A 0.05 0.019 0.26 0.015 0.015 0.01 0.055 0.49 0.22 0.79 0.026 0.014 0.035 0.004
B 0.16 0.38  1.3¢ 0.017 0.007 0.02 0.023
C 0.626 0.235 0.49 0.014 0.0038 —  0.025
D 0.804 0.246 0.82 0.006 0.003¢ —  0.025
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Fig. 1. Thermal and deformation history in tensile
test with interval time.
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Fig. 2. Variation of stress-strain curves with ini-
tial grain size ; the specimen of steel B is deformed
at 1173 K and at 200/s.
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Fig. 3. Stress-strain curves of various carbon
steels deformed at 1 173 K and at 200/s.
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Fig. 4. Stress-strain curves of various carbon
steels deformed at 1 373 K and at 10~ 2/s.
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Fig. 5. Stress-strain curves of various carbon
steels deformed at 1 173 K and at 10 /s.
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Fig. 7. Stress-strain curve of the second de-
formation after interruption of deformation; inter-
val time is 1s and 10s.
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Fig. 8. Influence of interval time and testing
temperature on softening ratio.
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Fig. 9. Influence of strain in the second deforma-
tion on recovering ratio ; interval time is 2s and
10s. -
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Fig. 10. Variation of work hardening ratio with
carbon content ; the specimen is deformed at
1173 K and at 10/s.
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Table 3. Partial regression coefficient and stan-
dard regression coefficient in deformation resist-
ance formula.

Partial regression coefficient | Standard regression coefficient

Ay 80.3 —

Al —80.6 —0.711
A3 —33.3 —0.989
Ay —211.4 —1.036
Ajs 2.04 0.490
Ago —5.70 —0.463
Aos 6.99 0.258
Agy 116.4 1.530
Ags —1.28 —0.143
Ass 4.29 0.153
Aszy 40.5 1.326
Ass 2.36 0.294
W 139.8 1.164
Ags 6.34 1.098

55 —0.51 —0.429 -
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Fig. 11. Comparison between calculate and mea-
sured deformation resistance.
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Fig. 12. Calculate and measured stress-strain

curves for steel B at 1 373 K and at the strain rate
of 10 "%/s to 200/s.
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