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Deformation and Strain Hardening of Martensite in 1.4% Mn Steels

Kohichi SUGIMOTO, Tsuneaki SAKAKI,

Synopsis:

Toshiro FUKUSATO and Ohmi MivAacawa

The effects of carbon content and tempering temperature on the deformation and the strain hardening
of martensite in 0.11-0.43 percent carbon-1.4 percent manganese steels were investigated.

(1) The deformation of the martensites as—quenched and tempered at 100°-400°C was composed of
two or three kinds of fundamental deformation stages, e.g. the first and the third stages or the first, the third

and the fourth stages.

The strain hardening rates in the first stage (at £¢=0.01, true plastic strain) and the third stage were raised

in proportion to m’ (0.43-0.87) power of the carbon content.

Those hardening rates were particularly

high in the martensites as—quenched and tempered at 100°-200°C, while very low after tempering at 300°—

400°C.

(2) After tempering at 500°-700°C, the second stage appeared. The strain hardening rate in this stage
had a linear relationship with fJ(l —f), where f represents the volume fraction of spheroidal cementite
particles. The strain hardening rate in the third stage showed a little higher values than those after

tempering at 300°-400°C.

(3) Relative strain hardening rate 1/g-dg/de of the martensites was affected by tempering tempera—

ture. This will influence on toughness of the steels.
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Table 1. Chemical composition of steels (wt%).

w

Steel C Si Mn p S Cu Ni Cr

11C 0.11 0.20 1.36 0.009 0.005 0.01 0.04 0.05 —

20C 0.20 0.21 1.26 0.018 0.011 0.10 0.05 0.07 —

43C 0.43 0.33 1.50 0.014 0.009 0.05 0.03 0.27 —
37C-B 0.37 0.32 0.98 0.007 0.005 0.02 0.02 0.02 0.002
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Fig. 1. Relationship between 0.29; offset proof
stress and carbon content in the steels as-quenched
and tempered at 100°-700°C.

Table 2. K, m and K', m' values in equations
(1) and (3).

Strain hardening rate

Tempering 0.27% offset
Stage 1 Stage III
temperature proof stress (£=0.01)
°c) K(MPa) m K' (MPa) m’ K' (MPa) m'
as qu. 2410 |0.40 57500 0.62 1830 0.43
100 2075 10.31 54000 | 0.62 1830 0.46
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300 1845 10.23 | 20200 | 0.67 1260 0.62
400 1645 10.23 14400 0.87 920 0.45
500 1315 ]0.26 - - 940 0.36
600 1010 |0.23 - - 810 0.29
700 825 |0.23 - - 890 0.27
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Fig. 2. True stress-true plastic strain curves of (a) 11
C, (b) 20C and (c) 43C steels as-quenched and
tempered at 100°-700°C. Arrows in the figure re-
present onset of diffuse necking (maximum load
point). Marks of T, I, Il and IV represent the
stages of deformation.
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Fig. 3. Strain hardening rate - true plastic strain
curves (H) and true stress - true plastic strain curves
(S) of 20C steel as-quenched and tempered at 200°,
400° and 600°C. Numerals mean strain hardening
rate.
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Fig. 4. Log-log plots of strain hardening rate
and true plastic strain of (a) 11G, (b) 20C and
(c) 43C steels as-quenched and tempered at 100°-
400°C.
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Fig. 5. True stress —true plastic strain curves
in microstrain range (£<<0.02) of 20C steel as-
quenched and tempered at 100°-400°C.
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Fig. 9. Comparison between true stress - true
plastic strain curves of (a) fine grained
martensite and (b) coarse grained martensite
of 20C steel tempered at 600°C.
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