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TWIP Effect and Plastic Instability Condition in an Fe-Mn-C Austenitic Steel

Motomichi Kovyama, Takahiro Sawacuchi and Kaneaki TSuzaxi

Synopsis : The correlation among deformation twin density, work hardening, and tensile ductility was investigated in an Fe-18Mn-1.2C steel. The twin

density was varied by changing tensile deformation temperature from 123 to 523 K. The deformation twin density at a 10% plastic strain

decreased with increasing deformation temperature except for the condition (123K) in which martensitic transformation occurred. The work

hardening rate at the early deformation stage decreased due to the reduction in the deformation twin density; however, the decrease in work

hardening rate did not affect the uniform elongation. The uniform elongation was determined by a plastic instability condition. Thus, the im-

portant factor for the uniform elongation is the work hardening rate in the later deformation stage. Additionally, we discussed influences of

dynamic strain aging and e-martensitic transformation which accelerated fracture.
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Table 1. Chemical composition of the present steel.

Steel (wt.%) Mn

Si C

Fe

Fe-18Mn-1.2C 18.0

0.003

bal.
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Fig. 2. Engineering stress-engineering strain curves at various
deformation temperature.
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Fig. 3. (a) Image quality and (b) rolling direction-inverse pole
figure maps in the present steel deformed by 10% strain at
294 K. The red lines in Fig.3(b) indicate twin boundaries.
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Fig. 4. Tmage quality maps after 10% deformation at (a) 123, (b)
223, (c) 373, and (d) 473 K.
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Fig. 5. Change in twin density at the 10% plastic strain plotted
against deformation temperature.
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Fig. 6. Image quality maps after 20% deformation at (a) 294 K and (b) 473 K.
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Fig. 7. Change in twin density plotted against plastic strain at
294 K (RT) and 473 K.
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Fig. 8. Work hardening rates at (a) 123, 173, 223 K, (b) 273,
294,373 K, and (c) 423, 473, 523 K.
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Fig. 9. Deformation temperature dependence of tensile properties.
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Fig. 10. The tensile properties of the present steel and compari-
sons with other high Mn steels showing TWIP effect.
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