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ABSTRACT The effect of strain rate on the mechanical properties has been investigated for a
solid–solution treated TWIP steel Fe–23Mn–2Al–0.2C. The results show that the strain rate in the range
of 2.97×10−4– 1.49×10−1s−1 has no obvious influence on yield strength. However, tensile strength was
slightly decreased and elongation evidently decreased as the strain rate was increased. Deformation behavior
with three stages was observed as the change of strain hardening rate for low strain rate. While for high
strain rate, there exist only two stages in the deformation behavior with respect to the strain hardening rate
and true strain. Strain hardening exponent of this steel increases with increasing true strain. High density
deformation twins forms during the deformation for different strain rates, and the width of deformation
twin lath decreases as the strain rate increases.
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300 mm, �#�*+ (D�+?, %) +: 0.2C,

23.0Mn, 2.0Al, 0.15Si, 0.1V, E�+ Fe%.�@64

F 1200◦ @H@ 2 h,'.�� φ450AA4.>B.

>A4.* 6.0 mm I, 0.@�+ 1100 J, G.@

�+ 980 J, BBFB@; H. 6.0 mm I� 1000 J
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L8���B@DCDBMNO(GB/T228–2002) .

ÆI69*IEPF+ 25 mm #G�HEDJ, �
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�ONOPCLOPQÆ@, C Tecnai G2 F20 FP
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I%RMS(, 6�S!#$�<?, ��0E@D
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D��@XVWY)%Z$�<?P 2.97×10−4s−1

��U 1.49×10−1s−1 4, �#RV���#X!,

UD��P 641 MPa X[U 598 MPa, Y)QC

?P 88.7% QUU 72.2%%R 2 Æ(�Y�#Z
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1.49×10−1s−1 #F:*, $�<?6Y�#RV�

�T!,M#SV, UD��TR$�<?#&!U

!X[, EQC?TR$�<?#&!,MQU%
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@UB[^;8 – ;@W[

Fig.1 Engineering stress–strain curves of Fe–23Mn–

2Al –0.2C steel deformed at different strain

rates
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Fig.2 Mechanical properties of Fe–23Mn–2Al –0.2C

steel deformed at different strain rates

> 3 Fe–23Mn–2Al –0.2C :\ 900 _]X`Y

10 min ^B]^VW

Fig.3 Optical microstructure of Fe–23Mn–2Al –0.2C

steel after solid solution treatment at 900 _

for 10 min
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> 4 Fe–23Mn–2Al –0.2C :T]X;@67Y@U^B SEM ]^VW

Fig.4 SEM micrographs of Fe–23Mn–2Al –0.2C steel after tensile deformation with different strain

rates, (a) 2.97×10−4s−1; (b) 2.97×10−3s−1; (c) 2.97×10−2s−1; (d) 1.49×10−1s−1
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6E&!; E���g!4 (ε >0.3), �$�<? (ε̇

+ 2.97×10−2s−1  1.49×10−1s−1) 4# n bkl�

> 5 ]X;@67Y Fe–23Mn–2Al–0.2C :n[d�67 (a) on[d�el (b) mf;@B@�pn

Fig.5 Curves of strain hardening rate (a) and strain hardening exponent (b) vs true strain for Fe–

23Mn–2Al –0.2C steel deformed at different strain rates

> 6 Fe–23Mn–2Al–0.2C :T]X;@67Y@Ug^B TEM ]^VW

Fig.6 TEM micrographs of Fe–23Mn–2Al –0.2C steel deformed at different strain rates, (a) unde-

formed; (b) 2.97×10−4s−1; (c) 2.97×10−3s−1; (d) 2.97×10−2s−1
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3 O.Grässel, G.Frommeyer, C.Derder, H.Hofmann, Phase

transformation and mechanical properties of Fe–Mn–Si–

Al TRIP–steels, Journal de Physique IV France, C5(7),

383(1997)

4 DAI Yongjuan, MI Zhenli, TANG Di, JIANG Haitao, LI

Shensheng, Microstructure and mechanical properties of

the Fe–Mn–C steel, Shang Hai Metals, 29(5), 132(2007)

(wqz, rrs, t Q, {|u, tvw, Fe–Mn–C % TWIP


	st�uu, v|��, 29(5), 132(2007))

5 D.Barbier, N.Gey, S.Allain, N.Bozzolo, M.Humbert, Anal-

ysis of the tensile behavior of a TWIP steel based on the

texture and microstructure evolutions, Materials Science

and Engineering A, 500(1), 196(2009)

6 C.Scott, S.Allain, M.Faral, The development of a new Fe–

Mn–C austenitic steel for automotive applications, Revue

de Métallurgie, 6(6), 293(2006)

7 Bevis Hutchinson, Norman Ridley, On dislocation accu-

mulation and work hardening in Hadfied steel, Scripta

Materialia, 55(4), 299(2006)

8 M.N.Shiekhelsouk, V.Favier, K.Inal, M.Cherkaoui, Mod-

elling the behaviour of polycrystalline austenitic steel with

twinning–induced plasticity effect, International Journal

of Plasticity, 25(1), 105(2009)

9 ZHOU Xiaofen, FU Renyu, SU Yu, LI Lin, Tensile strain

hardening behavior of Fe–Mn–C TWIP steels, Iron and

Steel, 44(3), 71(2009)

(v�x, ywR, x R, t S, Fe–Mn–C % TWIP 
	�
�

������, 
y, 44(3), 71(2009))

10 LI Wei, TANG Zhengyou, WANGMei, DING Hua, YANG

Ping, Microstructure and mechanical properties of high

manganese austenite TRIP/TWIP steels, Iron and Steel,

42(1), 71(2007)

(t z,twx,{ x,z T,y y,�z{|} TRIP/TWIP


	st�{zuu, 
y, 42(1), 71(2007))

11 Ehab El–Danaf, Surya R Kalidindi, Roger D Doherty, In-

fluence of grain size and stacking–fault energy on deforma-

tion twinning in fcc metals, Metallurgical and Materials

Transactions A, 30(5), 1223(1999)

12 XIONG Ronggang, FU Renyu, LI Qian, ZHANG Mei, LI

Lin, Tensile strain hardening behaviour of TWIP steels,

Iron and Steel, 42(11), 61(2007)

({|}, ywR, } U, | ~, t S, TWIP 
	��


����, 
y, 42(11), 61(2007))

13 WANG Zhanxue, Metallurgy for Plastic Processing, (Bei-

jing, Metallurgical Industry Press, 2003) p.52–55

({}z, VWXYZ[\ (|~, ~��)}~~, 2003) p.52–

55)


