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Table 1 Chemical composition of TWIP steel (w/%)

Mn C Al P Si Ti Fe

18.400 0.480 1.420 0.015 0.090 0.096 Bal.

F2 Q345 WEILFEMS
Table 2 Chemical composition of Q345 steel (w/%)

Mn C Al P Si S Fe

1.310 0.180 0.004 0.023 0.380 0.014 Bal

fEBEN: LYy, &, 1998@% it, EPGRH RS KRR, R K¥P 410073, E-mail: fengxinchang2 1@nudt.edu.cn
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Fig.1 Geometries (a, b) and photos (c, d) of specimens:

(a, ¢) quasi-static tensile specimen and (b, d) dynamic

tensile specimen
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Fig.2 Appearances of specimens before and after tensile

deformation: (a) TWIP steel under quasi-static tensile
deformation, (b) TWIP steel under dynamic tensile
deformation, (c) Q345 steel under quasi-static tensile
deformation, and (d) comparison of TWIP steel and

Q345 steel after tensile fracture
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Table 3 Mechanical properties of TWIP steel

Strain rate/ Yield strength, Tensile strength, Yield ratio, Uniform elongation, Fractu.re Product of str@ ngth
K elongation, and elongation/
s oy/MPa or/MPa o/ ob &
& MPa%
104 338 1355 0.25 0.47 0.48 65 040
103 342 1237 0.28 0.45 0.47 58 139
102 378 1161 0.36 0.43 0.45 52 245
1000 603 829 0.73 0.15 0.16 13 264
3000 589 855 0.69 0.21 0.31 26 505
5000 521 913 0.57 0.30 0.36 32 868
6500 659 1102 0.60 0.21 0.30 33 060
R4 Q35S MOFIEEE
Table 4 Mechanical properties of Q345 steel
Strain rate/ Yield strength, Tensile strength, Yield ratio, Uniform elongation, Fractqre Product of str.e ngth
B elongation, and elongation/
s os/MPa on/MPa os/ ob &
& MPa%
1073 450 693 0.65 0.21 0.26 18 018
1000 506 538 0.94 0.08 0.18 9 684
5000 560 590 0.95 0.12 0.26 15 340
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Fig.3 True stress-strain curves of experimental steels at different

strain rates: (a) TWIP steel and (b) Q345 steel
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Fig.4 Mechanical properties of TWIP steel under different strain

rates: (a) strength and (b) elongation
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Fig.5 Fitting test results with the J-C model and the modified J-C model at the strain rate of 1000 s*! (a), 3000 s! (b), and 5000 s°! (c)
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Fig.6 Macroscopic morphologies of fracture under quasi-static tensile deformation: (a) TWIP steel and (b) Q345 steel

7 WERE A LA BT D ROW T 3R
Fig.7 Morphologies of fracture under quasi-static tensile deformation: (a) TWIP steel (the solid white frame in Fig.7a), (b) TWIP steel

(the dotted white frame in Fig.7a), (c) Q345 steel (the solid white frame in Fig.7b), (d) Q345 steel (the dotted white frame in Fig.7b)
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RN o [ 5 AR 5 YR 0, T S U6 1 i R 50328 M U5
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Fig.8 Fracture morphologies of TWIP steel under dynamic tensile deformation: (a) strain rate of 1000 s!, (b) strain rate of 3000 s,

(c) strain rate of 5000 s, (d) strain rate of 6500 s, (e) location of fracture edge (strain rate of 5000 s), and (f) partial

enlargement
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Fig.9 XRD patterns of TWIP steel before and after deformation
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Fig.10 SEM image of TWIP steel before tensile deformation
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Fig.11 SEM images of TWIP steel after tensile deformation under quasi-static loading with different strains and different strain rates:

(a) 15%, 102 s71; (b) 30%, 102 s°'; (c) necking, 102 s°'; (d) fracture, 102 s!; (e) fracture, 103 s1; (f) fracture, 105!
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|

B 12 TWIP 4B A HH (1000 s AR JG 1) SEM B A
Fig.12 SEM images of TWIP steel after dynamic tension deformation (1000 s™): (a) 5%, (b) 10%, (c)15%, and (d) fracture
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Fig.13 IPFs for TWIP steel at different strains: (a) original, (b) 10 s, 15%, (c) 10 s*!, 30%, (d) 1000 s’!, 5%, (e) 1000 s, 10%, and

(f) 1000 s, 15%
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Fig.14 1IPFs of TWIP steel after tensile fracture at different strain rates: (a) 10 s*!, (b) 1000 s, (c) 5000 s°!, and (d) 6500 s-!

A — AN ST A N R S S, PR T 2R i i S LI
ZEN 60° M F 2 7= AR K R I /N A b T 1230 TR
X 8 i 2 AE R 1 8 S 2R ATE BT R T DXk AT ) 0 L
] 22 58 B AT, B 22 Gu ik 5 R A i B 15(c) R
15d. [ H 5 2R HE iR 25 4 2L L) 22 0 60°, NTEAE
AR f, T S 2R AE AR 2% 4 SR I ) 22 Ak T 20~ 6°
ZIH, NI . BB TWIP BRI g, MY
AR R AR, EREES T —EEH. Bl

A AR R AR, SRR TR RIEE R A
ARRIELR, WA R TR, R 5EBR
BT, SCBLEINGE A, TWIP X B ME1S B8 &

BT TR AL R Vg B2 AE TWIP 4948 I 5 5 v £ 5 B84
F s X EE T AN ) AR 2R R AN [ 8 AR BN TWIP AN fif
AT 5 0 LA 26 20 A 8 %5 FE (GNDY L, Wil 16 Fiiow o
] H 0 1 P e 7 2R B R ) AR R RO, ) B
Serp, PLREE R ORI, B N BRI, AR



* 1704 + WA e EES TR %524
60 | ﬂ ¢ d
_ 504 4r
£40 N
=]
830
g 2
s 20
LWL )
0 . LI v v Y
0 5 10 15 20 25 30 35 40 450 2 4 6 8 10 12 14 16 18
Distance/pum Distance/pm
K15 ARAT)E TWIP AR IPF 18 K ki B 23 A
Fig.15 Grain orientation distribution of TWIP steel before and after deformation: (a) diffraction quality diagram after tensile deformation,
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(d) statistical diagram of orientation difference for solid white frame in Fig.15a
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Fig.16  GND diagram of TWIP steel after tensile deformation under different strains and different strain rates: (a) 15%, (b) 30%,

(c) fracture, 10 s, and (d) fracture, 5000 s°!
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Dynamic Mechanical Properties and Deformation Mechanism of TWIP Steel

Feng Xinchang, Liu Xiyue, Tang Yu, Bai Shuxin, Zhu Li’an
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: The quasi-static and dynamic mechanical properties of TWIP steel were investigated by Zwick/Roell Z100 universal testing
machine and Hopkinson tensile bar. The strain hardening and strain strengthening in Johnson-Cook dynamic constitutive model were
modified based on mechanical test results. The microstructure of TWIP steel before and after tensile deformation were analyzed by XRD,
SEM and EBSD. The results demonstrate that TWIP steel exhibits negative strain rate sensitivity when it exhibits quasi-static loads, while
it exhibits positive strain rate sensitivity when subjected to dynamic loads. Twinning induced plasticity is the primary deformation
mechanism of TWIP steel during tensile process, and slip also plays a significant role. The initial strain of twins in TWIP steel under
dynamic loading is less than that under quasi-static loading, and the dislocation density is higher than that under quasi-static loading. TWIP
steel has exceptional strength and plasticity because deformation twins and the grain refinement brought on by twin contact, implying that
it has a broad application in the fields of impact resistance and anti-explosion.

Key words: TWIP steel; dynamic mechanical properties; deformation mechanism; deformation twin; dynamic constitutive model
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