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Twinning strength effect of CP titanium during
high-strain-rate deformation
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Abstract: The quasi-static (1X107s™") and dynamic (3X10° s and 6X 10 s™') mechanical properties curves of
commercial pure (CP) titanium Gr2 were obtained, and the strain hardening modulus was derived based on isothermal
compression curves. The results show that within plastic strain of 0.2, the strain hardening modulus of dynamic
deformation process is evidently higher than that of quasi-static process. The twin fraction measurement and microscopic
observation of the deformed structure show that the enhancement of strain hardening in the dynamic process is closely
related with the abundance of mechanical twinning. As the material deforms further, second order twinning forms, and
twin boundary is distorted by dislocation, which leads to the fact that the twinning strengthen effect becomes weaker, and
finally disappears. The interaction between dislocation and twin boundary is the influencing factor of the twinning
strength effect.
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Fig. 1

Dynamic and quasi-static stress—strain curves of
samples: 1-4: 3X10° s ', multi-step loading; 5: 3X 10° s *,
fitted isothermal curve; 6: 3 X 10° s ', adiabatic curve; 7: 6X

10°s !, adiabatic curve; 8: 1 X 10 s !, isothermal curve
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Fig. 2 Strain hardening modulus curves of CP Ti Gr2 during

dynamic and quasi-static deformation process
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Fig. 3 Metallographs of deformed structure corresponding to
points 4 and B shown in Fig. 2: (a) Dynamic, &,=0.06;
(b) Quasi-static, £,=0.08
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Fig. 4 Twin fraction of Gr2 CP Ti during dynamic and

quasi-static compression processes
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Fig. 5 SEM images of deformed twin structure: (a) Quasi-static, £,=0.21; (b) Dynamic, &,=0.22; (c) Quasi-static, £,=0.37;

(d) Dynamic, &,=0.41



F23HELHE 1

A, S AR T TV Al Bk 2R R IR AN

s235

REFERENCES

LUTJERING G, WILLIAMS J C. Titanium [M]. Verlag Berlin
Heidelberg: Springer, 2007.

MURR L, RAMIREZ A, GAYTAN S. Microstructure evolution
associated with adiabatic shear bands and shear band failure in
ballistic plug formation in Ti-6Al-4V targets [J]. Materials
Science and Engineering A, 2009, 516(1/2): 205-216.

LIAO S C, DUFFY J. Adiabatic shear bands in a TI-6Al-4V
titanium alloy [J]. Journal of the Mechanics and Physics of
Solids, 1998, 46(11): 2201-2231.

YOO M. Slip, twinning and fracture in hexagonal close-packed
metals [J]. Metallurgical and Materials Transactions A, 1981,
12(3): 409-418.

INIGHE, AREEAE, RRME, TR, DA fiE b 2
FCRT Al KA J7 22 PERE R SE IR (0], b AT < Ja 2741, 2006,
16(4): 592-598.

SUN Qiao-yan, ZHU Rui-hua, LIU Cui-ping, YU Zhen-tao.

Twinning behavior and its effect on mechanical behavior of

commercial titanium at cryogenic temperature [J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(4): 592—598.

SALEM A A, KALIDINDI S R, DOHERTY R D. Strain
hardening of titanium: Role of deformation twinning [J]. Acta
Materialia, 2003, 51(14): 4225-4237.

GRAY III G T. Influence of strain rate and temperature on the
structure: Property behavior of high-purity titanium [J]. Le
Journal de Physique IV, 1997, 7(C3): 423—428.

DENG X G, HUI S X, YE W J, SONG X Y. Analysis of twinning
behavior of pure Ti compressed at different strain rates by
Schmid factor [J]. Materials Science and Engineering A, 2013,
575:15-20.
HODOWANY ],
ROSAKIS P. Partition of plastic work into heat and stored
Experimental Mechanics, 2000, 40(2):

RAVICHANDRAN G, ROSAKIS A,

energy in metals [J].
113-1230

PEIRS J, TIRRY W, AMIN-AHMADI B, et al. Microstructure of
adiabatic shear bands in Ti6A14V [J]. Materials Characterization,
2013, 75: 79-92.

(%RiE  ZFiR4D)



