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Dynamic Mechanical Properties and Adiabatic Shear Behavior of TiS75 Alloys

WANG Yilei, TANG Bin, DAI Jinhua, WANG Huiqin, WANG Yi, LI Jinshan
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: On the basis of the realistic demand for lightweight impact-resistant materials in weaponry, a Ti575 alloy, which
possesses high strength-plasticity-impact toughness matching, was taken as the object of this research. TiS75 alloys with
trimodal and widmanstitten microstructures were prepared through heat treatment, and dynamic mechanical property tests
were carried out at a strain rate of 3 500 s’ via the Hopkinson pressure bar technique combined with microstructural
evolution analysis by scanning electron microscopy observations. This study aims to reveal the deformation behavior and
response mechanisms of Ti575 alloys through these tests, thereby providing guidance for subsequent research. The results
indicate that the high strain rate deformation behavior of the Ti575 alloy with these two different microstructures can be
divided into four stages: the elastic stage, strain hardening stage, stable softening stage, and unstable softening stage. The
results of the dynamic compression tests reveal that the trimodal microstructure results in greater impact absorption energy
than does the widmanstitten microstructure (trimodal microstructure: 228 J/cm?; widmanstiitten microstructure: 200 J/cm?®),
demonstrating better dynamic mechanical properties of the trimodal structure than that of the widmanstiitten microstructure.
Additionally, both microstructures display characteristics of adiabatic shear failure during high strain rate deformation. The
characteristics of fewer and wider adiabatic shear bands in the trimodal microstructure suggest that it has lower sensitivity
to adiabatic shear than the widmanstitten microstructure does, resulting in superior dynamic mechanical properties in the
trimodal microstructure relative to the widmanstiitten microstructure. Subsequent studies on the fracture mechanisms show
that the fracture surfaces of the two microstructures of Ti575 alloys deformed at high strain rates consist of ductile dimple
regions and smooth areas. Moreover, high-magnification SEM observations indicate that both microstructures primarily
demonstrate ductile fracture characteristics, along with typical signs of shear fracture.

Key words: Ti575 titanium alloy; trimodal microstructure; widmanstitten microstructure; dynamic mechanical properties;
adiabitic shear; ductile fracture
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Tab.1 Dynamic mechanical properties of various titanium alloys"

Titanium alloys Type of microstructure ~ Strain rate/s’ Flow stress, o/MPa Maximum plastic strain, £,/% Impact absorption energy, £./(J-cm?)

1500 1348 0.13 158
2500 1418 0.22 299

Equiaxed microstructure
3000 1383 0.252 307

Ti6321001
3500 1478 0.30 422
Bimodal microstructure 3000 1395 300
Lamellar microstructure 3000 1297 283
TB8!™ - 2 400 1380 0.13 169
Lamellar microstructure 2400 1595 0.20 313
TC32M

Bimodal microstructure 200 1623 0.21 343
2700 1490 0.21 309

TA15M Equiaxed microstructure
3000 1559 0.24 382
TC4 ELI™  Lamellar microstructure 3000 1558 0.20 289

Basketweave
TC110 . 3000 1680 0.21 371
microstructure
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Tab.2 Chemical composition of the Ti575 alloy
(mass fraction/%)

Ti Al v Fe 0 Si

Bal. 5.5 7.50 0.25 0.21 0.43
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Tab.3 Heat treatment procedures for the Ti575 alloy

No. Heat treatment procedures Microstructure

TI 850 ‘C/1 W/FC+550 ‘C/6 W/AC ~ Trimodal microstructure
T2 940 'C/1 h/FC+550 C/6 /AC Widmanstitten microstructure
SR HL KB DT FIH AR R FAS S0RE T ol
% RSF R 4 mmxd mm B9 3 25 R 48 380k IF R H 43
B AUE T B AR AT e A T N AR AN 3 500 s Y3
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Fig.1 Initial and heat-treated microstructures of the Ti575 alloy: (a, b) initial microstructure; (c, d) trimodal microstructure;
(e, ) widmanstitten microstructure
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Fig.2 Schematic diagram of the split Hopkinson pressure bar setup
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Fig.3 Engineering stress-strain curve, true stress-strain curve and strain-hardening rate curve for Ti575 alloys with different
microstructures: (a, b) trimodal microstructure; (¢, d) widmanstitten microstructure
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Tab.4 Dynamic compression properties of Ti575 alloys
with different microstructures

Flow stress, Maximum plastic strain, Energy absorbed,

No.

o/MPa /% EJ(J-cm?)
T1 1536 15 228
T2 1567 13 200
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Fig.4 SEM characterization of different regions along the axial section of the trimodal microstructure: (a) microstructure at low
magnification; (a,, a,) region A; (b;, b,) region B; (¢) region C
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Fig.5 SEM characterization of different regions along the axial section of the widmanstiitten microstructure: (a) microstructure at low
magnification; (a,, a,) region A; (b;, b,) region B; (¢) region C; (d;, d,) region D
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Fig.6 EBSD characterization of typical regions along the axial section of the Ti575 alloy with different microstructures: (a~c) IPF,
BC+SB and GND maps of the trimodal microstructure; (d~f) IPF, BC+SB and GND maps of the widmanstitten microstructure
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Fig.7 SEM images of fractures in Ti575 alloys with different microstructures: (a~c) trimodal microstructures;
(d~f) widmanstitten microstructure
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