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Fig.1 Optical microstructures of TC4 alloy plates: (a) thickness

direction and (b) rolling direction
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Table 1 Heat-treatment of TC4 alloys and the results of quantitative analysis of the bimodal microstructures

Microstructure

Designation Solution treatment Aging treatment - -
Volume fraction of transformed /%  Width of as plates/um
970W 970 °C/1 h, water quenching 82.0 0.73
9750 975 “C/1 h, oil cooling 550 “C/4 h, air cooling 78.4 1.25
980A 980 “C/1 h, air cooling 78.6 1.79
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Fig.2 Dimensions of the cylinder shaped specimen and hat

shaped specimen

A5 o MIANEEAS B IXALAL, HAP A XAk AR
BHIEIRAERZ o tH. HEEEANEREK, RE
2 o K98 FE B0 H U RGN M A, @ S A A
B 1S 970W-980A £k & 4 I KA 2 o AH 55 AR
YN 073, 1.25. 1.79 um.

XREFEN a AHEIHT R — AN R R 7,
WA E ., SR, KKERS &S XA
1P L S S PSS By ] 1 N S w1 i el
AN, R SRIE R, JEH M g AHANAK, BN



57

GREE: WER R o LR UFSH L TCA tha Sl R4V e B L4 iy DU (52 R

+ 1845 -

K3 ANRKERE o MIEEUESHR TCA &2 MMNEHR

Fig.3 Optical micrographs of bimodal microstructures with different widths of secondary a phase (as) of TC4 alloy:

(a) 970W, (b) 9750, and (c) 980A
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Fig.4 SEM micrographs of bimodal microstructures with different widths of as of TC4 alloy: (a) 970W, (b) 9750, and (c) 980A
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Table 2 Static mechanical properties of the bimodal microstructures with different widths of as of TC4 alloy

Designation Hardness, HRC  go./MPa  an/MPa  6/% Z/% Ultimate compressive strength/MPa
970W 37.9 992 1080 12.8 40.3 1229
9750 36.3 957 1050 12.8 29.3 1207
980A 34.8 907 998 13.0 26.5 1123
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Fig.5 Effects of width of as on static mechanical properties

of bimodal microstructures of TC4 alloy
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Fig.6 SEM images of tensile specimens of bimodal microstructures of TC4 alloy: (a, d) 970W, (b, e) 9750, and (c, f) 980A
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Fig.7 Dynamic true stress-true strain curves of bimodal microstructures with different widths of as of TC4 alloy at the same strain rate:
(a) 2000 s, (b) 2500 s, (c) 3000 s, and (d) 10°s™
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Table 3 Dynamic compression properties of bimodal microstructures with different widths of as of TC4 alloy

. . Flow strength/MPa Strain Energy absorbed/MJ m™
Designation 1 1 1 E B B 1 1 1
2000 s 2500 s 3000 s 2000 s 2500 s 3000 s 2000 s 2500 s 3000 s
970W 1541 1560 1591 0.174 0.230 0.179 251 341 269
9750 1500 1525 1517 0.183 0.184 0.193 260 264 277
980A 1337 1391 1469 0.195 0.214 0.207 245 281 254
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Fig.8 Dynamic shearing voltage-time curves of bimodal microstructures with different widths of a5 of TC4 alloy

at the same impact velocity: (a) 18.3 m/s, (b) 21.2 m/s, and (c) 23.7 m/s
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time of TC4 alloy
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Fig.10 Microscopic pattern of shearing band of bimodal microstructures of TC4 alloy under 21.2 m/s impact velocity:

(a) 970W, (b) 9750, and (c) 980A

3 #

1) TCA KA S TE (a+B) Wi AH X [ 75 AL FE I, FEAK A
g HAem B E, IRAERZ o A7) BRI H i
I, T AR B DX AR AR S BN FE AR A

2) ENEEAE LI %M T, WEHH TC4 &
EMBhAEPERERE RAER 2 o HEERM, 3
A YU R S I B W R s 28 A AR T
FEWRERZE o FTE PRI N, 52 20 H SR 1 K 1 B A .

3) fEIBBIYISLIR KT, EHL TCA (&
& 2 BT DT BURTEBE G I JE o AH TR FE 3 T,

2 P ET ) U S B B T B AR R RS
TCA k& &P AT ¥R e s, H AR BT DI
TR 0

2 ik

[1] Zhang Baoyou(ik 5 &), Zhen Liang(¥i R), Li Guo’ai(Z=H
). Aerospace Materials and Technology (/44 %t T 2)[J],
2004(5): 44

[2] Christoph L, Manfred P. Translated by Chen Z H. Titanium
and Titanium Alloys(%k 5 £k & 4:)[M]. Beijing: Chemical
Industry Press, 2005: 11

References



%7 GREE: WER R o LR UFSH L TCA tha Sl R4V e B L4 iy DU (52 R

© 1849 -

[3] Bai Xinfang(F3#i/%3), Zhao Yongqing(i&X 7k k), Zheng Cui-
ping(F#B 3 #) et al. Titanium Industry Progress(%k TV ik
J&)[J], 2011, 28(3): 26

[4] Zener C, Hollomon J H. Journal of Applied Physics[J], 1944,
15(1): 22

[5] Liao S C, Duff J. Journal of the Mechanics and Physics of
Solids[J], 1998, 46(11): 2201

[6] Xue Q, Meyers M A, Nesterenko V F. Acta Materialia[J], 2002,
50: 575

[7]1 Zhuang Shiming( FE t #1), Feng Shuping( = # ), Wang
Chunyan(F# ). Chinese Journal of High Pressure Physics
(3 BP0 H 2447 [9], 1995, 9(2): 96

[8] Wang Xuebin(F %:ii%). Rare Metal Materials and Engineering
(P & @ # kL5 TRE)[J], 2006, 35(12): 1854

[9] Lee D G, Lee S, Lee C S et al. Metallurgical and Materials

Transactions A[J], 2003, 34: 2541

[10] Hu Yangguang(# BH J%). Study on the Relation between
Microstructure and Adiabatic Shear Sensitivity in Ti-6Al-4V
(TC4 BR& & WM 4 215 4 34 BT ) U O & A 58)[D].
Beijing: Beijing Institute of Technology, 2008

[11] Liu Qinghua(x1i& ), Hui Songxiao( EFA%%), Ye Wenjun("
W) et al. The Chinese Journal of Nonferrous Metals (7
482 [9], 2012, 22(10): 2749

[12] Lee D G, Lee Y H, Lee C S et al. Metallurgical and Materials
Transactions A[J], 2005, 36: 741

[13] Hu Shisheng(#A i ), Deng Detao( X & #%). Journal of
Experimental Mechanics(52 36 77%)[J], 1998(3): 9

[14] Zhang Xiyan(7k & #E), Zhao Yongqing(#X7kFK), Bai Chen
guang(H /). Titanium Alloy and Applications(k & 4 %
H: 5 F)[M]. Beijing: Chemical Industry Press, 2005: 115

Effects of Secondary a Phase Width on Dynamic Mechanical Properties and Sensitivity
of Adiabatic Shear Banding in Bimodal Microstructures of TC4 Alloy

Peng Meigi, Cheng Xingwang, Zheng Chao, Yang Kaiwen, Jin Dan
(National Key Laboratory of Science and Technology on Materials under Shock and Impact,

Beijing Institute of Technology, Beijing 100081, China)

Abstract: Dynamic mechanical properties and sensitivity of adiabatic shear banding of TC4 alloy with bimodal microstructures were
investigated using Split Hopkinson Bar. The bimodal microstructures with different-width secondary a phase (as) were obtained via
different heat treatment. The results show that the width of as increases with the decreasing of cooling rate. In dynamic compression
experiments, the dynamic strength decreases as the width of asincreases; while the dynamic strain exhibits an opposite trend. In forced
shearing experiments, the sensitivity of adiabatic shear banding decreases as the width of as increases. Besides, the sensitivity of adiabatic
shear banding increases for the same microstructure with the increasing of impact velocity.
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