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(mass fraction, %)

Al Sn Fe C N H o Ti
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Chemical composition of TA7 titanium alloy

AN <7
-‘%%th

[1100] Density

(b) X (RD)

D l3 0
12.5

2.0

11.5

1.0

0.5

[0001] (1270]

1 GBK TAT7 SR & A I B ROE S S Sk &
Fig. 1 Microstructure morphology and inverse pole figure
of annealed TA7 titanium alloy: (a) Microstructure

morphology; (b) Inverse pole figure
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Fig. 2 Shape and size of samples (Unit: mm): (a) Quasi-static tension sample; (b) Dynamic tension sample; (c¢) Quasi-static

compression sample; (d) Dynamic compression sample
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Fig. 3 Strain—stress curves of TA7 titanium alloy at different strain rates and temperatures: (a) Tension; (b) Compression
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Fig. 4 Microstructures of TA7 after tension loadings: (a) 153 K, 0.001 s™'; (b) 153 K, 1050 s '; (c) 298 K, 0.001 s '; (d) 298

K,1050s"
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Fig. 5 Microstructures of TA7 alloy after compression loadings: (a) 203 K, 0.001 s™'; (b) 203 K, 300 s '; (c) 298 K, 0.001 s ';

(d)298 K, 3005
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Fig. 6 Microstructures of TA7 titanium alloy after tension

loadings under some conditions: (a) 203 K, 0.001 s ';
() 203K, 180s'; (c) 298 K, 180 s '

XTECE 4y B 5. Bl 6 A A RN AR AR # (B
25180 s i 53N 300 s RGN H) 24 T iz i
FEAE NG ZE %R, vTRURIL, TAT KE4
TE AR INER N B B 28 o 25 FE 3505 A T FR 48 I 2
TR AT . WE 6 nTLUER], %A SR
fE 203 K HRAE. 180s ' NASRAEMETN, JEMRAIZE &
ARSI D, 37 /D T 06 I FE AR AR 4 A R R
G el E P 2R i g . XS LG 4(b) A 5(b)
ATLLE R, BRI FE(153 KK T 46 (203
K), B R4 #1050 s )& T 46 R 28 #(300
s, AEUR: PR 45 AR R Hh (028 o 2 JEE AR v 1t A
JE R R 1R R T L X R TAT BKA S TEh R

F 4 NI T R 22 i B BT RORZE 5, R A
IRy ke SN o F A

XTARR ARG, 280 SR AR5 1 E 1
BRIk 2, DRI [F) 2R R ST 2R i 5 R 2 TR
W Z2AE . o SRk, WL R g
B N2 2 FoR WTE R, o FARZER R
gi, HBURZEMZEROR, BIAT BUBNS 2R RS0
I 22 2 2R 2R T

T2 o SRR W LR SRR S LR 2=
Table 2 Deformation twin types and misorientation angles

of a structural titanium

Twinning plane  Misorientation angle/(°)  Rotate axis

{1012} 85 (1210)
{1121} 35 (1100)
{1122} 64 (1100)

PRI AE AR T G TAT R 28
B ZE AT A0 0T, T LAAS BRI ok 14 NI R
A5 AR ZE. EBSD WAL R, (RIERAHIE AR
FEN {1122} 285, IR R 3 E R (1012}
AR f s I NAR R R B {1121} 2R, T
G AR 26 46 T B I 32 B2 {1012} 2R, IX R W]
TAT ERA G TERLARRD 28 I T i 22 P 2 A
ARKRER, H{1122) BREMRERE FEESER,
{1121} 28 G TE R AR 26 R R AR, 1T {1012} 22
e T B % A iR A

M 2 7] LLE H, 1ZIB K TAT k& S A
L SURRRAE, FEA SR ¢ 7 1Al BRI R BT A
(REAT], T @ 7 L TAT TRM A . e
Al ) PR N, aURE B8 5 HH IR AR 2
TR B e g i, a0 v B 25 5 H B 4
250, RLTE R4 NE A, TA7 k& &b Bl 3
)9 (1012} FiAH 2R G (11213 frfd2s 5, mikis$:
NI, TAT7 Bk 4 B £ B {1122} FR44
AR g R, RSN R T (10 12} frf
250, TR, X H T AL o B inEk
J7 T B JE F N, AERAT AT T BT AR EE
1 FRIG A6 FH 1 TA7 K& &M B L B RHE,
¢ 5 IMETT 0B SRR AR D, e
TRRE AN AR T R (1012} S A 2s S gD



31 BE W

gk ok, S TAT SRE SRR A Nk 2

ARIEARIEAT N 2433

3 Zig

1) TA7 K& 4w MR 7 BA TE 1) A8 32 AH 56
PEAN G BEAR DG, BhAS TN ) S AR RE AL IS T
HEFRAS IR I (1 B ARRE AL, TR X R AR AL Y

ES- AN

2) ZEEAEARIR AN B AR R KA N R G TR
I HLAR i 1) 3 P L B AR R AR R O M TE R 4 i 2K
(NN

3) MT 2 4k, TAT £
ZAAJET, ARG B A A

4) TAT KA 70 BT A 48 i 28 i T B () 22
B B SRR B PR AN R, R4 I i
(25 i 50 P LR AHO I B T B () 28 i 3 P B w5 r
oI T R E BN (1122} 284, TR 4 InEn
JR A B {11213 2R 4, SAeOR 48 N BT 357 7 il
T {1012} 258

GEtHTERR

REFERENCES

[1] TAN M J, CHEN G W, THIRUVARUDCHELVAN S. High
temperature deformation in Ti-5A1-2.5Sn alloy[J]. Journal of
Materials Processing Technology, 2007, 192: 434—438.

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

[3] SINGH P, PUNGOTRA H, KALSI N S. On the

characteristics of titanium alloys for the aircraft
applications[J]. Materials Today: Proceedings, 2017, 4(8):
8971-8982.

4] EWIC, B MG, ORKIK, 5 IRIRERG S HwT U ().
WA 4B RS TR, 2016, 45(1): 254-260.
HUANG Chao-wen, GE Peng, ZHAO Yong-qing, et al.

Research progress of low temperature titanium alloys[J].

Rare Metal Materials and Engineering, 2016, 45(1):
254-260.
[5] B, MO, RN, S U G Rt U R ).

W EAT (4R 2R, 2015, 25(2): 280-292.
JIN He-xi, WEI Ke-xiang, LI Jian-ming, et al. Research
progress of titanium alloys for aeronautics[J]. The Chinese

Journal of Nonferrous Metals, 2015, 25(2): 280—292.

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

SRS, MR, PR R, S TA7ERG SHM EIR AR A
[, P EA 4 )8 2R, 2020, 30(5): 1019-1026.
ZHANG Jing-qi, LIN Jian, HU Xiao, et al. Tensile
deformation of TA7 alloy at high temperature[J]. The
Chinese Journal of Nonferrous Metals, 2020, 30(5):
1019-1026.

GONG J C, WILKINSON A J. Anisotropy in the plastic flow
properties of single-crystal o titanium determined from
micro-cantilever beams[J]. Acta Materialia, 2009, 57(19):
5693—-5705.

TAN X, GU H, LAIRD C, et al. Cyclic deformation behavior
of high-purity titanium single crystals: Part 1. Orientation
dependence of stress—strain response[J]. Metallurgical and
Materials Transactions A, 1998, 29(2): 507-512.

ERM, MR, W%, 25 R BRSO
FHE[]. Ff 48, 2019, 43(5): 449—-460.

YAN Chen-kan, QU Shou-jiang, FENG Ai-han, et al. Recent
advances of deformation twins in titanium and titanium
alloys[J]. Chinese Journal of Rare Metals, 2019, 43(5):
449-460.

HAMA T, NAGAO H, KOBUKI A, et al. Work-hardening
and twinning behaviors in a commercially pure titanium
sheet under various loading paths[J]. Materials Science and
Engineering A, 2015, 620: 390—-398.

O E OV BT, REEMBAR RN 2 AR
AR IR R ] b A 6 R R, 2008,
18(8):1440—1445.

HUANG Wen, WANG Yang, LI Zi-ran, et al. Influences of
temperature and strain rate on deformation twinning of
polycrystalline titanium[J]. The Chinese Journal of
Nonferrous Metals, 2008, 18(8): 1440—1445.

XU F, ZHANG X, NI H, et al {1154} deformation
twinning in pure Ti during dynamic plastic deformation[J].
Materials Science and Engineering A, 2012, 541:190—195.
LI H, BOEHLERT C J, BIELER T R, et al. Analysis of slip
activity and heterogeneous deformation in tension and
tension-creep of Ti-5Al-2.5Sn (wt.%) using in-situ SEM
experiments[J]. 2012, 92(23):

2923-2946.

Philosophical Magazine,
LI H, MASON D E, YANG Y, et al. Comparison of the
deformation behavior of commercially pure titanium and
Ti-5A1-2.5Sn (wt.%) at 296 and 728 K[J]. Philosophical
Magazine, 2013, 93(21): 2875-2895.



2434

hEA O RYR

2021 429 H

(15]

[16]

[17]

[18]

[19]

(20]

[21]

CHUN Y B, YU S H, SEMIATIN S L, et al. Effect of
deformation twinning on microstructure and texture
evolution during cold rolling of CP-titanium[J]. Materials
Science and Engineering A, 2005, 398(1/2): 209-219.
ZAEFFERER S. A study of active deformation systems in
titanium alloys: Dependence on alloy composition and
correlation with deformation texture[J]. Materials Science
and Engineering A, 2003, 344(1/2): 20-30.

A, M, W AREL T AER b TR AR AR AR K
HAZE R[], Wif &8, 2013, 37(2): 192-198.

FAN Meng-ting, YANG Hua-bin, CAO Ji-min. Deformation
twinning evolution and stability of commercially pure
titanium[J]. Chinese Journal of Rare Metals, 2013, 37(2):
192-198.

K%, ol aigk R 28 AT I s A2 B 5T (D). s
VU A K, 2019.

GUAN Xin-xing. In-situ study on detwinning behavior of
commercial pure titanium[D]. Chengdu: Southwest Jiaotong
University, 2019.

LI H, MASON D E, BIELER T R, et al. Methodology for
estimating the critical resolved shear stress ratios of a-phase
Ti using EBSD-based trace analysis[J]. Acta Materialia, 2013,
61(20): 7555-7567.

AHN K, HUH H, YOON J. Rate-dependent hardening model
for pure titanium considering the effect of deformation
twinning[J]. International Journal of Mechanical Sciences,
2015, 98: 80—92.

AP, TREL, 7 K, S TAT G SRR AT
TN B ARlEAdR, 2015, 35(1): 13—-19.

[22]

(23]

(24]

[25]

[26]

(27]

DONG Yun-peng, YU Qiu-yin, FANG Shuang, et al. Plastic
deformation behavior of TA7 titanium alloy[J]. Journal of
Aecronautical Materials, 2014, 35(1): 13—19.

SONG J Z, XIA'Y M. 3-D dynamic elastic-plastic FEA for
rotating disk indirect bar-bar tensile impact apparatus:
numerical analysis for the generation of mechanically-
filtered incident stress pulses[J]. International Journal of
Impact Engineering, 2006, 32(8): 1313—-1338.

XIA'Y M, WANG Y. Dynamic testing of materials with the
rotating disk indirect bar-bar tensile impact apparatus[J].
Journal of Testing and Evaluation, 2007, 35(1): 31-35.
FALSL. W JJPBIERIM]. Abat: BB Tl H Ak, 2005.
WANG Li-li. Foundation of stress wave[M]. Beijing:
National Defense Industry Press, 2005.

WANG C Y, XIA Y M. Validity of one-dimensional
experimental principle for flat specimen in bar-bar tensile
impact apparatus[J]. International Journal of Solids and
Structures, 2000, 37(24): 321-327.

VEoOUE, SREE, REAGA. m N A AR M AR T Y
ST, A &R RS TR, 2015, 44(7): 1730-1734.
XU Feng, ZHANG Xi-yan, CHENG You-ming. Effect of
high strain rate on deformation mechanism of pure Ti[J].
Rare Metal Materials and Engineering, 2015, 44(7):
1730—-1734.

T AUBRIAR AR AR T A O A 2 ] L
WEFL[D]. LRH: ZRdbk2, 2013.

BAO Lei. Study on the deformation twinning evolution and
the relevant crystallography in pure titanium[D]. Shenyang:

Northeastern University, 2013.



H31EH M gk ok, 5 TAT SRS SRR AR INE N (22 A A AT 2435

Deformation twinning behavior of TA7 titanium alloy under
tension and compression

ZHANG Bin"?, GUO Ling-mei"?, WANG Yang’, LI Zi-ran’

(1. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China;
2. Shock and Vibration of Engineering Materials and Structures Key Laboratory of Sichuan Province,
Mianyang 621999, China;
3. CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230027, China)

Abstract: Quasi-static and dynamic uniaxial tension and compression experiments were performed on weakly
textured TA7 titanium alloy rod at low temperatures and room temperature by using quasi-static testing machine
and Hopkinson bar apparatus, respectively. The EBSD observation and analysis was conducted for the deformed
samples. Deformation twinning behavior of the alloy during the plastic deformation was investigated. The
experimental results show that the mechanical behavior of TA7 titanium alloy is sensitive to strain rate and
temperature, and the mechanical response of TA7 titanium alloy shows tension-compression asymmetry. The
deformation twins are easier to form at low temperatures and high strain rates, which is more significant under
compression loading. The deformation twin density in TA7 titanium alloy is lower than that in pure titanium, which
is attributed to the addition of aluminum atoms inhibiting the deformation twinning. The formation ability and type
of the deformation twin show tension-compression asymmetry, and deformation twins are more likely to form in
compression. The {1122} deformation twin occupies the low temperature tension deformation. The {1012}
deformation twin is more likely to be activated in tension at room temperature. The {1121} deformation twin and
the {1012} deformation twin dominate high strain-rate and quasi-static compression deformations, respectively.
The tension-compression asymmetry of deformation twin is closely related to the texture of the alloy.

Key words: TA7 titanium alloy; deformation twinning; temperature; strain rate; tension-compression asymmetry
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