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Effects of Strain Rate on Susceptibility of
TB6 Titanium Alloy to Adiabatic Shear
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(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, Jiangxi, China)

Abstract; The effect of strain rate on susceptibility of TB6 titanium alloy to adiabatic shear was investigated through
dynamic loading of hat-shaped specimen of TB6 titanium alloy by using a split-Hopkinson compression bar at room
temperature. The following results are obtained ; all four groups of specimens exhibit obvious strain hardening effects at a
strain rate of 1 950—2 510 s™'; with the rising of adiabatic temperature, adiabatic shear bands ( ASBs) form in all four
groups of specimens due to thermoplastic instability; there is no obvious deformation gradient in the transition zone
between the matrix and the adiabatic shear band due to the influence of impact load and material grain size ; the equiaxed
grains with size of 100 nm are formed in the hot shear band due to rotational dynamic recrystallization. By observing the
metallographic structure, characterizing the adiabatic shear sensitivity, and calculating the expansion energy, it can be
inferred that the susceptibility of TB6 titanium alloy to adiabatic shear increases with the increase of strain rate.

Key words: adiabatic shear susceptibility; adiabatic shear band; strain rate; rotating dynamic recrystallization; TB6

titanium alloy; split-Hopkinson pressure bar

TB6 £k A 42 (Ti-10V-2Fe-3A1) 2 —FIIERAZS B 2 VIGURRHE AT bRH Ry b Uy i 5
B! BT RGE PR AR LSRR BT ey b bR RO O G R L H AT T
PELF VR YE RS TR O T U ST A TROE S (e bk & /i IS A B R T
RS 2 R T R B, /I T * 7

FEAFOLAL BB T AR OUR RAEI e e e s F

P R LR R R R AR S o
AR PR B R e T gy o) DV, T AR S 04 03 ) 41
SRR s LB 56 771 T 3 25 2B (0 5 OIS S B2 A S EM S AR 52 H B 55

AF A R 4T R XS R R ety LU

@ WfEBEH: 2023-08-21
E&WH: /L7944 ERBHEIHR £ W05 H (20194ABC28001) 5 7 B Al a8 K205 A G137 % 30068 4: 50 H (YC2022-029)
YEE® N XWBRI(1996—) , 53, Hl KK 0582k, R BERE5E 05 18 A B 3 2547 R, E-mail :2523370082@ qq.com
BEMEER: BIEPR1972—) B TR E A T B2, FENFERRIN T A7 58 HEMT . E-mail: guozhenghua@ nchu.edu.cn



158 7R

T

o 44 %

ISR R

SCHG BT FAERL A VIV SIS B A R A w) A ™
B A% 300 mm (8RS TB6 K& &b L, & 4 S Prik
FIOTINER 1 TR, FIHTH K AEZR DT FI AR AE TB6
PRE BAPRHIN TR ke . s R o s U
4 #% JEFT (Split Hopkinson Pressure Bar, SHPB) %% £
o LA AR S8 IR B R 1Y 3 A n 252 8,
SDY2107 8 3l 45 7 A2 {X W 4 SHPB 3¢ & 19 L {5 5,
SHPB 2 B 7 5 B AR R JL A 45 A an &l 1 (a) A0
El 1(b) B

x1 TBHEEUEZERS (REHE) %
Al \% Fe 0 Ti
3.07 10.15 1.68 0.07 NE

@ ke

Hinth AT KT

m— | -
) - d=8 mm | ARTIY)HE

/

4

~

6.0 mm

10.0 mm

4.0 mm

d,=6 mm

®10.0 mm

(a) SHPB 38 ; (b) EIEIXEEILMSEH
B 1 SHPB #ERIEFRIXEFILAEH

N A7-R AR R AT R (1) ~ (4) FA5

_ EOdizet(t>
7(t) —m (1)
) 2Ce.(t)
y( == (2)
y(0 = [y (3)

2
e=In /1+7+7? (4)

Kb oy oy Me 235000 B UI 0 g A AR BT ) )
ARFIELNAE s Ey S sifrE T AT i) e o € Sy il

FEATIEE s L F0 W 43 50 46 A 8T U)H7 (ASB) B BE A
VLB s d, T d, BINIRIE AR S E e, (1) Fl e, (1) 7351
i SHPB SR FIAE 4 1o 7 Bk iIE U B A 5 th 4k

AR SEES AT RN SRR TB6 £k G 4 1A
NS BRI AR5 R 1950 871 2240 57"
2460 s 25107,

B ps J5 AR T H R 2R DD T, WF S FAIL A I '
JE WESHASOMZA L, SR FH A AHEE R (3 mL SRR
Wi+10 mL YRASFRIA W +87 mL /KW ) fb2EZ1h TB6
ERA AR R 8~ 12 s, ZRTEVEIFTHE. R4
A S FU R 7S S R 8 B S R T B L 21, T
fii FH Nano Measurer 1.2 A0 5 s RO Fi4a #8547
7 ( Adiabatic Shear Band, ASB) 7 FF .

2 LRI EE

2.1 BENFESH

TBO WEI AL 1 4 Fh WAL 3 AR {9 ELR 71 A8
MR ULE 2, ZEASTEAIIN 4 ANRE I B ) B4 BE Y AE
S o0 LS 7 A A AR W B N AR S AR
R R BRI, ) AT 72 sk R 3 A v AR I
JE S ORI L ), i] LR DA [+ o7 722 3% il £ 24
ATE 52 th 26 1 X e sl ELAE g 10 2 T 5T A0 5l
AN T PR RHTE R AR AT 2 A T A A 26 A
Y A R R S I R R R T AR A AL 5 R Y
SR RESE IR E  BERE RIS A LR PIBIRAR, ) R

800

1950 s

ELRiJ1/MPa

1 1 1 1
0.00 0.10 020 030 0.40
TURAR

2 MEERNNEEE N -R 3R i 2

22 EHALRSH

WE T 7 o 1078 R 2R B 1) DX 3l 4 A i a2
LUK 3 iR, FEAR IR AR AR | 5 U] X B AE 57 1)
Jr 1) b B 5 A R A B AR Y ASB, LA
th,4 %% ASB 1995 B AR ARG I — 2, B ASB Wi BE WY 5Y
Y177 s s, kBT U0 N AR TR AN Y &), HAE
o o AR A TP ) AR T BRI A AR T A2 460 57
B, BT AURE F 48 04) TH s T 1, T — A~ V7 IR R s 1



55 1 )

FFBWIEAR ZE ASB, SCHR[ 4 1IA N H H G 1 3L S5 1R TE
REEA B R A G, B 0 2Bl AR Y K 1) 8 D)
W TR IE B AL, IR B 1 F R 7 AR e
WiARZE AR R 2 510 I, BSR4 ASB,
— BN, ASB LR YT R BE T 4 BT V) B
ReCE , YUY R AR/, 480y R ki | kR
FEZE S O R, VIR RE X 4 A BT U M gk, (A5
RIS, FEULEE TB6 Sk & 4 4 AN R & B SL A
ASB 2 [] Pt 1 DX 35K, 33 5 A Ak ) et 28 i A b R
A, TER/ME M AT T, N RS SRR
FREERAR, AN G 9o a B, STk [ S ] ZE0F 5% I i ok
RoF L TB6 £k 4 KA A5 19 B )24k AL, CoCrFeNi
B At R B, JEAAR N ASB 22 [ ek 3 DX I 1) ks B
BRI,

(b)
50 pm 50 pm
50 pm

(a) 1950 s7'5 (b) 2240 s7'; (¢) 2460 75 (d) 2510 57"
B3 AEMITEZRET TB6 A& SHEMALARIE

(€)]
©

@

50 pm

WAL w5 0 A2 RN A B 1) AR T 2k il Ak 4
POIFE, EHINN ASB T 909% By Y8 Th 2 1 Ak S
HIFREE T2 10° ~10° K, #RFF R AR, #45K
ARAN AR 3 7 745 7 A A AR SO I, 25T B ASB
HSEmEATCA

() m G AR
dy \av)yr \oy),,dv \oT),, dy

2 (5) A — 00K I TR Ak 575 0y i AR o R
b, 55 =T IR A ‘ﬁjlso i, TB6 £k & 441k %

R AAADTY) . ASB ewiwwg;,%ng;,

Iy

i’[

XU/INMIEE . AR RN TB6 4k 4 4 BT U UM n 52 ) 159
or_ 9T 9 U
T Tt ASB A SN,
aT oy dy

2.3 mRAIZELL SR

9T R L AE ASB 7 5 I AR R R ) fO0
SERPRAE R K 250 nm F14 ASB X8, 4%
WK 4 s, 385 WEE TB6 Bk 4 4 1 J5 b 2 21 7] L)
R ZEEAM AL B B o1 % o i i (AR
I 22%) [ 5E AR o 4, 1AM, A TB6 £k
G4 P ELR T PR ST 20 3, T A b i I B
£ 24100 nm,

25 20
()]
20F 16
T sk L
< =
f§10— ﬁs
5 4
0 0
1 23 4 5 6 0 50 100 150 200
kLR S/ pm SRR S /nm

(a) JRIGHZUES; (b) shnhii/s TEM BI%1&;
(c) B 4(b)XRiRY TEM BEIA18; (d) FRAGEHZRARL R 4300
(e) b g SRR 5040
4 ZHIEMERS TB6 hEEMALARRERIMRTHH

TELUERIOE ST WF N 53R F 2 M 25 B
TR BT DI AR Y DX 3 R A 20 10 S B {HL it BF 9 1 R
A BT Y BN G HE 25 T AL © Tk & B R 24 14
Sy R LGEALHLE] . 7R H BT BESE T MR K
BONFT P25 LT B Meyers 5582 HH e s &
2% i ( Rotational Dynamic Recrystallization, RDR ) #lL
il CALHIAR L b B T 4 AT VI N A T R
TE R v] BB A S5 Ak P25 i d R BB LB, Ah,
SCHR[ 8 ]z HI 45 3 1) 27 FH g & e IR BT RDR A5
RIBEAT 1 8 40 0, R SRR 1) I &y 22 /0 S e e
30° A BB A il 00 -F 25 ok, HL R 7 ) i 2
10~50 ms, TB6 K& 4 4 FA BT ) X I fty s 1) 40 A1 2
IRVE I A2 R TR RIAE TR 45 2R . A4 RDR L
il , TB6 BA5 48 M 1 S 2x e A A 4 7 A= B AL 7 A1 1Y
(LR BEAE (L5 B IR BB AL R IR, 4T 1
P o A T ARSESTE B A S0 it AR A e
BT BRI LB FRAS SRR R 2L



160 7R

T & 5 44

2.4 @MY T

— ML, 45 A BT ) & A B WO g o (48 A
SYUIE R RE ) b | I A AR /)N | U B A A 2 B B 1)
TR A S IE L ASB, % 2 3 T TB6 £k&4
TEAN ] o AR 3 R T ) 6 30 55 U1 B BE | I S 5 1) 1o AR
(B LA SR N I (B AR N T SRR BRI 48 A BT 1T
e R (6) AR,

E=f:0'ds (6)

{b E I UIE RRE , M)/ m* ;0 9 E N J), MPa;;
& NENAE, ARG (6) , 8 XNz Sg-10 28 i 2658 i
MBI IATT YA BB N 88 B R X — Bt AT
B3, ATAG BRI EAN R ARH R T ) AR R R BT
DIEIRE . “NLIBRRE” A5 AR R A N 1 38 B fe ok
JEFEIRER T FE ) — R B FL- R BR R ASB 19IE
I, SRR ALK R ERBE S R R B, R4 2 460 <7 il
ST AL (E AR O (B AN A TB6 B 45 4 #4
STUIEURE R 73BT o Pl A TR A o AT g A 4 B
DI URE LA B It 57 35 U0 13 A2 {H T 4%, TB6 Bk 46 48 #4
LIR7)} i G IR S NP LN

2 AEMTEET TB6 hEEMERTTIFRIERIESH
NARHER,  IRBYUDE R, IR AT WA AR N S/
7! (MJ - m™) Ly AR MPa
1950 93.1 0.051 710
2240 94.9 0.052 684
2 460 95 0.068 657
2510 99 0.049 664

TE o AR R T 2 —E YT R BE A RETE L
ASB, fE iy, e IS UNBOE A R, T DA Y IR
BT AN

rea(2) ()

aj\1, ae
T aper, 8 BN SE510 TBO k2 4 Y JERE
ARBRAL A BARVETE LA SRR F B 25
MERKL, 4 AP RS HURAR (7), 7T L1735
I 45/ T5000=0.91, 1750/ T3 150 = 0.94, 175 0/ T35 =0.97

(7)

R 3 AT TIRAE /N T 1, WA A
PRREHAR, tbnT 15, TB6 £k & 4 AR iy 46 $h By 1)
e i 137 72 TR R I AN I MG 0, X 5 2 i A 45 2R 58 4
gﬁo

3 % "

1) Bifi A2 RN, 1R 2 FR BH L I A i A
TR AR EN S VAR EDII N

2) IR RE R Y R AR B AR O
FESSUIIXIE B T ASB., Bl 5 1 A8 ORI AR T2
J#, ASB PN H R 244% |, ASB TN Y AR & A B S A4k, 7E
RDR AL F/EA FIE K T 100 nm (9555

3) i AR A AH R A A BT R R AT
JfE A I, TBO K G 4 20 HR 3 U] Sk 1 Bl 3 4% 3 46 34
AT S

SE 3k

PR, ALk M, AR AR T 2% TB6 Bk A A L 4UR
PEREMIEI[ ). ST T2, 2023(7) : 110-112.

SR, SRR AR, AF. RN TB6 BhA 4 i B S 4
PERELT]. Wi S BARHS TAE, 2019,48(4) :1220-1224.

Meyers M A, Pak H R. Observation of an adiabatic shear band in tita-
nium by high-voltage transmission electron microscopy[ J]. Acta Met-
allurgica, 1986,34(12) :2493-2499.

XUE Q, Gray G T, Henrie B L, et al. Influence of shock prestraining
on the formation of shear localization in 304 stainless steel[ J|. Metal-
lurgical & Materials Transactions A, 2005,36(6) ;1471-1486.
XK, ZE20H LT, X AiF, 5. AR X Al , CoCrFeNi =ikl & 42
YIRS DI BUSAE R[] ] R TR, 2023,43(1) :133-136.

W, BB, X SCHE. FesyMnsy, Co,, Cro 55 40 A 42 41 43 45 Ky %ot
HAE AT DI UL R[] . BR R, 2019,39(3) : 119-122.
LI Z, ZHAO S, Alotaibi S M, et al. Adiabatic shear localization in
the CrMnFeCoNi high-entropy alloy[ J]. Acta Materialia, 2018,151;
424-431.

Meyers M A, LaSalvia J C, Nesterenko V F, et al. Dynamic recrystal-
lization in high strain rate deformation, recrystallization and related
phenomena[ C]//The third international conference on recrystalliza-
tion and related phenomena, August 23-25, 1997, Rex'96, Montery,
California. New York : ASME, ¢1997.279-286.

Bl FAT: xR IR EA BRI, F. B K ik &5 TB6 4k A4 AT
R Y[ ]]. Bk T4, 2024,44( 1) :157-160.



