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Quasi-static and dynamic failure evolution of
titanium alloy under forced shear loading

FU Ying-gian" 2, DONG Xin-long', HU Hong-zhi'

(1. Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China;
2. School of Mechatronical Engineering, Beijing Institute of Technology, Beijing100081, China)

Abstract: Combined with the digital image correlation (DIC) and metallographic methods, a flat-hat-shaped specimen
was loaded by the material testing system (MTS) and splited Hopkinson pressure bar (SHPB) to study the quasi-static and
dynamic forced shear failure behavior and mechanical response of commercial pure titanium (CP-Titanium). The results
show that the quasi-static failure is caused by the accumulation of plastic damage, while the dynamic collapse is caused
by adiabatic shear localization. Furthermore, the shear zone approximately keeps a constant width, the width of shear
zone continually narrowdown from a plastic region to a narrow band, namely adiabatic shear band, under dynamic
loading. Moreover, the width of quasi-static loading is evidently lager than that of the dynamic loading.
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Fig. 1 Schematic diagram of dynamic experimental apparatus

and specimen: (a) Flat hat-shaped specimen; (b) Specimen and
sparkles on surface of specimen; (c) Split Hopkinson pressure

bar system

2 LIGHER

2.1  H=FMMFA DIC 5347
2(a) T N HEFR S S5 & A0 8 U1ARE 1



3094

T EA G R AR

2015411 H

TP M2 Lb iR, T8 % G He IR 77 vk TGV
3 EIMER I S BE I 2k, MO kRS RIS A I )
NS Mgt Bk, SO EEIB MR B, 45
TN, BNASINER ) E R ARSI ) S R T RS
(1: BHASINECT 8T U A 167 8% B S Tk
AN E 2 TG AL IS AL S o

K7 BAGAR DGR E B D) XN AR R . £
P5 AH 725 (DIC) A2 3 2ok 3 5 UM R 2R TR R AE 247 1)
123, 19RAE SIS, 5 AL B BARE R N AR
Yo B3 PR ma g R, Hrb Rk s s
HI{E 0.01 mm/s, € AL FEHR 1.6 mm, 5 5KEI1]
AR 25 IR BE 2 RS B 2k 5 AR
si~sso & 4 PR A s A, Hrh KAy 200 mm
(o, LL 30 m/s L NSRS 5 SREI DI N AR 25
D6 2 B I 21 5 AR di~dse

12
®—Quasi-static loading
A—Dynamic loading

d, d, d

4

Loading/kN
(o)}

0 02 04 06 08 10

Displacement/mm
B2 AEFRSFIBDA BT N B UIRE (¥ - # i 2%

Fig. 2 Force—displacement curves of sample under

quasi-static and dynamic loading
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Fig. 4 Shear strain evolution of shear zone by DIC under dynamic loading: (a) d;; (b) d»; (¢) ds; (d) dy; (€) ds



F25 B 1L

e, & TSRS IS TA2 TI2iEks2 38 BT IRk 3095

XHLEPRI B A N MBI DI A28 4k, K E)
ST, SMIBVETHA, MEDNEgrs:, ZE
DA 9 S DX T e b 21— R AR A Y, B
AT DI, RO Y Y s AERR A nak
N AT B DA X, TR R A
TR

22 fMAMER

FIF MTS FEBRREHUTIE AR R HEA T e 250
B, IR SLEEECEIZE 0.01 mm/s, BOEREE 1. 2 &3
B KIRAERI (L) 3 5 K 0.86 1.08 K 1.60 mm, 43
SAHARE AT VR S A S . B 1 fE N EIAF|
0.86 mm 15 1 n#k, JL S~ ik &l 5 R4 4 o,
bR B, Bl Tkl KA, SAHM g &
6(a), M WAL 1 mm T8 B2 WA A B PNIEAEX . i
FE 2 ()R N RGAE] 1.08 mm Jefst b, i
Ll s PR PTR, Ol R, A
BB, BIYIX AL TERFAE QT 6(b)FTr, REUNETY)
D)3 — i JE O ) Hh ()9 J, 2RS0T 7 AR R i A I
SR, THUA I, BIPIX n BfT, AR TS )
e R IA], oM BRI, KK 3 &K
AsE sy YW, iR ik 5 RS 3 BT
7o

12
=—Sample 1, L,;=0.86 mm
4—Sample 2, L,=1.08 mm
| *—Sample 3, L,=1.60 mm
E
5 Of
[
o
=
3 L
Quasi-static loading process
0 0.4 0.8 1.2 T.6

Displacement/mm
5 ANFIRE SR AR S INECT 1) — AR ik
Fig. 5 Force—displacement curves of different samples under

quasi-static loading
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{87
3 SirSiTE

3.1 RHIERX

K 9(a) BTz B 6(b) A DXIRIFHORIE . S8R
Ui BT R AR T 7, (A PR T SRR B A R R AL
WG, FAR DR IEAT ORI 2 58 B N deki A2 T 45 . 18
9b) I A El 8(b)h B IXIHJECKE . Bl s —5%
A ETYHE, BERELIN 20 pm, P R B
RAEEE S, TGRSR T R A Sk ROT/IMR 22 13 s
Firo HadBTP)a A — e BE R B AR, AR N
ek, AR AT YAy, AR AT )
e FEAR AL B EE YA IEIX,  BYP)X A A sk AR
JEIX fik.o

BHUE AT DU, HES A I ECR )25 0T P Fif
AFRRFTR: AL BT U1 Fa . HER AN
BOR, AR N W AR 5 | R 4t AR
OB e, WMifEREay R, —HAREN
DI AR B INEAs by r AR sy VI Rk, A

Fig. 9 Metallographs of failure specimen after impact of
quasi-static and dynamic loading: (a) Crack tip; (b) Adiabatic

shear band
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Fig. 10 Change of shear strain distribution along width of
shear zone with displacement under quasi-static loading: (a)

Coordination of feature point; (b) Evolution of shear strain
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