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ABSTRACT The deformation and microstructure of the thermo—plastic shear bands in three kinds of
differently treated Ti—alloys produced during high speed impact compression with strain rate of order of
10%s~1 have been investigated by split Hopkinson bar. The results show that there are two types of shear
bands, deformed— and white—shear bands to be commonly recognized. They occur at different deformation
stages during localization. The deformed shear bands appear first, and the white shear bands are the result
of further development of the deformed shear bands. A critical strain is required for the formation of
deformed —and white—shear bands under a critical strain rate during localization. Observations by TEM
show that there is no evidence for phase transformation in the white shear bands, and twinning is the
major deformation mode in the shear bands during dynamic loading.
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Table 1 Treatment condition for Ti—55 alloys and resulting microstructure

Alloy region Heat history Microstructure
As—received material - needle—like a
a + 8 region 990 T, 1 h, air—cooling atf
600 C. 2 h, air—cooling
B region 1040 T, 1 h, quenched in water A—transformed structure

600 C. 2 h, air-cooling
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Pig.1 Deformed shear band (a) and white shear band (b) in Ti-55 alloy
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Fig.2 Cracks (a) and chips (b) produced during dynamic loading in Ti—55 alloy
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Fig-3 Schematic dingram for the formation of the band, crack and chip during dynamic impact
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Table 2 Critical strain rates for formation of the white shear
bandn in the Ti—55 alloyn

Alloy Critical  Width of  Hardness, HV
treatment strain rate  the band Band Matrix
10-31 4m
As—received 2.00 10 425 340
material
o+ 8 region 1.88 9 435 351
B region 1.30 6 461 380

ERANEI—FTERARRE. NLRG W
i, ASWIERIMN, XPHZHNTRE. M4 HRALE
o+ B EE Ti GRNF — RERMEEL MEeS
AR, ROBEBKEERT R 4 1 0 8 VAT I 1.
2.3 WERRET

B 5 RAALE S &Mk i 3 D R SR
TEM . sJLARA, HARFHEMBET LW RN,
EHIMR 2% 6 — 30 nm, 3BT iis YEERF, 1L
U5 o HBEE X444 RS Wittmanl?l %34 1 lva
kA TEHEM A IRRA L FAARL, BIMTA YW AR
BEARMER.

TRASHNFEEMN—TH BT SERERMN . NE
6 FTLAR . TTIC R YIH PR R 8 VI LS £ &
RAREEER. FRANRNIHANEEERRHT
EIB SR 2SR “W” HR, X5 “HF" 2 (AR RS R E,
AT AE R B VI P 49 RS IR R R R TR

60 b o As-received T alloy
e Tialloy reatedin o+ 8 held

%
S

I3
=]

Stran jump

8

Plastic strain

B

12 14 16 18 20 22 24 26
Strain rate  10%s"

B4 BILERMUHEAY Ti-55 §SWE 5N ERH I s

Fig.4 Strain jump produced during dynamic loading in differ-
ently treated Ti—55 alloy, corresponding to the critical
strain rale
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Fig.b Particles produced during dynamic loading in Ti—55
alloy
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Fig.8 Microtwins in alloy matrix (a) and the shear band (b)
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Fig.-T Schematic diagram for the formation of the shear band and crack at the different deformation stages in Ti—55 alloy

(a) shear band forming at th first stage
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(b) wedge crack formation

(c) elliptic crack formation
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