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Abstract The commercial pure titanium sheet TAZ2 is continually mould-free laser shock deformed by means of a
Nd: glass Q-switched laser setup with 1064 nm wavelength and 20 ns short pulse. The microstructure characteristics
of the deformed sheet on whole section are analyzed with the thermo-field emission scanning electron microscope
(SEM) and transmission electronic microscope (TEM) respectively. Three main microstructure characteristics are
observed based on the stress state in deformed zone. The first is the near nanometer micro-twin gate in the
compression strain region, which is thought to be a product composed of high density of stacking faults in the same
direction. Due to the inter-actions between neonatal microstructures and the induced third type of internal stress,
high density of dislocation networks and/or dislocation cells formed in laser shocked substrate. The second is the
inverse-transformed martensite, which is induced by partial shear deformation in the compression zone of laser shock
deformed sheet. The third is the local stratified cluster slips along the cleavage direction, induced by the ultra high
energy and ultra-high strain rate of laser shock, in the tensile deformed region owing to the increasing of deformation
resistance of highly constrained hcp crystalline material. The above-mentioned phenomena can be attributed to the
confinement conditions and deformation mode of micro-zone upon laser shock forming, and will result in
microscopically inhomogeneous of microstructures and hardness in the deformed section. Therefore, repeated
shocking is not conductive to the uniformity of deformation of titanium sheet.

Wim B 2011-12-28; RSB 2012-02-27
ESTH: HEARRY¥ES (50735001,50905080,51105179) %% Bh i A3 .
EEE ST DHRASL L5 Hi%, FENF R R0 TR K EE 1 -5 1 8 45 7 i BF 5

E-mail: luoxm@ujs. edu. cn

0603001-1



H |

# ot

Key words laser technique; laser shock deformation; super-high strain ratio; titanium; micro-twin gate; reverse

transformation; stratified cluster slipping

OCIS codes 140.3530; 140.3538; 160.3900; 350.3450; 350.3850

15  F

HA o s L AE DR L g A R AR S R
19 't il TE AR S — BT 89 O i i SR L B 2R
A T WO e s A A0 I RO SR 900 AR A B
&GOSR A B I HAR S TR AR R &
Y R B Bl 1 ) 3 B A EOR B S IE AR N
PR A 5 i i Uy A

A ok O b ol 175 19 45 B T PR SR D A Al
F O I AR T S — AR OB BR T i EL AT
PASEBLICHE ST - b o 1 BT i 3 oot A6
X TA] B DR GIE A0 5 47 o) A58 i AR XL ] o A ) A
PiE B Ml LR TE 1 A T AR A T AR R
JROE T B T O bl OB BA RO R
BN A4 o B K i 0 b ol SO J i i 1 A R
PRI AR AS P S0 R 4 15 A A D 3 [
PERIR - BOG bl RABUSE i e b i s 1 22 4k 5
PO B i ety B A RILARG R A T AT ) AR T
11 A ARKA R bR JR ¥8 32 B 1 22 O o v 28 1
ARTEAE O R BE 1 51 K 1) 45 g 1 0 K S &2 2%
X SE LG 1) W5 5 73 B 2 TR B A < Jm A1 R R IE
AR MSRAAT Sy B AE AL TR AL A0 75 W g 2 1 fE O AR
(SRR A EE A IR AR S A Ok
Hey 22 1) 5 20 58 B AR S AT BOE AL KN 9 A
P51 o AR S BORAS B R A oA T I A ST 1A
— R IE B EORS M A AR .

— BT g BR G 4 RN 7 e R SER A A R AR
XS R S BOSUE X R, B2 i BB S
Fi6 1] 987 LA 52 B i 48 B sl AR s B4 B
i JSE RIS [R] (9 1 P 30 e A it R 5 22 8 JHG Ak i 18
KRG IR A1 BT A 4 BRASORE B 8O wh
X RBUSIE B — P o B IR 1 i 7 A7 1R 2
AT ER . X FREIE T 1 808 285 AR
FHAE T 22 18] (1) 21 230 A8 ML 2 fol 0 o ol JOE 38 4
AN L G Z 0 R B T
2 b R O wh i BUE i B R OB BIL R B AR S
JoT i (R M LA o A SCRR X BRAR T 78 i s RO e
ol RO ROGE A A FSCIES TR Y R ) 32 BTl
PR TAZ IV T HOE b AL 56 . BT 58 T 18 223
I i 78 X BRA R AIE Gl 45 ) 18 A RN RO Jo 2 1Y

LA

2 WIS Tk
2.1 e ##
IR Tolk 2kt TA2, 3 1 Rk 5 41 )
AL~ T
F 1 T4kt TA2 (e o a8, 26
Table 1 Nominal composition of the commercial

pure titanium sheet TA2 (mass fraction, %)
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Fig. 1 Illustration of the laser shock forming
experimental set
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Fig. 2 (a) Morphology of laser shocked spot on specimen and (b) SEM observation cross-section and

TEM sample location in the laser shock deformed specimen of the titanium sheet TA2
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Fig. 3 Continual laser shock deformed area of titanium sheet TA2. (a) Laser shock face; (b) deformation face
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Fig.4 Twin gratings in a grain induced by laser shocking in the compressed area of TA2 titanium sheet. (a) Micro-twin
grid induced by laser shock; (b) micro-twin grid with opposite directions in a grain with the same orientation
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Fig. 5 TEM images of twins. (a) At the tip; (b) the side-view of a twin's ending; (¢) the thickness

direction of micro-twins
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Fig. 6 Morphology of micro-twins induced by laser shocking. (a) At grain boundary; (b) the collision of
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two micro-twins; (c) the dislocation cell induced by the impact of micro-twin
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Fig. 7 (a) o'-phase and its (b) X-ray diffraction diagram of the laser shocked titanium sheet
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Fig. 8 Deformation morphology in grains of the titanium sheet at the outer deformed margin by mechanically bending and

laser shock forming respectively. (a) Curved onion-layer-like slip groups in a grain by mechanically bending; (b)

layer slipping clusters in a grain by laser shock forming
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