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Forming Limit and Fracture Mode in Multiple-Pulse Laser Shock
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Abstract Multiple-pulse laser shock micro-bulging experiments of T2 pure copper foils are conducted. The effects
of laser power density, initial grain size and foil thickness on forming limit are investigated. Macro and micro
fracture morphology of broken work are analyzed. The fracture mode of copper foils in multiple-pulse laser shock
micro-bulging is discussed, and the mechanisms of four fracture modes are analyzed. Research results show that the
laser power density has a significant influence on the maximum pulse number before fracture occurrence. In
addition, the forming limit of foil cannot be increased through multiple-pulse forming method. Both grain size and
feature size have a significant impact on the forming limit of multiple-pulsed laser shock micro-bulging. There are

four fracture modes in multiple-pulse laser shock micro-bulging, that is, tensile fracture, shear fracture, mixed

fracture and spallation.
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Table 1
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Heat treatment parameters and corresponding

grain sizes of T2 pure copper foil

] Annealing o
Thickness /pm . Grain size /pm
temperature /°C

50 450 12.56
80 450 13.10
80 600 24.57
80 750 38.40
100 450 14.88
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Fig. 1 Schematic of experimental set-up for multiple-pulse

laser shock micro-bulging process

Table 2 Main experimental parameters

Laser beam Rubber sheet
Parameter

diameter /mm thickness /pm

thickness /mm

Quartz glass Black paint Die hole

thickness /pm diameter /mm

Value 2.5 200

2 ~50 1.4
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Fig. 3 Influence of laser power density on
forming limit of micro-bulging
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Fig. 6 Tensile fracture morphology of T2 pure copper foil. (a) General view of fractured specimen;

(b) fracture surface of region 1 after magnification

3.4.2 ki g

Bl 7 0 4R 56 M & AR BT U TF 2 I e HxE R
M T2 SR RN 80 o, W AR AR RS
13.10 pm, JOETIHERE I, 2.72X10% Wem 7,
WEEAES 1 R GBI R AR, BB 7 AT LA
B B R 2 K A A IMURE A TR A 4 KT 0 DX 3

LB LA 1B 2873 B, 2 i — A BLAR 5 KRR 11
BEFLAR —EOAY AL . XF [ L BB i 3 — 28 OR, 7% 3
TZW AR ORI S, I 7 (b) B, 1] LU 3 18
TET 5 S0 A1 T A ) B 170 W7 2 A L 5 A 5 o R T
A FEAE S ARL X Ul A i b R AE VIR T3 PE R KA T
Wisd. el et iz W AR S B T A R B

0302004-5



H

i b

B RO D 3R R 5 kB L) U SR ) R i [
R X N B I SO R RE A R O S
MR AL T2 A A ) R A P 48 0 o 90 9 T g MR 5 4
T2 B el 02 s 7 v A R A R A BRI L 5% T

AR LML AL TE L A6 16 W b il Je BIVED B i

Bl . Xk — 28 i W A 2 Bk s SO oh i UK T2
AN LR P L o B O ) R A B AT AR SRR
MR BOL L3 B 42 (2.5 mm) KT M & L2
(1.4 mm) » X AE R HOL YR E T 5 L5 1)
Wi 21 5 — BRI

® - =

10 pm

P 7 BARER R DT DI BOE AR . () W LR A SR TE AR s (b) O Y 18 D T2 4%

Fig. 7 Shear fracture morphology of T2 pure copper foil. (a) General view of fractured specimen;

(b) enlarged fracture surface
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