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A Study on the Computational Analysis of 355nm UV Laser Multiple-Pulsed Micro
Machining Considering the Strain Rate Effect
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UV laser micromachining of metallic materials has been used in microelectronic and other
industries. This paper shows on experimental investigation of micromachining of copper using a
355nm UV laser with 50ns pulse duration. A finite element model with high strain rate effect is
especially suggested to investigate the phenomena which are only dominated by mechanically
pressure impact in disregard of thermally heat transfer. In order to consider the strain rate effect,
Cowper-Symonds model was used. To analyze the dynamic deformation during a very short
processing time, which is nearly about several tens nanoseconds, a commercial Finite Element
Analysis (FEA} code, LS-DYNA 3D, was employed for the computational simulation of the UV
laser micro machining behavior for thin copper material. From these computational results, depth
of the dent (from one to six pulsed) were observed and compared with previous experimental
results. This will help us to understand interaction between UV laser beam and material.
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Fig. 1 Schematic of Laser Shock Processing
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Fig. 2 Curve fitting between experimental results and
Cowper-Symonds relation
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Table 1 Mechanical properties of copper

p (g/em’) 8.93
E (Mbar) 1.17
v (Poisson’s ratio) 0.35
Yield stress (107 N/em?) 0.004

oA F

3.1 A2 H2 8y

Hzx 48 H2 4L APstdgdA sons T
4 '?a -4§ g WshE ##3}h Fig. 4%
gtdo] A= FAF U “S(node)ll A z
HEE £x71 A8d AF
“roV*i #&3 g Zelo

HA #e A, 7HE Zrl°l7}

L

g MEE 4:5
7t 34%01 g AL 4 % 7} 91551 Al o A
Zlo] WIko R ekozsu WaE Ae 4 4 o
Zhang®] A @A} v aEHGl & UH, Lhangﬂl R

2 929 Ao lumE dolid Aol g o=



Sr=guSsts|x A 27 # 105 pp. 29-33

October 2010 / 32

R Node no.

RNy _A 311030

N

Z-coordinate (E-03}
)

o1 002 003 0.04
Time

(a) Z-coordinate without the strain rate effect

0 LS-DYNA keyword deck by LS-Prepost

Node no.

0,005 13 _A 311030

001 \

-3
2
3

Z-coordinate (E-03)
-3
8
—

8
8

\ .
Ve al

[CU—

&
8

&
8

001 0.02 003 004
Time

(b) Z-coordinate with the strain rate effect
Fig. 4 Dent depth induced by UV laser for single pulse

Element no.

A A 254961

a
"~
i
e

Effective Stress (v-m) {(E-03)
N
\\

° . . . B .
001 0.02 003 004

Time
(a) Effective stress without the strain rate effect

LS-DYNA keyword deck by LS-Prepost

\\ Element no.

\ _A.264961
f
H

\

0.04

e
o
=)

s

Effective Stress {(v-m)
o
8

°
2

R

0.01 ' 002 I 003 I 0.04
Time
(b) Effective stress with the strain rate effect
Fig. 5 Effective stress curve during 50 ns pulse duration

for single pulse
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Fig. 7 Dents formed on copper surface. (a) SEM picture
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