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Numerical Simulation of Propulsive Force in Steam Laser Cleaning
of Printed Circuit Board

CHEN Hao, ZHU Hai-hong, CHENG Zhu-hai

( State Key Laboratory of Laser Technology, Huazhong University of Science and Technology,
Wuhan , Hubei 430074, China)

Abstract The explosion process of steam laser cleaning of printed circuit board (PCB) is simulated by using Ansys/Ls-Dyna finite
element analysis software (FEA). Comparison with the theoretical adhere pressure of the particles and the propulsive pressure
calculation are also carried out. The result shows that under the chosen conditions (energy density 1 J/cm?) the propulsive pressure
on the particles which is in micron size or submicron size is larger than their adhere pressure but less than the destroy pressure of the
PCB, so the micron or submicron particles are rencoved effectively without damaging the PCB. This proves that the steam laser
cleaning can be uesed to clean PCB. From the simulation result, it is found that for laser cleaning of PCB, the laser pulse duration

should be no more than 100 ns.
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Fig.1 Schematic diagram of a micro particle near a surface
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Table 1 Adhere force of different materials with
different sizes
Adhere force F /N
h/eV r=1pum r=0.5pm r=0.1 pym
0.6 1.68X107" 5.0X107% 8.4X1077
1.22 3.4X1077 1.0X1077 1.7X107®
7X1077  2.,1X1077" 3.5X107®

Material
Resin/ resin
Resin/ copper
Copper/copper 2.5
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Table 2 Adhere pressure of particles with

different sizes (copper/copper)

r=1 pm
0.22X10°%

r=0.5 ym
0.27X10°

r=0.1 pym
1.1X10°

P /Pa
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Fig. 2 Schematic diagram of the steam laser cleaning
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Table 3 Units in the simulation

B(l @ )exp(*RzV)-i—wE

Length Time  Mass
pm 10ns 107% g 1g/cm?

Pressure  Velocity
10 MPa 100 m/s

Density

R, BB E KR 0.5 ns, FHA R [E
4 400 ns, FEZSRPEI 100 ns W #Y 7K #2577
A 1 (B 3) FK B 58 4345 1 (B 4D, 2K A B A e,
BERMHEM MRS AR ERABREME 5 f
e~ (R & YHBRMNILR 3, EBRA
10 MPa, Bt[E 5 10 ns),
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Fig. 3 Velocity distribution at 100 ns
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Fig. 4 Pressure distribution at 100 ns
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Fig. 5 Relationship between the pressure near PCB
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Fig. 6 Relationship between the pressure near air and the time
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