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Model of One-Dimensional Thermal Stress Applied in Paint Removal
by Q-Switched Short Pulse Laser

SONG Feng', ZOU Wan-fang’?, TIAN Bin', LIU Shu-jing’,
NIU Kong-zhen', LI Xun-pu', TIAN Jian-guo'
YCollege of Physics Science , Nankai University, Tianjin 300071, China
<2Department of Physics and Electronic Information Science ,» Gannan Teachers College , Ganzhou, Jiangxi 341000, China>

Abstract The thermal stress model was put forward in the paint removal from substrate by Q-switched laser
pulses. With the one-dimensional equation of heat conduction, the thermal stress generated by thermal expansion
was calculated. The adhesion force between the paint and the substrate was calculated according to adhesion
formula. If the thermal stress is greater than the adhesion force, the paint will be removed from the substrate by the
laser action. When the Nd: YAG laser with wavelength of 1064 nm and pulse width of 10 ns is used to remove
orange paint from Fe substrate, the cleaning threshold is 0.5 J/cm? and the irradiation time required for paint
removal and the temperature change of Fe substrate were calculated according to the theoretical model. The
experimental cleaning threshold is 0.57 J/cm®, which is in accordance with the theoretical result. From the
experiments and theoretical model it is found that if the laser fluence is too high, the temperature of Fe substrate will
exceed the melting point of Fe and the Fe substrate will be broken. And the paint removal on Al substrate by laser
was taken into account.
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Fig. 1 Schematic diagram of paint removal by laser
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Table 1 Thermal parameters of paint , Fe and Al

Thermal Thermal conductivity Density Specific heat Linear thermal expansion
properties A/ (Wem™ ' «K™) o/ (kg m™) c/(Jekg '« K™D coefficient y /K™!
Paint 0.3 1.30X10° 2.51X10° 1076
Fe 61.5 7.85X10° 0.54X%x103 12.7X107°¢
Al 238 2.70X10° 1.00Xx10° 30.0X10°°¢
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Table 2 Optical and mechanical parameters of paint, Fe and Al

Optical and Absorptivity to Optical absorption coefficient Elastic modulus Thickness
mechanical properties 1064 nm laser, a to 1064 nm laser A /m™* Y/(N+*m™?) l/m
Paint 101
Fe 0. 36 5.24 X107 1.9x 10" 1073
Al 0.642 1. 00X 108 0.7X10" 1073
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Fig. 2 Maximum thermal stress of paint versus

the laser fluence
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the laser fluence
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Fig. 4 Thermal stress of Fe substrate versus

the time of pulsed laser action

Fig.5 Temperature of Fe substrate versus

the time of pulsed laser action
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