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Calculation of Thermal and Mechanical Effect Induced by Laser
in Optical Window Materials

Huang Feng Niu Yanxiong Wang Yuefeng Duan Xiaofeng
(Optics and Electrics Engineering Department, Ordnance Engineering College, Shijiazhuang 050003)

Abstract: The thermal-mechanical model of transparent optical materials induced by high-power continuous laser is
set up and the precise resolution of transient temperature field distribution induced by laser is obtained through
resolving the 3-dimensional heat conduction equation using integral-transform method. On the base of the above
analysis, the thermal stress field transient distribution induced by laser is worked out. Taking fused silica irradiated
by 1.315 pm high-power chemical oxygen-iodine laser (COIL) as an example, the fused silica temperature field and
thermal —— stress field transient distributions irradiated by COIL laser are calculated and the laser induced damage
mechanism is analyzed further. The calculation result shows that the laser induced damage is mostly melt damage in
the areas where temperature exceeds melt point of fused silica. Because fused silica has a fine thermal stability, the
thermal stresses induced by the temperature ununiformity are small relatively. The theoretical analyzing result is in

accordance with the relative experimental result, so the laser irradiation effect model proves correct.
Key words: laser physics; laser irradiation effect; temperature field; thermal stress field; optical window; laser-

induced damage mechanism
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Fig.1 Physical model of disk target irradiated
by round light beam
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Table 1 The physical parameters of fused silica

Density o= 2.21g* cm™®
Thermal conductivity £=1.38 Wm'K!
Heat capacity C=746 ]+ kg'! « K!
Absorption coefficient a=0.19X107% cm™!
(A=1315 nm)
Thermal coefficient of expansion ~ f=0.51X107*C™*
Young's modulus E=7.26X10" Pa
Melting point Tee =1700 C
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Fig. 2 3D temperature distribution of fused silica
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Fig. 3 (a)Temperature radial distribution on the fused silica surface, (b) z-directional temperature distribution of the laser spot center
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Fig. 4 Three-dimensional thermal stress distribution of fused silica. Radial (a), hoop (b) and z-axial (c) stress components
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Fig.5 Thermal stress distribution on the fused silica surface. Radial (a), hoop (b) and z-axial (¢) stresscomponents
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