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Table 1  Physical parameters of some materials
Si Cu W BeO
density/ kg- m ™’ 2329 8933 19300 3020
melting point/°C 1410 1080 3410 2550
specific heat/ kJ- kg '+ K~' 0.695 0.38 0.13 1.00
heat conductivity/ W- m™'- K™' 157 391 168 230
heat expansion coefficient/ 10 7% K 2.33 17.6 3.5 8.0 Fig.1 Phsical model for finite element analyses
Youngs modulus/GPa 190 120 410 297 1
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Fig.2 Distribution of temperature rise on the surface of the silicon mirror a copper mirror b
tungsten mirror ¢ BeO mirror d along radial distance
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Fig.3 Distribution of thermal deformation on the surface of the silicon mirror
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3 Si a Cu b W ¢ BeO d
) 307
2kW O, Si 5
A 2.5 ag ¥ 3>
210 W £
S 2,09 oo
E matenal: Si
E P=2I0W,
w13 + cxperimental data
= — calculation line
E 1,01
g
% 0.5-
=1
i) T ——— T T}
D1 2 3 4 5 6 7 8 9 101
laser heating time/s
. | Fig.4 Maximum thermal deformations of
Si Cu W BeO Si . . -
the silicon mirror vs laser heating time
Cu 4 Si
W BeO W BeO

Peng Y F Cheng Z H Zhang Y N et al. Temperature distributions and thermal deformations of mirror substrates in laser resonators J . Appl Opt
2001 40 27 4824—4830 .
Peng Y F' ChengZH Zhang Y N et al. Laser-induced temperature distributions and thermal deformations in sapphire silicon and calcium fluoride
substrates at 1.315 um J . Optical Engineering 2001 40 12 2822—2829.

I 2001 13 2 129—132. YuDL Sang FT
Jin Y Q et al. Finite element analysis of the mirror in high energy density laser resonator. High Power Laser and Particle Beams 2001 13 2
129—132

J. 1999 11 1 6—10. MaY Y ChengZH

Zhang Y N. Finite-element method in thermal deformation analysis of high power laser windows. High Power Laser and Particle Beams 1999 11 1



8 17

6—10

5 Apollonov V'V Barchukov A1 Lukanin V N et al. Possibility of using structures with open pores in construction of cooled mirrors J . Sov J Quan-
tum Electron 1978 8 5  573—580.

6  Apollonov V'V Bystrov P 1 Brovalskii Y A et al. Feasibility of using liquid-metal heat carriers to cool power optics components made of porous
structures J . Sov J Quantum Electron 1981 11 6  796—798.

7  Yuen W W Fleishman R V. A parametric study of mesh enhance forced convection heat transfer for the cooling of high power density mirrors A .

Proc of SPIE C . 1989 1047 43—45.

Finite element analyses of thermal distortions of mirror
substrates for high power lasers

PENG Yu-feng'  CHENG Zu-hai’
1. College of Physics and Information Engineering Henan Normal University Xinxiang 453007 China
2. State Key Lab of Laser Technology Huazhong University of Science and Technology Wuhan 430074 China

Abstract  The thermal distortions of mirror substrates with such materials as silicon copper tungsten and beryllium oxide are cal-
culated and analyzed by use of finite element methods. The results show that when the power of input laser with the diameter of 17 e¢m gets
up to 2 kW and the reflectivity of the mirrors is 93% the central maximum thermal distortions of the mirror substrates are separately 0.
984 pm 3.32 pm 1.55 pm and 1.88 wm respectively under the radiation time of 10 seconds. By comparison the thermal distortion
of silicon substrate is the smallest which would be a kind of more promising material for mirror substrates. And the thermal deformation of
Cu substrate is the largest while those of W and BeO are between Si and Cu. But the materials of W and BeO have high force intensity
flexural rigidity and great anti-destructive capability.
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