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Abstract: In order to study the thermal characteristic of fast steering mirror during the working process
of high power CW laser, a time—dependent fast steering mirror model coupled with heat transfer and
structure mechanic was established to calculate the distribution of temperature, thermal deformation and
thermal stress by finite element software, and the material was fused silica, zerodur and sic respectively.
The wave front of fast steering mirror was fitted by Zernike polynomial algorithms. The results indicate
that under the same laser power irradiation conditions, the minimum temperature rising and thermal
distortion of the three material is zerodur. By comparison, zerodur material is optimized as fast steering
mirror, and its dominant thermal aberration are piston, spherical aberration and defocus, which can
provide wavefront correction to theoretical reference in the field of engineering application.
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Tab.1 Physical parameters of some materials

Parameters Fused silica Zerodur SiC CVD
Density/g - cm™ 2.19 2.53 3.21
Young's model/GPa 73 91 465
Linear expansion 0.5x10°  0.05x10°  2.40x10°°
coefficient/C™!
Thermal conductivity/
1.4 1.64 198
W-cm™- T
Poisson’s ratio 0.17 0.24 0.21
Specific heat/J-kg™'-
pectiic heall i+ X8 750 821 733

!
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Fig.1 Physical model diagram of laser irradiated

fast steering mirror
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Fig.2 Finite element analyses model for fast steering mirror

R2BAZFHSHY

Tab.2 Parameters of boundary condition

Parameters Value
Initial temperature/C 20
Radius/mm 75
Thickness/mm 7
Reflectance 0.97%
Laser power/kW 10
Laser waist radius/mm 30
Irradiation time/s 60
Convection heat transfer 3

factor/W -m=2-C"!
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Fig.3 Mirror made by Zerodur
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Fig.4 Temperature comparison of experiment and simulation
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Fig.5 Temperature distribution of fast steering mirror along

the radial under 60 s laser irradiation
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Fig.6 Temperature rising result of fast steering mirror made by

fused silica, Zerodur and SiC CVD after 60 s irradiation
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Fig.7 Displacement distribution of fast steering mirror

under 60 s laser irradiation (Unit: pm)
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Tab.2 Analysis on thermal performance of
fast steering mirror under different

reflectance (Irradiation time:60 s)

99.98% 99.97% 99.96% 99.95% 99.94%

Temperature rise/ C  21.23  31.61 41.83 51.92 61.89
Displacement/m 0.003 0.017 0.040 0.073 0.116

Wave aberration
0.006 0.024 0.056 0.102 0.162

(rms)/pm
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