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Analysis on thermal performance of fast steering mirror
irradiated by high power CW laser
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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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Fig.1 Physical model diagram of laser irradiated
2.1 fast steering mirror
N 2 ,
X ’ ) . 87 006 ,
’ 20 80 0.663, 150 mm,
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1[11 ° l B 60 S . 1 , 2 ,
’ ; 60 s .

1

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
0.5x107° 0.05x107° 2.40x107°
coefficient/C™! % x %
Thermal conductivity/
1.4 1.64 198
W-cm™- T
Poisson’s ratio 0.17 0.24 0.21
Specific heat/J-kg™'-
pecthc ocei £ 750 821 733
1

2

Fig.2 Finite element analyses model for fast steering mirror

2

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~!

2.2
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25 mm, 3 mm( 3 )o R s

3

Fig.3 Mirror made by Zerodur

4

Fig.4 Temperature comparison of experiment and simulation

2.3 560 s

60 s Fig.5 Temperature distribution of fast steering mirror along

the radial under 60 s laser irradiation

5. 5 s 60 s

60 s s >

’ ’

38.44C .31.61°C 33.35C,

’ 6 N N
N ’ 60 s
s Fig.6 Temperature rising result of fast steering mirror made by
N s fused silica, Zerodur and SiC CVD after 60 s irradiation
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° Tab.2 Analysis on thermal performance of

(a) Fused silica 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/pm 0.003  0.017 0.040 0.073  0.116

W .
ave aberration ) o0 004 0056 0.102 0.162
(rms)/pm

(b) Zerodur , 60 s.

99.97% ,
36 8 o 8

(c) SiC CVD
8 60 s
Fig.8 Zernike coefficient under 60 s
3
760 s ( s m)
b
Fig.7 Displacement distribution of fast steering mirror

under 60 s laser irradiation (Unit: pwm)

b ’

2 o )

102000345



10

www.irla.cn

47

(1]

(2]

(31

Wang Hengkun, Zhang Guoyu, Guo Lihong, et al. High
performance fast steering mirror for beam control of
vehicular high energy laser system [J]. Optics and
Precision Engineering, 2012, 20(12): 336-341. (in Chinese)

[J]. , 2012, 20(12): 336-
341.
Qi Weizong, Huang Wei, Zhang Bin, et al. Finite
element analysis of thermal distortion of infrared CW
laser reflectors [J]. High Power Laser and Particle
Beams, 2004, 16(8): 953-956. (in Chinese)

[J]. , 2004, 16(8): 953-956.

Zhang Yaoping, Fan Junqi, Long Guoyun, et al. Finite
element simulation of thermal distortions of deformable
mirror with laser irradiation [J]. Infrared and Laser

Engineering, 2016, 45(11): 1136002. (in Chinese)

[4]

[o]

[7]

10200036

> 5 >

[J1. , 2016, 45(11):
1136002.
Liu Wenguang, Rao Peng, Hua Weihong, et al. Effects
of thermal distortion of Si mirror irradiated by non-—
uniformity laser intensity on laser propagation[J]. High
Powe Laser and Particle Beams, 2008, 20 (10): 1615—
1619. (in Chinese)

[J1. , 2008, 20
(10): 1615-1619.
Zhang Kuo, Chen Fei, Li Ruolan, et al. Analysis on
thermal performance of output window in high power
CO2 laser [J]. Infrared and Laser Engineering, 2017,
46(2): 0205005. (in Chinese)

CO,

, 2017, 46(2): 0205005.

1.
Born, Wolf. Principles of Optics [M]. 7th ed. Yang
Xiasun, translated.

Beijing: Publishing House of

Electronics Industry, 2013. (in Chinese)

R . . [M].
, . : , 2013.
Xu Huaizhi. Infrared Optical Material [M]. 2nd ed.
Beijing: National Defense Industry Press, 2015. (in
Chinese)
[M]. 2 . : ,
2015.



