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Thermal Analysis on the Main Reflector in Deep-space Solar Observatory
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Abstract; Based on the thermal control system of Space solar telescope, the temperature of primary
mirror in deep-space solar observatory was simulated under new orbit and larger view. Based on the
theory of thermal-structural-optical integrated analysis, thermal deformation of the primary mirror under
supported condition was calculated. And the deformed surface point of the primary mirror is fitted using
parabolic polynomial and Zernike formula. The Root Mean Square (RMS) of deformed surface was
greater than /40 (1 =533 nm). It indicates the former thermal control system cannot meet its 0. 1"
diffraction limit quality. Owing to the former thermal control system meets the demands of optical design
difficultly, the supporting system of mirror is suggested to be adjusted in order to decrease thermal
deformation. The integrated analysis of primary mirror is useful for optimizing the thermal control system
and supporting system of Deep-space solar observatory.
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Table 1 Adjustments of parameters in DSO

Item Previous parameter Present parameter

Wavelength/nm 393~656 393~540

Field of view 2.8'x1.5' 2.8'x2.8
Orbit altitude/km 730 15 000 000
Solar irradiance/

-, 1353 1384
(Wem™%)
Launch vehicle 7Y-1 CZ—3B/G2
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Fig. 1 Distribution diagram of thermal flow in DSO MFT
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Fig. 2 Flow chart of thermal-structural-optical integrated analysis
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Table 2 Orbit parameters of DSO G R AR 2 I 55 U5 90 58 SRR bl KA I
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AN 1o M PERU T P e
Eccentricity 0.989724 %ﬁ@y%[m'
Angle of inclination/(*) 28. 5 TE B A5 SO S5 P R AL 30Oy T, e 5 M
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2 EE. ):i a-J. %E EI] ““* Table 3 Thermal-structural parameters of mirror and mirror cell
Material Zerodur TC4
DSO-MFT X H WL i A 32 1 061 W B i gk A 55 Density/ (kg » m %) 2530 4430
. RSB VE N H S I ) B G R L Young modulus/Pa 9.1e  1.09e!!
B fs L L 4 W B R IR E i h T REL W Poisson ratio 0. 24 0. 34
BB 1 32 B g B AR R AL 1 W 37 01 B D 1 AR Specific heat/(J « kg™« C) 821 544.2
O B S 0 1 B R 0 7 A L O T S Thermal expansion 5 8.5e"
T2 G5 B 2k A Ak T R S5 9E E 0 plAs vE Conductive coefficient/(W « m ' « C) 1. 64 8.8
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Table 4 Physical parameters of surface materials

Material Absorptivity  Emissivity
Black carburizing film 0. 87 0. 87
Single aluminized polyimide 0. 36 0.6
White paint 0.187 0. 87
Black paint 0. 87 0. 87
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Table 5 Thermal coupling method and related thermal
conductivity

Heat transfer coefficient
180 Wem %+« C
15Wem?«TC

Style of thermal coupling

Metal to metal

Metal to nonmetal
3 ERSREAEEST
FF Patran/Nastran $4) Br 45 5 R0 45 F4) 49 B 455 7Y
A sh e T BE o DSO-MFET == 45 1 72 B 3045 #4 55
— BRI A 3 B A AR AL
&l 3.

z
b .

(a) Model of DSO-MFT

(b) Model of mirror cell

M3 DSOMFT &M 5xHEH P MER
Fig. 3 Thermal analysis model of DSO-MFT and mirror cell
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PSSR RS B, R SR 0 LA AN R A T 2
IR 1] Jo 0 3 328 R A o FC AR ) I BB R R T
PG Y T B R R SR .
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Fig. 4 Temperature distribution of the primary mirror ('C)
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Table 6 Surface fitting result using parabolic polynomial

Ttem Numerical value
Deformation RMS/mm 2.0639e-5
f/mm 3.5¢+3
Displacement in x direction/mm 6.3326e-6
Displacement in y direction/mm 7.4518e-6
Displacement in z direction/mm —5.2312e-6
Rotation in x direction/rad —2.3435e-7
Rotation in y direction/rad 2.8817e-7
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