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Comparison of back supporting structure and side supporting
structure of space mirror manufactured by silicon carbide in

cryogenic environment

Li Sheng, Fan Bin, Wang Weigang, Li Kang
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: In the design of mirror and its supporting structure in cryogenic environment, the surface
accuracy under the temperature variation is an important factor affecting the performance of the space
mirror. The surface shape RMS under the temperature change was taken as the performance index, and
the surface shape variation of the space mirror was compared and studied based on the different
supporting structures of the mirror manufactured by silicon carbide and the collocation forms of different
materials. Firstly, the following two conditions of back support and lateral support were simulated and
analyzed in cryogenic environment: (a) the mirror and the supporting structure was made of silicon
carbide; (b) the mirror was made of silicon carbide and the supporting structure was made of other

materials. Simulation analysis shows that the back support structure can obtain a better surface shape
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under condition (a), and the lateral support structure can obtain a better surface shape under condition

(b). Then, the influence of the side supporting structure on the surface accuracy under different material

matching conditions was studied. The relationship among the RMS and the CTE (coefficient of linear

thermal expansion) of mirror material, the CTE of supporting structure materials, the absolute value of

the difference between the CTE of mirror material land the CTE of supporting structure materials was

analyzed using multivariate linear regression method. The analysis result shows that the absolute value of

the difference between the CTE of mirror material and the CTE of supporting structure materials has

greater influence on the RMS. The research results and ideas provide reference for the design of

cryogenic optical mirror and its supporting structure in the future.

Key words: cryogenic; space mirror;

finite element simulation
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Tab.2 Mechanical properties data of structural

SRR B R RS g R Y 9 AT S A R Y LA R materials
ih, 2% B A W STk R X bipod #E 47 JLAT BT, &5 Young's
. N YRS 1 i ! 1 i . -3
*@ﬁﬁ‘fﬁ E\ ﬂﬂ%% 1 m , i%ﬂ}fﬁﬂﬂ B 1 FE 2 Materials modulus/MPa Poisson’s ratio Density/g-cm
e SiC 476 000 0.16 3.2
& &= AL, 2:‘: = §~
1 REFEML B LGS o o s .
Tab.1 Geometric information of the mirror
TC4 125 000 0.34 4.51
and support structure
Aperture Mirror shape Radius of curvature Invar36 140 000 0.3 8.1
300 mm Paraboloid 1 125 mm
230 i S g
Thickness Lightweight method  Supporting structure LR RO ’ D0 T e Ay 1o £ ) AR
) : f8 A [R) 32 45 45 R 8 X B0 DB 45 2R X e 5k 3 Brow
30 mm Regular hexagonal hole Bipod

SRR EE ST )

Fig.1 Lateral supporting structure

2 15 i ST L

Fig.2 Back supporting structure
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Tab.3 Surface shape of the two support structures
only under the gravity parallel to the

optical axis

Material matching Side supporting Back supporting

forms structure structure
AlB RMS/nm  PV/nm  RMS/nm  PV/nm
SiC/TC4 6.204 40.81 2.359 9.628
SiC/Invar 6.208 40.85 2.36 9.637
SiC/Al 6.244 41.12 2.396 9.684
SiC 7.643 52.51 2.376 9.473
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Tab.4 Surface shape of the two supporting
structures only under the gravity

perpendicular to the optical axis

Material matching Side supporting Back supporting

forms structure structure
A/B RMS/nm  PV/nm  RMS/nm  PV/nm
SiC/TC4 2.099 23.75 5.739 26.98
SiC/Invar 2.26 25.63 5.903 27.77
SiC/Al 1.808 19.71 5.299 25.13
SiC 1.574 12.76 6.728 33.18

H.r RMS(Root Mean Square)ft 2 1 & i 2
R K /N PV (Peak to Valley) # 7w i) & g 5 H . A/B
Fon LU A g RS ATRL B SR S R R BT
B, T H5Z %,

M 3~4 W 8E AT LA, A I 6Bl 7 ) 19
HAOVERTT , 7570 SCHE G5 A8 R X T 000 T S 4% 45 4 e
AT AR T o AR SO0 B2 T ) AY ) B
PEFITR 00 100 S 45 25 ) AR X 7 5 30 S 3 25 1 BE 3R AR
WA TEIE o SCR AR SR UE 7O ETAE LR B A,
AN [R) ) 3 5 1) %R A W) IR XY ) #4807 2
G O W v ) [ B 1 e o N i O BTV
LG R = 7 N i I i = Y o
1.2 FTRHAREAMMBEELEERT M

THESEHRX LR

T LA AR, 0 P b SCPE 25 4 23 391 [ i e A
ik 722 Ak 284 I 6 b 5 1 9 T BT o SO SR
14 T ik 2 BOE SCIE -

a=-2L 107 (1)

L293 K
K AL=L,, =Ly Logy A Ly 53 53 AQ A R A2
293 K FR & TRy KB .
SC PRI 0 b Rk i R R AR AR ) B i R RO
n 5 iR,
TG XT S S5 R A RE R S S A A L T A8 ik Ak
T 110 S 5 285 ) SR SR A7 )5 EL 43 #T o

RS MHBRE KR

Tab.5 Thermal expansion coefficients of

materials
Temperature 7/K SiC Al6061 TC4 Invar
40 2.3 41.2 17.1 3.89
60 2.296 6 40.185 16.85 3.871
77 2.3 38.9 16.38 3.85
100 2.3 36.5 15.4 3.59
120 2.253 9 34.006 14.07 3.236
150 2.1 29.5 11.8 2.6
180 1.834 24.192 9.417 1.968
200 1.6 20.3 7.8 1.6
220 1.334 8 16.2 6.139 1.286
2 0.93 9.7 3.6 0.881
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Fig.3 Mirror surface shape contrast when both mirror and

supporting structure use silicon carbide
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Fig.4 Mirror surface shape contrast when applying

SiC/Invar structure
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Fig.5 Mirror surface shape contrast when applying

SiC/TC4 structure
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Fig.6 Mirror surface shape contrast when both mirror and

support structure use silicon carbide
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SiC/Invar structure
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Data of SiC/TC4 and SiC/Al6061 obtained

using multiple linear regression methods

Regression

. SiC/TC4 SiC/Al6061
coefficients
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Fig.13 Distribution of confidence intervals for residuals
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Fig.12 Mirror is made of silicon carbide when support
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