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Characteristics of Rear Support in Centre for Space SiC Mirror
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Changchun 130033, China)
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Abstract; Taking a SiC mirror with an aperture of 500mm for example, the supporting characteristic of
rear support in centre was studied based on spercific lightweight shape and supporting structure by using
finite element analysis, and the effects of structural parameters on the performance were analyzed. The
analyses point out that the optimal proportion of the diameter of support hole to the aperture of mirror is
0. 23, the optimal rear shape of mirror with different aperture should be determined by using optimization
method, and the surface accuracy can be improved by increasing the support depth when the gravity in
radial direction. The analyses of supporting structure indicate that the radius of bolt circle at the bottom
of the flexible connector is the key factor which has great influence on both the surface accuracy under the
load case of temperature variation and the first order frequency of mirror subassembly, so it is
considerable to weigh the requirment of surface accuracy and structural basic frequency when chosing the
optimal value of the radius. The surface accuracy of the mirror supported by rear in centre is less affected
by the assembling stress from outside and not sensitive to notch depth changing. The support length has
a great influence on dynamic stiffness of the structure and its decrease will increase the first order
frequency of mirror subassembly. Finally the maximum aperture of the space SiC mirror supported by

rear in centre is intended to be 750 mm, which means that the mirror supported by rear in centre without
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of structural constraint can be satisfied with the refered requirment when its aperture is less than
750 mm.

Key words: Space optics; Space mirror; Finite element analysis; Rear support in centre; Supporting
characteristic; Applicative aperture
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Fig.1 Lightweight schemes of reflective mirror
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Table 1 Comparison of lightweight schemes
Scheme M/kg RMS, /nm RMS, /nm Integrated quality
1 5. 56 2.704 2.483 28.3
2 6.01 2.647 2.655 27.2
3 5.25 3.126 1. 949 30.3
) ( ) )
, RMS, RMS, Y ( ) Z )
(Root-Mean-Square, RMS) ,RMS ,
(Integrated Quality,IQ) (MDD (RMS, ,RMS,) s
,
1Q=100X L“F 1 + !
2M  ARMS, 4RMS,
1/2 1/4 ,100
(1/MD (1/RMS) 1/2 s
RMS, RMS,, 1/4. 3 1.2
) . , ( 3)
s
1.2
s
1(e) , Hyper-Morph
s s
150 mm , 2, Y.Z Y
(Peak-to-Valley, PV) s
PV RMS 2, Y
2
Table 2 Analysis results of the diameter of supporting hole
Diameter d/mm Y z
PV/nm RMS/nm PV/nm RMS/nm
60 19. 247 3.957 11.734 3.236
70 18. 141 3. 745 10. 797 2. 854
80 17. 055 3.534 10. 099 2.498
90 15. 944 3.327 9. 445 2.196
100 14. 967 3.126 8. 854 1. 949
105 14. 355 2.985 8.533 1. 845
110 14. 208 2.931 8.282 1.777
115 14. 196 2.838 8.425 1.732
120 14. 167 2.748 9.619 1.720
125 14. 124 2.659 10. 951 1. 746
130 14. 067 2.573 12. 430 1. 816
140 13.935 2.412 15. 860 2.102
150 13.768 2.263 20. 654 2.574

0222003—3



2r

Ny

18 | '\-\

16

PV/nm

14 1

12 F
0\.\

10 [ .\‘\.\.\.’/ 2'0 i

40

—— PV)

—e— PV, 35F
-\ o g 30 F
A %

25 F

—s—RMS,
—e—RMS,

\.\.\-\
LN
B -][
.\.\°\o-r°/./

1.5
50 60 70 80 90 100 110 120 130 140 150 160 50

d/mm

(a) Variation trend of PV

2
Fig. 2 Variation trend of surface accuracy varying with the diameter of supporting hole
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Fig. 3 Control variables of the rear shape of mirror
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Fig. 4 Pareto plot for surface accuracy varying with control variables
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Table 3 Analysis results of the supporting depth

l\/;;rcr;)r Center of Depth Y Z
gravity h/mm PV/nm RMS/nm PV/nm RMS/nm
Overturn Sipoit 30.0 35.180  7.137 18.963  4.772
moment structure 32.5 32.986 6.599 18. 885 4.791
35.0 30. 684 6.047 18.791 4. 806
Front end of B -
- Sulipot 37.5  28.265  5.480  18.688  4.821
40.0 25.711 4. 900 18.571 4. 838
x z 4 Neutral plane _
S of support 42.5 23.067 4. 308 18. 439 4. 855
M 45.0 20. 346 3.706 18. 283 4. 880
47.5 17. 301 3.097 18.093 4.922
5 50.0 13.803 2. 489 18. 064 4.988

Fig. 5 Schematic of support depth analysis
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Fig. 6 Variation trend of surface accuracy varying with supporting depth
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Fig. 7 Schematic of supporting structure analysis

0222003—6



SiC

2.2

2.3

Table 4

4

Properties of materials
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Material Density/(g * cm™?) Young's modulus/GPa Poisson’s ratio CTE/(107% « K1)
SiC 3.2 330 0. 30 2.4
4J32S 8.9 141 0.25 2.4
TC4 4.4 114 0. 34 9.1
SiC/Al 3.0 180 0. 30 8.0
4 s ,
, , r
5 r T 4°C
,PV RMS s
’ r ’
, , r
r ,
-
5
Table 5 Analysis results of the radius of bolt circle
Radius r/mm T First order frequency/Hz
PV/nm RMS/nm
20 16. 415 2. 809 114
21 18. 251 3.079 119
22 20.213 3.412 124
23 22.296 3.758 129
24 24.508 4,137 134
25 26. 850 4. 550 139
26 29.322 5.001 144
27 31.931 5.494 150
28 34.678 6.030 155
29 37.565 6.615 160
30 40. 591 7.252 166
31 43. 757 7.946 171
32 47.068 8.702 177
,
, s
S
, > ,
s ,
Z 10 #m ’
, PV RMS t 8. ,
s t s s , PV~ RMS



PV RMS ) t s t=0 PV
RMS 11.898 nm  2.697 nm, , ,
6
6.10 . . . . . . 138 Table 6 Analysis results of notch depth
6051  wpy Radius S First order
6.00 F -=RMS 1.36 r/mm PV/nm RMS/nm frequency/Hz
1.0 5. 889 1. 333 180
kel 134 E ’
£ 590 [ = 1.5 5.827 1.319 179
z 585 | \ 132 2 2.0 5.779 1. 308 178
5.80 F 2.5 5.737 1.298 177
575 F \\\ 120 3.0 5.711 1.291 176
570 = 128 3.5 5.691 1. 286 175
5.65 . L L L L : 4.0 5.695 1. 286 174
1 2 3 4 5 6 _
/mm 4.5 5.717 1.291 173
5.0 5. 776 1. 304 171
. 8. ) 5.5 5.879 1.327 168
Fig. 8 Variation trend of surface accuracy
6.0 6. 048 1.365 165
2.4
b b
, Y
l Y l
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Table 7 Analysis results of supporting length
Y
Length //mm - First order frequency/Hz
8/ pm 0/ (M
60 1. 567 3.472 180
65 1.786 3.811 179
70 2.020 4.148 177
75 2.270 4.483 175
80 2.535 4. 819 174
85 2.817 5.154 172
90 3.116 5.491 170
3
. 1G 4°C PV A/10
(A=632. 8 nm) ,RMS A/50, 100 Hz. ,
SiC 500 mm SiC
b b
9, 8. ,
9- ’ b
790 mm Z RMS 4°C PV
b
. 750 mm,
750 mm  SiC ,
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Table 8 Values of structure parameters
Parameter d h r t l
Value/mm 115 45 28 0 65

9
Table 9 Simulation results of different aperture mirrors
Aperture of Y Z T First order

Scale ratio

mirror/ mm RMS/nm  PV/nm RMS/nm PV/nm RMS/nm PV/nm  frequency/Hz

1.00 500 3. 210 16.676 4.128 14.766 6.010 34.567 158
1. 20 600 3.425 19.979 6. 005 21.414 7.199 41. 491 132
1.40 700 3.507 22.388 8.276 29.426 8.372 48. 426 113
1.50 750 3. 688 22.816 9.568 33.969 8.951 51. 895 106
1.58 790 4. 868 27.945 10. 680 37.867 9. 408 54. 664 100
1. 60 800 5. 289 29.374 10. 970 38. 881 9.521 55. 354 99
, 500 mm SiC , SiC
0.23, Y Z

’ b ’

3 Y s
. b

SiC 750 mm,

750 mm  SiC

XU Hong,GUAN Ying-jun. Structure design of 1 m diameter space mirror component of space cameralJ]. Optics and
Precision Engineering , 2013, 21(6) . 1488-1495.
) . 1m [J]. ,2013,21(6) :1488-1495.
WANG Yong-jie, XIE Yong-jie, MA Zhen, et al. Research progress of new space mirror materials[J]. Materials
Review A,2016, 30(4) . 143-153.
, ) .o [JJ. A,2016, 30(4):143-153.
FENG Zheng-sen, WANG Guo-min. Optimization analysis of primary mirror in large aperture telescope based on
workbench[ C]. SPIE, 2015, 9678 96780Y.
ZHANG Li-min, WANG Fu-guo, AN Qi-chang, et al. Application of bipod to supporting structure of minitype reflector
[J]. Optics and Precision Engineering ,» 2015, 23(2) ;438-443.
0222003—9



L8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

, , » . Bipod [Jl. , 2015, 23(2):438-443.
KANEDA H, ONAKA T, NAKAGAWA T, et al. Cryogenic optical performance of the ASTRO-F SiC telescope[]].
Applied Optics, 2005, 44(32) ;. 6823-6832.

CHAN Chia-Yen, HUANG Bo-kai, YOU Zhen-ting, et al. Optimization study on the primary mirror lightweight on a
remote sensing instrument[ CJ]. SPIE, 2015, 9524. 95240T.

PROCHASKA J X, RATLIFF C, CABAK ], et al. Detailed design of a deployable tertiary mirror for the Keck 1
telescope[ C]. SPIE, 2016, 9910. 991021I.

CHEN Hong-da, CHEN Yong-he, SHI Ting-ting, er al. Lightweight and mounting design for primary in space camera
[J]. Infrared and Laser Engineering , 2014, 43(2) :535-540.

, , y o [l . 2014, 43(2):535-540.
TAN Jin-guo, HE Xin, FU Liang-liang. Support technique in centre of minitype reflector[J]. Infrared and Laser
Engineering . 2010, 39(6):1070-1074.

, , . [Jl. , 2010, 39(6) :1070-1074.

ZHU Jun-qing, SHA Wei, CHEN Chang-zheng, et al. Position layout of rear three point mounting for space
rectangular mirror[J]. Optics and Precision Engineering » 2015, 23(9) :2562-2569.

, , y o 0l » 2015, 23(9):2562-2569.
ZHU Jun-qing, SHA Wei, CHEN Chang-zheng, et al. Frequency response of imaging quality by mirco-vibration for
large-aperture space-borne telescopelJ]. Optics and Precision Engineering , 2016, 24(5) ;1118-1127.

) s . [Jl. , 2016, 24(5):1118
1127.
CHEN Yong-he, CHEN Hong-da, FU Yu-tian. Optical design of small-sized camera in visible for micro-satellite[ J].
Infrared and Laser Engineering , 2015, 44(7) .2087-2029.

, , . [J1. , 2015, 44(7) 2087
2029.
YUAN Jian, REN Jian-yue. Improvement and optimization of lightweight structure for SiC reflective mirror[ J]. Acta
Photonica Sinica, 2015, 44(8):0812004.

) . (7. s 2015, 44(8):0812004.
YUAN Jian, SHA Wei, CHEN Chang-zheng, ez al. Integrated optimization design of rectangular reflective mirror[J].
Opto-Electronic Engineering , 2015, 42(6) :85-89.
, ; .o 0l , 2015, 42(6) :85-89.

WANG Shu-xin, LI Jing-lin, ZHANG Fan, et al. Optimization of large aperture space reflector based on RSM[]].
Infrared and Laser Engineering , 2013, 42(S2) :291-297.

, ) . L. , 2013, 42(S2):291-297.
XIN Hong-wei. Design and analysis on the flexible structure of the optical reflector[J]. OME Information, 2010, 27
(7):51-55.

. 0yl » 2010, 27(7) :51-55.

XU hong, GUAN Ying-jun. Structural design of large aperture SiC mirror subassembly[J]. Infrared and Laser
Engineering , 2014, 43(S) :83-88.
, . SiC [Jl. . 2014, 43(S) .83-88.

Foundation item: The National High Technology Research and Development Program of China (No. 863-2-5-1-13B)

0222003—10



