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Support System Study of Rectangular Mirror
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Abstract Support system design for large size rectangular mirror is one of the most challenging technical points
during development of off-axis three—mirror anastigmatism (TMA) optical imaging sensor. The rectangular third
mirror with the size of 760 mmx320 mm is the study object. Key mechanism of the temperature effect on the mirror’
s optical surface deformation is studied thoroughly. The relationships between temperature range and the mirror
blank’s and back support part’s linear expansion coefficient difference, mirror blank’s capacity on interface
mechanical load, rigidity of the flex structure which connects mirror blank and back support part, are established.
During development of the mirror support system, a two—axis flex support structure which is composed of two
perpendicular single axis circular flexures is proposed, and finite element analysis (FEA) is also employed to
evaluate the mirror’s optical surface error and model frequency of this mirror sub—assembly. In the mean time, sine
scan test is used to verify the FEA result of mirror sub—assembly’s model frequency. Under combination of 1g self
gravity load and 10 C temperature variation, the maximum FEA value of the mirror optical surface root—mean—
square(RMS) error is 13.4 nm, and it meets the proposed requirement A/45 ( A =632 nm ). FEA result and test
value of the lowest model frequency of the mirror sub—assembly are 128.67 Hz and 124.1 Hz, respectively, it is higher
than the proposed requirement of 100 Hz and meets design objective.

Key words optical devices; remote sensing; mirror; support structure; off—axis three—mirror anastigmatism;
flexure support
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Fig.1 Development process of mirror support system
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Table 1 Material properties of the mirror sub—assembly

) Young's  Poisson’s Specific Thermal Specific heat
Density CTE
Material , modulus E ratio stiffness E/p  conductivity C Application
p /(g /em’) a /(107°/°C)
/GPa & /10'N-mm/g) k /[W/(m-C)] 1) (kg 0)]
SiC 3.05 330 0.20 10.8 185 2.5 670 Mirror blank
4)32 8.1 141 0.25 1.74 0.0139 0.05~7.5 515 Interface part
Flexure,
TC4 4.44 114 0.34 2.57 6.8 8.9 611 support

structure
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Fig.3 Simplified temperature induced interface load analysis model of the mirror sub-assembly
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Fig.5 RMS value trend of the mirror with the interface mechanical load. (a) RMS value versus interface force;
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XiF EE A3 AT AT

1) K25 86 4K PT ml (o) 3% 0 J7 B9 R AR T L 5E m, xF T A R Y B K A 1R O A T B RMS {H A/45
(A =632nm), IG5 RE AR 52 1 5 R VR T 1 249.7 N, 5[] hy 556.4 N

2) S5 B HRHL V8 1) SR 1 R IR T ), X T R RE Y AR R AR VROl A% TN Y RMS {EL A/45 (A =632 nm ),
S B BB 7K AZ 1 d5e K96 ) 54 2 1202.37 N-mm , 4 1] 24 2759.26 N-mm.,
3.4 XTMHXE

FEARAS I GHBE 9T BEHEHT 1 PR 2 1 11 LB 2K Ao BB 7 il b, 232 M S 4 O R R DU e T B SR T RE R A2
4 T B85 A Ak TR

P& Tl ph A T B8 18 D) 10 St 2 P 2 R T A R v S A, LRSS A AN 1R 6 BT R o ok (B B) FER
MR ZE B R R EAT T R GE W ER AT R S I A A I M S I 2 R T S B A N 2 43 S R
FEPE Sl LRl 2 B BE S Lo Lo

7 St 5 25 0 AT A AE T L B H i AR R R A SR B i A i AR R A R, O TR R s 7 3L
H H i — i ) F R S S AR e T S R AN R i ig

0523002-5



@;1

P 6 I B St B 2 1 S 4R A

Fig.6 Two—axis flexture structure for the mirror

1) A 5 fit
Bl Sy F o) A I S xRy B AT O AR R R R AR

F.=F-:cosd¢

F =F-sin¢ "’ “)
2) AT

Btk fror i FORF S SIS VE R 1 R 2 A A S e B, B e S il AR R R
[ux = (Ll -r+ ch).F'z.(Ll - r)‘ Copyt (Ll -r+ dcl’)'Fr. C()z—l")
\u, = (L,=r+decy) F (L,=r)C,_,.+(L,~r+dc,)F-C,_,, ’
K de, R IR B4R de, Rl A i SR B A2, C, . MEEE IR R, C,,, M
22 B 2R 50, 3 B8 S O 2 [ 1) 11 Sl 28 M A ) B R B R S8

4 TR
4.1 ZEFmEE

FIIFH MSC/Nastran 8% 5 S B2 047 1 25 ¥4 28 T2 43 A, 38 0ok Ak B2 S5 65 32 1 0 o5 A8 T8 |, 15 31 I S B 1 784
. FrelE A BRI/ M (FEAERLANE 7 TR, 70 M T A4 348 1 T (6. .G, .G . — IR T (T-10)
FFETR 10 Cor 915 2y 234 5 1 S (RS T (G=T .G,—T .G.=T), T KI5 B WK 2 s .

()

K7 RO B AT FRIT 7 5
Fig.7 FEA model of the mirror sub—assembly

gERFEW

D) TEH 5 &= AEME, 5580 A RMS 5 KA 4 10.86 nm, T A/50 (A =632 nm ), it /2 B3 50K

2) % B 5 4 A AR VY A8 T S 1] (2 5 16))1 g EE S R 10 C U R RE A T 00T A T 25 A8 Ak B ™ L 3% TR T
A RMSE N 13.40 nm, i 2 BT 42 09 A /45 (A =632 nm )FE PR %K,

0523002-6



DI S R
2 BT IE B 53 A

Table 2 FEA results of the mirror surface error

Load case G. G, G. T-10 G~-T G-T G-T
Peak valley /nm 30.16 45.14 47.00 43.45 57.14 59.87 71.14
RMS /nm 6.46 10.86 9.38 7.29 9.73 12.62 13.40
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Fig.8 Model analysis results of the mirror sub—assembly. (a) 1st model:frequency is 128.67 Hz; (b) 2nd model:frequency is 133.66 Hz

S5 B 2EL A B i o R A A SR A 0 1 Sl 128.67 F11 133.66 Haz, 3 & T 32 H B9 F5 45 o

5 LI

o B U 2 A P A A A A AT A R X RO R AT T IR SRS B, SE AR B A 9 iR

SEE AR AN 10 Bz BT A 1 4R G0 6F 17 ) 33 5353 O 124.1 Hz F1 143.6 Ha, 55 730 B 25 R B9 AH X 52 22 73
B4 +3.68% F1-6.92% .

ROk LK1 029 () 20110402 1143 |

K9 S A B (T IE RS2 4 10 IE 524 M A5 5t h £k

Fig.9 Sine scan test of the mirror sub—assembly Fig.10 Result of sine scan test

|

6 4 B

FE I 3T 45 [R]85 2l TMA Y 2% 38 AR 1 R R SH T — R 25 4 S R Ge i b ad B oy, % i 45 4 14 1 30 32 3
R PESEAT T FR G A3 AT 48 78 1 T EE X S A T A 5 o 1) A T DD, DA R R AR B R DG i R S M S
P50 B G A T AR TR T R T — B RN SO B A S R G R AT A R R X
ST BEAE 1 g HE 71 10 °Clih B2 A8 A 3 [ 4E FH R 0% S5 R T A A8 4 R 13.4 nm, W6 2 0T 42 HH A9 A/45 (A =632 nm)
FabR SR o [A) I XS S S B R AT T RS 43 A R I 5% A A SIS 50 A e AT A A AT 4 19 4 BT 43 R R S 1 43
N 128.67 Hz Fil 124.1 Hz, 5 I 15 22 4 +3.68% , A5 25 4 3R 5l /22 T 482 1 9 100 Hz 8 b5 2R o

0523002-7



DI S R ¢
& E x M
1 Lin Jing, Cui Qingfeng, Zhu Hao. Research of broad width off—axis three mirror optical system[J]. Acta Optica Sinica, 2013,33(7): 0722002.
MR R A W SR B = RO RGEHEIELT. 6 E 4k, 2013, 33(7): 0722002.
2 Zhu Yang, Zhang Xin, Wu Yanxiong, et al.. Research on the optical design and stray light suppression for off—axis reflective space
astronomical telescope[]]. Acta Optica Sinica, 2014, 34(8): 0822002.
K b, uk B AR, S R i S s ) R SO R G T M L A HOGHN B SR D], AR, 2014, 34(8): 0822002.
3 Zhang Keke, Ruan Ningjuan, Fu Danying. Analysis and consideration of development of overseas space off-axis TMA system
cameral]]. Spacecraft Recovery & Remote Sensing, 2008, 29(3): 63-70.
SREBMRE, BCTUA AT [ S ) = R R AL S R A3 5 S [T, AR R [l 8 AR, 2008, 29(3): 63-70.
4 Xin Hongwei, Guan Yingjun, Chai Fangmao. Design of main support of off-axis space remote sensor[J]. Optics and Precision
Engineering, 2012, 20(6):1257-1263.
SERAR ORBLAR ST . B i A B R R A T S A BT SRR % TR, 2012, 20(6): 1257-1263.
5 Li Zhilai, Xu Hong. Design of rectangular space mirror and its support structure[J]. Optics and Precision Engineering, 2011, 19(5):
1040-1046.
AR LR R KGR ] B M R S (). D6 % TR, 2011, 19(5): 1040-1046.
6 Guo Jiang, He Xin. Design of support for primary mirror of space remote sensing camera[J]. Optics and Precision Engineering,
2008, 16(9): 1642-1647.
0w R R K AR S RLE AR AL FE RO B S BT SR % AR, 2008, 16(9): 1642-1647.
7 Li Zongxuan, Chen Xue, Zhang Lei, et al.. Design of cartwheel flexural support for a large aperture space mirror[J]. Acta Optica
Sinica, 2014,34(6): 0622003.
ZERET, M FL5k R, A R OB AS ) RGBS Cartwheel BB Z2 P SO BT[], J6 222440, 2014, 34(6): 0622003.
8 Wu Xuefeng, Ding Yalin, Wu Qingwen. Thermal design for near space optical remote sensor[J]. Optics and Precision Engineering,
2010, 18(5): 1159-1164.
R, T WA, S3E 3C. 3T 25 [0 6 2% 3 B s VBT [J]. G245 % T/, 2010, 18(5): 1159-1164.
9 Liu Bo, Ding Yalin, Jia Jigiang, et al.. Design and analysis of back embedded adhesive structure for mirror support[J]. Laser
&Optoelectronics Progress, 2013, 50(9): 091201.
XU, TR, TTARSE, S SOSTEE T TR B R H SO A M T 5 4 AT )] MO 5O T AR, 2013, 50(9): 091201,
10 Yoder P. Opto—mechanical Systems Design (2nd edition)[M]. New York: Marcel Dekker Inc, 1993.
11 David Chin. Optical Mirror—Mount Design and Philosophy[J]. Applied Optics, 1964, 3(7): 895-900.
12 Hans J. Kaercher , Peter Eisentraeger , Martin Sii}. Mechanical principles of large mirror supports[C]. SPIE, 2010, 7733: 773320.

13 Li Haixing, Ding Yalin, Hui Shouwen, et al.. Design of compliance factor experiment setup for single—axis flexure hinge[J]. Optics
and Precision Engineering, 2011, 19(7): 1553-1558.
R, T AR, BEAE G, AR AU IRV B SR T R BRI A B A BT[] e R TR, 2011, 19(7): 1553-1558.
14 Li Haixing, Ding Yalin, Shi Lei, et al.. Mirror support structure with two mutually perpendicular single—axis circular flexure hinges[J].
Infrared and Laser Engineering, 2013, 42(7): 1765-1769.
R AL, TOEAK, S AR, A5 OO S R B S PR A R S B S IR A A [T 4040 SO TR, 2013, 42(7): 1765-1769.
EEH®E: K R

0523002-8



