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Optimization design of two-dimensional scanning mirror component of
small satellite space tracking remote sensing camera

Zhang Chengcheng'* He Bin',Lyu Yang"?, Nie Ting',He Yukun'"

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Science, Changchun 130033, China;
2. University of Chinese Academy of Science, Beijing 100049, China)

Abstract : The optical system characteristics and working index requirements of a certain type of space tracking remote sensing camera are
considered. To save space and ensure the image quality of the camera, a two-dimensional scanning mirror suitable for small satellite
platform is designed, and the light weight of the scanning mirror for the 300 mm space camera is realized. The thickness of mirror body,
the cutting angle, the thickness of edge, the thickness of mirror surface and the thickness of lightweight reinforcement are taken as the
design variables. The target value of peak PV is smaller than 63 nm and that of RMS is smaller than 12 nm. These two values are taken
as the optimal boundary condition. A multi-objective optimization method is proposed to minimize the mass, surface peak PV and mean
root RMS under certain equilibrium for the parameter design of single point support aperture. The weight of the optimized mirror is only
0. 84 kg, and the lightweight ratio reaches 76%. The single point flexible support structure uses three loop beams spaced 120° apart as
the flexible hinge, and utilizes the integrated design with the mirror seat. The simple structure reduces the moment of inertia of the
scanning mirror component and improves the response speed of the tracking camera. The space environment of the optimized scanning
mirror component is checked. The RMS value of the surface shape of the scanning mirror is less than 6nm in XY microgravity ; the RMS
value of the surface shape of the scanning mirror is less than 12 nm in Z gravity, —50°C load and 3. 5 rad/s rotational inertia load; the
fundamental frequency of the component is 326 Hz. Finally, the experiment evaluation of the surface shape accuracy and the positioning
accuracy of the scanning mirror proves the feasibility of the scheme.
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Fig. 1 Image diagram of the scanning mirror
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Table 1 Material properties of common space mirrors
—— W p LR B/ FONIEE (E/p) LIKRE TR A BE (a/))
/(grem™) GPa /10 m /(107°/K) /(W/m-K) /(1078 m/W)
Si0, 2.19 72 32.8 0.5 1. 40 35.714
K9 2.53 81 32.0 7.5 1. 64 30. 490
Si 2.33 131 56.2 2.6 137.00 18.980
SiC 3.00 350 116.7 2.6 140. 00 18.570
Bo 1.85 287 155.1 11.4 216. 00 52.780
TC4 4.40 114 25.9 9.1 7. 40 1229.730
Al 2.70 68 25.2 25.0 167. 00 149. 700
Mg, Al; 1. 80 40 22.2 25.2 201. 00 125.370
SiC/Al 3.00 180 60.0 8.0 225.00 35.560
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Fig.2 Initial structure of the scanning mirror
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Fig.3 Flow chart of multi-objective optimization
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Fig.4 Finite element model of the initial scanning mirror
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Fig.5 The optimized model of the scanning mirror

K6 ekttt

Fig. 6 Scanning mirror iterative optimization process
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Table 2 Design variables and optimization results

A bienidl HIHR{E (UREAIES
H [-15,15] 0 -5
F, [2,5] 4 2
R, [2,6] 4 2
S, [2,6] 4 2
H, [2,10] 8 4

a/rad [0.26,1.57] 0 0.35

PV/nm - 114. 56 62.95

RMS, - 74.35 11.56

mass/kg - 3.5 1.23

L ESEUAL G, i TS L ER ARt &5
W B RS B, Br LAAE 2 e % Ak i i R rp s AL
BYEAE d BAE AT R, IR 7 iR,
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Fig.7 Scanning mirror lightweight shape control diagram
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Fig. 8 Influence trend of support aperture on QI index
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Fig.9 Flexible integrated mirror holder
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Fig. 10 Assembly drawing of swing mirror
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Br e 3. 5 rad/s BERE IR PER T A 0F F AV IEE RMS #4/)8
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Table 3 The mirror shape results of the various spatial loads

a2 TH =) PV/nm RMS/nm
1 XY WEN G lg 25.62 5.58
2 ZmEH G lg 40. 49 11.81
3 AT -50C 55.35 11.26
4 TEFEARNE o 3.5 rad/s 35.29 11. 02
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Table 4 The first 5 modes of the swing mirror assembly
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Fig. 11 Mirror shape of pendulum under different loads ’ sl s
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Fig. 13 Test drawing of the mirror interferometer

4.2 TENFEELE

J T 2L B UF R B AR I 48 10 A B $5 A A
WEH R B EE L DSP RO A HIAR iR
AL 46— LE AN B R4 11 67 8 A% SR 2R T 15 20 R 4
X it a2 U A5 5, 26 A DSP B b R, 454l
X R A 2 7= A AR 5 AT AL B, 204 DSP 45 A%
X IE () B A A AL, DT 5 1) S8 301 A0 ) AN TR) ) PWM 5
o ARURESEE T AE B HOME B T A AR ASOk I AR EE Y
FAREAR B o FH T 50 Bl 5 A0 A0 A 5L B e | S0 X
A 7 1) A 7 A B AT

WA 14 frzs e > b, 260 LR 5% — BN
FAVE 15 BhGHL o 4 26 A0 38 [a) HILAE S PR e % 1)
FARETT5 405 5 £ FEFR L35, W38 1) A1) A 2 0 4 3 2
TIRFRG R S R v B BRI R HLIER. 0. 01°
0. 02°F1 0. 03° I 47 2 R F 2 Mk, 1 S8 B R e 7 114 5%
PR, 25 BEEL R 22, R 1. SodE AT — iR, SE 8l
SR 5 iR,

P 5 PRZEMATH AT, e A5 B 1) £ B S Ak i 1 ik
ZENEL 15 From o AR G0 145 S 0] I AR B e ARG B 2
U R FEAREER

B 14 R AR B S A

Fig. 14 Experiment on positioning accuracy of scanning mirror

®5 EBENXEE

Table 5 Position accuracy test data

Sy 0.01° 0.02° 0.03°
UREL g/ (") R35/(") FBE/(7) 1R2/(7) /(") 1R/
1 45 9 64 -8 114 6
2 49 13 81 9 102 -6
3 47 11 80 8 111 3
4 44 8 67 -5 103 -5
5 28 -8 78 6 110 2
6 21 =15 79 7 105 -3
7 30 -6 68 -4 112 4
8 50 14 66 -6 101 -7
9 27 -9 79 7 105 -3
10 24 -12 83 11 112 4

Bl 15 fEs e ik 2
Fig. 15 Residual of change in angle
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