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Abstract: According to the design requirements of lightweight and high-stiffness large-scale space camera
frame support structures with a 1-m resolution and 200-km width, a lightweight split support structure is
designed. In this study, a high-volume SiCp/Al composite material with good performance is selected
based on the development requirements of a large space off-axis three-mirror camera, including the specific

stiffness, thermal stability, and processing technology. Then, with the structure mass fraction as the con-
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straint condition, a topology optimization mathematical model is established with the fundamental frequen-
cy as the objective function, and the optimal force transfer path of each split structure with clear topological
results is obtained. The size of each part of the main support structure is optimized, and the optimal config-
uration and design size of each split structure are obtained. After the design, the total weight of the split
support structure was 227. 8 kg, and the lightweight rate reached 93. 9%, which meets the requirements
of high lightweight and stiffness. The results of finite-element analysis and mechanical prototype test show
that the split support structure meets the stiffness requirements of the whole remote sensing camera with
the fundamental frequency greater than 50 Hz, and the deformation of the mirror is within the tolerance
range under the working condition of 5 °C, which fully satisfies the requirements of the satellite platform
for optical loads. The mechanical prototype mirror assembly offset angle is less than 22° before and after
the vibration test, showing its good stability, which proves the rationality and feasibility of the topology op-
timization and size optimization methods. The design of the proposed split support structure has a high en-
gineering practice value for the support design of large space off-axis cameras.
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Fig. 1 Off-axis three mirror optical system
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Tab.1 Structural parameters of reflector
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Tab.2 Camera alignment tolerance
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Fig. 2 Initial configuration of split support structure
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Fig.3 FEM model of space camera frame
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Fig.4 Topology optimization results
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Fig. 6 FEM model of size optimization
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Tab.4 Result of size optimization (mm)

N IX[H] ELE S [5i] %
T, 1~4 2. 506 2.5
Ty, 2~6 6 6.0
T, 1~4 4 4.0
T, 2~6 6 6.0
T, 1~4 2.483 2.5
Ty, 2~6 4.094 4.1
T, 1~4 2.207 2.2
Ty 2~6 3.9527 3.5
T., 1~4 2.318 2.3
Ty 2~6 2.915 3.0
T 1~4 2.900 3.0
Ty 2~6 3. 818 3.8
T 1~4 2.374 2.4
Ts 2~6 3.718 3.7
T, 1~4 2.877 2.9
Ty 2~6 4.722 4.7
T, 1~4 2.100 2.1
Ty, 2~6 2.469 2.5

4 5 EE

4.1 BWEHH

P25 i 2 T B A5 A A R 2T B
Z—  HEMS AR L 40 GE 20 H (9 [ A R AR Y
FLAER S A NI PP 2R Re . B
S SRS A BROTRE R Al A B 45 (7] 18 A L
f AR AR R v RO AL S TR 5 B0 3 R A
L VWE R ARG SICp/ ALK 3 VR S 45 Al 4 ) i
Fr A RSB S5 RN R 7 B .

Oy T R R AR AL — 7[5 A 93 R O 51. 47
Hz, 3% B UC T A7 953 38T 19 9 24 S R AL A A Xl
MRl T 2PEEE R, IS ST R R T
B bR AR AL T 2 R AL BE AT SE 5 SR IE , A 1
AR b SO S R D RS & IRIFHE S



33

RABH A5 - R 23 ] 5 Al — RO LR S A F e it 577

B RSE B 5 B Y R VNS IR AT
BoHre MTESREW] AT E L — B
A WAy 29. 08 Hz, 7 = B 61 25 Pk B 55 fdf 1T o 146
g3 SiCp/ ALK BN 3 A AT [, 4% B AR 2947
%, B 1 0 PR SR SE A Y A BRI T s AR
73 SiCp/ AUBP R fE B D0 B

7 — B RS PR
Fig. 7 First modal shape

x5 BWEDWMERLL

Tab.5 Comparison of modal analysis results

- B R4y SiCp/ AL BT A B
i /Hz P Y i /Hz P Y
1 51.47 IR XHMEZD 29.08 W XHhED
2 71.26 W ZWhES) 37.88 IR ZHhiED)
3 77.36  LEYHHHE:  39.97 &R YHIHHEL

4.2 ATESWH
1% AR AL TAE R AR &0 T B 2%, 3

35 3k AR A 5 1S Y 25 R 7 R A R R 3 SRR BIL
PR e (B IN Ry T SR A Y
T g M, SL T AL A PR BT R B R
FHBLAE B PR IR RE 42 5 5 "CRY T 0T &4 3T 5 Y
ARG DL , BT = R B R o

K8 Jhilk5 CEE =K
Fig. 8 Deformation nephogram of rising by 5 °C
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Tab.6 Deformation of the mirrors after heating up 5 °C

Xk /pm YL/ pm Z i /pm X% R, Yl R, Zin ¥ R.
M1 e Hef et e Heifi e
M2 0.441 —0.03 15 —0.728" —2.32" —0.108"
M3 —4.70 —0.103 0.797 —0.556" —0.282" —0.286"
M4 —1.34 —0.311 16. 2 —2.42" —3.19" 0. 604"
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Fig. 11 Stability testing site
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Tab.7 Mirror offset before and after vibration
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