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Design and optimization of carbon fiber framework for space camera
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Abstract: In this paper, a CFC framework applied to light-small space camera was designed. Selected,
through comparison, the M40] carbon fiber composite with excellent structural performance and
processing property to complete structural design of the camera framework based on spatial
distribution characteristics of each optical element in the optical system, and then used TC4 embedded
parts to solve the problem of low interface accuracy of CFC framework; carried out regional division in
the CFC framework, and then conducted parameter optimization design in each regional structure of
the framework combining global optimization by integrated optimization method, optimization design
method and genetic algorithm with local optimization by downhill method. After such optimization,
the CFC framework was 15. 6 kg, accounting for 18. 4% of the entire camera, with a first-order
{frequency of 104. 8 Hz. Finally, a mechanical environment test was conducted, obtaining a first-order

frequency of the entire camera consistent with the simulation results, namely 102 Hz, which further
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verified the reasonability and correctness of the design. CFC framework put forward in this paper is of
certain reference significance to light-small space camera design, and the optimization method adopted
herein, which is widely applied to optical-mechanical structure design of space camera, can
substantially improve the design efficiency and shorten the development cycle.

Key words: framework of space camera; carbon fiber composite; integrated optimization; combined

optimization strategy

1 , LandSat-7 .
[7] .
[1-3] . .
( s
“ n) [8] B
:4] Y b
80 % , s HiRISE
’ [9]
( ) ( Hol,
) , s
. M40] o
\ \ . ( .
) ’ b
/ ,
. . 50%
’ b ’ 2
el Cook-TMA
s , 875 mm, 480 ~
. . s 850 nm, 4 , .
’ , 588 mm X
, , 142 mm 605 mm X174 mm,
Worldview-1  Geoeye-1 86 mm X 86 mm ,
, . 552 mm X101 mm
s s 605 mm X
(HST). (MMT) 500 mmX 630 mm, 485 mm,

’ 1 ’



. s 34°X2° s
[11]
, MTF 0.46,
o b
3
3.1
[12-13)
1 o 1 o
Fig. 1 Off-axis three-mirror reflective optical system
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Tab.1 Typical material of space optical camera structure
0 E/p C A @
/(g/cm?®) E/GPa /(10" N » mm/g) /(J/(kg+K)) /(W/(m=+K)) /(10 °/K)
1 LC9 2. 80 71.00 25. 36 904. 00 142.00 23.60
2 TC4 4. 44 109. 00 24.55 611.00 7.40 9.10
3 ZTC4 4. 40 114. 00 25.91 577.00 8. 80 8.90
4 4J32 8. 10 141. 00 17.41 — 13.9 0.30~1.00
5 M40] 1. 60 95.00 59. 38 — 70 0~3
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Fig. 2 Structure diagram of carbon fiber framework
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Fig. 3 Structure diagram of TC4 embedded part
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Fig. 5 Region division of carbon fiber framework
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4 R Tab. 2 Properties of each framework region
/mm /mm
TU-1 2 1.5~4
TU-2 2 1.5~4
TU-3 2 1.5~4
TM-1 2 1.5~4
TM-2 X 2 1.5~4
TM-3 Y 2 1.5~4
TM-4 4 2 1.5~4
4 TD-1 2 1.5~4
Fig. 4 Rigid connector of carbon fiber {framework and TD2 2 L5~4
2 1.5~4

TC4 embedded part TD-3
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Tab. 3 Polynomial coefficients of 1st order RSM
100 Hz, Freq 1 Mass Frame
(3) Term Coefficient Coefficient
Constant 88.984 486 0.005 399
, TD-1 0. 249 530 0.000 408
TD-2 0.374 013 0.001 090
1 TD-3 0.107 433 0.000 402
0 ,
TM-1 —8. 889 330 0.002 540
’ N TM-2 0. 064 704 0.001 131
o TM-3 11. 189 750 0.000 454
s f1el TM-4 4.020 046 0.000 720
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. TU-3 0.003 200 0.000 188
Hypermesh  Optistruct s
N N 7 ’
b o b
° b
6
Fig. 6 Integrated optimization analysis
(a) (b
4.2 (a)Pareto for Freq 1 (b)Pareto for Mass Frame
(DOE) !
Fig. 7 Pareto plot of each design variable
’ b
5 000 ,
4.3
. (RSMD) ,
b
’ ’
3 °© o ’
2. 6%, 0.2%, —_— (Genetic Algorithm,GA)

’



702

—_— (Downbhill Simplex, DS)
, 8 o

8

Fig. 8 Block diagram of optimization strategy
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Fig. 9 Iteration process of optimization
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Tab. 4 Optimization result

/mm /mm
TU-1 2.054 94 2.0
TU-2 1.955 31 2.0
TU-3 2.066 22 2.0
TM-1 1.560 49 1.5
TM-2 1.511 91 1.5
TM-3 1. 801 38 1.8
TM-4 1.773 50 1.8
TD-1 1.970 82 2.0
TD-2 1.504 86 1.5
TD-3 1.878 53 2.0
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Fig. 10 FEM model of camera
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Tab.5 Finite element analysis result
/nm /pm /("

& MTF
PV RMS T. T, 1 R, R,
48.5 8.8 0 8.9 —0.7 —2.5 0
34.3 7.3 0 13.2 —5.5 —5.6 0

Y 0.429
47.1 9.3 0.1 10. 3 —0.3 —1.6 0
38.5 7.3 — — — —
58.7 11.9 0 —3.9 13.5 10. 1 0
7.8 1.9 0 —5.2 4.7 2.3 0

A 0.431
63.4 11.5 0 0.5 5.7 —1.3 0
33.2 6.5 — — — —
47.2 8.8 0 —10.4 14.6 5 0
18. 4 3.7 0.2 2.7 —41.7 —5.8 0.1

4 C 0.427
33.3 5.7 0 —10.4 14.8 —2.5 0
22.5 4.2 — — — —

13 R

102 HZ, ’

b b
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Fig. 11 First natural frequency of camera
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° Fig. 13 Response curve of sweep vibration experiment
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Middle part of carbon fiber framework
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