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A lightweight design of carbon fiber integrated main
frame for the micro space camera
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Abstract: To meet design requirements of the small off-axis space camera with compact structure and light weight, a highly lightweight
integral carbon fiber main frame is designed. First, according to the design indicators and the optical system of the specific functions of
the space camera, the material and structure of the main frame are determined. And the basic configuration of the carbon fiber monolithic
main frame is designed. Then, the layup thickness is parameterized and optimized. The manufacturing constraints of carbon fiber
composite materials are considered. The thickness and proportion of the main frame carbon fiber layup are determined. The results of
parametric optimization are discretized, the stacking sequence of carbon fiber is optimized, the optimal stacking sequence is determined,
the optimization design of carbon fiber is achieved, the lightweight design of the main frame is realized, and the optimization problem of
complex carbon fiber parts is solved. Next, the designed carbon fiber main frame structure is substituted into the finite element model of
the whole machine, and the finite element simulation analysis is implemented to verify the performance index of the main frame. Finally,
the whole machine is assembled for dynamic test, and compared with the finite element analysis results. After optimization, the mass of
the carbon fiber main frame is 4. 5 kg, the first-order frequency of the camera is 81 Hz, the first-order frequency of the camera obtained
through the dynamic test is 78 Hz, and the simulation error is 3. 7% , which is in line with simulation results. Results further explain the
rationality and correctness of the design. The design method of carbon fiber integral main frame of space camera proposed in this article
has a certain reference significance for the structural design of micro off-axis three trans space camera and the lightweight optimization
design of carbon fiber parts.
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Fig. 1 Off-axis three-mirror reflective optical system
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Table 1 Common structural materials for the space camera
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Fig. 2 Basic configuration of main frame
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B 13 A
Fig. 13 Test device

AHHL Y AR S iR B 45 R an & 14 iR, AL — By
A %0 78 Hz, S5 H45 3 81 Hz W&, i H ik 2R
3.7% . YSUE T U kI As SRR BRI M (1 v Sk
HH B 2T 24 0 ME SR 285 40 EL AT 808 1) I, 8 36 38 T 1) 14
THER,

B 14 Y mEmH gL

Fig. 14 Y-direction frequency sweep test results

ES' DOR S G ERILTE SRR G AN = KN e
FOR Ml PR R AN Z R UL P TT T, [R5 2% JE fi £ 2
SRR ORI 1 T2, it 1R R i i £ 4 3=
HEZR DR E T I JEE 10 ) S ) A0 45¢ oo 7 2 M9 0 ek



60

fie s &

e F43%

o ASTRS I A Bk 2T 24 3 HE 20 HAT HE 28— R Rl A 45
PR o PR s sl B 1 HE R 7 22 10 I T oK 1)
iR 2e RN, [l BT sl 2001k, I8 B T B
JER R AL B 4.5 kg, SR UE AL

PR —
LT YRR T HE SR 0 4% e T 2K fE

[ G AR N 78 He A EARFE N 3. 7% . I Bk
AN R

TR,
S & ik

(1]

TPHE, Wik, 2R, SF. B TUR G R A R
A A REHLIB 5 PRI [ T]. ALRAR Il 5 38 g, 2018,
39(4): 64-69.

FUDY, MAN Y Y, LI Y B,

et al. The opportunities

and of micro-nano
satellite[ J ].
2018, 39(4) ; 64-69.

e, FER, AR, % BN T
BRBEBBESNI]. MURAE TR, 2020, 29(4);
126-132.

LIJQ, WANG Q Y, ZHANG S X, et al. Analysis on

challenges in optical payload

Spacecraft Recovery & Remote Sensing,

develeopment trends of foreign country’ s micro-nano

satellites in earth observation [ J ].  Spacecraft
Engineering, 2020, 29(4) . 126-132.

ERW, kW, T, S R AR L — kR
B 1"31)54%11#[J]. o6 2 4k, 2019,
39(7) . 417-424.

WANG T L, ZHANG L, JIA X ZH, et al. Optimized

design of integrated ultra-light main supporting structure
for micro-nano remote-sensing camera [ J]. Acta Optica
Sinica, 2019, 39(7) . 417-424.

RAGEH, MG, EARG. L2 ] 4 = SO BL AR S
A B ()], JesE F® TR, 2021, 29(3):
571-581.

SONG W Y, XIE P, WANG X. Design of lightweight
split support structure for large space off-axis three mirror
camera[ J]. Optics and Precision Engineering, 2021,
29(3):571-581.

LYON R G, DORBAND J E, HOLLIS J M. Hubble
space telescope faint object camera calculated point-
spread function [ J]. Appl Optics, 1997, 36 (8):
1752-1765.

BLECHA L, ZINDEL D, COTTARD H, et al. Analytical
sub-micron

optimization and test validation of the

(7]

(9]

[10]

[11]

[12]

dimensional stability of the CHEOPS space telescope’s
CFRP structure [ C]. Proc of SPIE, 2016, V. 9912.

99121G.
Wi, YoHE, BRICHE, 25, 23 ) MUK 2F 46 HE 42 ) 5
WS LT]. Jee F%m TR, 2017, 25(3):
697-705.

YANG SH, SHA W, CHEN CH ZH, et al. Design and
optimization of carbon fiber framework for space
camera [J]. Optics and Precision Engineering, 2017,

25(3) :697-705.

T EE G, 2200, B4, 55 4
OB 2 BT[]
150- 159.

REN G R, LI CH, WANG W, et al. Structural design of

23 (e A AL £F 4 55 b1 RE =
ot o7 iz, 2019, 48 (8):

carbon fiber-reinforced plastics barrel for space remote

Acta Optica Sinica, 2019, 48(8) .

sensing camera[ J].

150- 159.

RALG KRR, B, 45 AR — S R R A A ]
FIHL B 25 2k M7 38 SCHEHOR [T]. Je 52 £ 4, 2020,
40(21) ; 143-148.

SONG K X, ZHANG L,JIA X ZH et al. Structure design
on the carbon fiber truss of JL-1 light high resolution
space camera| J . Acta Optica Sinica, 2020,40(21) .
143-148.

ZEg ALK, X 3. ARG SiC/AL & Ak R 2 TR AR AL
HEZ I S A AL BT [ 1], 4040 5306 T 72, 2014,
43(8) :2526-2530.

LI CH, HE X, LIU Q. Design and topology optimization
of space camera frame fabricated by high volume fraction
SiC/Al composite material [ J ]. Infrared and Laser
Engineering, 2014, 43(8) :2526-2530.

EIEEE, WK, AR BRETHERDRLE TR 1 LA
MU 1 B AT R (0], A TR B R
2020,48(9) :20-23.

WANG H P, GAO L F, LI X L. Application of carbon
fiber composites to satellite manufacturing fields and
demand for localization [ J]. New Chemical Materials,
2020,48(9) :20-23.

GHIASI H, PASINI D, LESSARD L. Optimum stacking

Constant

2009,

sequence design of composite materials Part 1.
stiffness design [ J ].

90(1): 1-11

Composite  Structures,



%2

HUIHE S5 NS [ ARLR T 4 (R X AR 2R i Al s 61

[13]

[15]

ENSr, By, SR, % EAaMEERENZ X
HATZ AL T]. PUBERRE S8R, 2021,40(2)
305-312.

YIN L, XU ZH M, MA Y Y, et al. Optimization of
multi-area layup structure for composite control arm [ J].
Mechanical Science and Technology for
Engineering, 2021,40(2) :305-312.

AT, XIIME, B, . R E A T
SRS AR A RE AR AL Bk ()] Rl
2019, 39(3) : 39-42.

JIANG ZH P, LIU M H, LYU ZH Y, et al. Optimum

Aerospace

design of stiffened composite panel considering integrated
molding curing process [ J]. Aircraft Design, 2019,
39(3): 39-42.

X7 B 2R, A It A RS BRI AR LR 4% 3 S
R ()], L0585 306 TF2,2019, 48(12) .
217-224.

LIU F CH, LI W, DONG J H, et al. Optimization design
of the ultra-light main supporting structure of deep space
detection camera [ J]. Infrared and Laser Engineering,
2019, 48(12); 217-224.

G, Ak, BEMRAR, SR XA AL R S
BAR 2 DAL B BT SBR[ ) ] Dty W&
T#, 2016,24(8) :1917-1926.

DONGD Y, LI ZH L, XUE D L, et al. Integtated

optomechanical analysis and experiments for influence of

gravity on wavefront aberration of space camera [ ] ].
2016, 24 (8):

Optics and Precision Engineering,
1917-1926.
fEZ '
ERAE, 2018 4F T D B AR Lo
(A5 B SR SR o N Y U R S S-S
WE5E 7 ) 25 R AALEILES M LA i
E-mail ; icaominghui@ 163. com
Cao Minghui received his B. Sc. degree
from Weifang University in 2018. He is currently a master
student at University of Chinese Academy of Sciences. His main
research interests include optimal design of opto-mechanical
structure of space camera.
BRACAE (Gl {5/ 4 ) , 2000 4F T 1A /K 5
Tl RG22, 2007 4E T rh [ RL
B K AF AR A2, I KRG R L
PR Yy BRI 5T BT T 5 5%, b A O, 2
WF5E 07 1] 23 MDA TR I B A BT
E-mail; chencz@ ciomp. ac. cn
Chen Changzheng ( Corresponding author ) received his
B. Sc. degree from Harbin Institute of Technology in 2000, and
received his Ph. D. degree from University of Chinese Academy
of Sciences in 2007. He is currently a professor and a Ph. D.
advisor at CIOMP. His main research interest is the integrated

design of space optical remote sensors.



