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Abstract From the perspective of the actual application of a space camera on the JI.-1 satellite, this paper proposed
to use high-precision thin-walled tubes and truss rods based on carbon fiber reinforced polymer (CFRP) as the
support structure between the primary and secondary mirrors. Besides, related design and engineering analysis are
completed. Furthermore, relevant vibration, static and temperature stability tests are carried out in depth. The
analysis and test results show that the proposed support structure has good structural stability and resistance to the
line of sight jitter and the mass of the carbon fiber truss is only 2. 11 kg. Additionally, when the fundamental
frequency reaches 186 Hz, the stability under gravity and 4 ‘C temperature rise is better than 1”. The dynamic
modulation transfer function (MTF) analysis of the panchromatic remote sensing images obtained in orbit shows
that the in-orbit dynamic MTF value of the space camera is 0.08, which further proves the reliability and
effectiveness of the truss structure support technology based on CFRP.
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Fig. 2 Configuration of secondary mirror support structure.
(a) Thin-walled tube type; (b) thin-walled
tube truss combined type
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Table 1 Comparison of performance parameters of

secondary mirror support structure

Mass Base Power
Structure type Material
/kg  frequency /Hz /W
Cylinder type TC4 4 288 5.2
Cylinder/truss type  TC4 3 254 1.4
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Fig. 3 Size optimization strategy of main bearing system. (a) Main bearing structure; (b) tube wall structure;

(c¢) limit force state of thin-walled tube; (d) truss cross-sectional configuration; (e) single truss limit force state

2.4 CFRP MiBRZEHMHIEDN

Xof A7 2R 25 ¥ AT A B o0 AR 0 BT U R B A
AN W EIIE T B O AL B R A T e 4
RuE 2w, NE2aTES PO ERBES
050 71 JE e 205 R X 0 2 62 R G A BN 25 Y AR L
Ko LR BN =S A B AT B A MTE /9 5C 8 A
RZ— MIZREERE R FE 7K J7 00 S 1 5 40 02 O 5 4k
Far e AL A B 20 HL AR B T 0 OC B 5 4, 75 52 ot = Y AT
P& 2 25 W EE R OBR A, 7E R S S B G T A SR A

T MBS B — 4 5 Sy = b~ T ) - By R h
186 Haz, WL AR 431 1E 5% 380 il ) 1 REAC 5 . M7 2 25 4
A —Br IR BN 4 s . A5 3 DGR J5 ), BT
AR 285 1 X AL Al 114 2 8% Wi 1oz 7 5P T A AR AR R 2EAT i
A A1 3 0 il 7 57 T B0 B AR AL 4 2R A
3P, K R FKoxEmirm, W& 3 TLUE
), 75 i B AL 2500 3 DX I A7 S 45 4 Y B Al ) 2 AR
ANGCHB SRR REAL S TR RR B i AR e 2 T A
Hey AR A RS AR L 5 | R U S A s 7 B A A

2122002-3



Es i1

i ¥ RS  2E T 52 WG 2 2R S8 B IR B it X 45
ZREG RN 4 “C A5 B2 B B2 A , 8 A HAE P £
RO S BT b7 BB S B0 S5 SR ISk 2 BF
. IR 2 AT LUE B 2T AR 2 1AL Y A
FPPRE T LUAT R0 (0K T 38 B 138 A 1 X AT AR 45 4 1A
AR S ) R ) 0 T B v T AR S R ) 25 5 T R RE

B4 HAR A — B P
Fig. 4 1% order shape of truss
2 WG AE T Iy R BT VR R R [R5 ) Y
L RIS A e ]

Table 2 Central position of subreflector changes in different

directions under action of gravity and thermal loads

Load Parameter X Y Z
Position /pm 3.1 3.9 5.0
Gravity
Title /(" 2.6 2.9 0.7
Position /pm 0.7 0.6 5.8
Thermal ,
Title /(") 0.9 1.1 1.2
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Table 3 Jitter results of visual axis in image
plane coordinate system
Frequency /Hz X /pm Y /pm R /pm
186 0. 05 0. 24 0. 25
220 0.02 0.10 0.10
287 0. 30 1. 82 1. 84
493 0.01 0.29 0.29
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Fig. 5 Stability detection device of CFRP truss structure
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Table 4 Stability test results of CFRP truss structure

Stage Angle Gravity load Thermal load Before vibration After vibration
N Pitch angle ¢, /(9 90. 75215 90. 53844 90. 75215 90. 64923
nitial Orientation O, /(%) 0. 00000 0. 00000 0. 00000 0. 00000
_ Pitch angle ¢, /(®) 90. 75228 90. 53864 90. 75228 90. 64938
Final Orientation O, /(*) 0. 00011 0. 00026 0.00011 0.00018
[gr—¢s | /(D 0. 468 0.720 0. 468 0. 540
|O,—0,] /() 0. 396 0.936 0. 396 0.648
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Table 5 Comparison of characteristic frequencies obtained by

process engineering analysis and experimental testing

in different orders unit: Hz
Order 1" 2" 3 4"t
Test 174 225 293 503
Engincering 186 220 287 493
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Fig. 7 Satellite remote sensing image
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