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Abstract: For demands of optical systems in a off-axis three-mirror camera on the optical-mechanical
structure, an appropriate optical-mechanical structure was designed by taking Carbon Fiber Composite
(CFC) as the key components of the camera. The weight of CFC in designed camera makes up 32%
that of the total system. Furthermore, this optical-mechanical structure is asymmetric, the system
spacing in the primary, secondary mirror is 850 mm, and the mirror positioning accuracy demands its
interval, eccentric and tilt to be 0. 005 mm, 0. 005 mm, and 5", respectively. The Finite Element
method was used to analyze and optimize the design, results show that the optical-mechanical struc-
ture has better stiffness, lighter weight, and can meet the requirements of optical system for inter-
vals, eccentrics and tilts. A mechanics environmental test and a thermal vacuum test were performed,
and results demonstrate that the optical-mechanical structure in the camera has excellent stability in
mechanics, thermal and other environmental conditions, its first order harmonic frequencies are above

120 Hz, and the modulation transfer function is more than 0. 2. These results prove that the proposed
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structure can provide reasonable spatial location and stability for the reflective mirrors in off-axis

three-mirror cameras.

Key words: space remote sensing camera; Carbon Fiber Composite (CFC); optical-mechanical struc-

ture; Finite Element Analysis (FEA)
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Fig.1 Off-axis three-mirror reflective optical system

ARG S FR SR A b = S Pl B
To H G 42 S 3 2O 2 R G0 Bt bR B
E O TR B 2 L B T B 5 OB = Y 1]
e R ] T L A 3 45 RR T 22 TR) B e A B 1 2%
Jt. ANPGRS 00 i T I AL i ek K
MTF=0. 50,

i G AE BT B R T X O S R A T
R ZEMA T B A2 T HAAREOR,
JesA T 0 T A 25 B B A ST R R AR
E G E T BN 25 T2 A PLAL B WIBE AL EY
IR P L S 5 2 R R 22 DL R S B S R A A
W 2 L i S ] phe o, 3l 2o o 5 o7 S 2E A
AL 28 A4S 52 00 5 4 1Y 23 BE o e 28 00 2 B B S A
BB B 4 1A L 8 220 LA T 3%



3 ]

S8 g A a3 () B AR FLBR 2T dEHL B S A T 573

*1 REESHINSEONNEAESE
Tab. 1

Position tolerance distribution of mirror and cam-

era interface

i R
(5B E M RZ)
F B A B 2 TTHIZ £0.005 mm
YR Al 1) o7 B 1R 25 TTHIZ +0.002 mm
BB EiRE  TTHIZ +0. 004 mm
F8E X iR 2% TEDX +0.005 mm
WHE X i DR 2 TEDX +0.002 mm
=8 X RO iR TEDX +0. 004 mm
FHY iR TEDY +0.005 mm
WY D i 22 TEDY +0.002 mm
BEEY iR TEDY +0. 004 mm
FHELE X A A TETX 2
FHELEY HhimifA TETY 2
WHESE X il £ TETX 5
WHEZE Y i £ TETY 5
WS ERLE X i TETX 4"
=B Y Hh s A TETY 4"

MR LA L PR UE 25 J] 22 A AL 24
R GUINAR R AHBLAL S BRE 6 AT EAT w8 FE R
IR 2R I 1K 2 i 4 4 L DL B 25 K b 25T . 45 v A
PR NI L A RE DR IEDE 2 R G B 4E 850 mm
(9 18] P S AR LY 2% A Ot 2 oo 1 B AR 2
A8 57 R JEE

3 BRI E M

3.1 MEEHAERH R

PLE SR I B0 T 225 SO~ &R 58 O i 45
Hag 2% B2 I T AR B L T DG AL AR R/ 2 e 2
R CREOGEATTIF I L EORS BE 70 72 ML 2544 (0 2
FEARAE A BT B A R 2R 5 JE A% A B 4k

O O R 2R 0 s 0 DL T AT
3 A5 4E 110G 3R L 0 2o FH R} 1) 56 03 110 25 4
RE BT A A S5 R IE 2, 78 T 2 0 B I R
TR ST 3 N = N 5 1 7Bl N1 W == A = B
SRARMUHIL B 2546 B BT SEAR B R an R

(D) P B 1 25 4 5 52 A1

PRUEAIL B 25 ¥ RE 31 N ™ 5 19 38 38007 2 A 8%
PR 7 AR o TR s P TIE 7E 5 ) 3 N T 3
FRTE B ) IR 5 A 4 T L AL B 4540 1 A8 T R &5
o | 2 O 27 0 1) THT T A B RN 45 )6 27 T 22 1] AE X
23 )7 B AR Ak Y G2 BT TR ) Fe R (EL.

(2) R o R R

A 1 RO R 2 A A 3 SR AH AILAE i R0
1l FH 77 i 199 8 DRIE 2 2R B8 U5 T A A i 4

(3) A LAY 2 3

BB 25 ¥4 5 B 559 4 A A 42 11 g sl ok 29 K, 6
A~ A H R 2 AR R R S, SO E A B 1k )
F AL B 4548 1] O 27 ST A A% 338, 51 S I 33 5% 1T T A
JE (R B s [RIES AL 5 HLAG 5 B OF & Y 3% 2 2
fa it 29 0, 3 5L £ 108 T RE VL g [l AR MILAG 3

(4 3 1 30 25 W B A B8 1) B2 43 A

ETLE-G F HALE— AT R R 5,
SR R R TR R R (Y [ AR AR R
55152 2% 1 QR A BH B 4 R IR AR AR, 75 )Y T
AL 32 20t B b K AR R L M B s il TR
SR ML A B IR I T3 B4 SR AR AR T L G ke
R AR A T L T LA B SR ML AT R A 3 2
JiE KA BRI AL 3 A
3.2 HE&EHHRHERE

FAEL ) 28 [ 1 AR AILATL B 2544 4 ) R LA 1 L
WIRE AR K R B R A R M 50 10 T 201k
EAE SRR TR a2 Hp AR X 4% 30 5 B ARL 9 445 44
B 22 RH I ES R EAR LA S5 R A R

R2 BEEBAELE PRI R

Tab. 2 Material performance of typical structure

LMK RE 4,

(213~393 K)
B4 4 (LCY) 2.8 7.1 142 904 2.54 23.6
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A4 (TCD 4. 44 10. 9 7.4 611 2. 45 9.1
KA 4 ZTC4 4. 40 11. 4 8.8 577 2.59 8.9
T 41 4t 2 4 M KL 1.6 HiH 9.5 70 — 5.28 0~3
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Fig. 2 Structure diagram of proposed camera
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Fig. 3 FEM model of framework component
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Tab. 3 Calculation of framework component model
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Fig. 4 The first order model for framework compo-

nent
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Fig. 5 The second order model for framework com-

ponent
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Fig. 6 The third order model for framework compo-

nent
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Tab. 4 Computed mirror position changes in difference

gravity directions at +=5°C
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Fig. 7 Camera structure
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Fig. 8 Front framework for camera
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Fig. 9 Supporting cylinder for camera
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Fig. 10 Back framework for camera
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Fig. 11 Measure point test curve of main structure
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