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Design and optimization of trussed supporting structure
for off-axis three-mirror reflective space camera
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Chinese Academy of Sciences , Changchun 130033 ,China;
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Abstract: An optical supporting structure is studied to improve its structure stiffness and reduce the
structure mass to meet the requirement of space camera. A formula to calculate fundamental frequency
is proposed using Rayleigh method, and the influences of the angles between trusses on fundamental
frequency are analyzed. Then, the optimization method and process are studied. Based on the analysis
above, an optical supporting structure with high stiffness for a pre-research space camera is designed.
The analysis results indicate that the mass of designed optical supporting structure has been reduced
by 22 kg and its fundamental frequency is 146 Hz, which shows that above analysis has a certain in-
structional significance for the design of optical supporting structures in high-resolution off-axis three-
mirror reflective space cameras.
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Fig. 1 Supporting structure for high-resolution off-

axis three-mirror reflective space camera
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Fig. 2 Topological relations of the trusses

TEVA EARBESRME T RS X Y
1) 7 3 A T 0 28 SR i T B Ak O SR AR X
MY e Sy mg A5 B AT L T 26 45 H 1E
R IER T AL EEO YR . hasE

FF45 ¥4 BRAE 4 B4 3 AT HEZS/E X A0 Y [ & )
YEH T 825 8, F 6, B AN .

_mgS 1
O 2EA (sin2 rcos r+sin’ gcos 50) ’ (5)

5 = mgS <cos a) tcos a2>
Y 2EAcos B\ sin®(a; +ay)

Kb .S TG HEZE R[]I s E R FF 8 B4 RH Y 334
B A BB Ry M Ly 5 Ly e
50N Lo Le 5 ZHFAMiar e 535 HAE=
B T WL AL, 435 5 1T H 855 —ili
MM IAM:p =ML 1T A YOZ 1 I
il
3.3 MIRXEZEEMNERHES ST

e S y o EIERT S50 1 AR
e U F U, 500 4 -

U, =mgo. :ng25< : ) ’

(6)

2EA \sin®rcos rsin’gcos ¢
(7
B B m2gZS coS a; +COS az
Uy—mg&*zEACOS B ( sin® (a; +a») > )

TE o By 85 ) = AR S A . S5 Y
e ARME T80 T, 73508 -

T, :wam& . (9
2
— 1 2 2
Tyfgwymay. (10)
M4 Rayleigh 753 A 5 B .
u.=T, ., (1D)
u=r1, . (12)

LD FNC12) 4 1 7 FE 4 L 75 B AT 2R 28
F AL X MY ) 3 0 26k 4 R
w, =k (13)

2 7
sin’rcos r=+sin’gcos ¢ ,

wr

_ sin” (a; +ay)

N (cos a; +cos ay)
Ak, =V2EA/mS/2x.k,, =/ 2EAcos B /mS/2x.
WAE DM A, 22w, /k,. B r F1 o 224G
LUE 3 PR sw,/ ko, B ar F1 o, H75 4k ] £ 40 1A
A fion. 3 FAEL 4 BT 7E W R AE BL BT 5 A
AN RAT SE R Z AN S FEAT 1) I8 M /N 38 K
ar Fl e s AT SEAGTE Y [ A JE A0 5 48 K o i s
AR A TE X 1) 1 LA

, 14

w,



606 P o

K% T

51T &

:‘E
g
Bl 3 w./k.BEr T 74510l 6
Fig.3 Curve of w,/k,. vs r and ¢
g

4wy /gy bl ey o F9AS AL 2R
Fig. 4 Curve of w,/k,, vs a; and a»

4 MTRXE XFELAGMA

AR SO A7 R 5K 2 SCHE R Y A1 S0 A 2
BRI A b - LU 24T Z 18] 1 5k £ D B3] 72
T LT R RO Wl AT 55 25K O A o R AT
1, EEOR B HES 5 MATLAB B+ 5 A1
G R . R FIE 3 Al 7R 0°<r
<50°,0°<p<T50° M oo, B - A @ (I3 K T
B

JS»min
w,~—>Mmax—=< r—>max . (15)
lgo%max

P 32 - Ml i/ S Al L M w. .
2 ALRL IR Ry Chy O Lo 5 Ly J5 3 5 AE 2 4l
7 1] A BEES) S9N S AR AT RLKE K L T o HY 2B HK

o 2w

a; = arctan (}i*tan ) s (16)

S

ﬁﬂP:hl jﬂ Ll 5 Lz Eﬁfhﬁ,ﬁﬁ y%ﬁﬁﬁ@ﬂﬁ%o
A AOHFA 1) H 1

2EAcos 8 sin® [al —“+arctan (%—tan o )}

cos a +cos[arctan (%—tan a )} }

mS

(7

p G 17 A 4 BT80N B AT AR w, o FE

h/SHERELT 0, Ha IR, B 5 N
TG by /S B sy /Ry Bl a1 AS 0T ZE

0.90
0.85} h/S=1.7
0.80/_\
0.75}

. m/S=1.3

S oe0f_— s

0.5 — T~
hi/$=0.94

0.50f
0.45p ——— h/S=0.71

0.400—5 20 30 40 30 60
aerfarl

EIS AE h/S W,/ R, B ar BIAEAE 2R

Curves of w,/k,, vs a; at different h;/S

Fig. 5

M S AT TR a0 BN 3R 2y BN S
AN TR w, .

§ &5 RAL KA

5.1 LOAIMIGZIHAREZHERERR

FE T B Bl = S s A LA AL Y 32 S £ 451
BT AR ENT -

(D EWBEAFEIRF] 1. 56 m;

(O)R-F<<1.65 m>X1.9 mX1.8 m;

() H A R G i R 1) g DL 3R 15

(D FEHL— B3R E R >120 Haz;

(5) BE 3k S FE 45 40 5 BT 5 <7200 kg,

F1 ERHENERHEEGENRESH
Tab. 1

Mass distribution of reflector subassemblies

for a pre-research space camera

FHEAN KEAE ZEAH e

Fig(kg) 148.5 7.3 99.3 44.2

FEPL SRS 57 SR T B IR AT 2R 4



EORE K

o A R B = RO LT S S i i it S 607

M FIRR 7 2 52 5 MR, i O 218 kg, AT S
HEZR 43 1 30. 2 kg 1 133. 4 kg, 1 (sl 116
Hz, Z5087. JR 7 AR X 105 Y (o] Wi B AH 22
AR 7 I HE 2 ) 7 R JE 55 e

5.2 EBIARMMEMIET

TEX B I # A & %R T LA
25 FF Z 181 (4 2 £ 0l 4 i J HE 2 1 Jo o ok £ o5 45
PR RINEES S, AR 1 43T 1 e 2 i T A
LA EE RS S50 :S 8 1 570 mm by
1470 mm.h, & 1 700 mm.D, N 660 mm.D, N
1 160 mm, #7T 22 ¥F B N £~ 80 mm. FM 18 N
100 mm,

B S hivh, MIREELHCLTET r N
28.43%.¢ K 20.85° 1 hy R D, WiE T B A
9.76% 1 S hy M Dy B o A AR AE AL N
27.29°<q <<43.11°%

8 h/S=0.939 3RAXADH 0, Biar 1Y
AT LA 5 FTs » B w, AOBRIE R RAEAE o)
=26° Fff I AH IL B AN FF G a0 B AT REAE L TE L
TEPRUEAS RO L & HTZEAF A T W S 50 T . 0
ar H 29,53 ay Jg 20, 3%, 4B DL F B A AR
(D FMAD 1w, =169 Hz,w, =170 Hz,
5.3 LOIFARMSH

B F SCHE LS 0 5 A 6 fr s H T A
196 kg, DARE & EHELE B 6 5k 20 80, X B
T G AT TR S A A5 R R WY L 1 R 2 B [
A5y 3K F) 146 Hz F1 152 Hz, H 1 Bir il 2
B4 2 20 S O FERTHEZL Y [a) F1 X o) - 3, Hovp
1B R 7 pioR.

K6 AL 3 S L
Fig. 6 Supporting structure of a pre-research space

camera

P 7 REBTARBL S A B — B A
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