$20% 6 eoE G TR Vol. 20 No.6
2012 4F 6 H Optics and Precision Engineering Jun. 2012

XEHS 1004-924X(2012)06-1257-08

B EE A E X EFEE IR

v

BEHLRIET ETR
(1LLPERZR KEXLFHENREDEFRRTP, /4 K& 130033;
2.k ATV A e TEZKR, FH4 kK& 130012)

AR KR B = (TMA) 25 [A] 2438 R A% 4 24 0 1 O 50K 8 AN sh 25 A e M 5 0 32 S B S5 W ARG, TRtk L A SC
T BIRAS R MBIT TR . XA T R B B TSR TT 48 O R L HEAT T R Rk I A
BT 200, R8T = 850 (N85 5150 19— B iR g A =0, 0Fif e T Kl BE . fEwng it i 56mh 1, FIH
RS FT RSB TT FEAG R T —Fp 24 FF0EIEEH . ME N IIE XL SHE G T T A B % f gl ) A
By, RS R F T, S ol I RS B BUKTR SIS L i A AR A/ T 107, — B A A5l 55 He, SR 3h i h
SRFELAR I F1 135 MPa, i B 4 TR 45 bR R

X $# H:FERABEAE; BB LM REMHART

RESZES V447, 1; V44 ERERIEES ;A doi:10. 3788/OPE. 20122006. 1257

Design of main support of off-axis space remote sensor
XIN Hong-wei'y, GUAN Ying-jun®* , CHAI Fang-mao'

(1. Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China;
2. School of Mechatronic Engineering, Changchun University of Technology s Changchun 130012, China)
% Corresponding author, E-mail ; gyj5460 @sohu. com

Abstract: The position precision and dynamic stability of optical elements for an off-axis Three-mirror
Anastigmatic (TMA) space remote sensor are dependent on its main support structure, therefore,
this paper researches the design scheme of the main support structure for the TMA space remote sen-
sor. After analysis of the common forms of main support structure, a composing of truss support
structure was determined, and its materials and connection technique were discussed. The analytical
solution for the first order natural frequency of the structure with three struts was derived and the
best one was selected. On the basis of a original design, the sensitivity analysis and parameter optimi-
zation were used to obtain a main support structure with 24 struts, then it was verified by the static
reversal and a dynamic test. Test results show that the front rotation angle change of the main sup-
port structure is less than 10”and the first order natural frequency is 55 Hz, when it flips from a verti-

cal state to a horizontal state. Furthermore, the maximum stress of the main support structure is 135
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MPa during dynamic tests, which meets the design requirements of all indexes.

Key words: space remote sensor; off-axis Three-mirror Anastigmatic(TMA) sensor; main support

structure; truss support structure; optimum design
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Tab. 2 Material properties of truss structure
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Fig. 1 Modal analysis of three-bar structure
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Fig. 4 The first 3-order modes of main support

4.2.2 B

3R 2l o A 252 R AU S S A 3 S
S DI Bl 12 IR BT B AR BT AN IR 3h T Y fE
T3 TR S B R 1 4 L B LA AA 25X 4
AT (9 157 77 2047 K5 B 04 20 B 358, DL 5 SOAT
TEBNZS IR T RE W BN . 20 Hr, IE 52 IR B i 52
PEFF IR 7124 126. 9 MPa, /N FikEF 2 &
BRI 5 B AR B (800 MPa) , Ui B 4 L HF A & &
AT W BREIR

®3 EZRRIEAHEER

Tab. 3 Analysis results of stress in sinusoidal vibration
R T7 1) X1 Y [ Z 1]
5 K 71/ MPa 118.6 126.9 42.7

5 X 3E K

TEAAL BT o8 A S B0 T L X 3 SO AT
AT AN Bl 2 o N3R5 LA RE B R Y AR

2R
5.1 BESmin

T ST 2 2 XoF 3 S A R A I ) e 4
WX 7E F AR S AR A LA RS 0 N BRI RS AR
VE R 32 32 2540 32 07 IR 25T 100 22 Ak 1 G 4
it o B o S5 B 4 1R R A AR Ak SRR R BE 1 A
WAL, AL E R, =N ER
BAR BN AR s 7 TP AR AL 22 e 3 S B AL 5 7
AR R B A . B RS AR A L 43 i )
o M 2 5 B 4 1) R R 9 8 Ak, 3k 26 A R Y A A o
AN IO A 3 R A ) AR AN R SR A K B
T2 2R G4t 3 R B T R

FAGH TR EAERR ERE S RAL
BEV BT MRS B X e, 05 25 S 2 B IR B AE T
T35 1) B S A TR A R B T A R R R

Fd4 EXERSTUTEHBENTL
Tab.4 Precision changes caused by main support state change
[5:E] TR HBEITIR
FKT BEAMN B4

REAE S

bR S S B RS

0.5 1
T K EE AR AR (D

5.2 HEWRKKE

2l A5 1 3 25 5 A0 R IE 52 R Bl A BE AL
PRENLK AT e E RS, R,

CD YCE Y T 2 J32 ) 7 A 3% 5

(2) 58 384K Bl AT Je W4 7 17 A 25 A 2 in ot
LU 33 R S AR A T RO 75 D R S
IR A R Bl BB R IR AR IORE 5 B ABR J
AR R

(3) 5 IB 4R Bl F L 7 X 2 B SCRF I L g
PEAT S I 25 5 SR S A BRI Y AT RE A

P 5 JT 7 O 5 8 I 3 AR AR A A AR o X
FE MM GRC 45 2R R UL iR 3l i 4 O 1] A 2 A8

-

sdiil

fﬂyﬁmfﬁmM%

A A

ﬂl”ﬂ

it

] -

(a) X i (b)Y Ji]
(a)Direction X (b)Direction Y
&5 PR E KF 7 A & L

Fig. 5 Mode comparison in horizontal direction



£ 6 0]

VA A < B A S ()RR SRS SR A T 1263

AR/ B 6 TR AR g ad A b S AT R
N 3R 2 R 7 R 2R B L SR SRR o & R
TEIE %R 3N ik & vfr , B KON AR (B R 964. 97, &%
AR NI J1 4 135 MPa, 2 58 /) T 8 £F 2 A # k)
S AR PR . 5 3 iR B0 I A o S SR 4R 1 T A
KA 17, U8 B T2 S B 0 B A RS

A LAPRAIE TR B8 K A B B R A5 4 7 B E Y 25K

T TR-MN

B TR-1000EM TIM iRl 16 Zaem
e £ 101, 24T ISSIE 2012 00K

(a) X [l I35 4% 3)

(a)Sinusoidal vibration in

(b) X [ BEHLYR B
(b)Random vibration in

direction X direction X

Fl6  SCAEAT I B RN 7 i i

Fig. 6 Maximum stress response curves of support bar

S E k-

(1] KA Be 748 A% B, [ 502 a) = 52 5 4l AH A

KRGS RHE[]] M RE =5 & &, 2008, 29
(3):63-70.
ZHANG K K, RUAN N J, FUD Y. Analysis and
consideration of development of overseas space off -
axis TMA system camera [J]. Spacecraft Recovery
& Remote Sensing, 2008,29(3):63-70. (in Chi-
nese)

[2] O’BRIEN T P,ATWOOD B. Adjustable truss for
support, optical alignment, and athermalization of a
Schmidt camera [J]. SPIE, 2003,4841:403-410.

[3] STANLEY S. SMELTZER III. Development of bond-
ed joint technology for a rigidizable-inflatable deployable
truss [J]. SPIE, 2003.6222:1-11.

(4] HRE.RFE KBS = ORI 32 305

Wt S AT ]. &5 A% £ 42.2009,17(3)
603-608.
ZHANG L. JIA X ZH. Design and optimization of
trussed supporting structure for off-axis three-mir-
ror reflective space camera [J]. Opt. Precision
Eng. , 2009,17(3):603-608. (in Chinese)

(5] 8k, 46, [ MR IE R 7 B 5 18 AR ML R 45
BT[] ). AL K& = & i 4, 2008,29(2):35-41.
FAN B, WANG Y. Research on truss structure of
foreign remote sensing camera with long focal length

and high resolution[J]. Spacecraft Recovery &

AR SCEE X R AR I TMA 25 6] ' 2 38 J8% 2 1Y
AT T VA 0 S5 A B L O A A R 5
LTI ST B0 Sy Y SR 5| Dot Sty E N 2 1)
R 43 B L WA k5 B, St O 58 4E O T 1 25 S B
LR BR TG/ T B R RS A Hr BS L A5 A
BT FEIS T T — Bl 24 FT 41 50 50 M7 48 57 #4845
P o G 3t 4 R 3 WL 9 3 S P A A A
BARAE U R R B AL AR R BN T 10T R A
W J3E R 5 2 S P 25 1) — B [ A 3% Ol 55 Hz,
TESZ IR BB T 2% SCAF B R W 128 135 MPa, i
ARG B ABFRETETE R AR SO R 9 18 s
SCHE BT T kAl AT Sy LAt AR A5 I RS T R A 1Y
F RS BOHRIES %,

Remote Sensing ., 2008,29(2) :35-41. (in Chinese)

L6  Z ., %) &4, 30 A0E. a5 [AUAHAIL 32 Y0 5 [T A 0 B f

MISCAFH G SRS )], o #5242, 2010,18
(12):2633-2641.
LIW, LIU HW, GUO QF. Combined supporting
structure of thin wall joint cylinder and supporting
bar between primary mirror and second mirror in
space camera [ J]. Opt. Precision Eng. , 2010,18
(12):2633-2641. (in Chinese)

(7] kF. &k, [FHERL 2 (6] % &5 ST 2L 1 i1t
HR® )] k¥ % T4, 2010,18(5): 1099
1104.

ZHANG L, JIN G. Design and test of supporting
truss for light space remote sensor [J]. Opt. Preci-
sion Eng. » 2010,18(5):1099-1104. (in Chinese)

(8] #K&.&k. BAZBIAPIMN ARG BT GHE 5
BrlI]. = A 5 4k, 2008,28(3) :260-263.
ZHANG L, JIN G. Structure design and modes a-
nalysis for the truss of light high resolution space
cameral J|. Chin. J. Space Sci. , 2008,28(3):260-
263. (in Chinese)

(9] Mg, 25 [ AHHLAT LA AE SC PE A3 A [T ). 3 oA
15 A, 2006,23(1):274-276.

YANG J S. Model correlation analysis of frame
structure of a space camera[]J]. Comp. Simul,
2006,23(1):274-276. (in Chinese)

[10] #AFX, 2K, Z5. REFLERRE S MAFES

[EGa=gs kR L], k% M2 42, 2007,



1264

I TR

5 20 &

15(8) :1181-1185.
LINZ W, LIU Y Q. LIANG Y. Application of
carbon fibre reinforced composite to space optical

structure[J]. Opt. Precision Eng. » 2007,15(8):

1181-1185. (in Chinese)

C11] Z R, ) R AR, 28 (A OG0 s v Bk 27 48 52 5 b1 k)
W B SRRERD] by HE IR,
2008,16(11):2173-2179.

LI W, LIU H W. Structure stability of precision
component made of carbon fiber composite in space

EEE

£

FERFE 70— B HEMRKFE AL
+  WF5E 51,2003 4F F R BE K B R
K & AU Wy 3 5 T AR AR 24 A6
F2 N F1 75 [H] O 2 1% 2% CAD/CAE
FOCHLES ¥ A 83 5 i R F T . E-

mail: xinhwciomp@ sina. com

LeFE(1982—), I Ak AL A, B 3
W5 61, 2008 4F T I 7R I8 Tl K4 4R
PR A A, 2 B0 A 52 ] O 2 1 AR
AR KOG AL T | gE . E-

mail : fangmaochai@ gmail. com

[12]

optical remote sensor[ J]. Opt. Precision Eng. ,
2008,16(11):2173-2179. (in Chinese)

ERR, ERAEEE. A A ARYLOR £ 4 S S5
et B MR ], 2k 5 sk T 42,2009,
38(4):702-704.

WANG Y X, WANG B, REN ] Y. Improvement
of carbon fiber support structure and topology op-
timization design for space cameral ]J]. Infrared
and Laser Engineering ,2009,38(4):702-704. (in

Chinese)

BIRIEE .

KB (1978 —), B LW E. H MK H
N R, 2007 4F T RLBE K A5G 2#
K 2% U5 Y S 5 T AR AR 24 6
F BN S H] G2 8 J& 4y CAD/CAE
&5 4k % it J7 A PF5E . E-mail
2yj5460(@sohu. com

@ THATH

LED i& B 58 B B g St 42 4 18 ++

AN

B PR
(LPERFER KELFRENRSWEF R, E#H K& 130033
2. ¥ ERFKR R LK. LHE 130039 )

X LED BATBCOG BTG AL 1Y 755K, A SO B BRBA Pt 8 b5 1 % 9547 T LED 18 i I 4 i
S BT . Z55 % B R 3 A0 55 18 B PR T DE AN 48 b 22 (8] (9 PRG3R L gl LED KT BB 73 A1 i 85
B, DL BTN 48 A M RS 1 52 B — R L Q AR AL B b, SR AT 24 3R 0% e O Ak I R, 45 3 il
Mgk . DL i i 32 1 i oA 4, $045 21 pY B O i 4 A BRI BT ILER 14 b AT 0 BB L. OB AL 4

T AE C=90"F Al C=270"F- [ A Be e it 28 2 AE X FR 43 A0 5 S5 KO 5 At 1) AL 2h 42 38 7 i, L A% 48
%t FR LG MR 1T 8 30.3%0. Q2 0.072 7,5 T — e I 1 A LU AR, [] B 45 250 BB 97 1 48 A 29 4°F
& CJJ 45-2006 PYZK B MERE R 4T



