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Analysis of synchronous motion error for
focusing mechanism of space camera
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Abstract; The effect of synchronous motion error for the focusing mechanism of a space camera on the image
quality is explored. For a large size focusing mechanism, the paper analyzes the reasons causing the synchor-
man motion error. According to the optical system parameters of a certain space camera, it draws a conclusion
that when the Modulation Transfer Function( MTF') of the optical system declines no more than 5% , the allow-
able maximum error of synchronous motion is 0. 02 mm. Then, based on the focusing mechanism, we deduce
the formula of synchronous motion error and calculate that the maximum error of synchronous motion is 0. 015
mm. Finally, the actual errors of synchronous motion before and after a vibration test are measured to be
0.012 mm and 0. 013 mm respectively, which indicates that the focusing mechanism has great stability. Both
the theoretical analysis and the experiments demonstrate that this focusing mechanism meets the requirements
of practical application quite well.
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Fig.1 Schematic diagram of the focusing mechanism
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Fig.2 Structure diagram of the eccentric shaft
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Fig. 4 Theoretical curve of the synchronous motion
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Fig.5 Field tests of the synchronous motion error
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Fig. 6  Actual test curve of the synchronous motion error

before vibration test
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Fig. 7  Actual test curve of the synchronous motion error

after vibration test

5 % #®

AR ST Xof H 7 3 [] AR R~ S 1 8
BUKG, 30T T R R 25 7= A R L, R4 3 10 3
BRAAR A, BT RS EZ YL Y
BN A PEIR 2 0. 015 mm, 9 2 B B OG- 14
PRGN /N T 5% BYEEK  BF XTI FE LA 1Y SEBR
MK ZR B IR BN L300 ), Has sh Rl PR 22
0.012 F10. 013 mm, & BIZ LN 2 17EH
FE o BRSO T LA B S BRI B % A AR LA 5
2k R K



950 DA 6%

SE Ik

(1] E#,KZF, FI0EF LA ZARIL BN BT[], b5 #5% £42,2009,17(5) :1051-1056.
WANG ZH,ZHANG L P,LI ZH H,et al.. Design of focusing mechanism of space tridimensional mapping camera[ ] ].
Opt. Precision Eng. ,2009,17(5) :1051-1056. (in Chinese)

(2] Tk, wis, 780 s BRI (1], £ 5 4% T42,2001,9(1) :35-38.

DING Y L, TIAN H Y,WANG J Q. Design on the focusing mechanism of space remote-sensing camera[ J]. Opt. Precision
Eng. ,2001,9(1) :35-38. (in Chinese)

[3] RF&, ZH,KE,F. B FEARVE SRt SRR [J]. 5 H % T42,2011,19(8) : 1824-
1831.

JIA X ZH,WANG D,ZHANG L, et al.. Optimizing design and precision experiment of focusing mechanism in lightweight
space camera| J|. Opt. Precision Eng. ,2011,19(8) :1824-1831. (in Chinese)

(4] SRATE, ZAGF, G . AP ENU BT 500 1]. P ERF 5 2R ES,2010,3(5) :462-466.

ZHANG X J,WANG SH Q,YAN CH X. Design and analysis for focusing mechanism of space camera[ J]. Chinese J.
Opt. Appl. Opt. ,2010,3(5) :462-466. (in Chinese)

[5] Pk, 3076, F57%,F. FIH CCD BREsc e A =CE ARDLIY A SR £R [ ], o5 45 % £42,2012,20(7) :
1559-1565.

LU ZH H,GUO Y F,LI Y F,et al.. Realization of auto-focus on APRC using CCD stitching[ J]. Opt. Precision Eng. ,
2012,20(7) :1559-1565. (in Chinese)

(6] X &, & B% MG REREEEaN BT AN )], b5 #% T42,2012,20(9) :1939-1944.

LIU L,CAO G H. Double cam focusing mechanism of space camera with wide field and long focal plane[ J]. Opt. Preci-
sion Eng. ,2012,20(9) :1939-1944. (in Chinese)

(7] EH40, 54,0 &, % KRV 2 B ARDLR AL RS BE 0BT [ 1], % 452 T42,2010,18(10) :2239-
2243,

WANG SH X,LI J L,LIU L,et al. . Accuracy analysis of focusing mechanism in space camera with long-focal-plane[ J].
Opt. Precision Eng. ,2010,18(10) ;2239-2243. (in Chinese)

(8] RFX,ZEH, TR, F. FEAIYLIHE AU ARG XA T]. % & T42,2010,37(5) :133-138.
HUI SH W,YUAN G Q,DING Y L,et al.. Accuracy analysis and optimization design of constant-diameter conjugate focu-
sing cam[ J|. Opto-Electronic Eng. ,2010,37(5) :133-138. (in Chinese)

(9] £3& REEBEHESH[M]. AT, FEP7 Tk H A, 1982.

MAO Y T. Error Theory and Precision Analysis| M]. Beijing: National Defence Industry Press,1982. (in Chinese)

[10] EARE,ERK AREE & EDGEE BT EYUGHET 2R [ 7. A F 480K ,2009,35(5) :796-798.

WANG Y X, WANG B,REN J Y. Space optics remote sensor focusing components mechanics characteristic analysis[ J].
Optical Technique ,2009,35(5) :796-798. (in Chinese)

EE BN

XUBEE (1986—) , 5, AGEl HL2di A,
it ,2009 4 F A8 Kk s %+
2207 ,2012 A ERME B F Ok
BRSSP BRAF 5T I AR 22 A, B

' NS (1) 22 SRS 25 A BT 5 T
J ) B9 AF 5%, E-mail; saiwaisuhang @ gmail.

com

VI ZE (1976—) 55, N 527l o e A,
&, BIFRBIESY 51,2001 4F 2006 4F- T Ak

SO AR AR b R, FEE
23 ) 3B K # CAE 20 Hr )7 1 Y A 5%

| E-mail : xuyj@ ciomp. ac. cn




%56 1 XI5 | 55 - 23 [ AR LI B ILAE Sl [R] DR ER 22 00 B 951

ik M(1979—), B i TE M AL
+,2003 4 F 7 I R FRAR 2% A0,
2008 4 2011 4 F rh ERM A B AL
FE BB P BB 5 T 43 AR AR A - |
2, 3228 e ] AR 25 H 15

o xk (1983—), B, T FFEAR AN,
+,2006 4FF i MROK 23R4T 2 2 r
2009 4FF v E B2 B 4 SRS L
W5 P BRI 5 B AR A A 27, EEN
oo W) 388 AR 45 K01 1T 4 B O 1 1 F

AT )T R BFSE . E-mail : fzhang0318

@ gmail. com

%%, E-mail : sunbin231@ 126. com

ZERMR(1963—) T EMRKFE AN, R
B A S0, 32 A A A LK
HLEEH J5 T 5T, E-mail; aq0183 @
126. com

it e dh B B F ) T

o IR T

o R R R BOR GBI £ 5 1 L e AR T

o FEYIBI RS 2 EDEEEH AT R 2 2 T

o U (BRFICH) (INSPEC) (G FEI (AL~ 3CH) (CA) MR (SC AL AE) (AT) (SR EC I RRA 3
) (CSA) [ P EBHE SCHETHIRII T 45 20 A ] N S35 24 45 2R I A0 SRS A P2 A U541 1)

(RS BRYRA BRI S Fd] 38 BOR S B A 9K 5 1 R E AR 5 1 R AL
SR A P T A N A BRI R BRG0P o RS OE TS RHIT R AAE AR | K Sz e [ Py
SIS R B A5 B 3h 25 B AL s % A BTN = ML B BT 5 1 S5 AR, BEAT [ Prsg
WG, HNAERE W) (5 R, TR 2R Ll AR P R R T Z—,

(B ER S BRYIESEA SR AN S R RE B il 46 07 1 AR ERIE S RO ST R
Wi s WA s A LR RO R RF B TR R RO T o (R ECRD R (R S R 3D
R RN HESPOE R HEUE 6 R AR R R S S R B RO 22K R
B ACRIR S BOR R EOR BT s AR RIS B AT 5 S BOR s A S R F RO 5 5 2R
A AR B A 5 R AL BEAEBEFE1E 3

(REEBRY PG RAEHE BEH T A, BRI B

M bk KT A K I 3888 =
RS BR) dhiEEs

HE % 130033 ] P HE A AR5 12-203

L, 15 : (0431)6176059 ] N E i .40 JT/ 18

E-mail : yjyxs@ 126. com ™ ik : www. yjyxs. com

EWN%—T)5 . CN 22-1259/04
FE BrprifE )5 . ISSN 1007-2780



