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Abstract: To compensate the offset from optimal focal plane position of a space camera due to its com-
plicated launch environment and space operating environment, a new high-precision focusing mecha-
nism was proposed. The mechanism is driven by equal output components, transmitted by a positive
and negative slider-crank mechanisms and its guiding is completed by a direct-acting component. The
structural composition and motion mechanism were introduced and its error sources and influence fac-
tors were analyzed. The focusing mechanism was supported by the direct-acting component with two
points and the output force of each point was equivalence, so that it has no synchronization motion er-
ror,and characterized by low internal stress in the organization and high swing angle precision. Fur-
thermore, the gap relieving by preload was used in all kinematics pairs to eliminate the error of back

lash in the focusing mechanism to improve focusing accuracy. The test parameter was tested in a sim-
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ulated space environment, and the analysis and experiment results show that the focusing range of the
focusing mechanism is &= 1.7 7 mm, the linear position precision and repeatability are better than £ 8
pm and £2 pm respectively, the synchronization motion error is less than +=4 pm, and the repeat-
ability better than 21", In focusing travel ranges., the tilt angle accuracy of the focusing mirror and its

"and +1.5", respectively. These results meet the needs of complex

repeatability are better than & 5
spatial imaging environments.
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Fig. 1 Structure of focusing mechanism
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Fig. 2 Schematic of focusing mechanism
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Fig. 3 Theory motion diagram of focusing mechanism
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Fig. 4 Affections of synchronization motion error

[F] 25 1 15 2 2 S5 el VA A5 R S B Ry (942840

KSR oL BRSCR N
S.=atan(|AS;,—AS:|/D). 1D

P D o WS R E] R [ 25 1 15 25 AN AR W) o] £
3 55 8 £ ?‘ﬁ*ﬂ’]%ﬂﬁiﬁ]»Lz?l/\@ﬁ%
Bl R AR T T B AR LA Y 3 R
I o 52 i BILAR RS E P, ™ B I 2 S LA R A TE'F
FOM RN,

5 o E MK

Sk B0 I VA £E AL 2 A R R G oK X R
Je B VR AR MLAG UE AT TORS BRI, B S A A
F AR T M, [R) 26 MRS O, B 4 7 G B
IR AR R I A R ) TR
5.1 BEEATENR

A T A AR TR MR S T 56k A A L 7R
PPRAET SRS B IPE B e . K
P AR ML B PR S B a8 S 0T RA ¥ ) FE DL AL &8
PH R B B R LR e AR 180° 1 SE S 180K A5, 1 £
SR AE IR W RCIR AR A B A AR AR b, B
FEHTE 2 5 E IR 0 B HE A ARIE,
HARMZE RN R 1 o, 3R 1 ) 0 £ HLA 4
ME2MHENTHERMEIL, Re=6.7", Ry=
9.6". ¥%)J5 Rae=5.1",Ry=38. 3" 4R sh §ii 5 2 1
T 2" R RGET R,

®1 BERATENRHE

Tab.1 Data of rotation angle by weight

before vibration after vibration

statuses Rx Ry Rx Ry

OGN NG TG NN G B G N

0° 0 90 0 0.6 0 90 0 1.5
180° —6.7 89 59 51 —5.1 89 59 53.2

5.2 R EEKEMMEENK

[l 20 P | 2k S R I ARG I 5 v AR ] L =
TR [ 20 4 1% 22 X V] £ LG 78 ALK BE A 52
T i $5 30 FRL P9 45 18] B B MR 30 37 A4 B3 00 L el )
P RLIORT B2 1 e B KRS T 0 2 43 5] 4G D00 4
SCPE AR S R AV B 00 5 DR 22 T DIORAT I AR LAY
4 B R VA JEE T S 4 A VR 2 22 2 B A []
AR 2E . A AR AL [ 2 A A T i



4 3

Wy ax e, 4 S AR AL g o =0 S HLAS 801

g nE 5.6 Pron. WAL R R, AN T
AR SRS R T £ 4 pm, HEIE )
KB T £8 pm, 1 R i AT K,
5.3 BHABENK

Syl O AR DL RS E AR T8 2E AT B AR R G
O, ARG T A& 2 adr-rah, KRS
ReRE 25 . PR, A o B 00 kAt 2 A T A O AR i
R v ] 5 B SR B R T S B o A A R G SR Y
R IR, B R AEHLAL O R 25 5 B, A FH ARG kS
JEE A 0. 5" 3 28 A5 AN 0 R AR I B A L
AT N, I £ U R A R A A Ak R
L ARORG FE A PR i 22 R AR ML ) 24 3R 3 10 56 i
JE ARG EE M 2SS 3R 2.3 PR, B IR B s
AL P AR ALY 7 2 4R Bl 35 1T R % MRS BE R
+4. 3" Ry G E N 3. 7" I 5 Ra % ks
JE 4. 4", Ry #& fRG B £ 4. 8", W 2 I
N

—#— error before vibration
—g— error after vibration

Error/pum

Theoretical position/mm

B 5 [F]25 R 22 i 2k

Fig. 5 Curve of synchronous motion error

=]

—4—error before vibration
—a— error after vibration

= bk = O
ARG s s s e B

Error/pum

Theoretical position/mm

K6 HZisshiRzE N

Fig. 6 Curve of linear motion error

5.4 BEEMH(RREMN)MK
A IR S T G E LR e R A ) 3 2

T DL IR W SR AL R BT 32 i i B0 R b BT L
(IR B | oot i 255 g 2 AR AF R RE Ty L BRI £
PURI A28 D b 3d a7 ) S 8 Hh BLIR | 22 JE FOKS
FER o PRI 3 A R LAY ) il
HITJE R R O8Ok HE AT R B IA L 3R 13 T ik
R EITI SIS R IR DA S r v A 1D S W A E I R
AT AR AL T 17 e RS R A T 5,
1 5.6 Fr 8 IR 45 5 Al SR 15 B 2k s 5 A2 1k A
[l 0 Mk ia s A2 1k, JLAE R 7 B A AL
F R s R e s sh A E R LT
2 pm, [FPPPEIE S R PR T £3 pm, 7 LU E
A AR DA RS E P R4 BOAT R BORS BE 41 2k L il 2 Aol
HEER,

x2 REFHRABENREE
Tab. 2 Data of accuracy measurement of swing

angle before vibration testing

forward motion backward motion

extremum Rx Ry Rx Ry

@ O OO OO

Max 3.7 89 47 37,1 4.7 89 47 35.9
Min  —4.9 89 47 29.5 —4.0 89 47 287

x3 REHABENREE
Tab. 3 Data of accuracy measurement of

swing angle after vibration testing

Forward motion Backward motion

extremum Rax Ry Rax Ry

@ O @O OO

)
Max 5.1 89 55 36.2 4.3 89 55 36.9
Min  —3.8 89 55 26,5 —4.4 89 55 27.3

S - -
L —4— straight motion error

3t —a— synchronous maotion error
2 -

1t

=

= |

g of

[§a] F

Theoretical position/mm

M7 EEMERENZ

Fig. 7 Curve of repeatability motion error



802 e KRR 5 24 %
AL 20, W 1/ e e . iR ik 25 R

A SCEF Xk 58 A 23 [A] A AL £ T A R M
KT LE I ZE A R AL B R P S HE R K Sl 9 A
B S B2 04 4% 3 i 1 R AR ALK o AL S TR Y
AR S B A AR T /D BE W6 I A2 4 18] A L M
PR 2 B L B4R IR G R s DB T ¥ g e ek 2

1 o P 308 30 45 0 i e ) 20 P R 22 /0 5 BILA AN
S
(1] # 8 . @h ¥ 2 A AL b % R i 5E (],

X A 142,2008,16(11):2164-2172.

HAN CH Y. Study on optical system of high reso-

lution space camera [ J]. Opt. Precision Eng. ,
2008, 16(11):2164-2172. (in Chinese)

(2] =z, - R K R TG 2 3 IR AR XU #E
FBWIAEIMLI] b F H
1939-1944.

% L A2,2012,20(9):

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

(3] #aa#, ERDEFMHILEERLARIRLT]. LR E
ITA2£.2011,20 (2):20-24.
YANG Y B. Study on focusing technique for space
optical camera [ ] ]. Spacecraft? Engineering,

2011, 20 (2): 20-24. (in Chinese)

(4] #&#F. 248, L85, 5. &0 PRE AL
FEALME )], & 5 F 3R, 2013, 33(7);
0728001,

XUZHT, LIUJ G, LONG K H, etal.. Accuracy

analysis of focusing mechanism of high resolution

space camera | ] ]. Acta Optica Sinica, 2013, 33
(7):0728001. (in Chinese)

(5] #a s RS, R0 R, 5. B = 2 AR HLIA £
FUABEITLT]. % % £42,2013,21(4) :948-954.
YANG H SH, ZHANG Y H., CHAI F M, et al..

Design of focusing mechanism for off-axis TMA

WA B S AR IR S L e 1 g AR
MR Ra Ry ¥ M4/ T 575 8 £ ML 4k 3 i S
AR SRR Z ST £ 4 pm, B SIRT 240
T8 pm MBI HTE Rx M Ry (%% f ks B2 34 11
TS IRAAE M EERERT 1.5 EEE
R EE T 2 pm, [/ P MBS R EL T £3
pn s B R G OK

space camera [J]. Opt. Precision Eng. , 2013, 21
(4):948-954. (in Chinese)

(6] B#R. &8, -+, ¥ Bil=RHGRELE

ML E RG] £ F 4% 48,2013, 21
(8):2154-2160.
LUSHL, LIUJ G, JIAP, etal.. Design of focu-
sing system for multispectral cameral with off-axis
TMA[J]. Opt. Precision Eng. . 2013, 21 (8):
2154-2160. (in Chinese)

(7] BROAA 3088, Fhar 9], B = RN A HLIH R ALY
MHLI]. P E k4 ,2012,5(4) :373-379.

SHAO M D, GUO J, SUN J M. Design of focusing
mechanism for off-axis TMA mapping cameras [J].
Chinese Optics, 2012,5(4):373-379. (in Chinese)

(8] xlJmiak, ik, 54k, 5. 2 AHHLIA A YL 12 S R
ARSI P B F,2013,6(6):946-951.
LIU B Q, ZHANG F, L1 ] L. et al.. Analysis of
synchronous motion error for focusing mechanism of
space camera [J]. Chinese Optics, 2013,6(5):773 -
779. (in Chinese)

(9] ZE R4, FFH, 0 &, F. KR EN10 2 E A7
RN R ATLT ). £ F # % T42,2010,18
(10):2239-2243.

WANG SH X, LIJ L, LIU L. etal.. Accuracy a-
nalysis of focusing mechanism in space camera with
long focal-plane[ J]. Opt. Precision Eng. , 2010,
18(10): 2239 -2243. (in Chinese)
[10]  FR#Ek MRk A, £ 4548, 5. S RARPLIN B PR
ZOHTLI]. o # % T42,2013,21(5):1349-
1356.



5 4

Wy ax e, 4 S AR AL g o =0 S HLAS 803

CHEN H D, CHEN Y H, SHIT T,etal.. Error

analysis for focusing mechanism of space camera

1EE @I

BeE (1982 —), B,k B A,
T, BB SE B, 2007 4E,2009 4E T 0
IRAUEE Tl K 2 43 5 3 45 2% 4 Vi 2
IVANE S VN Ay [51D e s 0 e S| )
BORG %5 AL B 5 5 T B 5, E-mail
yanghuisheng@126. com

Precision Eng. , 2013, 21 (5): 1349 -

(in Chinese)

AR (1965—), 5, H AR TN A5
51,1986 4F F 7 Mk T2 Bi 3k 13 2+ 2%
L, 32 DA 233 [R] 2% 38 SR A8 45 M B R
KN %5 HL AR J7 G BF 5% . Email: li-
212004@ sohu. com





