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Design and experiment of precision focusing mechanism of space

remote sensing camera with lightweight and miniaturization
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Abstract: Space remote sensing camera in the launch process and its in —orbit operation, due to
environment change of atmospheric pressure, temperature, mechanics, results in focal plane defocus. In
order to meet the requirements of imaging quality, the focal plane must be corrected before putting it into
use. For meeting the features and imaging quality requirements of lightweight and miniaturization space
camera, the focusing mechanism was designed, the motion displacement was in the range of +3 mm, and
the weight was only 3.25 kg. The self —locking property of the worm drive mechanism was used to
prevent the movement of focal plane in the external forces. Micro—precision linear rolling guideway was
selected to ensure the linearity accuracy of CMOS target plane. At the same time, photoelectric encoder

(16 bit) was used to real—time feedback the positioning information of target plane, forming a closed—
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loop control to ensure its positioning accuracy. And, the theoretical calculations, dynamic analysis and
experimental verification, accuracy testing and analysis, calibration test of focal plane were worked out.
Experimental results indicate that the first natural frequency of focusing mechanism is 182.7 Hz, it can
effectively avoid the resonance phenomenon. And the linearity accuracy of CMOS target plane is better
than 20", the positioning accuracy is better than +4.2 pwm, meeting the focusing accuracy. Simultaneously,

calibration experiment of focal plane verifies the designed effectiveness of the focusing mechanism,

meeting the imaging quality of space remote sensing camera.
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Fig.1 Optical path diagram of camera
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Fig.2 Focusing mechanism
2.2 AENME EHEIRT

2.2.1 WAHFEFHEH
Fr ik W AT (ZA) IR AR S E g 1,k 2 Fr

7o
&1 WITEAXSH
Tab.1 Basic parameter of worm
Modul Pressure angle Number of Reference Lead angle y/
oduie al(®) thread diameter d, / mm (°)
1 20 1 18 3.18
R2WMBEEASH
Tab.2 Basic parameter of worm gear
Pressure angle «/  Number of  Reference diameter d, /
Module
(°) thread mm
1 20 42 42
WA A% Sl 1 S
v, wd, n,

= = =0.5 / 2
Vs cosy 60x1 000cosy s 2)

A cv, AT 53 B (B (B Jo] L E 5 ) S R AT G
BB v =0.5 m/s, AR AT HI Y A ¢, =
3.72°, BT, SR y<o, . HBATAL S AT AL AL
M) RATRERA B B 25 A8 AR AL SZ B v R
Bl | 3d B S 2 PR BT Y SR I s 8w AT HILAG Y 8

PERT DA R 7 1 R T RS 1 R R R A
By, [Rl B W AT A% Bl EL AT vhd 2 far /N AR 3T AR WS
AL AL,
2.2.2 AZ-Fiikt

PRI FEHLAL ARG BE i & R AR CMOS 2 I % 5l ik
A MR 22 Mo i 22 b, SR E I 2
KSR VE RS % S BB B L AT AT
1 wm, AT DA RO R iR T 7R A% sl il 7 v e AR AR
2.2.3 BrAJFaxst

T A I AR ALY AR S BB P kAR e IR A
N, TEZ B AE RTH R TR R & RIS .
2.3 BB SH

Kl 3 Jes IR SEALA AL S IR B IR . B 4E  SRAT AL
&SI .

L 42y (3)
z 1

sz, RSB 2, IR A L

upe Geard
E J: 3 Gear3

X X

12

Yaai
Gear 3lE

Motaor

jears
Encoder—| .
A
L4 s

TITIIIT
Worm ZIE Worm gear

Il 3 I B2 BILAL A% 3l s LA
Fig.3 Transmission schematic of focusing mechanism

hife Rzt

;= % _95x95 _ 361 )
7z, 30x50 60

K.z, .z, vz, 2, P AIRHE 3.4.5.6 IITREL,

LFTHRSC ) TR .
P,=nP=1x1=1 mm (5)
FH, HL 5 e 7z — PBL (400 &), CMOS 1 1) 3 F%
i,
I R |
Ax—ZPh—Exl—Emm (6)
R JE AR ALY R A
1 A
win =00 A¥=0-06 pm (M)
HL LA eSS — P, g s p RS (AR Ak & .
Ar=; li X216=6355;?0 ®)

12 736

1218004-3



ik I

%12 3

www.irla.cn

%47 %

kz%xxz 6255230 x42=10 892.41 )

M4 2 2 5 2 5 E y 5 CMOS $E T A7 8% x 1Y
SR AR ML

y=10 892.41x+b, (10)
2 by AT A, T2 07 B S B 8 (R A
2.4 EEEEIRSHT

Pa FEAILA AR I SR AT A R 42 7 =2, G e 52
I 25t CMOS #ETH YA B A5 . o T gt e S5 #E
ZIMAAEAL SR 2E (il gt 25 N fi o B T 1) S B
g, IS AR E IR ZE

o, =+(E, +E,)=%3.20 um (11)

K E, B, NS AR 22 (558 1Y SEBR 1A 3
5 AR ) e 22 ) | Bk B 22 (SR PR e % e 5 B
REUBE e rh o I M 22)

JIT R G L A B A 1) 3 B R O 207, DR L 4 ) 4
— R SR E LR 2
202,
0, = i xS =0.10 pm (12)

FERPucTE s, I8 SR HLR A9 45 1 B (3 B £10
AR, NGB E AR ZE

g. :+A-L:7]'O
Tk 10892.42

HIfL S LA R 22 | B A iR 22 PRl iR 22 5 AL
S EN LML CMOS LTI 1 7 57 4 FE -

2 2 2
o=\ 0,+0,+0, =

~+0.92 pm (13)

2 2 2
+V/3.20°+0.10° +0.92° =+3.34 um (14)
BRIS TEARE BE LA T 10 m R ARG BE SR

3 BIRTH M RIXIEIIE

3.1 #EESH

PHEEAURA FROTAALANIE 4 Fr7s 305 27965 4
BATT, b SCEEHESE SRR B2 S PURT 3D I
G, AL BB A | LA SR o i AT
U, I it MPC o i i 5 SCHEAE AL 2258 ni AT W1
PRI X AU BEAT RS AT, THIAT AT =
W A A S IR BN 3 B, — BB = 8]
il 5 iR,

& 4 PN A BROTAR

Fig.4 Finite element model of focusing mechanism
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Tab.3 First three—order modes of focusing mechanism

Order Frequency/Hz Vibration characteristics
1 153.24 Swing in Y direction
2 228.09 Swing in X direction
3 419.02 Swing in Z direction
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Fig.5 First order displacement fringe
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Fig.9 Residual curve of displacement variation
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