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Optimizing design and precision experiment of
focusing mechanism in lightweight space camera
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Abstract: On the basis of the characteristics of optical systems in a space camera, a focusing mecha-
nism suitable for the camera was designed optimally. Firstly, to meet the overall design requirements
of the camera for the lower mass and smaller size, a double-slider mechanism combined a screw and a
link was chosen to transform the screw’s running into the line movement of the focusing mirror along
the optical axis direction and to overcome the defocusing of the system by adjusting the image move-
ment. Then, the focusing accuracy of the focusing mechanism was analyzed and the error source and
error calculation were discussed. Finally, the vibration and accuracy tests were performed on the
mechanism. It shows that the optimized focusing mechanism has a weight of only 2.5 kg and a shape
size of 186 mm X144 mm X 60 mm. Furthermore, the vibration and accuracy tests indicate that the fo-
cusing mechanism can offer the first frequency of 505 Hz, positioning accuracy of 0. 008 mm, and the
repeatability positioning accuracy of 0. 002 5 mm, respectively. These results satisfy the requirement

of the optical system very well and show that the mechanism is characterized by the compact struc-
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ture, high stiffness and good accuracy.

Key words: Space Camera; nonlinear focusing mechanism; accuracy test;

1 3 =7

25 (AR AL AR O {5 B P B
LT ARAT 55 2 AR ORI B L 37 BT 5€ % 1 o 1 P51 1%
T2 AR AR AT o 175 BT 2 1) 18T 5% A AR BIL X HE H A IX
SRAEATHA BRI F AR DX 0 250 1 b 1R A2 CCD
AROET L. i TR R S AL R G AR A
K TR LGSR P IRsh b i AR R 2 22 1)
TEFUIRBE B ) S5 38 5 R i 2= I S R 84k
T2 RGP S B R AR R B SRR
4 1L 3 A8 A » <5 T B A A 46 25 R 2 S BCRE LI
CCD # 11 fif 7 £5 1 101 A TIT B AR 015 20 R B 4%
AR A B . T AR R A BLG A AR G 3 R
P A5 21 v oA A R PR AT X e R ALY O
FRGEVI T —E ML CCD i i 7 /Y 7
AU AR SC LA TIE A HIL Y 5 TR i R
ST AR LA T AR LA B AR S AR R O
Xz A SR ML BEAT TG 20 A7 - PR ok T iR 22
AR YR di Je 2o 4R B 0 0k T R A LA Y
W .

2 REME R

2.1 AENAERT R

U A AL 5K ) fo 20 85 L 98 SR LA
WAZFUR T )l R A A A A L 1R 3 O —
I AT B R BE AR PR ARV L A B A RRE T
TS oy ) A UK 58 55
2.2 REENHE

2 [ABUER A — o 1 e iF s i, i fR i
ANTFFSRVFIE I - AN 23 3 B R B 1 T B . AR
R 1 f KRS TR P AY R A AR IR S A AR IR
HEAKXWT

| £ol=2F 2", (D

K to MPEERF L RSN F B2 0
HPLTAER DB

iy A e R O R G F RO E

A SC R R AL BT T B X B A B 2 ] AR AL 2
RGEMW F A 133, IrlHAF Mgl
0.212 mm, ZiG 2% &5 R B AR a0 IR B A
PR AR BIL I AR HLAL AR BE B AE T /4 BV FP2/2,
JIF LAGTE # 3 i oRS BE LA T 0. 05 mm, TR
PR AE BT LY R R A s BE B O AL I
B NIE R 200, LA E U ER R K E AL
TR 2 IR 22 (AR AR TR 22 AR TR R I 4 £
HUAS AT RS B2 R T 0. 01 mm™*

B2 R S (A AR ALY 2 £ T2 B2 h IR SR 18 Ak
SR ot 58 R BT, 55 W 6 3l Jy 1) R CCD
BT 202 mm A AT DLSE BN L TR TR 25 A
BT I 7E 5 1 A 1 19 245 ) 3 L P 48 n
FEYOH g M i B — R AR A R/
H A 2 T g L TR 5 4 Fo U ) A5 ) N T I R
SRR EE NI BE SR AR i £5 mm,
2.3 HEARNHEE

AHAL A 98 48 J7 =20 BRI 2 28 48 1 AN [) i AS [+
Jof T 0 AR AL ) 8 £ AL A 32 85 R — R o2
ZZFTMR BRI H L £ o) — A2 AR LA Y AR
PEVE AR X P RR I £ J7 XA AT D0 Bk R 22 AT IR B
i 48 7 LA 1] B ARG L (B AE AR LR B AR 2R
Firp (B AR 25 5 7 R i 3h o
AT BE 7 22 5 0 48 ) A O ZOKS 2 L 2 A A L R
B B F I G4 O ES VIR ES VIR AT 28 5 B v AR
JUSLIEW N~ JEalE RS N i 1501 N EDONE ot ES 1)
TSR E R A AR E . T AL
A2 46 Xof 8 A LA 1) B 5 AN ROST R AT 1 7 4
Yy BRI N AL 3 kg, e KA RSP
#Hat 200 mm X 200 mm X 80 mm. K T AL &
AR AL SRR SR e A T T 2 AT
R A TR J7 58 X R LA 2 G LA AH X T
1 5 1 22 K1 AR B HLAG A 6 ATLAS A (5 3R
HATgy=s e,

AHATL S U8 £5 BIL AL 1 255 4 1) L A 1 1 B s
FERUAL R T 22 KL A% Bl A SCHR I B B K e i1
Bl BORG BE 6 22 KL AT R S S BT T
it . AR BT B SR 45 A [ A R £ B e



1826 b= o I

%19 %

bW B L A T 3 R AR B AR R U R LT O
o7 A RS M B B AR . B )
W PR OGP Bk R 22 B 7R [ 58 e | 3l 3 AL S LAY
V4 18 i 5z Bl 5 Ak S U R FR R VR 2 ) i A% Bl L A
AL E (RIE A ) g i e S it . e &R £
PUAG S B 2.5 kg CF5 ML ML AN G B9 45 ) & 4 K Ab
BIR SFF 186 mm X 144 mm X 60 mm, i & T 48
PLEAR 52 1 o7 B R AME 2K

i

BTG

B 1 PR LA 25 R 2R
Fig. 1 Schematic diagram of focusing mechanism

structure

2.4 FAENMREE
AL A iz 3 fag AN 2 PR, BAZZ AL D7

T Ay A b 28 B il s DG T 1) D A AR AR By A

WERET: R A5 58 O AT AT ALl T L TR P XU BRI

i B g

B 4

AR B /mm
¥

# THE/mm

&2 AL R IR A
Fig. 2 Schematic diagram for focusing mechanism

principle

VW) G 7 8 £ 454 1 AT A2 T Ay (0,m)

By (n O & RN AL T A, B, (L,
H ) B E BEA A5«

m*tnt=(m—2)*+ntyp:=7r, 2)

e 2 BARS v T ERBEALAS . L N R
JE om Oy 22 BRI B AL AR o D R FR BT UG 10
AR

22 B R o 5 i AR i (E M B R N

16
MZZTI . (3)

e 22 FTIRRE O 1.5 mm,
Hy CL 20T (20 3] HE H 2 5 2 i (e M5 94
RO v RBCR R

216
M:T(m*«/lzf(y-l—n)z) . (4

3 ABRHESHN

P AR AU T2 2y R R B A F A AR s LA
2t B s L0 O Sl SR UL RRE AL S LAY R BR AL
i S LB L B2 R 3 £R B R R T Y AT IR e
& SbLAG S e s UL SR 22 5 a5 ],

WERTHE A% 201 19 5 22 J 415 MR BE A R AT 1) S B o2
P 5 B EZ B A e RZEMH . R W IR e 1% 3 1Y
EEPNRA BRI R AL LR R R =
ALy AR AT BE A B BE R 22 AL SRR A il 1] B
shAnte i ksl 5K R 2E AL LK T4 R R BT
ARG BRZE AL o oy T SRR A AR
HR — YR R I R B O R S A R 25 AR IR
Sra i BN AT X A% SR B2 A 82 AR /)
AUATEIE, LohiRZEd g ol ingk 1 .

®1 FEEHREDHT

Tab.1 Analysis of main errors

FE R T 22 K/ /mm
FANE IR R 9% (AL +0. 002

I BRR 2 (AL) +0.002

e A (B B R I B AR 22 (AL £0.000 2
ATtk 1) B S ANAR M BB B R IR2E (ALD - ££0. 001

i F A AR BT AR b B R 25 (AL +0.001 5
G a2 (AD 0. 003 4

AR FE MR Oy 22 KL% FF 2 R A LR ML
A DR 25 B D S A T AR AL L FEAR PR AL & B,
Bfir iR 22 R Bl ok, & 2 T AEARBR A B B.
B EAFS o B M o IRBIECORME . O 32,77, 1
AR 2E Al AT 1 T T
Alpe=1sin 32, 7°—/I* — (lcos 32. 7°+AD* . (5)




%8

B A R T S A A AL IR AR LA B D0 A BT SR B 1827

G SRR Bl 1R 22 15 RS 110 i IR R £EORS 2 % 22
N
Alpe=5.3 pm . (6)
PR AR LA Y 25 (o] 32 B2 dy R UL 2l 7 AR i S
(] 0 AT B 1) 38 AT 2 2l 5 1S A 2 [0] 99 98 23 201
o WAL B e s [ R i TR S S A A
(R BSUiEE FE Y o O PRUIE R S0 A% Bl R BE & AS 9 £
BURG I 5 i o Xk MR BE A 22 AT AT FC O, Hoh T
T AR B Iz Sl R D - BB 45 8/ R I B e
% 8l 23 (8] e SR ALAG B2 i ] L 220
TE AT AILRG Hh B e b A 7 I B ™ A 3 [ 5
— IR . sl A (8] 0 T B R A e AT
T B SR A A O AR 2 P R AT U A
B BRI T RE 1 BUE 2 IR 2
Aly==E6 pm , D)
IR R IR 22 T 30 AL TR 93 R4
JETRZEN -
Al =Alssin 32.7°=3.24 pym . (8
H1 b3 23 A TR - R AR B A e TR Y
iR ZEN Al =5. 3y, P £ 55 5 25 15 2 22 [4]
23 MR 2R Al =3. 24 pm, W TE3hiR %M
75 [ 5% 2 AH EL ST L AUA 119 5% 4 1 25 OB PR A
I

Alps =/ AT AL =6.2 ym . (D)
H 1R M AR SR AR HIL A I ORE B Sl 10
ey PRI T R o 1) R B ATLRA RS R AR TR T B

4 ABIH AR

4.1 FEENBRNIXE

A AR UL B2 1 BRI X R AR LR 45 M it
A A ZER .l TR 25 O T 45 44 B M E 5 14
X 8] AR AL 25 1) SR A I B DA 0 i AL A )
JEZR . I SR AL LA 0 BT 2 45 A 0 A B T
WA Z— AE T R HLRG 1 B ) i 7% rp BoA AR
F o R RS A3 A, AT LA AL B 45 4 B
A7 S8R AIE [R]85 23 B 2 2R & AT LA B
P A 2 R JBE S [T A 50 R H 30E 5S Y 3h T

I
o

XEBETE IR AL AT 0. 5g HBUA R,
UNTEL 3 7 - a5 A 0 R A AL R e i 2R
i 4 fros.

K3 JHEHLK 0. 5g IR Sk 5

Fig.3 0.5g vibration test of focusing mechanism
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Fig. 4 Response curve of the 0. 5g vibration test
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Fig. 6 Error test method of focusing mechanism
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Tab.3 Data of error experiment of focusing mechanism
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Tab. 3 Results of error experiment

of focusing mechanism
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ning accuracy curves of focusing mechanism
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