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Abstract: In consideration of the exposure precision of a curtain shutter and the dimension of a camer-
a, a new focus-plane single curtain type shutter was designed by using a timing belt with high trans-
mission accuracy as the curtain of shutter and a belt wheel as the roll shaft. The main reason effecting
the exposure precision was analyzed, and a mathematic model was created by the system error synthe-
sis method. Then, the series of gear-composited errors was used to evaluate the transmission errors of
a driving mechanism. Furthermore, the geometric model of the polygonal effect was established by a-
nalysis of the transmission mechanism of the timing belt, and the influence of polygonal effect on the
rate errors was calculated. After testing on the shutter,the speed stability of the roll shaft is obtained
and the exposure precision achieves 0. 067 according to the Gaussian processes. The exposure time at 5

positions on a frame was tested by the photoelectric method,and the result shows that exposure preci-
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sion in the frame achieves by 0. 056, which demonstrates that this shutter can exposure on the aerial

photographing of large range illuminance.

Key words: CCD camera;effect exposure time; single curtain type shutter; timing belt; exposure precision
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Fig. 1 Schematic diagram of single curtain type shutter
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Fig. 4 Tridimensional scheme of shutter module
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Tab.1 Results of gear transmission precision

2% _ _ 1% Sl ks 2 -
Wik 1 w2 s i

m 0.5 0.5 0.5 0.5
Z 72 72 70 30
12 45 1 6 6 6 6
F.'/ym 30 30 30 26
fi'/pm 10 10 10 10
Vi X 14 411 14 411 13 622 2 507
TEEW o 169.8 127
3o 509. 4 381
AL IR 100 14.1 25.4
FER A R 1070 32,9 25.4
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Fig. 5 Polygonal effect of timing belt
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Tab. 2 Parameters of belt tooth (mm)
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Fig. 3 Parameters of belt wheel (mm)
T 1] 2 A2 9.17 || IR [ A2 1R 0.150
g S e 8.060 || 5 i [ 3N A0 B 1.975
WTRE 242 0.280 | 4 RFR 42 1.95

HH TE B R B 5 1 15 T 2 801 31 3R Gk oK
THIMESE o« 2.65°.8 5. 1%,y 2 2.55°,
5 (10) T3 AF 2 Z TR0 51k i P A5
s iz gt 4 -
0<{h,<<2.65%, v, =V, cos(2.65°—6,)
2.65°<C0,<<5.20%,v,, =V, cos(2.65°—@,)
5.20°<0, <7.75°%,v,, =V, cos(§, —7.75%)
7.75°<0,<<10. 30%,v,, =V,

10. 30°<C9, <<12. 85°,v;, =V, cos(f —10. 30°)

12. 85°<C9, <<15.40°,v,, =V, cos(15.40°—0,)

15.40°<C9,<<20. 00°,v;, =V, cos(f —15.40°)
(13)

R E] DUAS 3 0E B 0 is s i 2L
TS & & B EWIEES V)
WA 38 T Matlab %8 B i 2 647 7 405 1 15
FanEl 6 fr s iz g il 2, PR Bl ok 1E B AR
— RN .

1 y .
/\

0.999 s{ F; Y ;/\
/o /

e <o 2Q
o o o
© © ©
© © ©
(SRR -

0.999+

Related error of motion rate

Q! 1 1 1 1 1 1 1 1
0998 0 2 4 6 8 10 12 14 16 18
Angle of timing belt/(°)

K6 IERF IS 2k

Fig. 6 Rate curve of timing belt
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Fig. 7 Test of rate accuracy
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Fig. 8 Response curve of system rate

F B E G L
o= A/ 6,2,1 —'—0'21

JEh 0.067,

(13)
B sk A5 B S5 F4 K5 BE 5. 8 9% A0 e ML AR RS
3. 3% ARA (I3 o RS B ] B B AR R RS

ARG AL 0 R TT R T L 5 {7 25 ) I Dl g
[ A7 10, P9 0 52 56 B B O JE o AT

DO AR AT Ot G o o B e PR TT A B A L
PRAE 5 1ot i BHEOE O OB B L 5 58
HLfE 5 8 25 7 A o 7% TR 2% Mok A 0 1) K BE B O A
RGN 1]

i
Orp,
Y -
Or,y|, N
o) & (D) (D) on¥|o) #
PS

PO B St (] 1 5 6 i B [

Fig. 9 Schematic diagram of exposure time test
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Tab. 4 Results of exposure time test

5 AL R I A/ ms

n/(r+ min ")v/(mmes ')

P P, P; P, P; VEE bR KE/ X
5 833 2 500 3.81 4. 04 4.18 3.85 4.32 3. 988 0.224 5.6
4.11 4.35 4.26 3.93 4.21
3.70 4.11 4.07 3. 87 3.70
3.61 3.98 4.14 3.71 3.81
3 500 1500 6.97 6.88 6.42 6. 65 7.17 6.765 0.328 8 4.9
7.14 7.12 6.48 6.15 6.70
7.11 6.23 6.79 7.00 6.71
6.72 6.35 7.30 6. 84 6.56
2 333 1 000 10. 45 9.06 10. 37 10. 24 10. 45 10. 023 0.4795 4.8
9.67 10. 45 10. 35 10. 23 9.27
9.53 10. 24 10. 29 9.54 10. 03
10. 31 10. 63 9.52 9.38 10. 44
1167 500 20. 37 19. 57 21.16 21.76 18. 36 20. 280 0.9414 4.7
20.76 19. 38 21.78 20.76 19.16
19. 95 21.17 21.16 20.55 19. 54
20.10 19.57 21.16 20.15 19.15
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Fig. 10  Fitting curve of exposure time
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