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Mathematical modeling and calculation
on exposure time of curtain-type shutter
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Abstract: To determine the relationship between the size parameters and the exposure accuracy of a
curtain-type shutter, the expression of exposure time is calculated, and the mathematical model of ex-
posure accuracy is established according to the principle of the curtain-type shutter and its exposure
time. Then, the main factors impacting the exposure time accuracy are analysed, and the error for ev-
ery parameter is calculated with an error synthesized method. Finally, by taking an aerocamera as an
example, the exposure accuracy is worked out. The experiment results indicate that the slit width on
the curtain-type shutter is proportional to exposure time between 1/1 000~1/100 s, and the exposure
time accuracy is increased with the slit width. The minimum exposure time accuracy of the shutter in
the camera is 6. 4% ,which is higher than the accuracy of 8. 59% calculated by the theory. The error
influenced by the slit width is 3. 6 times that influenced by the velocity.

Key words: curtain-type shutter; exposure time;exposure accuracy; error analysis

W5 B #9:2008-09-25;1&1T H#A : 2008-10-24.
BEE£ME :EZK 863w AW IE & 2% Byl H (Grant No. 2007AA701203)



59 1 B s T B AT M R B B B 2099
T R Y B ) B2 AR SR o 2% 3 L v 45 2y
1 31 =& TEL ) 5% 2 Yo MR S 5 8 1) S WA B2 B R AT 17 40T, 9 %

ft S TS K i B BRI B R IEZ —
Bl 25 PO AT 55 AN T B A L i S 1'fjT SAH ML AL AE
AW R . [ A ek E R R A i g AENLE & T
T AP LA & J Iy #2 AR AL T i Ak se 1S 3 T
AW . B B A AR AL T R
PRI ARG PR RO 5 I A ik 506
R AN G A E BV LR, R
IR e BEGR l ) — D E A RITARZ
FOE 2 oot 0P A g R LR
KR FERZIE DD T o e T T
HCAEME G 5 1 W D' I (] 0 Rl DA % W ' o A
Dy Y G e B & w36 B AR Z2 A AL R A
KS146 -5 fijt 2 AL 5 [ A ) i 6 1] i AH AL A 02
KA FEAPT . BEE A HOR AW R 6
2R GE BN RS FE S W4 T S R A R A PR Y
FL S A R 5 AR ALY A A AR Y 16 AR B 2 B2
PITHABISE o 46 PRI A AR 48 b 2800 1 $2 5
PITH Z 85048 b o S5 B 17 2 048 s D) B2 5 401
BB I 2R R RS R RN L FEOR BE L PR 3 BT LA
T2 R RN RO B e 4R AR T B R FE R
AAHEIENE L.
VBRI B 25 AR AL E AL 2 — R
14 P B8 L2 5 e A 25 B85 19 8 i 5 TR B, B T
TR BT AR AR TS i TR ' o ARG 2 R L R T
Wh AT SR PR 1 K FE 132 B LA L T TR S R ' B )
ARG B R B T G B () 0 T 45 3] 1 BT o 19 At 4 AH
o T or R — AR . S ORAIE B Rk B o) B
R BER S MRS I [1] 06 2502 4 STRE A 1) 5 DAASE PR IE
i b A% B Y — B, W ' B[R] X A5 T
TEE . EMA AR Z T P 45 R
A HC B S I [R] 45 9 LA K% B 5 Ik [ 9 55 ¥ Bl 5 1) 10
PGB 7Ok BT N . AT e R T A
TS 7S A TR T B DG I TR] 7 4 BV R OIG I [E]
B . BT 06 T 7 e PR T B S s [R] Y B kR
D AR SCES A e AU B AR D X R B O
B ) AT T B R T, T o TR 4R
B2 o HU B X T T o R DA R R
D5 TR 22 T TR R A MRS A b 25 ) SR O i)

BUA L 2 AL A 7 e OO T B B OORS JBE #E AT T 0
Bt DA o — 22 3 s TR T B S

2 FHRXBENGEHA A RE

PRI HTAT S A ETE R AR A S G
WA R B EWE 1 s

Bt s fERO
Li[i/mg) \ sz \Eﬁ?ﬁ’?%
iz Rt

BIL A R T 454 1 1

Fig. 1 Sketch of curtain type shutter
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Fig. 2 Mechanic transmission part of forecurtain
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Fig. 3 Experiment of exposure time measurement
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Tab. 4 Results of exposure time measurement experiments
z 5 - B 0 1 B 1 (ms) e
(ms) (ms) (ms)
(mm) —
i 1 2 {7 H 3 {4 {5 T3 {H P 1 22 i
3 0.905 1. 035 1. 075 0. 945 0.915 0.982 0.063 4 6.4%
0.931 1. 045 1. 060 0.925 0. 945
0.902 1. 005 1. 065 0.965 0. 960
0. 887 0. 980 1. 040 0.905 0. 905
6 2.03 2.19 2.24 2.11 2.12 2.13 0.093 1 1.7%
1.92 2.17 2.29 2.08 2.15
1. 97 2.19 2. 20 2.09 2.14
2.01 2.22 2. 20 2.10 2.15
10 3.22 3.34 3.34 3.24 3.20 3.25 0.050 4 1.5%
3.18 3.30 3.32 3.24 3.22
3. 20 3.30 3.28 3.22 3.24
3.24 3.26 3. 30 3.22 3.18
20 6. 84 6. 84 6. 82 6.82 6. 80 6.79 0.079 0 1.2%
6. 80 6.88 6.90 6.78 6.78
6.76 6. 86 6. 80 6.76 6.72
6.52 6. 86 6. 80 6.76 6.76
30 10. 94 10. 80 10. 80 10. 74 10. 55 10. 77 0.123 0 1.2%
10. 90 10. 82 10. 78 10. 75 10. 59
10. 92 10. 84 10. 77 10. 73 10. 56
10. 94 10. 88 10. 78 10. 74 10. 57




2104 P o

K% T

51T &

X g — 5 4% T B NS IV Y B O IR ) B 24
o il A B SEI ) ¢ Iy b Ok S 4k R Z L B4 B
O TS 4 T Bl S T P A% i B DY ] - 3 L 19 A
RV

30

25

20 *

15

z/mm

10 +

2 4 6 § 10 12
t/ms

P 4 U T A 75 48 98 2 55 M8 Ol I fia) X 1 [

Fig. 4 Width vs exposure time of curtain-type shutter
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