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Abstract: In this study, a novel type of lens shutter with compact structure, reasonable layout and
high reliability was designed for use in digital aerial photography mapping cameras. The double-blade
shutter achieved the same shutter efficiency as a five-blade shutter. A coaxial gear train with different
transmission ratios drives the double-blade rotation by miniaturized design, thereby controlling
exposure. The speed of the blade is varied continuously by controlling motor speed, which helps
attain the appropriate exposure. Simulation and experimental analysis of the shutter indicates that the
range of shutter exposure time reaches 1/100 s-1/1000 s, and the shutter efficiency can increase to
85%. The shutter with wide exposure time and high shutter efficiency is found to have small effects
on optical distortion, and sufficient stiffness to meet the camera requirements.
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Fig. 3 Three-dimensional model of shutter-blade
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Tab.1 Material properties of blade module
(o)
/10 % kg e mm~*) (E)/MPa  (,)/MPa '
M50 1.92 287 000 800—2890 0.29
1Cr17Ni2 7.74 211 000 754(60.2) 0,26

(HB. 6167. 6-2014)

b

Tab. 2 First 4 order modes of blade module

1 2 3 4
/Hz 615 639 719 770
(a)1

(a)First-order modal contours
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(b) Second-order modal contours
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(a)Corresponding acceleration in Y direction

()3

(¢) Third-order modal contours
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(b)Corresponding stress in Y direction

(d4
(d)Fourth-order modal contours
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Fig.5 First 4 order modal contours of blade module
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Fig. 7 Schematic diagram of blade scanning aperture
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Fig. 9 Relative relationship of blade kerf and aperture
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Tab.3 Typical values of exposure time and blade revolution
/s /s /(r+ min ")
1 1/100 1/81 663. 15
2 1/125 1/101. 25 828.93
8 3 1/250 1/202.5 1 657. 87
Fig. 8 Characteristic curve of lens shutter 4 1/300 1/242 1 988. 44
5 1/500 1/404 3314.73
’ 6 1/700 1/566 4 641.02
’ 7 1/1000 1/809 6 630. 46
D~ (&) 852,
4.2
5
[9] .
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Tab.4 Parameters of random vibration
/Hz
10~191 0.033 g*/Hz
191~300 +6 dB
300~1 000 0.078 g*/Hz
1 000~2 000 —12 dB
12
Fig. 12 Spectrum line of random vibration testing
s o 13
10 ’
Fig. 10  Spectrum line of random vibration
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Fig. 13 Comparison of radial drone image with difference
shutter efficiencies
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Fig. 11 Random vibration testing
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