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Abstract The deformation of opto— mechanical system caused by environmental load should have a serious
influence on the performance of the airborne camera. In order to evaluate this influence, an effective technique
for intergrated opto— mechnical analysis is required. The finite element model of the airborne camera is
established and the static analysis is accomplished. Under the given environmental loads, including heading
acceleration, spanwise acceleration and normal acceleration, simulation and analysis are carried out on the
deformation of the structure of airborne camera, especially on the deformation of the lens caused by
environmental loads and the support structure. Zernike polynomial is used as an interface tool to fit deformed
mirror surface and Zernike coefficients are substituted into optical design software for the intergrated opto—
mechanical analysis. The influence of the given environmental loads on optical performance is evaluated. The
analysis results show that under the given environmental loads the modulation transfer functions (MTF) of
airborne camera’s optical system in all fields of views are not less than 0.16 with spatial frequency from 0 to
62.5 cycle/mm, which can meet the image quality demand under the given environmental loads.
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Fig.1 Conspectus of intergrated opto—mechanical analysis
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Fig.2 Finite element model of the camera
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Fig.3 Deformations of the camera system caused by the given environmental load
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Table 1 Rigid body displacement of the first eight surfaces

1 2 3 4 5 6 7
Translation along x—axis /(10 m) -3.57 -0.393 -0.391 -2.58 -2.44 -2.42 -2.36
Translation along y—axis /(10°m) 0.303 2.65 2.59 -0.390 0.593 -0.385 -0.384
Translation along z-axis /(10°m) 9.62 9.32 9.32 9.28 9.28 9.26 9.27
Deflection about x—axis /(10 °rad) 0.192 -0.227 -0.227 0.00508 -0.0823 0.00504 0.00503
Deflection about y—axis /(10 °rad) 0.341 -0.00429 —-0.00429 -0.227 -0.212 -0.227 -0.227
Deflection about z—axis /(10 rad) -0.195 0.328 0.328 0.326 0.325 0.325 0.324

#2 7 2458 1 (1) 1 8 11 Zernike 5 4L

Table 2 First eight Zernike coefficients of the first two surfaces

1 2 3 4 5 6 7 8
1st surface -2.563x107° -5.14x10™ 4.11x10" -3.92x107° 6.7 0.134 7.75x 107 0.1
2nd surface 3.53x10° 5.63x10™ -4.156x10™ 4.7x10° -6.75 0.13 -7.06x10"°  -0.102
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Fig.4 MTF curves of the camera system under the given environmental load
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Fig.56 Curves of focal depth of the camera system’s MTF when the frequency is 62.5 cycle/mm
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Table 3 Best imaging plane offset of the camera system under the given environmental load

Course Course Normal Normal Spanwise Spanwise
Environmental
load direction direction direction direction direction direction
oa
+1.5g -2.0g +4.0g -3.5g +2.0g -2.0g
Defocusing
distance / -0.058 0.082 -0.104 0.05 -0.002 -0.029
mm
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Fig.6 MTF curves of the camera system after compensating the defocus
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