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Design and Analysis of a Thermally Driven Focusing Structure for Space Camera
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Abstract: In order to improve imaging quality of the space camera, a thermally driven focusing structure
is designed to compensate the offset. Firstly, the focusing method is chosen according to the optical
system, and the focusing structure is designed by driving the secondary mirror to move along the
direction of the optical axis which occupies small space and is light in quality. Then, according to the
demand of focusing, the aluminum with higher thermal expansion coefficient is selected as the main
material. To ensure the secondary mirror works at constant temperature, some heating films are attached
to the back of the mirror seat. And the performance of the focusing structure is simulated by the finite
element method. Finally, the working state of the focusing structure is analyzed, and the deformation of
the mirror caused by the temperature change is fitted by Zernike polynomial, and the fitting coefficients
are input into the Zemax. As the measurement of imaging quality, the modulation transfer function is
used to reflect the impact of the deformation of the sub-mirror on the optical performance of the space
camera. The result shows that the focusing structure meets the design specifications and the impact of
deformation belonging to the sub-mirror on the imaging quality of optical system can be neglected when
the focusing structure is working. Compared with traditional focusing structures, the thermally driven
focusing structure has the advantages of light weight and simple structure.
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Table 1 Properties of material
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Fig.2 Change of axial space

Elastic Coefficient of

Material Density/t * m™* Poisson's ratio Application
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Table 2 Inherent frequency of first ten orders

Order 1 2 3 4 5 6 7 8 9 10

Frequency/Hz 33 5 33 1286 1287 1350 2486 2567 2574 2588
(a) First (b) Second (c) Third (d) Fourth (e) Fifth (f) Sixth
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Fig.4 Finite element model of the structure
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Fig.5 Structure deformation map caused by
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Fig.6 Secondary mirror deformation map caused
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Coefficient Value of surface
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Table 4 Variation of the system MTF of three fields at Nyquist frequency
MTF at Axial field of view 0.7 field of view Full field of view
91 Ip/mm Meridian Sagittal Meridian Sagittal Meridian Sagittal
Original 0.365 030 0.365 030 0.368 559 0.366 512 0.358 744 0.370 272
After deformation 0.348 697 0.348 697 0.346 802 0.345 612 0.337 797 0.349 001
Change value 0.016 333 0.016 333 0.021 757 0.020 90 0.020 947 0.021 271
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