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Research on on-line alignment technology with main
optical-mechanical structure of Tianwen-1 high-resolution camera
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Abstract: The Tianwen-1 high-resolution camera adopts an off-axis three-mirror optical system, with a
high precision index, complex structure, and short development cycle. In view of the above requirements,
the computer-aided alignment technology of the off-axis three-mirror optical system is thoroughly investi-
gated and applied to the alignment process of the main optical-mechanical structure of the Tianwen-1 high-
resolution camera. The application of this technology causes the alignment index of the main optical-me-
chanical structure of the camera to converge rapidly. The average system RMS is better than /14 for each
field of view and the average transfer function is 0. 381 at the characteristic frequency of 57. 1 Ip/mm. A
series of environmental simulation tests, including a mechanical test, temperature cycling test, and weight-
lessness adaptability test, was conducted on the main optical-mechanical structure. Following the experi-
ments, all the technical indexes changed only slightly, thus meeting the requirements of the overall design
indexes. Finally, Tianwen-1 was successfully launched, and clear images of Mars were sent, thus proving
the effectiveness of the computer-aided alignment technology.
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high-resolution camera
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Fig. 3 Process of alignment
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Tab.2 System wavefront aberration and transfer function

after initial alignment and precision alignment
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Tab.3 System wavefront aberration and transfer function

after environmental simulation tests

M () Wetg 22 (N) 1% b
(—0.1,+1) 0.0950 0.334
(—0.1,+0.66) 0.0878 0. 364
(—0.1,+0.33) 0.0723 0.390
(40.37,40.33) 0.084 0 0. 356
(40.37,0) 0.0833 0.357
(40.37,—0.33) 0.079 1 0.367
(—0.1,—0.33) 0.0586 0.413
(—0.1,—0.66) 0.0528 0.426
(—0.1,—1) 0.064 6 0.400
MG 0.075 2 0.379
EI18 KRRy
BENRGHP Y RGE WAL 2 A/13. 3, #0k Fig. 18  Local detail picture of Mars
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