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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 A/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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Fig. 1 Layout of optical system of Tianwen-1 high-reso-

lution camera

(e) R G W14 2200 T A/14 (AL 35 T 5% 22 A
Bl ok 255 )

() 62415 3 PR BOAE 632. 8 nm 3 B g 441
Y 5 MTF AT 0. 34@57 1p/mm (41 45 il
TR 2 PR AR 2555 ) o

(@)% 1 K 20>157. 90 mm (XF 7 & T A4
9 km I 58 ) ;

(h) 1% i % & 2y=>56.13 mm ( % & TDI
CCD#H4 JF TDI CCD i i 5 i £ CMOS) .
3.2 k&

R I0)— 5 135 43 AR ALY 3 AL 45 48 B BT 45
RS B8 KB BRI, MERE RS
PR T B =S A A A AR R
B, ECHLES TR LR 2. FORHLA AR 4
DA 48 b5 A2 3R G AR 25 FA% 3 R B

P2 Kl —5 @ APl e hLas 1
Fig.2 Main optical-mechanical structure of Tianwen-1

high-resolution camera
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Fig. 3 Process of alignment
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Fig.4 Surface shape error of primary mirror assembly
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Fig.9 Enviroment of system alignment
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Fig. 11 System wavefront aberration convergence curve
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Tab.2 System wavefront aberration and transfer function

after initial alignment and precision alignment
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Fig. 13 Random vibration mechanical test
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optical-mechanical structure
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Fig. 16 System wavefront aberration after environmental

simulation tests
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Tab.3 System wavefront aberration and transfer function

after environmental simulation tests
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Fig. 17 Panorama of Mars
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