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Fig.1 (a) Trajectory of incident light with a non-aperture mirror; (b) Pupil vector relation diagram at non-stop position
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Tab.1 Optical parameters of off-axis TMA telescope

Surface Conic constant Radius/mm Thickness/mm
PM —0.921 —3600.41 -1551.777
SM —4.828 —910.903 1558.7
™ —0.292 -1219.431 —1533.359
Image - Infinity
* 2 B TMA BiZERRESRE R (1=632.8 nm)

Tab.2 Wave aberration coefficients of SM for the off-
axis TMA telescope (1=632.8 nm)
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Surface W222 SM/ W222,SMM' vVl3l,SM//1 Wl 31,SM/;‘
SM —28.28 54.21 196.86 224.59
™
Optical axis _‘
—460 mm
=710 mm
PM

500 mm
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Fig.2 Schematic diagram of optical layout of the off-axis TMA telescope and five fields of views used in aberration compensation
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Tab.8 RMS value of system before and after compensation of surface figure error

RMS/A F1 F2 F3 F4 F5
Before compensation 03175 0.3561 0.2749 0.2344 0.2795
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Fig.6 FFDs for astigmatism in different TM states
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Tab.9 The range of x/y astigmatism and x/y coma

coefficient of TM figure error

cM/a cM/a cMya ciM/a

+0.03 +0.03 +0.03 +0.03
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Compensation mechanism of primary mirror and the third mirror

figure error of off-axis three-mirror telescope

Ma Mingze'?, He Xu'"", Wang Jinxin'?, Luo Jing', Xu Tianxiao'?, Lin Cui'?, Zhou Haoran'"?

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:

Objective When the large aperture off-axis three-mirror anastigmat (TMA) is launched to space, surface
degradation appear on the the optical surface of its components due to gravity unloading, which will affect the
imaging quality of the system. In order to ensure the imaging quality of the large aperture space reflecting
telescope in orbit, it is necessary to explore the surface figure error compensation mechanism of the position of
optical elements. Then the compensation mechanism of the secondary mirror position for the primary mirror and
the third-mirror shape of the off-axis TMA system was investigated. So that the space telescope can actively use
the element pose adjustment to compensate the impact of surface figure degradation on the imaging quality of the
system.

Methods In order to analyze the progressive compensation mechanism of the surface figure error, the
compensation mechanism and compensation amount are defined and calculated based on the nodal aberration

theory(NAT). Firstly, the Zernike polynomial vector form is used to describe the surface figure error of the off-
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axis TMA system based on the vector multiplication rule, and its derived aberration distribution is analyzed.
Different from the aberration characteristics of the position of the primary mirror at the stop, the third mirror in
the non-stop position of each field of view on the surface of the beam trajectory is different (Fig.1). Therefore,
when compensating for the surface figure error of the third mirror, the situation of each field of view is different.
This is also the focus of the investigation on the analysis and discussion of using pupil position transformation and
least square method to solve the problem. Then a vector aberration correction model is proposed and an aberration
compensation model of off-axis TMA system is constructed. In order to objectively evaluate the imaging quality
of the imaging system, the exit pupil wave aberration RMS value is taken as the evaluation standard, and the
secondary mirror adjustment with small aperture and the highest sensitivity in the TMA system is used to
compensate the system exit pupil wave aberration with surface figure errors in the primary mirror and the third
mirror.

Results and Discussions Simulation experiments show that when the primary mirror of the system has 0.51
astigmatism and coma, the constructed aberration compensation model can compensate the exit pupil wave
aberration RMS value from 0.184 to 0.084 (Tab.5). When 0.054 astigmatism and coma exist on the system's third
mirror, the exit pupil wave aberration RMS value can be compensated from 0.34 to 0.14 (Tab.8). In order to verify
the applicability of the aberration compensation model, Monte Carlo experiment was carried out, which proved
that when the third-mirror figure error (astigmatism and coma) was within the range of (=0.034, 0.034), the RMS
value of each field of view of the system could be compensated to the design value of the system (Fig.9).
Conclusions A portable surface figure error compensation model of the TMA system is designed. It can
compensate the RMS value of the TMA system with 0.5/ in the primary mirror and 0.054 in the third mirror
respectively to the nominal state. Through analysis, it is found that the third-order coma in the non-stop position is
derived from the linear correlation astigmatism with the field of view by optical symmetry coordinate
transformation. The astigmatism and coma distribution rules can be verified during the analysis of the surface
error of each position of the system, which provides a theoretical reference and basis for other types of aberrations
and further theoretical guidance for the active in-orbit installation of large aperture reflecting space telescopes. It
provides the basic theory and framework for constructing the surface figure error compensation model of the

primary mirror and the third-mirror of off-axis TMA system.

Key words: off-axis three-mirror anastigmat;  nodal aberration theory;  figure error compensation;

wavefront error
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