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Design of off-axis three-mirror system based on integration

of primary and tertiary mirrors

Meng Qingyu, Wang Wei, Ji Zhenhua, Dong Jihong, Li Wei, Wang Haiping
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Off-axis three-mirror system (OTMS) has the advantage of high image quality, large field of
view and non-obscuration. But drawbacks also exist, such as the alignment difficulty, cost and large
optomechanical weight. In order to solve these problems, the design of a novel OTMS was necessary. In
this design, the primary mirror and tertiary mirror can be integrated on a single substrate based on third-
order aberration theory. An example which has a focal length of 1 200 mm, F—number of 12 and field of
view of 10°x1° was given. The mean WFE rms was A/55, and the maximum WFE rms was A/22. The
result of this design shows that the number of alignment freedoms was reduced from 12 to 6, the weight
of the mirror support assembly also can be lighter.
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Fig.1 Initial configuration of coaxial three mirrors
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Tab.1 Configuration parameter

Aspheric
Radius Distance . surface  Off-axis
Conic .
/mm /mm high-order value/mm
term
Primary
. -1200.87 -278.04 -4.43 10h 70
mirror
Second
. -603.67  278.04 4.48 - 10
mirror
Third
-1200.87 -682.43 -4.43 10 th -39

mirror
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Tab.2 Wavefront error(reference wave
A=0.632 8 pm)

FOV WEFE(PV) WFE(RMS)
(0°,-5°) 0.1957A 0.045 0A
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Fig.2 Performance of optical system
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Fig.3 Optics system configuration

3 4 it

SOPIET =GR NG, BT T E =Bkl



582 o5k TAE

% 44 %

N RGBT, £ XA 1200 mm, &0 f N
10°x1°, AR FLAR N 1:12 (624 R G858 I T B b i
Tho TR =B T — Mk KR AL
S 3 TR 2 16 KR A B R B 12 AN
F 614~ RS MG TR 2% RMS {HA M55,
BT T RG A H i E, WA T
T RAZR R Ky, A, N —200r, 55
SEEA I BN AN, SO 1S 2
faifk , A R AR S oY . 3 =B — IR B A = RO R
Gtz g A F R A BT B A EEE L,

SE

[1]  Sang B. The EnMAP hyperspectral imaging spectrometer
instrument concept, calibration and technologies [C]//SPIE,
2008, 7086: 350-365.

[2] Meng Qingyu, Zhang Wei, Long Funian. Analysis on
detection ability of space-based space target visible camera
[J]1. Infrared and Laser Engineering, 2012, 41(8): 2079—
2084.. (in Chinese)

ERT, sk, Je AR, RIS E] H bRl W AL BE
JIAEHT . LLAMS5HOE T AR, 2012, 41(8): 2079-2084.

[3] Mill J D, O'Neil R R, Price S. Midcourse space experiment:
introduction to the spacecraft, instruments, and scientific
objectives [J]. Journal of Spacecraft and Rockets, 1994,
31(5): 900-907.

[4] Liu Xiaomei, Yang Xiang. Design of telecentric off-axis
three-mirror system of imaging spectrometer with wide field-
of-view [J]. Acta Optica Sinica, 2011, 31(6): 0622004. (in
Chinese)

XUEAG, 1) B . 52403 WO 10T 38 . B A = SOt
RGBT J6FE R, 2011, 31(6): 0622004.

[5] Roland Geyl. Design and abrication of a three mirror flat
field anastigmat for high resolution earth observation [C]//
SPIE, 1994, 2210: 739.

[6] Takayuki Nakano, Yasuhisa Tamagawa. Configuration of an

off-axis three-mirror system focused on compactness and

brightness[J]. Applied Optics, 2005, 44(5): 776—783.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Chang Jun, Weng Zhicheng, Jiang Huilin. Design on three-
reflective-mirror syst em used in space [J]. Acta Optica
Sinica, 2003, 23(2): 216—219. (in Chinese)

W, FE, Fobk. AT ERRN =LY Rk
FFII1. B3R, 2003, 23(2): 216-219.

Xue Donglin, Zheng Ligong, Zhang Feng. Off-axis three-
mirror system based on freeform mirror [J]. Optics and
Precision Engineering, 2011, 19(12): 2813-2820. (in Chinese)
FBEARAR, RRSL Dy, T STl 1l AT Y 8 Tl = SOk
FYET). o6 K% TR, 2011, 19(12): 2813-2820.

Barry Johnson R. Wide field of view three -mirror telescopes
having a common optical axis [J]. Opfical Engineering,
1988, 27, 1046.

Mei, Lidong, Geng Qixian, Li Zhuo. Optimization design for
main supporting structure of the off-axis TMA Space
Remote Sensor [C]//IEE Mechanic Automation and Control
Engineering (MACE), 2010.

Liu Jianfeng, Long Funian, Zhang Wei. Study on computer-
aided alignment method of off-axis three-mirror system [J].
Optical Technique, 2004, 30(5): 571-576. (in Chinese)
XNGIE, e J AR, BRAG . Bl =58 R Go it LA Bk 7
HBHFTE1I). SB2EHAR, 2004, 30(5): 571-576.

David Lee, Andrew Born, Philip Parr-Burman, et al. Design
of a compact wide field telescope for space situational
[C]//SPIE Astronomical

awareness Telescopes  +

Instrumentation. International Society for Optics and
Photonics, 2012.

Pan Junhua. The Design, Manufacture and Test of the
Aspherical Optical Surfaces|M]. Suzhou: Soochow University
Press, 2004: 130—141. (in Chinese)

WA e, SE2 AR B T 583 (M. S5 JR K
HRAL, 2004: 130-141.

Mahajan V N. Optical imaging and aberrations: Part 1. ray
geometrical optics[C]//SPIE, 1998,36: 367-462.

Song Yanfeng, Shao Xiaopeng, Xu Jun. Off-axis three-mirror
reflective  optical system [J]. Infrared and Laser
Engineering, 2008, 37(4): 706—709. (in Chinese)

RA I, RGNS, %25, B = RN O RG]

LT AN 5 MO TR, 2008, 37(4): 706—-709.





