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Centering of @1.3 m aspheric reflector based on interferometry
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Abstract: @1.3 m concave ellipsoid reflector is the primary mirror of a remote sensor optical system, and
its centering accuracy is demanding. Because the reflector had large aperture and long curvature radius of
the vertex, it is difficult to center by centering instrument method, and the accuracy was low. By
analyzing the compensating phenomena between the two kinds of off-center of aspheric surface, it could
be seen that the accuracy of contact measurement centering by laser tracker was only 0.15°. The
accuracy of contact measurement centering by three-coordinate instrument measuring instrument can reach
0.005°, but its range was limited, and repeated handling in optical processing will cause inconvenience.
The Offner zero compensation test was used to verify the optical path for interference centering. The
interference method converts the eccentricity of the mirror into the primary aberration of the detection

system wavefront, which can also achieve an accuracy of 0.005 °. The error source of this method was
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mainly the focus position error of interferometer, which was a systematic error. It could be eliminated by

multiple centering measurements with rotating mirrors. The maximum deviation of off-center was only

0.023 mm and 0.002°, compared with the results measured by the three-coordinate instrument. The in-situ

centering measurement of large aperture concave aspheric mirror was realized.
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Fig.1 Definition of coordinate system of the quadratic curve
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Fig.2 Vector height difference of single off-center
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x4 TGO T, 2 &R AR RS
FIHY R w5 22 W B R BR 22 o il W, Fe b gk i R
e 28 B KAk 25 5 M B O Z T BE AR ARG R
X1 AMREOCREIEEHNRGEERAE
Tab.1 Maximum vector height difference after
optimal compensation of 2 kinds of

off-center

Angular off-center Linear off-center Maximum of vector

/(°) /mm height difference/m
0.01 -0.615 0.51
0.05 -3.074 2.54
0.1 -6.148 4.95
0.2 -12.296 10.10
0.3 —18.448 15.43
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Fig.4 Null compensation test optical path
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Fig.6 Null compensation test station
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Fig.7 Centering flow of reflector
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Fig.8 Wavefront of null compensation inspection system
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Test Angular Linear Angular Linear
direction of  off-center off-center  off-center off-center
reflector @x/(°) @x/mm @y/(°) @y/mm
0 0.006 —-0.328 82 0.018 -1.075 49
90 -0.023 1.147 95 0.007 —-0.364 34
180 -0.002 0.087 52 -0.022 1.317 49
270 0.017 -1.124 65 -0.005 0.385 56

F A S (4) #1740 B, T A5 1% 9 DU 19 2K 1E BE
49 i Lo ZCHRE (0° 7 18] ) Ay < o0 5 1w} £y 4 i o0 AT 28 o i
L4 R 0.005° F1—0.292 mm , y 75 [i] 43 31l 2 0.020°
F—1.166 mm,

I Leitz PMM~C 24.16.10 it 4 2% = Ak ¥ #L 42
Sl ¥ 0 2 32 M0 BRI B AR B A O oL o T 5 SR < x Oy 1
B 1 i O A1 2R i 0 43 1) 4 0.003° A1—0.311 mm,
v J5 148 5 0.022°F1-1.143 mm . % b T 35 5 & O
S5O = AR BR LI R R S5, AR O AR R
O 1 5 KR 22 R 0.002° A1 0.023 mm

S I B Kok b R WY, TR O RS
S 3 WaNEIR -8, REREZBRITEA M.

SCHR B RS @13 me A5 [MTA BR 10T B S 45 A DG 5
T A A O IR TR, I3 AT T R X AR AR BR I
BB v i -5 016 il 2 1) 1% O 0 2R i o 22 (]
AN S 2 PRI T A B E O ITIE IR 8 o R
ESER T @13 m BRI 9 5 O i O 5 = AR
fith 3 5 L 25 2R BEAT XF LU R UIE o SERR A R R T Wk
JE U D R BE g 0 R e P, R LR A
B BT P B ks i i e R R, HLR 20 A Y
SRR, AT LSS BOR 1 AR S S B AR I A AR v
A RE O P o

S &3k

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

0113001-6

Li Xuyang, Yang Hongtao, He Tianbing, et al. Design of a
new type on-axis three-mirror-anastigmat optical system [J].
Acta Photonica Sinica, 2012, 41(1): 31-35. (in Chinese)

Ma Zhen, Li Yingcai, Fan Xuewu, et al. Study on optical
centering of aspheric mirror by interferometry [J]. Acta
Photonica Sinica, 2008, 37(7): 1455-1458. (in Chinese)

Guo Lingling,

Ren Jianyue, Zhang Xingxiang, et al.

Calculation method of geometrical parameters of large

diameter  off-axis aspheric  optical elements: China,
103591888[P]. 2013-10-28. (in Chinese)

Pan Junhua. The Design, Manufactury and Test of the
Aspherical Optical Surfaces [M]. Suzhou: Suzhou University
Press, 2004: 2-5. (in Chinese)

Qiu Gufeng, Guo Peiji, Xie Bin, et al. Mathematical model
of contacting aspheric surface contour measurement [J]. Opt
Precision Eng, 2007, 15(4): 492—-498. (in Chinese)

Li Kexin, Yuan Liyin, Hao Peiming, et al. Design of null
compensator to concave aspheric mirror with large diameter
and large relative aperture[J]. Optical Instruments, 2009, 31
(4): 44-48. (in Chinese)

Fan Junling. The research on the testing methods of large
aperture aspheric mirror [D]. Harbin: Harbin Institute of
Technology, 2007: 34—36. (in Chinese)

Li Ling, Zhao Ye. A Gravity unloading method of on-
ground alignment for large aperture remote sensor [J].
Spacecraft Recovery & Remote Sensing, 2016, 37(5): 69-76.
(in Chinese)

Li Ling, Wang Yun, Liao Zhibo, et al. High precision online
measurement technology in assembly and adjustment of Gf-4
camera [J]. Spacecraft Recovery & Remote Sensing, 2016,
37(5): 77-85. (in Chinese)

Guo Peiji, Yu Jingchi. Improving precision of null lens
method with correction technique [J]. Opt Precision Eng,

2006, 14(2): 202-206. (in Chinese)



