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Horizontal alignment technology of coaxial three-mirror optical system
WANG Haichao, CHEN Jiayi, HUO Tengfei, LI Bin, LIU Junhang
(Beijing Institute of Space Mechanics&Electricity, Beijing 100094, China)

Abstract: Coaxial three-mirror optical system is a popular optical system design form in space optical remote
sensor. Taking the alignment of high-resolution camera of the GF-1 sensing satellite as an example, the
computer-aided alignment technology of coaxial three-mirror optical system was researched. The primary
mirror optical axis was set as the benchmark. By adjusting the alignment methods of three-mirror control
system field of view and secondary mirror control system aberration, the changes in the relationship between
the misalignment rate of secondary mirror and three-mirror and Zernike coefficient were analyzed. The system
sensitivity matrix was obtained by the optical design software to guide the system alignment, which improved
the accuracy of alignment and shortened the period of alignment. Test results show that the Zernike
coefficient of each field of view in optical system is better than 0.05A, and the RMS value of system wave
aberration is better than 0.06 A. The system passes the on-orbit imaging test with clear and multilayer images.
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Fig. 1 Satellite on-orbit image
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Fig.2 Speculum adjustment coordinate system
RO UL T BOCR  He o o fTH I B
Fe 52 e R T AL, I AR S e R R T O A i R
WAL E, ARG TR =B 5 A B B, B =B TR

HEGEWAEEH, =50 Xm0 8D, —
By Z O D,,. S SE X e R, =B
L% Z SMESE R VAU 5 S A il B, DR T
U5 B TS R R H . BT X7 ) i oG £ D,
W ZJ5 WO B D, IR BE 5% X JBERS R, IR
5RR 7 BlERER .., HEDCHF RGO L Z0R, SRR G
1.2 AESH

FE SOPATF B 0GR Rl ok, RER
gy, DL T 1) 2 4 i 0 3 53 )
J+1 W F1-1 M5 . KA CODE V 3315k
Bi 5 =R E X G2 R G Zernike R LG
R, RAGREE R 1 A 2 R

®1 RERYEIER

Table 1 Secondary mirror sensitivity matrix

W H=005mm Dy=0.05mm Dy =005mm R=5" Ry=5"

iz 00114 0 0.0233 -0.0089 0
Zs 0 -0.0232 0 0 -0.008 9
Vi 0 03131 0 0 -0.0199
Z3 0.009 3 0 03129 0.0199 0
Zy 0.03 0 -0.000 2 0 0
+13% Zs 0.1195 0.080 7 0.0236  —0.0089 0.029 1
Zs -0.076 -0.0263 0.0785  —0.028 9 —0.009 3
Z7 -0.0333 -0.3107 —0.0003 0.0001 -0.0198
Zg 0.0104 -0.000 4 03118 0.02 0
Zy 0.03 0.000 5 0 0 0
-1¥% Zs 0.109 7 -0.080 7 0.0236  —0.0089 —0.029 1
Zs 0.076 —0.026 2 —-0.078 5 0.028 9 —0.009 2
Vi 0.0333 -0.3107 0.0003  —0.000 1 -0.0199
Z3 0.0104 0.000 4 -03118 0.02 0
Zy 0.03 -0.000 5 0 0 0
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Table 2 Three-mirror sensitivity matrix

W% H=0.05mm D;y=0.05mm D.=0.05mm R;=5" R.=5"

. Zs 0.004 7 -0.000 4 —0.000 5 0.002 6 —0.008 5
Zs —0.003 2 -0.000 9 0 0.0084 0.0027
Z7 —0.004 4 0 -0.008 5 0.000 1 —0.000 6
Zg 0.001 4 -0.008 9 —0.000 1 0.0007 0
Zy 0.000 3 0.000 1 -0 0 0
+1#3% 25  —0.0005 -0.000 3 0 0.0025 0
Zs 0 0 0.0003 0 0.002 6
Z; 0 0 —0.008 7 0 —0.000 7
Z3 0.001 4 -0.008 6 0 0.0007 0
Zy 0.0003 0 0 0 0
-1 zs  0.0047 -0.000 4 0.000 6 0.0026 0.0085
Zs 0.003 2 0.0009 0 -0.0084 0.0027
Z7 0.004 4 0 —-0.0086  —0.000 1 —0.000 7
Zg 0.001 4 -0.008 9 0 0.0007 0
Zy 0.0003 0.000 1 0.000 1 0 0
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Table 3 Zernike polynomials

AL bR 152
Zs p*cos2¢ Astigmatism 0° or 90°
Zs p*sin2¢g Astigmatism 45°
Z7 (3,02 - 2) PCOSP Coma X
Z3 (3p2 - 2)psin¢ Coma Y
Zy 6p* —6p* +1 Primary spherical
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Fig.3 Optical system alignment testing optical path
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Table 4 Alignment results

W Zs() Zs() Z7() Z3() Zy() RMS(1)
0t —0.050 0.043 0.020 0.048 0.006 0.055
+18% —0.016 0.048 0.050 0.043 —0.009 0.056
-1 —0.009 —0.050 —0.047 0.034 0.013 0.056
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Fig. 5 Interferogram of each field of view in optical system
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