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Measurement of optical axis eccentricity of a large-aperture concave

ellipsoid mirror

Zhang Chao'?, Xing Hui’, Song Junru®, Yan Junhua', Zhang Kai*, Li Chongyang®, Liu Zhiyuan®, Jin Zhongrui*

(1. Academy of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Key Laboratory for Advanced Optical Remote Sensing Technology of Beijing, Beijing Institute of Space Mechanics & Electricity, Beijing
100094, China)

Abstract: The eccentricity of the optical axis of the large-aperture concave ellipsoid mirror will cause the
misalignment of the optical system of the remote sensing camera, resulting in the deviation of the imaging focal
plane from the designed position. To solve this problem, an aspheric system based on optical flat compensation
was designed according to the geometrical parameters of the mirror. Through sensitivity analysis and calculation,
it was found that the optical flat misalignment 1” had no effect on the system aberration. The primary mirror
misalignment 1” caused a coma of 0.041 (1=632.8 nm). Combined with the results of simulation calculation, the
test optical path was built, and the eccentricity of the mirror was measured by theodolite and laser tracker. The
error analysis shows that the tilt error of the primary mirror is about 1.2”, and the eccentricity measurement error
of the primary mirror is 0.028 mm, which can meet the measurement requirements of the large-aperture mirrors of
most space remote sensing cameras.
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Fig.1 Eccentricity of the ellipsoid
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Tab.1 Zernike polynominal expressions of circular

domain
Term # Polynominal expression Meaning Brief exp.
5 p’cos20 Astigmatism 0° or 90° Zs
6 p?sin20 Astigmatism +45° Zs
7 (3p* =2)pcosd X coma and tilt Z;
8 (3p* ~2)psing Y coma and tilt A
9 6p* ~6p% +1 Spherical and focus Zy

1.3 REEHER

HE RGO ITCER R 5] AR 2E, B2
GZENE IR IEXT S, MRS IE X 55 2 0 e 2 [m) 2R
PEXRR, FIHZ oo W A M AR L v A AL T

20210196-2



i E ok A2

%124

www.irla.cn

PN Ty REH T,

AAX = AF
xl AF]
B AF, @)
AX = ’ AF =
Xn AF,
A R R
6)C1 6x,,
A=
or,  oF,
ox, ox,

AX ] RGP A Eu R R I i, AL A5 A A
RS s . AF LSRG RLE XN G5
I S BOTHEZ 22, REER M 4 AR IEXS G5 8 5
AR ZER . 23 (@) BN IR

ATAAX = ATAF 5)
FREAR T 5, 005 RELH A4 H
AX = (ATA)'ATAF (6)

14 Z5{UNELIRR
PL 28 45 AL B (0°, 90°), (270°, 90°) J5 [i] 43 4l

h+Y FIHZ Sl Sr A7 FIE 3 AR bR R, BRI AL AR R,
WHN Yoo AFRFR Y B X HIE J5 ) % B b, e
YRIETT 10 R 2 A A A . RS A A HEZS TR
BT7 ] P, %L KT R R B A B 5 i R HORN
v, & 2 s, P A (8] ) & gy i A A AR A R
Yo RN

x=cosV

y = sinVcosH @)

z = —sinVsinH

|
|
|
|
|
|
|
|
|
|
|
Rl

P2 g AR R Y,

Fig.2 Establishing the measuring coordinate system ),

2 KWt RWIE

21 RFEITER
AT L ad Bk T S R R S, S AFAERIRIE
BR2E, IR AT

Ny = —% 2—-(1 —K)sinzlg —2005%, A [ 1 +Ksin2%,]
®)
e Ny R BRE s w ol BRARAR R AL (1 G2k B A
M LR G 5 IS A k22, Ttk
RGP I O AN BRI Y IEBR 22 0 T AR Bk 22
HREAFN:
(n*-1)

n3

AN = —d

u4
oy 9)

MR 32880 1070 mm 114240 Bk 1w S 545, 5T
BER A ULE e3 454, i 3 fin . RAE ™ K9
Th I X B R 25 AT AMEE, IO B i P 4 PR
SRR 2 PR .

H

N

K3 el 5%

Fig.3 Primary mirror under test

Primary mirror

/\L
Flat crystal I
\/

Pl 4 oL
Fig.4 Optical model of test

20210196-3



ISk A2

% 124 www.irla.cn % 50 A
xR2 AFRFRITER
Tab.2 Design results of the optical system
Optical element ~ Vertex radius of curvature/mm K Mirror spacing or thickness/mm  Effective light aperture/mm  Materials
Primary mirror —3042.54 -0.9727 —1430.00 1070.00 ULE
0 - —28.00 66.45
Optical flat K9
0 - —78.78 53.38
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Tab.3 Aberration of the system(41=632.8 nm)

Zernike coefficient (1)

RMS(4) Interferogram
Zs Zs Z; Zg Zy
Before spherical aberration compensation 0 0 0 0 53 2.4
After the spherical aberration is compensated 0 0 0 0 0 0
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Fig.5 Relationship between misalignment variables and aberrations of

the primary mirror
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Fig.6 Relationship between misalignment variables and aberrations of

the flat crystal
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Tab.4 Sensitivity matrix
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Tab.5 System aberration (1=632.8 nm)

Zernike coefficient(4) RMS(2)
Zs Zs Z; Zg Zy
0.048
—0.02 0.00 —0.02 0.03 0.04

Fringe pattern Interference pattern

FEE AL A W B, F R 1 S BT I
B2k T 1) 1 O 22 B A 850 5h 00 £ s, k45 R4
%6 R,

Fo6 AENKER
Tab.6 Test result of the angle

Normal of a
plane mirror

(0, 90.00321)

Normal of primary
mirror back

(0.00125,90.01324)

Space angle/(°)

WA 2N 3 (7), 1B vk 2 0 B [T R R 2
LA AR AR E T B K S350 A -
S = (0.999 999 569,0, —0.000 928 69)

S 1= (0.999 999 688, —2.181 66E 05, —0.000 789 587)
(10)
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Fig.8 Test of the line eccentricity
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