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Method to Solve Assembly Misalignment of Two-Reverse System
Based on Vector Wave Aberration Theory
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¢ Beijing Institute of Remote Sensing Equipment, Beijing 100854, China

Abstract This study proposes a method to solve the assembly misalignment of two-reverse systems based on the
three-level aberration theory in vector wave aberration theory. The proposed method uses the wavefront aberration
coefficient of the axial field of view to establish a model for the misalignment solution. Then, the interval error is
solved based on the spherical aberration coefficient. The eccentricity and inclination error are solved based on the
coma error and astigmatism coefficient, which considerably improves the accuracy and efficiency of the solution.
Using a two-reverse optical system as an example, the alignment is simulated based on the Zemax optical design
software, the disorder aberration coefficient of axial field of view is reduced to 10" orders of magnitude, the
misadjustment error correction is reduced to 10° orders of magnitude, and good alignment effect is achieved. The
model is used to guide the alignment of a two-reverse system, so that the calculating precision and the alignment
accuracy meet the requirements. The Zemax simulation and practical results demonstrate that the proposed method
functions correctly.
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Table 2 State change during system alignment

Spherical Coma and Spherical Coma and Coma and
Ttem Initial state aberration astigmatism aberration astigmatism astigmatism
correction correction correction correction correction
D./mm 1.2 0.08087842 0.08087842 1.50374 X107° 1.50374 X107  —1.43778X10°°
D, /mm 0.5 0.5 —0.00200622 —0.00200622 —0.00098510 1.69084 X 10°°
D,/mm —0.75 —0.75 0.00265171 0.00265171 0.00097903 —7.73288 %10 °
T,/ 0.21 0.21 0.01077287 0.01077287 —0.00325258 2.56832X107°
T,/ —0.32 —0.32 0.00739672 0.00739672 —0.00327274 5.61329X107°
Cs —0.66313579 —0.58405183 0.00001824 0.00001801 0.00000000 0.00000000
Cs —1.06318042 —0.99662740 0.00004603 0.00004541 0.00000011 0.00000000
C, —9.17465699 —8.06838398 0.05723730 0.05686537 0.00000003 —0.00000002
Cs 10.92039219 9.30615168 —0.07969032 —0.07919037 —0.00000002 —0.00000008
C, 2.51101043 2.51101043 0.16240162 —0.00997993 —0.0000006 —0.00000006
PV 38.22162042 23.0993551 0.78194180 1.37066420 1.22703541 1.22699556
RMS 7.38342091 4.53141891 0.20912868 0.40435121 0.40304867 0.4030989
HIP 7 FISR 2w g R A SEARRY B . BRLIR .
B AR/ RS R PR IR 22 PV ORI RMS {H HI TR R 2 R BUR Z IR THOLF R G T iy

B SO/ R GEER 22 AR 2 RBONR R Iy W5 R0 -5 0 1 18 2% 9 Y 1L o 30T 48 2K O o i SR
/NE 10T TR G, BRI IR ZE A IE R 10 80 IRARRRYIR ZE A IR . AR S BRI L 32 B Y T

0722002-7



% {5

R 25 25l ABE, AN REHERH 73 B R G T
AR 02 X A8 R ) v 0 B2 7 A R

4 BEYE S

kg S IE i i SR R i B 0 Y SR PR AIOR SR
BEPL RO W 557 1 575 F O BN 9 8 R
5E T SIBRI R RS IEAT R . PR RS
A5 624 RO BE L ZY GO BOE T AR R %
7 E H B E A ML L Rl 8 TR . ZYGO %
6T VB AR I 28 8 U A R 25 MRS B N A R B E A
HILAR T 25 RS B 42 1l 3R [ B 1) 1 S B . R 5
BrBe i SE i, 0t 4 YRR RGP AT IR 22 PV {H
WG 3.037A (A =0.6328 pum) WS 1.0421 , N
B9 i,

K8 Sehr¥E TG

Fig. 8 Actualalignment site

1.042 wave

0.112 wave

B9 REM4GE. (OWHREGEZE: DRGEEMSRFHE
Fig. 9 System aberrations. (a) Original aberration;

(b) aberration after systemalignment

BB OG5 R 58 T AR AR v I 210 M B AR
SFUROT A B, BB IR N T2 PV 2 0.52
I 28 G2 AR B AT DL AT ST AR R . AR A D
RN T 2R 458 g A b T A e
TE 4 S M0 AT DA DR I 2 9 S B UK B TP 2
I 0.54 . R EWBTE A LM LL Zernike 2 T30
ARG B T SO PF AT RAAS 21 35 BT & 58 19 O
RIERZE0 12 1% 1A B FR G0 AT 1R 22 2 i KB &
G ER R IR ZE N TR 2255 BBy, Wl
WL R B 4 i 5 O 1 R i B AR S T iR 25 5
WAHAAZEARF] 500, 75 52 bl 1T vh 2 58 A v L2
85 TN Sy % 9 i i B A IR R R e RN TR X 8 B
TEHESR

5 4 1w

BT =R EWAARZEE BT MR R
G e IO 2R ) R BTV . SR T R 1k 22 R HUR
TR B iR 2 R b 1 R 3 2 G AR B 53 D
Oy R R GE 25, O 8 ST T A N Y A SRR A,
FHIZ SR ) 6 figp S0 2 B R AT BRI, B B
R TR MER PR R T R R RS . R SR
25 Zernike REER2E | £ 25 MR EI ¥ AL IE £ 1077
B g, d5eJE R 20k R A SRR R S SEBR A
RAEM RV, Z0d 4 R, B R AN
WAg 22/ T 10420, SEISME MR 25/ F 5% , UEW]
TR B TR PR P R S

s % x #

[1] GuoYX, LiYC, Liang T M, et al. Optical design
of the uncoaxial three-mirror system with wide field
of view[J]. Acta Optica Sinica, 2010, 30(9): 2680-
2683.
FAHE, A, BRAM, F. —FRUWGE M=
BRG] e 24, 2010, 30(9): 2680-

2683.
[2] Hvisc A M, Burge ] H. Alignment analysis of four-
mirror  spherical  aberration  correctors [ J .

Proceedings of SPIE, 2008, 7018: 701819.

[3] Yang X F. Study on the computer-aided alignment of
three-mirror optical system [ DJ]. Changchun:
Graduate University of the Chinese Academy of
Sciences, 2004.

Bl = R B R G B AL D R
o [D]. K& PEBERE AR, 2004.
[4] Sun]J W, Li T Y, Yao L S, et al. Design and

assembly of transmitter-telescope [J]. Optics and

0722002-8



n
¥

{5

(6]

7]

(8]

(9]

[10]

(11]

[12]

Precision Engineering, 2014, 22(2): 369-375.
IMELA, BORT, BEm W, fF. R EImG it S
B, b B TR, 2014, 22(2): 369-375.
Kim S, Yang H S, Lee Y W, et al. Merit function
regression method for efficient alignment control of
two-mirror optical systems [J]. Optics Express,
2007, 15(8): 5059-5068.

Lee H, Dalton G B, Tosh I A, et al. Computer-
guided alignment 1: phase and amplitude modulation
of alignment-influenced optical wavefront[]J]. Optics
Express, 2007, 15(6): 3127-3139.

Lee H, Dalton G B, Tosh I A J, et al. Computer-
guided alignment II: optical system alignment using
differential wavefront sampling[J]. Optics Express,
2007, 15(23): 15424-15437.

Lee H, Dalton G B, Tosh I A, er al. Computer-
guided alignment III: description of inter-element
alignment effect in circular-pupil optical systems[]J].
Optics Express, 2008, 16(15): 10992-11006.
Thompson K P. Aberration fields in
Arizona: The

tilted and
decentered optical systems [ D].
University of Arizona, 1980.
Thompson K P, Rolland ] P. A page from “the
drawer”: how Roland Shack opened the door to the
aberration theory of freeform optics[J]. Proceedings
of SPIE, 2014, 9186: 91860A.

Thompson K. Description of the third-order optical
aberrations of near-circular pupil optical systems
without symmetry[]]. Journal of the Optical Society
of America A, 2005, 22(7): 1389-1401.

Gu Z Y. Misalignment corrections in reflective
telescopes [D]. Changchun: Graduate University of
the Chinese Academy of Sciences, 2016.

B AT . R SR R AR IE R BT SE[(D] . K

[13]

[14]

[15]

[16]

(17]

0722002-9

A PEBEREOIILERE, 2016,
Kong X H, Fan X W. Alignment of two-mirror
aspherical optical system based on vector aberration
theory[J]. Laser & Optoelectronics Progress, 2010,
47(8): 082202.

LR, B2 ST REWGRZ ISP E R G K
FRARBE G [J]. WOt S5otl 72, 2010, 47
(8): 082202.

Xu Q R. Research on key technology of large optical
system alignment [D]. Chengdu: Institute of Optics
and Electronics Chinese Academy of Sciences, 2017.
M. KRORBRGH REEKR LB AR [D]. WK
# - E R RO R BESET, 2017.

Shi H D, Zhang X, Li Y C,

aberration properties

et al. Analysis of

of pupil off-axis freeform
surface optical system[J]. Acta Optica Sinica, 2017,
37(12): 1208001.

BEAR, KRBT, B, S ORE R B o
RYGAR 22 Ry M [J]. Jesf A4k, 2017, 37(12):
1208001.

Sun ] W. Study on the alignment technique of large
ground-based electro-optical imaging telescope [D].
Changchun: Graduate University of the Chinese
Academy of Sciences, 2011.

ST B NIRRT e S R N 1
[D]. K& mEBEBORER, 2011.

Pang Z H, Fan X W, Chen Q F, et al. Influence of
surface-profile error of larger mirror on aberrations
characteristics of optical system [J]. Acta Optica
Sinica, 2013, 33(4): 0422002.

Ve, BRI, MR, 5. R DR SRR T E 1%
ZEX G2 R GG ZEREVE R E W [T] . OG22, 2013,
33(4): 0422002.



