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Research on Alignment of Coaxial Optical System Based on
Global Optimization Alignment Method

LIU Zijian', Y] Guangwei
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract; Taking the ring assembly plane of cylinder part of coaxial optical system as the research ob-
ject, the principle of tilt error transfer and compensation of fiducial axis in the case of multiple parts assem-
bling was studied. Firstly, optical alignment of coaxial optical system and typical centering fiducial axis
transfer paths were analyzed. And then error measurement and Least Square Method were conducted to fit
the ring assembly plane of cylinder part and to get the coefficients of least-squares plane equation. By the
theory of 3D geometry transformation, the transformation matrices precisely describing the tilt error of
bottom face and top face in a single part, the transformation matrices of two coordinate systems of assem-
bly joint surface in the case of two parts assembling and the function relationship between the angle be-
tween two Normal Lines of Initial Bottom Surface and End Top Surface (ANLIBSETS) and the Relative
Load Angle (RLA) in the case of multiple parts assembling were established. Aiming at different types of
centering fiducial axis transfer paths and applying different genetic algorithm plans, the optimization of

ANLIBSETS was achieved. The method of solving the error of RILA was proposed. Finally, an optical a-
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lignment method of coaxial optical system based on global optimization alignment method was proposed.

The feasibility and practicability of this method are verified by an example of a coaxial optical system.

Key words: coaxial optical systems;global optimization;optical alignment;centering fiducial axis;genet-

ic algorithm
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Fig.1 A 40 Xinfinity flat-field objective in a microscope

26\e5 \2\2O\INI BN 7\ 16

I~15—8i 2l k5 16.25.31.38—Bifd

17.19.21.22.24.27.28.30,32~35,

37.39. 41 T S5 FH 4T 18,40 HAE;
20.23.26.29 36— & 5

B2 XIE#mKizps
Fig. 2 A submicron lithography objective
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Fig. 3 Tilt error of transfer path
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Fig. 4 The cross section contour of a part
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Fig.9 The relative positions of bolts between two parts
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Tab.1 Parameters of plane equations for assembly
of parts in an optical system

ar ak /7/: bk

E1 0 —0.000 248 628 0 —0.000 014 720
Ff2 —0.000 161 183 0,000 058 117 —0.000 069 116 0,000 100 777

F3 —0.000 002 446 —0.000 219 243 0.000 044 938  —0.000 212 366
F 4 —0.000 194 884 —0.000 231 928 0,000 010 063  —0. 000 050 459
FF5 0.000 102 050 0.000 007 993 0.000 082 607 —0.000 127 059

F6 0.000086 172 —0.000 094 848 0.000 053 616 —0,000 038 258
FMT7 0,000 000 116 0,000 041 149 0.000 089 789 0.000 064 868
Ef8  —0.000 007 084 0 —0.000 013 194 0
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Tab.2 5 groups of run results in transfer path 1
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Tab.3 5 groups of run results in transfer path 2

(23)

g EAE il Hod 34l Al CRE |

) ARl Heod CREl Hadl Hodl

21073 3.6743  6.0803  1.8005  6.4953
e/ad s X107 X107 X107 X108
g /rad  0.3323  0.3001  4.7064  5.6542 06477
0, /rad  1.8820  3.4798  5.5481 15942  1.3348
g /rad 34512 10335  2.5695  1.2389  2.5005
g /rad  0.9529  4.5538  0.5305  4.1875 2,082 8
05 /rad  5.5243  3.5608  0.0279  3.4855  0.602 1
0 /rad  5.9509  4.1948  5.3423  0.4795  5.3862

07 /rad 1.833 0 1.740 5 1.615 4 3.7290 1.905 6

2.6735  5.5806  2.6735  6.7048  2.8950
gofrad 0 X106 X100 X106 X107°
0 /rad 300 0 300 60 60
0, /rad 300 240 300 60 120
05 /rad 180 180 180 240 180
0, /rad 240 60 240 300 180
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0s /rad 180 180 180 0 0
07 /rad 120 0 120 180 120
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