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Precision Assembly and Adjustment Technologies of High-precision

Adjustable Focusing Objective Lens
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(School of Optoelectronic Engineering, Xi’ an Technological University, Xi’ an 710032, China)

ABSTRACT: To address image quality degradation caused by error accumulation during the as—
sembly of high—precision adjustable-focus objective lenses, a precision assembly method based on
assembly and adjustment technology was proposed. The assembly accuracy and stability of the
optical system were improved by optimizing the assembly process and controlling key parameters.
First, an optical system model was established based on the Zemax simulation software, and the
sensitivity of the lens eccentricity and tilt of the lens group to the image quality was determined

by sensitivity analysis of the MTF (Modulation Transfer Function) . During the implementation
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phase, a centering lathe was used for the initial centering of optical components, ensuring that

the coaxiality error of the lens group was< 10 pm in a single clamping. The posture of the lens

group was dynamically monitored and quantitative feedback was provided using a center deviation

measurement instrument. Micron—level adjustment of the optical axis deviation was achieved, en-

suring that the eccentricity was<20 pm and the tilt angle was<<30"” . The results show that the

proposed method significantly reduces the nonlinear interference of assembly errors on the imaging

quality of optical systems by combining standardized assembly and adjustment processes with

quantitative evaluation systems. Compared with traditional coarse adjustment methods, the pro-

posed method reduces the wavefront aberration of the adjustable—focus objective lens from 0.10 A
(A=632.8 nm) to below 0.06 . The MTF values (at 30 Ip/mm) at 3 object distances of 1, 2,

and 3 m reach 0.64, 0.68, and 0.62, respectively, representing an improvement of over 40%

compared to the pre—optimization levels.

KEYWORDS: internal focusing optical lens; high—precision assembly; sensitivity analysis; op—

tical axis calibration; space optics
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Table 1 Requirements for optical system indicators
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Fig. 2 Analysis of error sources of optical lenses
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2.1 EREELS%R

TE e A B2 T R AR W) B A A R AR D, BB E
O AR EL R B OCE BRI, HOR B B )
Bo R B, BT BORE f [R] O PRI DG R B
IR TR B AR, AR R v B AT 5 Ot
M, MIAFAE R 22, 25 AN L AR UE I 2 7 H 3
M 2 C J A AR BT Y S DR IO S A

O BB, 2R %O RGN %2
K, EEEAMEERKCE LT AT A HEE R,
T8 SR 0 R R, Y DI el 5 L B S
Ui L, DA A O 375 B 7 2 I A A T 3 A v
OG5 P BE FIAS RE 1
BRS04 TR o
AT R A KR, B OCE R BIDG
AR GE N I 0 R T R PG R, 2 A T K
O RS PR PR AL TR R B AR A
RO N e, BedhiEs, T BRATNEZ B,
BBkl 4B, #7543 KB b, T A
VHB A Bk 3046
m=_(4cB8) /b (2)
b m R IIARE; BB RO B
NI RGERIE ETOR A s b o R AR o
TSR AG ) Bk Bl M B0 I YO Rl m, A RS Bl 0B
H 2 TR sh 8L A vr 9 7E BN Bk sl

4 zOBERMNEEDCRE

Fig. 4 Centering principle of self-collimated reflection

image of sphere center
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Table 2 Data of surface shape detection for different assembly and adjustment stages of a high-precision

adjustable focusing objective lens A
BHIRZS Bil 552 B3 i 4 Bi5 Bi6 57
et 0.014 0.01 0.012 0.009 0.012 0.012 0.013
NHE 0.017 0.015 0.015 0.012 0.015 0.016 0.015
A HELE £k 0.017 0.018 0.017 0.018 0.013 0.015 0.016
TR [ AL 0.016 0.016 0.016 0.019 0.016 0.016 0.016
E L IS 0.018 0.016 0.015 0.019 0.017 0.018 0.019

YA 0.016 4 0.015 0.015 0.0154 0.014 6 0.0154 0.0158
e 72 0.001 35 0.002 68 0.001 67 0.004 12 0.001 85 0.001 95 0.001 93
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Fig.5 Data of surface shape changes of a

high-precision adjustable focusing objective lens
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Table 3 Setting of objective lens centering errors (mm, °)
Fr il B2 53 54 55 556 57
1 (0.003,0.01>  (0.003,0.01> (0.003,0.01> (0.003,0.01> (0.003,0.01> (0.003,0.01> (0.003,0.01)
2 (0.013,0.02> (0.013,0.02> (0.013,0.02> (0.013,0.02> (0.013,0.02> (0.013,0.02) (0.013,0.02)
3 (0.023,0.03)  (0.023,0.03> (0.023,0.03> (0.023,0.03> (0.023,0.03> (0.023,0.03) (0.023,0.03)
4 (0.033,0.04>  (0.033,0.04> (0.033,0.04> (0.033,0.04> (0.033,0.04> (0.033,0.04> (0.033,0.04)
5 (0.043,0.05)  (0.043,0.05> (0.043,0.05) (0.043,0.05> (0.043,0.05> (0.043,0.05) (0.043,0.05)
R4 DETRRERYESN
Table 4 Sensitivity analysis of objective lens translation errors (mm, MTF)
Ede) 51 52 B3 54 55 56 57
1 (0.003,0.777> (0.003,0.777> (0.003,0.776) (0.003,0.776> (0.003,0.777) (0.003,0.777> (0.003,0.777)
2 (0.013,0.777> (0.013,0.772> (0.013,0.748) (0.013,0.747> (0.013,0.777> (0.013,0.777> (0.013,0.777>
3 €0.023,0.777> (0.023,0.731> (0.023,0.696> (0.023,0.692) (0.023,0.776) (0.023,0.776> (0.023,0.776)
4 (0.033,0.775) (0.033,0.745> (0.033,0.634) (0.033,0.625) (0.033,0.625) (0.033,0.755) (0.033,0.774>
5 (0.043,0.774> (0.043,0.724> (0.043,0.569> (0.043,0.553) (0.043,0.762) (0.043,0.772> (0.043,0.772)
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Fig. 6 Sensitivity analysis of lens translation
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Table 5 Sensitivity analysis of objective lens tilt errors ,MTF)
Fr il B2 53 5i4 55 56 57
1 (0.01,0.777>  (0.01,0.777>  (0.01,0.776>  (0.01,0.776>  (0.01,0.777)  (0.01,0.777>  (0.01,0.777)
2 (0.02,0.777>  (0.02,0.756>  (0.02,0.570>  (0.02,0.656>  (0.02,0.775>  (0.02,0.777>  (0.02,0.777)
3 (0.03,0.777>  (0.03,0.732>  (0.03,0.427)  (0.03,0.555) (0.03,0.772)  (0.03,0.776>  (0.03,0.776)
4 (0.04,0.777>  (0.04,0.701)  (0.04,0.323)  (0.04,0.455) (0.04,0.768)  (0.04,0.775)  (0.04,0.774)
5 (0.05,0.777)  (0.05,0.666)  (0.05,0.240)  (0.05,0.376)  (0.05,0.774)  (0.05,0.774>  (0.05,0.774)
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Fig. 7 Sensitivity analysis of lens tilt
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Fig. 8 Optical path for wave aberration detection of

adjustable focusing objective lens
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Table 6 Translation and tilt data of different lens before

centering deviation

bk P /pm gt/ "
Bl 73.505 45.9
Bi2 96.694 149.9
Bi3 87.518 163.9
Bi4 98.917 63.2
Bi5 70.423 29.053
#6 37.281 100.6
5i7 20.388 20.7
L] 69.246 81.893
b ifE 22 27.764 53.293
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Table 7 Translation and tilt data of each lens after

centering deviation

75 T /pm gt/ "
Hi 1 7.796 23.21
5i2 8.94 24.05
5i3 5.396 17.68
Bi4 9.412 16.71
55 13.556 21.25
556 10.265 20.72
5i7 13.125 27.96
ESLEE 9.784 21.654
e % 2.664 3.569
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Fig. 11 Detection results of wave aberration after

system fine-tuning
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Table 8 Data of system wave aberration after fine-tuning

at different object distances

FRGAE LR ENATH Y RIRE (BT Frggs/m SRR R
PRSIy BB 22 BRI iR 22D, 5 BTEfE | 0140 0,025
i AR N R I BUR L Bk UE, A 5 013 0.054
WA, AR PR RE L 2E , 1% R IR AR A AN T 5 0,103 0,056
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Table 9 Transfer function values at different spatial frequencies and object distances
% [ B e/ 1 m &b Imiabilik  2mi74  2miilk  3miTH 3mibilx
Iprmm” J7 1A% B J7 A% b 5 161 4% B&i J7 A% bR J7 1A% bR J7 1A% b

10 0.88 0.87 0.90 0.86 0.85 0.85

20 0.75 0.75 0.79 0.75 0.71 0.72

30 0.64 0.63 0.68 0.65 0.60 0.61

40 0.54 0.52 0.57 0.55 0.51 0.52

50 0.45 0.43 0.48 0.47 0.44 0.46

60 0.40 0.38 0.40 0.40 0.40 0.40

70 0.33 0.31 0.32 0.32 0.35 0.36

80 0.30 0.28 0.28 0.28 0.31 0.31

90 0.28 0.24 0.24 0.24 0.29 0.29
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