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Ultra-Precision Method of Joining Optical Lenses Using a Shrink Fitter

Isami NITTA, Akihiro KANNO, Nobuki KARITA, Kimio KOMATA and Kenji SHIRAI

An ultra-precision method of joining optical lenses in the cell has been developed by using a shrink fitter, in order to produce

a laser scanner having a wide field of vision and high resolution. In a current method , optical axes of the lenses in the cell do not

coincide with each other, when environmental temperature changes, because of great difference in thermal expansion coefficients

between the lenses and the cell. Therefore, the laser spot cannot be converged to a designed size on an image plane. A shrink fitter,

which has a higher thermal expansion coefficient than the lenses and the cell do, was inserted between them. The positioning

accuracy of the lenses in the cell did not change at any temperature since the shrink fitter sufficiently expanded or contracted in

the radial direction to compensate the change in interference. As a result, the lens unit assembled by the new method worked out

to converge the laser beam over a wide scanning width. In this paper, we examined the shrink fitter theoretically and

experimentally.
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Fig.1 Previous method of joining optical lenses into cell
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Circumferentia

Thermal expansion
of one piece of
the Shrink fitter

Fig.2 Principles of a shrink fitter
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Table 1 Specification of the scanner lens unit

Focal distance 69 mm
F number 4.7
Wave length 633 nm ( He-Ne laser)
Spot size ¢ 6.6 um

Scanning angle max £12.16°

Scanning width max £17.3 mm

Table 2 Materials and mechanical Properties of each lens

Material | Young’s modulus | Poisson’s .
Lens No. a[1/C)
%) [GPa] ratio
L1 SF10 62.0 0.230 7.1X10%
L2 LLF2 61.7 0.216 8.8X10%
L3 SKS 83.0 0253 5.8X10°¢
14 . LaSKO02 122.9 0.294 6.3X10%
L5 SKS5 83.0 0.253 5.8X10%
L6 LLF2 617 0.216 8.8X10%

(3%)prepared by OharaInc. , « :Coefficient of thermal expantion

4.85 : 2.37

¢ 62

Fig.3 Sizes[mm] of each lens
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Table 3(b) Diameter of shrink fitter and cell [mm]

Table 6 Mechanical properties of shrink fitter and cell

Shrink fitter Cell
forL2& L3 |forL4~L6 |forL2& L3 | forL4~L6
Inner diameter 49.962 61.965 68.490 80.760
Outer diameter | 68.489 80.762 789 90.6

Table 4 Out of roundness of each lens [um]

. . Young’s Poisson’s .
Materials a [1/C]
modulus [MPa] ratio
Shrink fitter Castnylon-UD (3¥)] 3.0 ~3.5 0.35 |80 X 10%
Cell A1(A5056B) 69.0 0.34 |24 X 10%

(3% )prepared by Mitsuboshi Belting Ltd., a: coefficient of thermal expantion

L2 L3 14 L5 L6 Table 7 Interferences of each lens (allowable value &
Out of roundness 4 3 11 6 4 in assembly) [um]
Lens No. L2 L3 L4 L5 L6
Table S Eccentricity of each lens [um] allowable value 255 14.0 19.9 501 53.5
L2 L3 L4 L5 L6 in assembly 13.0 5.0 1.0 5.0 21.0
direction of X -5.9 -1.7 -2.8 38 -12
direction of Y -56 -6.0 6.6 -0.8 -0.5 LTH 7.2um EHEVEBLL TR, LEER-T, FLUVAD
totaldistance | 81 | 62 | 72 | 34 [ 13 SR % AL L TRV IZ D T, ZOREDEBOR L
Do Th, IHEREMEY BYOWMR ARy MENS BN ST
R LASHERTEL.
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Fig.5 Analysis of beam profile
(scanning position:+15mm)

Fig.4 Eccentricity of lens (L4)
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Fig.6 FEM mesh of lens (L4)
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Fig.7 New joining method using a shrink fitter
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Fig.8 Profile of lens surface measured by laser interferometer
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Fig.11 Spot sizes in case of various temperature
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Fig.13 Spot sizes in case of sudden changes of temperature
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