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Optical Simulation on Ultra—Precision Method of Joining Lenses Using a Shrink Fitter

Akihiro KANNO, Isami NITTA and Kimio KOMATA

The f8 lens unit used in this simulation was consisted of four spherical lenses which were fixed into a housing by a shrink

fitter. The shrink fitter is a cylinder—shaped machine element which is made of plastic material. The f 6 lens unit with the shrink

fitter could converge the laser beam over a wide scanning width of 80mm. However the lager interference of shrinkage fit caused

the lens deformations, much greater than the conventional limitation of surface irregularity of A /2. These lens deformations

will deteriorate the laser beam spots. In addition to the effect of the interference, the beam spots will be very sensitive to lens

decenters and the lens tilts, Thus we theoretically examined the effects of the lens deformations and the lens alignment on the

laser beam spots of the f 8 lens unit fixed by the shrink fitter. The limitation of the interferences and the lens misalignment were

discussed.
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Fig.1 Principle of a shrink fitter
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Fig.3 FEM mesh of assembly
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Tablel Mechanical and thermal properties of the components

) Young’s Poisson’s ]

N Materials a[1/C)
. modulus [GPa] | ratio

L1 BAL35 (3%¢) 83.0 0253 |58 x 10
L2 PBM28 (3%) 55.2 0.231 |86 x 10+
L3 LALI4 (%) 111.8 028 |57 x 10¢
L4 BSMB1 (3%) 106.1 0.280 |59 X 10+
Shrink fitter POM 2.8 0.475 100 X 10°
Housing | Al (A5056B) 69.0 034 |24 X 10¢

(3%)OHARA Inc., o :coefficiert of thermal expantion
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(b) Profile of the deformed lens surface

Fig.4 Deformation of the lens(L4) surface simulated by FEM
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Fig.5 Example of the optical analysis

Table2 Limited interferences of each lens simulated by FEM and CODEV

pum
Lens No. L1 I2 13 14
A 72 of lens deformation L6 0.7 23 39
allowable value >200 18 64 >200
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(b) Each lens is shrink fitted individually

Fig.6 Deterioration in spot sizes caused by the shrinkage fit
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(b) Deterioration in the spot sizes caused by the lens decenter
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Fig.7 Effect of the lens decenter on the beam spots
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Table3 Limited decenters and tilts of each lens simulated by CODEV

Lens No. L1 12 L3 L4
+Y direction] 511 15 12 4
decenter
-Y direction 546 10 7

{m] total 1057 | 25 19 10
i [P0 Xaxisf 62 10 40 400
L8 Xaxis)] 8™ 20 20 320
("] total 1,490 30 60 720
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(b) Deterioration in the spot sizes caused by the lens tilt
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Fig.8 Effect of the lens tilt on the beam spots
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Fig.9 Deterioration in the spot sizes caused by the lens L2 tilt (X axis)
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