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New Method of Joining a Polygon Mirror Using a Shrink Fitter

(Static and Dynamic Properties of Assemblies and
Effect of Size on the Flatness of End Surfaces)

Isami NITTA, Hideo FURUKAWA,
Kimio KOMATA and Daisuke KONNO

A conventionally shrink fitted assembly of an aluminum polygon mirror and a SiC self acting
air bearing becomes loosened at temperatures as low as 60°C because of the great difference in the
thermal expansions of these two components, although it exhibits sufficient strength at room tempera-
ture. Temperature rise and centrifugal force in operation deform the mirror end surfaces by the
order of hundreds of nano Meters or more. The distorted mirror end surfaces adversely affect the
quality of devices such as photocopiers and laser printers. This problem has been solved by using a
shrink fitter, which is a new machine element developed in previous work. The shrink fitter is ring
shaped and has several slits in the radial direction. Its material needs to have a higher coeflicient of
thermal expansion than aluminum. Thus, polyimide was used for the material of the shrink fitter.
Dynamic properties, such as jitter and tracking accuracy, of the assembly fabricated using the shrink
fitter were one-fifth to one tenth of those of the conventional assembly. This new joining method
eliminates the need for maintenance. The shrink fitter made it easier to attach the polygon mirror
to the air bearing. The omission of final cutting of the polygon mirror after fabrication was
discussed.
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Fig.4 A shrink fitted assembly using the shrink fitter
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Table 1 Sizes of cach clement (mm)

R, JR [R | R
Profile of Mirror End Surface
and Jitter (8 Facets) 55111 | 1427
Tracking Accuracy (6 Facets) | 5.5 | 11 17 | 39
Table 2 Thickness of each element (mm)
SiC Air Bearing Shrink Fitter Polygon Mirror
10 5 5
Table 3 Mechanical propertics of each element
Materials Youn%’s Poisson’s Rat i!ﬁocfﬁcicnt of
Modulus(GPa) Thermal
Expansion(1/°C)
SiC 336 0.2 3.8x10°
Polyimide 2.40 0.4 56x10°
Aluminum 69.0 0.34 24x10°
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Fig.5 Principles of measuring dynamic propertics
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Fig.6 Profile of mirror end surface before assembling : PV 695nm
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Fig.7 Profile of mirror end surface after a rotation test : PV 72nm
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Tablc 4 Instrument and devices used for the measurement
Modulation Domain Analyzer(HP53310A, HP)
Semiconductor Laser (LTO28PSx5mW, A=780nm, Sharp)
Potodiode(photo IC $5049, Hamamatu Photoniques)

Table S Measuring conditions

Rotational  |Number of Facets [Dimensions of
Speed (rpm) Each Element
Profile of .
Mirror End 0 8 inTable 1, 2
[Surface
Uitter 20,000 8 inTable 1,2
[Trackin ;
Aceara Cgv 9,000 6 in Table 1, 2
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Fig.8 Long term jitter of the assembly joined by the conventional method
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Fig.9 Short term jitter of the assembly joined by the conventional method
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Fig.11 Short term jitter of the assembly using the shrink fitter
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Fig.13 Tracking accuracy of the assembly using the shrink fitter : 5.41s

!

Fig.14 2-dimensional FEM model of the assembly
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