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Ultra-Precision Method of Joining a Polygon Mirror Using a Shrink Fitter
(Optimum Shape for Flatness of the Mirror Surface in Rotation)

Isami NITTA, Hiroshi ASAI, Kimio KOMATA and Daisuke KONNO

In a previous paper, we have developed a ultra-precision method of joining an alumimum
polygon mirror and a SiC self-acting air bearing using a shrink fitter. However, after the joining, the
mirror surfaces need to be refinished by an ultra-precision lathe to the flattness of under 100nm,
because the flattness of the mirror surfaces will deteriorate beyond the allowable level. In this paper,
we tryed to maintain the allowable flattness of the mirror surfaces even after the joining by changing
the shape of the polygon mirror. Optimum shapes were theoretically seeked by 2-dimensional FEM
analysis through trial and error. After some 23 shapes were examind, we succeeded in finding the
optimum shape that maintain the flattness below 146 nm at a rotational speed of 30,000 rpm. The
optimum shape obtained by the 2D-FEM analysis was examind by the 3D-FEM analysis.
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Tablel Sizes of each element
Elements Radii(mm) Thickness(mm)
Inner | Outer
SiC Bearing 5.5 11 10
Shrink Fitter 11 14
Polygon Mirror 14 28*

*: radius of the inscribed circle

Table 2 Mechanical properties of each material

Materials Young'’s Poisspn’s Coeff.qf thermal
modulus(GPa) ratio 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.6 Profiles of mirror surfaces for various slit length
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Fig.7 Profiles of mirror surfaces for various slits
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Fig.9 Profiles of mirror surfaces for tilted slits
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Fig.10 Profiles of mirror surfaces for modified slits
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Fig.11 Profiles of mirror surfaces for thick slits
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Fig.12 Profiles of mirror surfaces for multi-slits
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