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Ultra-Precision Mothod of Joining a Polygon Mirror Using a Shrink Fitter
(Effect of Out-of-Roundness of Joining Surfaces on the Flatness
of Mirror Surfaces)

Isami NITTA, Akihiro KANNO and Kimio KOMATA

In a previous paper, a new simple and ultra-precision method of joining a polygon mirror onto
a SiC self-acting air bearing has been developed by using a shrink fitter as a new machine element.
In this new joining method, mirror surfaces were deformed beyond a desired flatness of 100 nm,
because of contact pressure applied at inner surface of the polygon mirror. This distortion of the
mirror surfaces is considerably affected by form errors or surface accuracy of the joining surfaces
and sizes of the polygon mirror. Therefore a secondary cut after the joining is needed to finish the
mirror surfaces to the desirable level. In order to dispense with the secondary cut, we must know how
the form errors affect the deformation of the mirror surfaces. In this paper, we considered only an
out-of-roundness as the form error. The effect of the out-of-roundness on the deformation of the
mirror surfaces was examined theoretically and experimentally. The calculated profiles of the
mirror surfaces were in agreement with the experimented ones. In addition, the range of the out-of~
roundness, in which the mirror surfaces were not deformed seriously, was shown in a 3-dimensional
diagram.

Key Words: Machine Element, Fixing Element, Shrink Fitter, Out-of-Roundness, Self-acting Air
Bearing, Polygon Mirror
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Fig.3 Out-of-Roundness of each shrink fitted assembly

Table 1 Sizes [mm] and mechanical properties of each element

Element Im':dgzter Thickness ;g;ﬂfuss P°r‘:tsi‘(’)“ls «(1/°C)
SIC bearing | 5.5 | 11 10 |336GPa| 02 | 3.8x10°
Shrink Fitter | 11 | 14 2.40GPa| 04 | 24x10°

Polygon Mirror | 14 28 5 69.0GPa| 0.34 56x10°

a: Coefficient of thermal expansion
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Fig.4 Profiles of mirror surfaces measured by ZYGO
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Fig.5 PV values of each mirror surface measured by ZYGO
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(d) Boundary conditions of each elements

Fig.6 FEM mesh and boundary conditions
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Table 2 Effect of Out-of-Roundness on the Flatness
of Mirror Surfaces [nm]

Ml M2 M3 average
SiC bearing 3.9 2.3 2.0 2.7
Shrink Fitter 439 17.6 62.8 414
Polygon Mirror 119.8 137.4 106.4 121.2

Ex20L LT CIREABRO I 7 —RKEFmo =R
TEERT DI ENTERNT ENSM5.

4, RERER L BUERRNTHRDHE

KSIZs UTe 2B B & BB RS RO LB & 1T 9
FRATIZ2IR T2 DT, 3RITTHLRBZE(MEE R &)DE
BB A & Bioiu B Phase  profile & DB %
1795, #HABM2ERRITIE, EBRRER & BIEmETT R
R LS =B LTWS. LaLand, MIOfFE
Mg RIXERER & X TEH T SnmBE R E L
RoTW3A. ¥, M3ICOWTIEES T50nmiREE D
THUBREL TS, ZOFRREE LT, BERIOI
F — B 00 1 BE ASEAT E1Z0nm T B DITHE L,
EBRITIX80~90nmIEE DO FEENFET D Z L %N
EBzbhd., MAT, BHFTHE<EELTWRVA
REORERHS.

BEAEM2Z DUV T ERFE R & BEMAITRE RS K
EL< Ao, MIOMIIM2D I S —RKEED
ZYGOIZ X 2HEDOHIZT. I T7—KEEmHLRALL
NEEIICEBATHNDEZ EROND. LENR-T, &
BRAE R L TR R OZENE, KI0@IIIHRDFER L TR
FTEOEARY 27— ElERE & SiCBYE#SE D
BEEINMEWZ L IRV FT bk tEXx N5,
E10(b)ix, FHRTRLEZ 7 —KEHBEORERRE TH
5.

FRoEEEOEE X, TRTOESERICEETS

=/ N\ /\

@

St u_&evi\/

£

]

£

0 nj/2 mn 3n/2 2n

Position 0

Fig.11 Interference as a function of circumferential position

279 —

NACSI S-El ectronic

Library Service



The Japan Society of Mechanical Engineers

1396 Ya)y 774 v EAVIRY) IV 7 — ORBEES

23, Db DITFEDEN/NEN-HIZI T —RFEIC
ERICHEVEEBEE X ot EZ LS.
UEbolkigr v, BEAEICBIT2ENELEE L
BAEARATIL, FEBEO I 7 —RANERRZ#115m03E 7%
HWHTYI2L—a L TEXREEZILNSD.
FERIZHWEEHMOM T3 0EEEZ - T
ToleblF T, AETA VTEEITOL TS
MIMETMLT L. ZOKE, #E4EMI, M3 T

EMEIC L 2 FEEORBLE, RATHR270mE o7

L7ch3o> T, ZOBERIBREZENEREILSXDE
BORXIO—IGORLERDEEZ NS,

5. & ¥

EBRFERE OHBIZL Y, KB TR FE
NHABEEREREL S IaL— N TE BT L DR
INEOT, e OBEMEICH L TERENREDL S
B EZT DR

BN, SiICENEMSZONEmOEME, v =27
74 v ZONABROEMELLORY 223 F—K
MOBMERENZNEM T ENEE I 7 — KA
DPVIEEZE I 2058 7. RAEREZRT. X
SOEMECRIERREL Y FRISNS LI ICHRY I3
T—DEMEOHEEN—BREN ENHND.

ZIZT, UFTHRA)IVIFS—DEHAEDCHRLE
IEEDZ LI L. i~ X oz, RYF2
7 —WEROE M EILE 2 0 EsZBEI AT & 5.
T/, SICEE#MR LT =) vy 7 4 v ¥ OBEMELR
VA7 =08 DIZHATENNE L 0L BN EH
PRIV DT, I T7—-RETOEMICRITETREITHE
SHEZ /N E W,

L7z T, SICBIE#Z L 2 o7 4 v 2 DE
MHEZEHELT, RY I 5—0NERREKRERD
EEEZE LT, HEAVWLNLTWEEABFOES

Fig.12 Exaggerated inner surface profile of the polygon mirror

HIZRIT DRBELHIBETT AL TED LEX
bhd., 22T, EHEOCEICL D I T —HER
WOERZFEB =012, FOERBEOE L IRE
EELsEBZLiCLE.

YAVR, SICEREBE#HZ 2T T 0y
Z OBERE CIEERET20um, Y277 4 v X
ERY I T — DR TR - TELT B
CIRE LT

S(0)=S,,,, HSy/2)sin(N 0 ) (1)
I,

S(6): 0 DALBED T A (K12588)

S ¥ A T2 OEHIE 20um)

Sy FRBIZ L 2 EME

N: g
Th5b.

B11iZ, N=3IZBIiT 3V A v nB{LoFFE2xRT.
K121z, ZOHEORY T2 F—ONEFIRE B
LTORY. NZI~SET, E£728,,%1~10umE TE(L
S THERNT 21TV, 2 7 —REmOMREIER
~z.

fEMTRE R 2 X131~ T, M IE D EORENT,
BT HROEIIS,,, 28 L T\W5a. fitlhl, 4«0
BEMAEICRIGT 5800 I 7 —REHE OB KPVIEDH,
BEENETEMNTHLIHED6T3nmE W -ETH
L. Thhbb, EMEORETI 7—KNATEOPVE
BENTETELIENER LTV, N=1DOFRIL,
HBY T 7 —ONEBENEREERSZEERLLT
WAHEBETHDHIDT, 7 -KFAEOER~DFEL
Ay

Sdevi [ m)

s oA

1.
500 (/]

400 i

300 |/
PV value [nm]
200

100

0

1 2 3 4 5
Wave number N

Fig.13 3-dimensional diagram of the effect of the Out-of-
Roundness on the flatness of the mirror surfaces

— 280 —

NACSI| S-El ectronic Library Service



The Japan Society of Mechanical Engineers

Y2 )y 74 v ¥ ERAVERY T -0BBERS 1397

Sy ZH—& L THEENOPVIEIZRITTHELRD
Ly N=54320IEIZHEN/NEL 0BT EBRpnd.
Flz, N=1LIATIE, S, S KRELRDIFEIT KN
HEOEF~DEENKEL ooz,

6. #

BE, a7 74y HEA0nTR)IIT—
ZSICEIEEZICEAT 256, BA%RICII T —KHE
DTERMINMETHD. AL THE, ZOBEEED
M TEERTAEO—ERE LT, EAEOEH
BN T —RNBEOERICRIETHELERIZL VA
~F,

F7, EREEBRL-BES I 21—V a v EREN
EOHREEE L TITolml 25, WL ERER
E—E L7

KB FEZHANT, RY I I 7—0NEEEIR
WNIEFZBEEINCENT 5 LIREL T, EVWEHOEM

BEICX LTI 7 —RAEOFEELZRD, BEMEDE
B BERICHALMC L.

AWEDO -, THEREHREXFHE
No.086501681Z & 2 = & A58 9 5.

X m

(DFFH - 7)1 /MR - 157, H675,62-599,C(1996),2785.
QB & - /MR- B, J65£,25-12,(1996),724.

(3)AFH - = 4T 75,39-320,5531,(1973),1342.
(4)FTH - T H - AR - I AR, 54-503,C(1988),1564.
(5)37 H - 5 K345,55-520,C(1989),3062.

—281—

NACSI| S-El ectronic Library Service



