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(A Study on Mirror-like Polishing of Brittle Material by Elastic Emission Machining)
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ABSTRACT

The small material removal rate of elastic emission machining (EEM) becomes a serious
problem due to using fine powder particles for obtaining finished surfaces of high quality. If a
cylindrical polyurethane-wheel is used as a tool for accelerating powder particles, the efficiency of
machining may be increased through enlarging the machining region and increasing the surface
velocity of the wheel. If these analytical results are compared with experimental ones, -
characteristics of EEM using polyurethane-whee! can be clarified.

In this study, effects of EEM using cylindrical polyurethane-wheel on the surface roughness and
the material removal rate were verified through polishing of the brittle material under various
conditions. The high-efficient polishing of silicon wafer has been also carried out using this method.

1. M =

wtE A REo 32 3] 2 (integrated circuit)]
AZzsHe dell Azl Wol} XM g A
£Eo] JE&HI Ut ojE A Az
ALEEE A dolHE A¥ol gflo] ¥&
AY=E JMAEE JHEE7] A% dEd HE
Hol a7 H D gUtt. BE, AYdFE dolve &
Aol dAvlAlel B T(unwoven  sheet
polisher)7t AL& €t} o8l 71F3HE 7MFES
EYM Alold] 4E £ E(rubbing)l &A% )
Aget zgo] o stFol zYd. ol
234 71¥e 1FET UM HEdeE ¥
oF ohEdel BAolnt EEMY rlE Fo ¥
AE 71D ok el do]l wAstAE ey
ztgo] AEA Ho EHAAVING SEHID,
ZaM 3 ¥(polisher plate)] I HPLZ A3}
WY Ert dojxA dvh. E=3, EFMY ik
= 24 BEQE BaAEA @ Mot
Aoty BAWEIFFH(EEM, elastic emission
machining)2 ©]-&8}H ol g 2dRPoRE <l
g g 48 FukEA gv 7iFel JbE
ok olqEgdaE FHE EHO FEA
A HEAE el EAsle AFE AlolddlA
o) A% ©A g9 (elastic fracture)®E Y2 P2 2A
Aol e 4A @99 srFol JtsEith &
AdtErtee 2AY EY FAUbEY WHF
2 FEo] Hy, B43¥ez HUHX 0.1lpm, X
wAA7) 001pme EAH F nm Hz9 HF
HaAzg 42 5 Ao a2y, J1&9 e
271gYe ATE NFFHeE Ao JHE

T8°] We e @dE Az A, wet
M, 7hE Mg B Ze FLsA gdodw
ME 7HE5 8L F3AE F e Y
gaygo] iFHUt

2 dFdAe g duertadd ¢ 34
Age n5E AW FTYLE 2437 AsA
4%y TEvddEE o8 JIEAANE A
Attt W ENTA ELLAE 7HEA
7171 fig X2 FEY  FfdeT

(polyurethane ball)y& A}4-3tH vl Gl 7HF

o] AFHu=Z FA Ao YL =t 99
9 AL T F dts FHol AL, 7
F999 AFoz Qlstd 2 vHF 7FFAIL0]
Z718HA € 2y, E2 e gEE AMSE
A HE g T g9 €W 99L @7l
4EE £ AR, 99 JAFEEE A T F
RolA T BAWEIIF] sHEEH, 7]
&9 @AuEstEAA ] dsly vimy 44
NEFANE FAE £ 4o 945% sy
P 0§ T S YEIIFY FLMFRFES
g3 FREY A (gap distance), FHEY
ol & T (feed rate), EYYAY A7), ETUA
o FaEe AW, g9 YL HAFEE F
olth, ol g zZtzte] srEFz el e A
dloln ol J1FHNYEE E3ld AANFTE AT
#HHe JF2AL E&Fn, F9 stz
o] AaAAETN EHAAAI ¢lXE 4FE
golr gty EF, AT HlIHE 7133 B
Ho| &4o] glo] @dAAWEI/NFY M3 ES
FAA R

- 1009 -



2. NEEA 2 Y

A2 T A E dor)y] fHEHAE
€3 3FE Alold] FAER YHE o] 83
M ETYAE JMEAE F e HEFASL
a7d} ol AFAHRLFAE FEYAt
9 ARt A RFRAAA FIAE Bdd F
7 wtav 23 PR F &40 A7 ¥
& Fostaje} e

Figl2 U5y Tcgdds o4 &4
WEVMEFAE EHFHo2 Yehd Aotk E
gt olREe] He ZIurgd YWe 3
o] AW rEFHEE &9 ESu
TE olgY ASEYG 1B E T e
¢ & Utk o] FAE EYHEY, ¥R
2 A9 &7, FLAHYir cylinder), T
37)(air-hydro converter), E8to]9 Hl o] 2 (sliding
base), &tol¥ 7}o]E(sliding guide), F A o]
W) B (air control valve) 522 Al Fo] QUth

Air control valve,
Polyurethane-wheel n Air supply
| T
) __[_‘ i ' | Airhyd converter
Vessel | i
Machining —4— |-Oil supply
fluid
Rod Air eylil
Magnetic chuck.

Sliding guide  Sliding bese Workpicce
+ vise

Fig.1 Schematic diagram of EEM apparatus
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Table 1 Experimental conditions and measuring
devices

alumina (AL,0O;), diameter ;

Powder particle 1/0.25 um

Water + powder particles

Machining fluid + grinding fluid

Aluminum coated with
polyurethane

Polyurethane-wheel Diameter : 180 mm

Width : 30 mm
Surface velocity : 32 m/s
Workpiece Silicon wafer
Surface roughness tester Stylus type, Rank Taylor
Hobson

Ohaus, TP200

Weighing machine
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Fig.2 Photograph of Al,03 powder particle by
microscope
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L | 12.5 pm (X 2000)

Workpiece : silicon wafer
Surface roughness : R;=0.15 pm, Rp,=1.37 pm

Fig.3 Surface of silicon wafer before machining
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L 1 12.5 um (X 2000)

(a) minimum gap distance : 0 pm (b) minimum gap distance : 5 pm

(c) minimum gap distance : 7 um (d) minimum gap distance : 10 um

Workpiece : silicon wafer
Weight % of particles : 10%
Machining time : 30 min
Feed rate : 30 mm/min

Fig.4 Photographs of machined surface
(1 um-diameter particle)

Lo 1 12,5 um (X 2000)

(2) minimum gap distance : 0 um

(b) minimum gap distance : § pm

() inum gap istancc 17 um (d) minimum gap distance : 10 um

Workpiece : silicon wafer
Weight % of particles : 10%
Machining time : 30 min
Feed rate : 30 mm/min

Fig.5 Photographs of machined surface
(0.25 pm-diameter particle)
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Fig.10 External view of silicon wafer polished by
EEM using polyurethane-wheel
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