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AbStract 

Electlicaldischargemachining（EＤＭ）ofataperedmicroholefromitssmalleropeningismoredifficultto 
pelfOrmthanfromitslargeropening・Suchdrilling，howevel；isunavoidableforsomeapplications･EDMof
reverse-taperedmicroholcshastherefbrebeenattcmptedusingbentelectrodes、Thebentelectrodeswcre

fabricate。fromasteppedornotchedstraightelectrode，ｗｈｉｃｈｗａｓｂｅｎｔａｔｌｔｓｓｔｅｐｏｒｎｏｔｃｈＵｓingsuch
electrodes，reverse-taperedshapeswereobtainedbycontroningtheelectrodefeeddirectionandrotation･Asa 

result,holeswithadiameteroflessthanlOO′ｍａｎｄａｃｏｎｅａｎｇｌｅｏｆｕｐｔｏ９０･weresuccessfnllydlilledincopper 
plates・Thecirculalityofdrilledholesandthemachiningtimeimprovedincomparisonwiththoseobtainedina
prevlousstudy・Combinationsofsh･aightandtaperedholes，andtapercdandstraightholeswerealsodrilled
Furthermore,thistechniquewasusedtochamferonｅｏｐｅｎｍｇｏｆａｈｏｌefromUleopposlteopenmg・
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ＬＩＮＴＩＲＯＤＵＣＴＩＯＮ alargeanglebecauseitiselasticallybent,makingit 
difficulttodlillho]eswithalargeconeangle・
Furthermore，theywelealsounabletofabricate 

holeswithadiamcteroflessthanlOOﾉｨIn 

Wehavethereforedrilledreverse-taperedholesof 
lcssthanlOO〃mdiameterusmgplasticallybent
clectrodes5)．Asaresult，ａｈｏｌｅｏｆ５０〆mentrance
diamcterandll5"mexitdiameterwasfabricated･ 

Howevel；itscircularitywaspoorwithapproxlmate 
valuesof知mowmgtounevenelectrodewearalld
totheabsenceofcontinuousrotationoftheelectrode， 

becausetheelectrodefeedmotionwascontrolledby 
adjustingthcelectroderotatlonangleMoreover,the 
machiningtimewaslongbecausethisfeedmotlon 

wasmanuallycontrolledlnthisstudy，wehave 
thereforeattemptedtoimprovetheholecirculality 
andmachiningtimeintheEDMofreverse-tapered 
microholesbymodifyingtheelectrodeshapeand 
feedmotionDIillingcombinationsofstraightand 
reverse-taperedholes，ａｎｄreverse-taperedand 
straightholeswasalsoattemptedFurthcnnore，this 
teclmiqucwasusedtochamferoneopeningofahole 
fromtheopposlteopenmg． 

Electricaldischalgemachining（EＤＭ）hasbeen 
widelyemployedfordrilungmicroholesinvanous 
materials，becauseltcandealwithhardmaterials 

andthemachinmgforceexertedonaworkpieceis 
muchsmallcrthanthatinmcchanicalmachining 
processesThepnmalyapplicationsofsuch 
microholesareasnozzlesforinjectingfUelor 
formingfibers，ａｎｄａｓｄｉｅｓｆｏｒｄｒａｗｉｎｇｗｉｒｅｓ・These

holesoftenneedtobetaperedwithoneopening 
lalgerthanlheothemAlthoughataperedholeis 
usuallydrilledfromitslargeropcningfOreaseof 

machinmg，suchdrillingisdifficulttocarryｏｕｔｌｎ 

ｓｏｍｅｃａｓｅｓ，requiringameUlodofproducinga 
reverse-taperedholewithanoverhang 

AsanEDMmethodfbrfabricatingashapewith 
anoverhangsuchasareverse-taperedholQGotoel 
aLhavedevelopedａｎＥＤＭｓｙｓｔｅｍｗｉｔｈａｎｅｘｉｂｌｅ 
ａｒｍ，onwhosetipanelectrodewasfixed')．Holes 
withalalgeoverhangsimilartomolemnnelswere 

fablicatedThismethod,howeveEcannotbeapplied 
tomicroholes，becausethearmhasmechanicalparts 
msideitandminimizingitssizeisnmited・Although
wire-EDMcanproduceareverse-taperedholeusing 
aninclinedwireelectrodc，ｉｔａｌｓｏｈａｓｄifficultyin 
dlillingamicroholeｏｗｍｇｔｏｌｈｅｗｉｒｅｄｉａｍｅｔｅｒ 
ｂｅｉｎｇｃｌｏｓetotheholediameter、

MasuzawaetaLhavesuccessfullyfabricated 
reverse-tapercdmicroholeswithvanouscone 

anglcs2)3〕．HoweveEtheirmethodrequlresalathe-
typeEDMmachineandholeswithadiameterofless 

thanlOO"ｍｗｅｒｅｎotfabricatedDiveretal･have 

reportedthatdrillingreverse-taperedmicroholeswas 
possibleusingaconventionalmachine4)．Holeswith 
ahighaspectratioweredrilledwithanelectrode 

bentbyaguidingcolletandthenfedintoa 
workpieceHoweveEtheelectrodecannoｔｂｅｂｅｎｔａｔ 

ZＪＦＦｎＰ１ＲＲＵＭＥＮＴＡＬ 

可

2.1.Experimentalsetup 

lnthepresentstudy，electrodepreparat1onand 
revcrse-tapercdmicroholedrillingwereperfOnned 
usingamicro-EDMmachine（MG-ED72， 
MatsushitaElectriclndustrialCo.，Ｌｔｄ）anda 
microultrasonicmachine（ＡＳＷＵ－ｌ，Creative 

lbchnologyCorp.),respectively・Figurelshowsthc
schematicconfIgurationofthemampartsofthe 
microultrasonicmachine、Ｉｔｓｔｈｒｅｅａｘｅｓａｒｅｄｒｉｖｅｎａｔ

ａｓｔｅｐｆｅｅｄｏｆＯＯ５βｍ･Thespindlesystemincludesa 
Vshapedslidingbearing，amandrel，ａｎｄａＤＣ 

ｍｏｔｏｒ,ｗｈｉｃｈａｒｅｔｈｅｓａｍｅｃｏｍｐｏｎｅｎｔｓａｓｔｈｏsｅｕｓｅｄ 
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lnblelEDMconditionsfbrrcverse-taperedmicroholes 
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Fig.１Schematiccomfigurationofmainpartsof 
mlcroultrasomcmachinc ｍａｃｈｉｎｅａｎｄｉｓｔｈｅｎｂｅｎｔｕｓｉｎｇｔｈｅｅｄgeofaglass 

plate(Fig.２(a)).Itispushedagainsttheplatenntil 

itsbendinganglereacheshalftheconeangleofa 
holetobcdIillcd･Thebentelectrodeismountedon 

themicroultrasonicmachineanddrillingbegins､The 
electrodeisfedintotheworlq〕ieceimhedirectionof

itsbent-partaxis,thusdrininganmclinedhole(Fig 
2(b)).Fzindicatestheverticalelectrodefeedlength 

inthisstep・Theelcctrodeisthenverticallyfeduntil

itsstraightpartpenetratesthroughthewolkpiece 
(Ｈ9.2(c)).Fhindicatestheelectrodefeedlengthin 

thissteplnthenextstep,theelectrodeisrotatedand 

fedverticallyupward，fabricaUngareverse-tapered 
shape(Fig.２(d)).Theelectrodefeedlengthinthis 

stｅｐｉｓｍｄｉｃａｔｅｄａｓＦ９・Afterthat,ｗｉｔｈｔｈｅＥＤＭ

ｐｏｗｅｒｓｏｕｒｃｅｂｅｍｇｔｕｍｅｄoff，therotatlonofthe 
electrodeisstoppedanditisextractedfromthe 

workpieceinlhedirectionofitsbent-partaxis(Fig. 
2(e)).ThemachinmginFigs.Ｚ(b)，（c)，ａｎｄ（｡）is 
carriedoutmainlyatthetip,ｌｏｗｅ形sidesulface，ａｎｄ

fOrthemicro-EDMmachine･Themandrelholdsan 

electrodeandrotatesatarotationspeedof 
3000mi､-1.Itscylindricalityissuchthattherotation 
run-outislessthan0.5/lm 

TheEDMconditionsforreverse-tapered 

microholesareshowninlnbleLDIilnngwas 
perfOnnedina20/ｌｍ－ｏｒ５０ﾉｲm-thickcopperplate 

usingtungstenelectrodes･Themicrouhrasonic 

machineisprovidedwithanRC-typeelectrical-
dischalgecircuitfbrtheon-the-machmefabricalion 

ofultrasomc-machimngtoolsbyEDMThepresent 
experimentsutilizedthiscircuiｔｆｂｒｄｎｌｈｎｇ，The 

open-circuitvoltagewassetto40-lOOV8Drilling 

wasperfbnnedonlywiththestraycapacitanceof1he 

machine，whichwasapproximatcly30pEbecause 
nocapacltorwasconnectedtothecircuit、The

electrodefeedmotionwascontrollcdbymonitoring 

theaveragechargmgcmrent・Theelectrodewasfed

orretracted，withanaverage 

chargmgculrentsmalleror 
（a）＿L larEerthanlmA,respectivelv． (c） 

lalgerthanlmA,respectively 

n1ewolkpiecewas 

uhasonicallyoscillated 

durmgthemachinmgto 

preventdebrisandbubbles 

fromcollectingatthe 

dischargeｇａｐｌｔｗａｓａｔｔａｃｈｅｄ 

ｔｏｔｈｅｔｉｐｏｆａｎｕｌtrasonlc 

transducerusingadhesivetape 
andverticallyoscillatedThe 

oscnlationfrequencyand 

ampntuｄｅｗｅｒｅ４０ｋＨｚａｎｄ 
Ｏ４ﾉ、1,respectively、

２．２.Experimentalprocedm･e 

Figure2illustratesthe 

experimentalprocedure、A

cylindricalelectrodels 

fabricatedbywlre 

elechFodischargegrinding 
(WEDＧ)6)onthemicro-EDM 

￣ 

〈

aight 
clmde 鞠－１Ｍ

l〈
lassplatc 

／ 
Ｌ 

す(｡）ごＰ (e） 

国

〈
四
十

楡ｆｌ 

ｉｉヅ蕊
} 

／ 

露
「

Fig.２Experimentalprocedure 
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Fig.３ Steppedelectrode(bent-partdiameter＝１２"ｍ， 
straight-partdiameter＝３０例、’６＝４５．，ａｎｄＬ＝
145〆、）

Fig5Electrodeafterdrilling 
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（a)Enlrance（b)Exit 

Fig6Reverse-taperedmicroholewithindentation 
removed（６＝30.,Ｌ＝110〆、’五J＝７０"ｍ,Ｆ２＝
100"ｍ,and鴎＝110"、）
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（a)Entrallce（b)Exit 

Fig,４Reverse-taperedmicrohole（０＝30.,Ｌ＝110βｍ， 
Ｆ１＝７５’ｍ,Ｆ２＝100βｍ,andF3＝100例、）

uppel>sidesurfaceoftheelectrode，respectively， 
utilizingafeatureofEDMthatalllhesurfacesofan 
electrodecanremovematcriaL 

Inthismethod，acontmuouslyrotatingelectrode 
iｓｕｓｅｄｔｏｆｏｒｍａｔａｐｅｒｅｄｓｈａｐｅａｎｄｔｈｃelectrode 
feedmotioncanbecontrolledbyacomputer・
Improvementinthecircularityofdlilledholesalld 
themachmmgtimeisexpectedasresults． 

iroml5min，whichhadbeenrequiredfbrdrilung 
suchaholeusingthepreviousapproach5)． 
HoweveBboththeentranceandexithavea 

noticeableindentationontheiredges，whichwere 

probablyfbnnediｎｔｈｅｄｒｉｌｌｉｎｇｓｔｅｐｓｈｏｗｎｉｎＦｉ9. 
2(b)．Ｏｎｅｒｅａｓｏｎｆｏｒｔｈｉｓｉｓｔｈａｔｔｈｅｏｐｅn-circuit 
voltageinFig.Ｚ(b)washigherthanthatinFig2(｡)， 
makingthcdischargegapwideLAnotherreasonis 
that，ａｓｉｎｄｉｃａｔｅｄｉｎＦｉｇ５，theelectrodewore 

greaUyandbecamcthinnearitsbendmgpoint・This
isbecausethematerialvolumeremovedbythatpart 
waslalgerthanthatremovedbyotherpartsofthe 
electrodQForthisreason，ｔｈｅhole，sdiameterwas 

smaller，especiallyatitsentrance，ｔｈａｎexpected， 
leavinganindentationthere， 

Tbremovesuchindentationsonholeopenings， 
drillingwaspelfblmcdwilhE1argerthanR2､Figure 
６showsaholedrilledusinganelectrｏｄｅｗｉｔｈａｅｏｆ 
３０゜ａｎｄａｎＬｏｆｌｌＯ/』ｍ・Here,Ｆお足,andFbwere
70βｍ,100"ｍ,ａｎｄｌｌ助ｍ,respectively・Theholeis
38βminentrancediameterandlO秒mmexit
diameteLNoindentationisseenonlheopenings・
ThecrosssectionsofholesareshowｎｍＦｉｇ．７． 

Figures７(a),(b),ａｎｄ(c)showthosedrilledusingan 
eledrodewiihOvaluesofl５．，３０．ａｎｄ４５．， 
respectively,indicatmgthatlheconeanglesofallthe 
holesareapproxlmatelytwiceaTheseresults 
demonslratethatitispossibletofabricatearcverse-

taperedholewithadiameteroflessthanlOO"ｍａｎｄ 
ａｃｏｎｅａｎｇｌｅｏｆｕｐｔｏ９０゜、
3.1.2．Combinationofstraightandreverse-
taperedmicroholes 

Partofataperedholemustbestraightinsome 
applications・DIillingacombinationofstraightａｎｄ

3.ＲＦｓＵｍＴＳ 

3.1.DrilliN1gusingsteppe鋤electrode

DrillingwascaIriedoutusingsteppedelectrodes・
Theexperimentsinthissectionemployedelectrodes 
ofl2/mlbent-partdiameterand30ﾉｲmstraight-part 
diametel;ａｎｄａ５０/`m-thickplateasthewor]甲iece、
Theopen-circuitvoltagewas60Vwiihtheelec位ode
rotationltwasraisedtolOOVwilhoutlherotation 

inordertoincreaseelectricaldischalgeencrgy 
becausedrilnngisslowerthanwiththerotation 

Figure3showsasteppedelectrode，whichis45om 
bendingangle(6)andl45汎minbent-partlength(L)．
3.1.LReverse-taperedmicrohole 

Thereverse-taperedmicroholeshowninFig4 
wasdrilledusinganelectroｄｅｗｉｔｈａＯｏｆ３０ｏａｎｄａｎ 

ＬｏｆｌｌＯ/`ｍ､FII,Ｈ２,and尾were７５"ｍ,100〃ｍ,and
lOO"ｍ,respectively・Ｔｈｅｈｏｌｅｉｓ３率minenlrance
diameterand94/`ｍｉｎｅｘｉｔｄｉａｍｅｔｅＬＴｈｅｈｏｌｅ,s 

circulanlyimprovedwithapproxlmatevaluesof 
2"mincomparisonwiththatobtaincdinthc 

previousstudy5）becausetherevcrse-taperedshape 
wasfabricatedusingacontinuouslyrotating 
electrode･Themachiningtimewasreducedto3miｎ 

１ 
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Fig.８Stepsindrillingcombinationofstraightand 
reverse-taperedholes 

Ｌ
咄
０
５
、

､１種E牢弔鈎Ｉ WＦ－ 

轤
剰‘,
醤且

1霊.咄.斑,普

鷺
鑪

蕃一

ｒ"ii…ｎｉ１ｌ;鱗11鑓

Ⅵ
や
：
。
Ｉ

(b）６＝３０゜(Ｌ＝1101ｍ,五J＝701ｍ,Ｈ２＝115"ｍ,and
足＝120"、） "、､_ｺｴ盤戸.!

■蕊辮

畷ﾀﾞﾆ蕊鞭
轤ii:'、;・俗

鑑で．《

Fig.９ Combmationofstraightandreverse-tapered 
microho1es（０＝43.,Ｌ＝150〆、,Ｆ１＝110'ｍ,Ｆ２
=781ｍ,andFY3＝781ｍ） 

軋
冒
且
巾
、

●
闘
壹
・
急
》

〈一》『》》

4-:蕊i蕊

Ｏ＝４５.(Ｌ＝150βｍ,Ｆ１＝100βｍ,Ｆｈ＝９５βｍ,and 

F3＝135β、）

Fig7Crosssectlons 

に）
p且

Ieverse-taperedholeswastherefbreattempted，Ｔｈｅ 

ｄｎｌｌｉｎｇｓｔｅｐｓａｒｅｓｈｏｗｎｍＦｉｇ８・Suchaholecanbe

drilledbyfeedingtheelectrodedeeperthanwhena 
simplereverse-taperedholeisdnlled(Fig.８(a)).Its 

straightpartisfabricatedinthcnextstep(Ｆｉｇ８(b))． 
ＴｈｅｅｌｅｃｂＤｄｅｉｓｔｈｅｎｆｅｄｕｐｗａｒｄｓｕｃｈthatthc 

straightpartisnottotallyremoved(Fig.８(c))． 

Figure9showsacombinationdrinedusingan 

elec位odewitha6of43゜ａｎｄａｎＬｏｆｌ５０"、.Ｆ1,172,
andFbwerellO/４，，７８βｍ,and78"ｍ,respectivcly， 
3.2.DrillingusiHIgnotchedelectrode 

Ｄｒｉｌｈｎｇａｈｏｌｅｗｉｔｈａｓｍａｕｅｒｄｉａｍｅterthanthe 

aboveonesisdifficulttocarryoutusingastepped 
electrode，ｂｅｃａｕｓｅｏｆｔhelargediameterofits 

straightpart・Bendinganelcctrode，however，

requ]resadiameterchangeatitsbendingpointA 
newtypeofelectrodewaslherefOrefabricatedand 

uscd，whichwasnotchedatitsbcndingpoiｎｔｂｙ 
ＥＤＭ,FigurelOshowsanelectrodebentatitsnotch 

whichisl秒mindiameten30om6,and１１０"ｍｉｎＬ

Ａｓｍａｌｌｅｒｎｉａｍｅｔｅｒｈｏｌｅｃａｎｂｅｅxpectedusingsuch 
anelectrodebecauseofitsthinnerstraightpart、

3.2.1｡Reverse-taperedmicrohole 

Figurellshowsareverse-tapercdmicroholc 

dnlledina50/m-thickplateusmganelectrode 
l2/JmmdialneteL30oinaandll率ｍｉｎＬ.Ｆ11,Ｆb，
ａｎｄＥｗｅｒｅ９０/ｚｍ,７5"ｍ,ａｎｄ９印ｚｍ,respectively

Fig.１ONotchedelectrode(diamcter＝12例、'６＝30.,and
Ｌ＝110"、）
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（a)Bntrance（b)Exit 

FigllReverse-taperedmicrohole（workpiecethickness 
＝５０βｍ，electrodediameter＝１２βｍ’０＝30.,Ｌ＝ 

115〆、,Ｆ１＝９０'ｍ,Ｆ２＝７５"ｍ,andF3＝９５例、）

Theopen-circuitvolmgeswcrc60Vwiththe 
eleclroderotationandlOOVwithouttherotation， 

Theholcis34ﾉｲminentrancediameterand94ﾉｲmin 
exitdiameter,indicatingthattheconeanglcis60｡、
Holesdrilledina20似m-thickplateusinga61m-
diameterelectroｄｅａｒｅｓｈｏｗｎｉｎＦｉｇｌ２ｅ,Ｌ,FYI,Ｆ2， 
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(Fig.13(c)).Theelectrode,sbentpartmustbeshort 
fbrthisdri11ｍｇ；however,ｉｔｉｓｎｏｔｅａｓｙｔｏｂｅｎｄａｎ 
ｃｌｅｃｔｒｏｄｅｗｉthashortbentpart･Therefbre，abent 
electrodewithalongbentpartwasfabricatedand 
thenthatpartwasshortenedbyWEDG・

Figurel4showsacombinationdlillｅｄｉｎａ５０/`m-
thickplateusingal勲m-diameterelectrodewithaO

of30oandanLof29"、.ＦルＦ２,ａｎｄＥｗｅｒｅ２０/`ｍ，
７０"ｍ，ａｎｄ７０"ｍ，respectively・Theopen-circuit
voltageswele60Vwiththeelectrodel-otanonand 
lOOVwithouttherotation、

3.3.ChamfCring 

Thepresentdrillingtechniquecanalsobeusedto 
chamferamicrohole・Ｉｔｉｓｐｏｓｓｉｂｌｅｔｏｃｈａｍｆｅｒｏｎｅ
ｏｐｃｎｉｎｇｏｆａｈｏｌｅｆｒｏｍｌｈｅｏppositeopening･Such 
chamferingisapplicableto,ｆｏｒexample,theintemal 
debumngoftheedgesofintersectmgholes，whichis 
adifficulttaskwhentheholes，diametersaresmalL 

ThechamferingstepsareillustratedinFigl５．Ａ 
､otchedbentelectrodeisinsertedthroughaholeto 
bechamfered（Ｈｇｌ５(a)）andtheaxisofthe 
eleclrode,sstraightpartismadetocoincldewiththat 
ofthehole(Ｈｇｌ５(b)).Theelectrodeisthenrotated 

andfeｄｕｐｗａｒｄｗｉｔｈｔｈｅＥＤＭｐｏｗｅｒｓｏｕｒｃｅｂｅing 
tumedon，thuschamfelingthehole,sloweropening 
(Ｈｇｌ５(c)〕Finally,theelectrodeisextracted(Fig.
15(｡))． 

Ｆｉｇｕｒｃｌ６ｓｈｏｗｓａ６０"m-diameterholechamfered 
usmga12/Jm-diameterelectrodewitha6ｏｆ４５ｏａｎｄ 

ａｎＬｏｆ６５"ｍ・Theopen-crcuitvoltagewas50V
Thehole，ｓｏｐｅｎｌｎｇｗａｓｃｈａｍｆｅｒｅｄｔｏａｄｅｐｔｈｏｆ 
１０"、．

，i難戦簿罪鐸… 」■鱸（

P 

（c)Crosssection 

Figl2Reverse-taperedmicroholes（workpiecethickness 
＝２０"ｍ,electrodediameter＝６βｍ’０＝１５．，Ｌ＝ 
501ｍ,Ｆ１＝40βｍ,尾＝35"ｍ,andＢ＝55β、）

(a） (b） 

に)背

Fig.１３Stepsindrillingcombinationofreverse-tapered 
andstraightholes 

andEwerel5o，５０"ｍ,４０"ｍ'３”ｍ,ａｎｄ５５βｍ， 
respectively、Theopen-circuitvoltageswere40V
withtheclectroderotationand50Vwithoutthe 

rotatiolLTheholeshoｗｎｉｎＦｉｇｓ，１２(a）ａｎｄ（b）ｉｓ 
2知mmentrancediameterand34ﾉzminexit
diameteLbeingthesmallestreverse-taperedhole 
drilledmthepresentsmdy､FigurelZ(Ｃ）ｓｈｏｗsthe 
crosssectionofanotherhole,indicatingthatitscone 
angleisapproximately30.. 

3.2.2.CombinatioHnofreverse-ltaperedand 
straightmicroholes 

Acombinationofreverse-taperedandstraight 
holcswasdrilledusinganotched 

可

electrode・Thistypeofholeisdifficultto
dnllusingalathe-typemachine2)3)． 
ＴｈｅｄｌｉｌｌｉｎｇｓｔｅｐｓａｒｅｓｈｏｗｎｉｎＦｉ９．１３． 
Theelectrodedoesnotpenetratethrough 
thewodEpieceinthefirstｓｔｅｐ（Ｈｇ 
ｌ３(a)).Afteritsstraightpartcomesout 
ofｔｈｅｈｏｌｅｓｅｘｉｔ（Fig.１３(b))，the 
electrodeisrotatedandfedupwarduntil 
itstipreachestheborderbetweenthe 

taperedandstraightparｔｓｏｆｔｈｅｈｏｌｅ 

(a） (b） (c）こし ｉ 
(｡） Holeto 

ihchamfel 
bｅ 

ｅｄ ↓ ＋ｉ ’ ／ 

（ 

I霧ｌｌｌＩ澪 蝿雫
Figl5Chamferingsteps 

－１９－ 



(3)Itwaspossibletodrillcolnbinationsofreverse‐ 

taperedandstraightmicroholes，andstraightand 
reverse-taperedmicroholes． 

(4)Thistechniquewasapplicabletothechamfe1ing 
ofoneopeningofaholefromtheopposite 
openlng． l1il1iiii1iiii11iii}iiiil1iii11ilil 
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4.ＣＯＮＣＬＵＳＩＯＮＳ 

EDMofreverse-taperedmicroholeshasbeen 
pelfOImedusingbentelectrodes､Thebentelectrodes 

werefabricatedfromasteppedornotchedstraight 

electrode,ｗｈｉｃｈｗａｓｂｅｎｔａｔｉｔｓｓｔｅｐｏｒｎｏｔｃｈＵｓing 
suchelectrodes，reverse-taperedshapeswere 
obtamedbycontrollmgtheelectrodefeeddirection 

androtationThefOllowingresultswereachieved． 
(1)RevemFse-taperedholeswithadiameterofless 

thanlOO'ｍａｎｄａｃｏｎｅａｎｇｌｅｏｆｕｐｔｏ９０゜were
successfUllydrilled、Thesmallest-diameterhole

was2“minentrancediameterand34ﾉ`minexit 
diameteL 

(2)ThecirculaliWofdrilledholcsandｔｈｅ 

ｍａｃｈｍｍｇｔimeimprovedincolnparisonwilh 

「

electrodischEugeglindingfOrmicromachinmg,Annals 
oftheCIRRVb1.34,Ｎ０．１（1985)ｐｐ､431-434 

thoseinapreviousstudy． 
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