1 SPECIFICATION TITLE OF THE | NVENTI ON El ectrode for
el ectric discharge surface treatnent, nethod for 5
manuf acturing the sane, and nmethod for storing the
same TECHNI CAL FI ELD The presemt invention relates to
a technology for electric discharge surface
treatnment, and nore particularly to a technol ogy for
10 el ectric discharge surSREEIFI@ATHBNt in which, by
using a green conpact formed by conpressionnol ding a
netallic powder, a netallic conmpound powder, or a
ceram c powder as an el ectrode, a pulse-like electric

di SehpEgOF BHEAMSZENITeONEEN the el ectrode and a work,
and with discharge energy, a coat is formed on a

surface @fleét*ﬂsd&@f;kelééiﬁc é‘éh&l? HacéQFéﬁ%é{wﬁ 'Pnélﬂod for

eI ectrode materi a s an IS generate
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turbi ne blade of a gas turbine engine for aircrafts
has to be provi ded on its surface with a coat or

ﬁ_%f@ahng terial having strength and
ﬁ\?-pF ty in high-tenperature environnents.
Is known that Cr (chromum and M (nol ybdenum .
have a | dbei REsest inyentien rolaige fo éxianhnadogy, for electric
hi gh-tenperature environnents. Therefore, 25 a Co
( cdisdhtargbamatacantreatmient hand cootenpadictriadndonm téchnology for
used to forma 2 thick coat by a schene, such as
10 wekthatgicatisthargmbufacatregtmdiiteinvwehitin dy gsiagsa lgeeen compact
using an electric discharge between a
formed by compressionmolding a metallic powder, a metallic compound
powder, or a ceramic powder as an electrode, a pulse-like electric
discharge is caused between the electrode and a work, and with
discharge energy, a coat is formed on a surface of the work, the coat
15 being formed with an electrode material or a substance that is
generated by a reaction of the electrode material due to the electric

discharge energy.

BACKGROUND ART

20 A turbine biade of a gas turbine engine for aircrafts has to be
provided on its surface with a coat or hardfacing of a material having
strength and lubrication property in high-temperature environments. [t
is known that Cr (chromium) and Mo (molybdenum) have a lubrication

property when oxidized in high-temperature environments. Therefore,

25 a Co (cobait)-based material that contains Cr and Mo is used to form a




work and a welding rod to nelt a material of the

wel ding rod and adhere the material on the work. The
thermal spraying is a schene of 5 spraying a netallic
material in a nelted state onto2za work to form a

coat. However, the welding and the thermal spraying

are both manual operations and require experience.
Théhiekaraat byt aischaéinié | such asovplstingontherorl spea¥indons

on a production |ine, disadvantageously |eading to an

10 i ncr eg$e weldingtis dvbceemer usisignare eléatrisedidchgrge between a
particular is a schenme in which heat intensively

eniirk a”:hd’\@f\lﬁeldmgmod tbhhaltrebestedial o$ the weldgrpdodand adhere
when a materi al is easily broken, such as a

Si ‘ﬂ% enaferidl dn Hd RorR! @fhéetﬁtelrﬁmlsb)famgtugcd keRefld of

including a wunidirectionally-solidified alloy, is

50! ggggglﬂg Yol il ﬁ@gé@?”ﬁa%ﬁgédzﬂa@%oﬁ% Wwok &S fétm a

a geously e ot her hand,
for exanple a surface treatnent techni que through
e|88@FIC di scharge nmachining (hereinafter, "electric

et bl | SHANEYS: (68 SHEALNS POFING BT é%?g?'.n@e?rﬁ pth manual

1). 20 Patent |iterature 1 Intern a bl
No opsuatigna Aroarsiea expgfigRce: i t, Z\e&efﬂrs ¢ @Ai!& tePO perform
Patent No. 3227454 Patent literature 3 25 Japanese
Patseich QperdtionsnoP@op tastudtion liee, disagygpianepusly leading to an
formng a thick coat through this electric discharge
10 sulificreaser ipatostnt Moteoveonsincedhe welding inlpartioglar is a scheme
i nfl uence on coati ng
in which heat intensively enters a work, when a thin material is
processed or when a material that is easily broken, such as a
single-crystal alloy or directionally-controlled alloy including a -
unidirectionally-solidified alloy, is processed, weld cracking is prone to
15  occur, thereby disadvantageously reducing yield.

On the other hand, for example, a surface treatment technique
through electric discharge machining (hereinafter, "electric discharge
surface treatment") has also been established (for example, refer to
patent literature 1).

20 Patent literature 1
International Publication No. 99/58744 Pamphlet
Patent literature 2
Japanese Patent No. 3227454

Pateni literature 3

25 Japanese Patent Laid-Open Publication No. H5-148615
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performance are supply of an electrode material from

an electrode, nelting of the material supplied on a

wor k surface, and bonding of the 5 material with a

work material. The strength, that is, hardness, of the

el ectrode has an influence on supply of an el ectrode
material. In the electrode nmanufacturing nethod

di scl osetn formingeatthick: evatt threugh this: elegiric diseharggesurface
for electric discharge surface treatnent being

pr treadedntj tie cbaditivesshavingotine moséimfluemee sapgdating

an el ectrode material through 10 electric discharge is

SuperRFARfthceaate bbppgabﬁahaleeubﬁbimdtéﬁa! fsornf i icdettryde,
melted to forma hard ceranic coat on a work surface.

"'O_YW%I%H_ P eCRBte i §BShlicd b Witkisurfaddl and bomddig of the
whi ch tAi

ckness is up to approximately 10 m croneters

( My atERg G@Q{ & whik \H@?H?hi o ¢ s ltn{@ét%f HPFn[;]rg?ss, of the

dense and rel ati coat (a Ick Fi

ot PG R Ras 2n MG R o By 4P BREArSREMAGRRI In the
BRSSP B I RAthARYBaure 1. wih an
surface treatnent, a green conpact that is forned b

comlp@sede fonslanttg disCnayages itnee ﬁmimentsb%ecprpwdved with

forma coat of a hard material, such as TIC (titanium
cahairdegss to some extenth the isoipphe of englestredeamaterial through
conmponent and a nold. Such electrode used in the

el etectric disshhgeys supposser; eadie materiahauppliedisd

by conpression nolding a ceram ¢ powder with a press,

anguffitgantly meRéd ng farmes hlardtleramie coat opf @ warkasurface.
refer to the 25 patent literature 2). 4 |In recent

it it it g
el epHd SpFiaGMAES 10 micrometers (um).

Therefore, it has not been possible to form a dense and
relatively thick coat (a thick fitm of the order of 100 um or more) for
purposes requiring strength and lubrication property in the
high-temperature environments as described above.

Moreover, in the conventional electric discharge surface
treatment, a green compact that is formed by compression moiding a
ceramic powder is used to form a coat of a hard material, such as TiC
(titanium carbide), to improve abrasion resistance of a component and a
mold. Such electrode used in the electric discharge surface treatment

is manufactured by compression molding a ceramic powder with a press,

and then by heating a resultant material (for example, refer to the

patent literature 2).




surface treatnent are increasing. It has becone

apparent by experinents perforned by the inventors

that, to forma nmetallic coat 5 having the lubrication
property and the corrosion resigétance by the electric

di scharge surface treatnent, it is required to use a

nmetal lic powder having an average grain dianeter of 3

m or | esh tecentayedrac demands &reiormiog .a matellisrcoaikaving a
metal | i c powder having an average grain 10 diameter of

3 ricdtrRsptapbity Badbeocosion msistancedy theyelaadricdlischarge
due to a strong force occurring between grains by an

ack{, g ceftrédtme Mt ffdRickedsidg. f af has Wecomelappiareat byi c
force. If a green conpact having such |arge solids is

?ﬁggpéﬂhélﬂg ﬁg@&?ﬁ%&&? hehaleatsidl thateto fdrimbrmetallic coat

arge sol’ posited on the work surface,
th b 5 di I '
s &P ik, UHEAIEN PR bt SorBeloristsniiny ne
SRl A B B SRRSO s o et

cerami ¢ powder of which the force be en grains,is
we RRWAET iing BieARE RIS 9raip %@Wéﬁf ié%%%gbf‘?ﬁ%tq 0
be coagul ated into |arge solids even after being m xed
wi mapdagtyreran ehe¢té®@dee, in the invention discl osed
in patent literature 2, no nmeasure is taken for ]
addr essi hpwénearc saghl metalhic ploved emipavingi an gpygeirge grain
Furthernore, in a conventional netallic el ectrode

10 medidraetar 6N8.um 7 1889 tbAds @b dndt codguimedfiaf largagolids due to
technique different froma technique 5 wusing a green

CoBPRFbnG ISrdre8 BB iR belegn graindhby naacidmlof ian
powder 1S nolded with a press, and is then heated
unidiarifdfedibifolc® or an electrostatic force. If a green compact
having such large solids is used for the electric discharge surface
treatment, the large solids are deposited on the work surface, thereby
15  disadvantageously causing not only a short circuit and instability in the
electric discharge but also deterioration in surface roughness of the
coat.
In the invention disclosed in patent literature 2, a ceramic
powder of which the force between grains is weak is used. Therefore,
20 powder is less prone to be coagulated into large solids even after being
mixed with paraffin. Therefore, in the invention disclosed in patent
literature 2, no measure is taken for addressing the coagulation of a
metallic powder.

Furthermore, in a conventional metallic electrode manufacturing,

25 another electrode manufacturing technique different from a technique




conpletely nelted. However, also in this case, since
the netal is nelted, no neasure is taken for

addressing the coagulation of a netallic 5 powder.
Furthernore, in other conventiomal el ectrode

manuf acturing nmethods, a commercially-avail able

ceram c powder is conpression nolded as it is wth a
prasing a memmpae?gasmn estatlishesadrvhigh fbmﬁ}a@@
an el ectrode (for exanple, refer to patent literature
2) poh@iePdsanblted withch pressisand fisthendieaded sntddee mgtal is
a high oxidation tenperature. Therefore, even when a
dr ice¢hrlevslg'mbRgd NgHawewaT atso irgthis cadieasines thed metal is
order of 1 mis left in an atnosphere, oxidation does

Nt ESH 658 mdddisre B @REATO? JMESSINgateNgoagulavionagiea metallic

grain dianmeter of several pmis commercially
5av i0 e, and nolding is easily 15 performed. In
addition, electric discharge surface treatnent has

been disclgsed | [ I3e n ;
(cobal t) TRt flen ol difonarehEimdchatifalitring
order of 1 mare used,to form a thi :
naeodss g e Sup teBlecr i ROBRE T EParession
(mm 20 (for exanple, refer to patent literatype .
T okt s itk ararasein paashiasahiese; ahddsdhenitiated to
O her than Co, nmetals less |likely to be oxidized
i npradeceian elaskede (fas exaomplea rétasHai Ratenblitergtuied)-a
hard ceram c coat on a work surface using an o
10 el xdramies| ndlichlisigsed for such eleckodiabaser hight pxidatpn
by a conventional technol ogy. 25 As descri bed above,
i N tepgRThturear Sherbfure, aven wheaas dnigdépowdenhdying an average

metal I'ic coat having a lubrication property and .
fggrgﬁseggﬁ'@ttﬁ%?gdé? ST Plrt IR A1 wheateod plaTee oixidation
does not proceed. Thus, a ceramic powder having an average grain
diameter of several um is commercially available, and molding is easily
15 performed.

In addition, electric discharge surface treatment has been
disclosed in which WC (tungsten carbide) and Co (cobalt) each having
an average grain diameter of the order of 1 pm are used to form a thick
coat layer having a coat thickness of several tens of millimeters (mm)

20 (for example, refer to patent literature 3). TiC, WC and Co are metais
less likely to be oxidized. Other than Co, metals less likely to be
oxidized include Ni (nickel). As such, a technique of forming a hard
ceramic coat on a work surface using an electrode including WC or the

like has been achieved by a conventional technology.

25 As described above, in recent years, there are increasing
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exanpl e, electric discharge surface treatnent. Al so,

for mai ntenance and di nensional correction of netal
conmponents, application of a thick 5 coat of netal or

an alloy fornmed by the el ectric6di scharge surface

treat ment has been demanded. Furthernore, as descri bed
above, it has becone apparent by the inventors that,

t o desnands cometallicranat haying snluliricatiasy peopesty aad corrosion
di scharge surface treatnent, it is required to use a
powdsisthrave iy thMMp@gatLgeaéwimmnehEr thdt i8 formed| g Sor
to 10 manufacture an el ectrode. However, a netallic or

al leganmened @le dtaii digcaa@gestsnrfdberteé@trm@ﬁt 3 Alsooforl eadntenance
that is available on the market is limted to powders

of aﬂ@&%éﬁé%n‘a?%&rﬂédﬁi@ﬂoﬁ MRSt GoinpoAdis, Tébﬁlicdttori 8f a thick
difficult to obtain wders of various materials f

or
f°réga?%fqﬂe@olfoqté(ﬁ’gﬂf)g%ﬁrﬁb@w tife LR nﬁhé é&ﬁ&(ﬁ?‘égﬁ%e

treat ment

n 3&64@}%@{%%ﬁsen""@efnegﬁ%?o'r 'FEEL%%TE;? @sa%xa%&%@%bove t

oA PEFPE apPaRApIe My RRPRLEEY B I hencetel Betal or

and its inside remains as Ti. 20 However, if Ti is
po@d‘e?@@ly |br¥t@eﬁtfﬁbﬂt@h%ﬂemr@f’%t@ﬁ&mﬁ"& higrequired to use a

several m an influence of a surface area with respect
t 0 ppwdguinavingnan exseage grdirhdimmetatafal gm gidesy to

oxi dation on a surface of the powder propagates

I nsnaputaciurs antélecrbgdecausi ng oxi di zati on al so

i nside the grains. Wen oxidized, the powder loses its

conduct i \Héwe s éﬁwétbﬂrceépaﬂoyiﬁﬁJMerhﬁawagch geainadiameter of 3
el ectrode for electric discharge surface 7 treatnent.

I i JASHAPS BuTELA P NG IR B pomcrs of

VOISt als 9L ERkER N Phe (¥dilkd. Thus, it is difficult to obtaln
powders of various materials for forming an electrode for electric
discharge surface treatment.

For example, Ti, which is light in weight, high in strength, and
less likely to be oxidized at high temperature, is used for a compressor
of a jet engine or the like. A solid solution (solid) of Ti is merely only
slightly on its surface in an atmosphere, and its inside remains as Ti.
However, if Ti is powdered intc a powder of which a grain diameter is
several um, an influence of a surface area with respect to a volume
increases, and heat generated due to oxidation on a surface of the

powder propagates inside grains, thereby causing oxidization also

inside the grains. When oxidized, the powder loses its conductivity and

therefore cannot be used for an electrode for electric discharge surface
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powder may expl osively proceed. For the above reasons,

it is difficult to obtain the powder having an

average grain dianmeter suitable for 5 manufacturing an

el ectrode for electric discharg& surface treatnent,

and even if the powder is available, the powder cannot

be used for nmanufacturing an electrode for electric

di sodetmpnts uiihas és beeauserthetslectrndeceavnttdisabarge electricity
met hods. In view of the above problens, it is an

objveeén the ehectpoes eannbd bengretginadt oMxseabkr, séxidation of the Ti
techni que of electric discharge surface treatnent

W thhwdeChait alpiesivlypro6sedf HFof @hé abvveossisdng, it 8 difficult
ot her words, it is an object of the present invention

10 18ty iALh IR \nﬁx%trrrféi);?@ Qn §b§§4é gr%hscﬁﬁﬂ’féi;@r Suith®&E for

RS

treatment wth which ofmation O ense thick coat

i's j . Ui-To '

or SRERRIALGrind AP Bt (P EiRiG Wiedhron Suffabd Regtment,
for | ectrjg discharge surface tre nt . [ er.d

' and sipadt the pEREES IS VAPl e Bawe gt B Beisgd for
el ectrotde faor elec ric%:fli cha]r Er.s tface trea}rren‘

wi (RRDNTagturBe AR plstraste for slenkic dircnarop gy igptment by
stable electric discharge without 20 deteriorating
surthgaomvendtonad snethosisect ri ¢ di scharge surface

treatment using a netallic powder as a green conpact

el ect roddn vaew of tinet Above pooblemsif ikds ani ekjest of the present
el ectrode. Furthernore, it is an object of the present

i nyRWEntdon its dstablislatechriquetdfosiettric disuifange wurfareatreatment
el ectrode for electric discharge surface 25 treatnent

Wi it HiBh atalecRiriRiiRr 8f addrfttisipbsdilsiehar ge surface
8 treatnent is easily manufactured even with a

e AR 8L o, BEIRY BB BB i don t ot
an electrode for electric discharge surface treatment with which
formation of a dense thick coat is possible, a method for manufacturing
such an electrode, and a method for storing such an electrode for
electric discharge surface treatment.

Moreover it is an object of the present invention is to obtain an
electrode for electric discharge surface treatment with which formation
of a thick coat is possible by stable electric discharge without
deteriorating surface roughness in electric discharge surface treatment
using a metallic powder as a green compact electrode, and a method
for manufacturing such an electrode.

Furthermore, it is an object of the present invention is to obtain

a method for manufacturing an electrode for electric discharge surface

treatment with which an electrode for electric discharge surface



forma netallic coat in electric discharge surface
treatnment, and to obtain such an el ectrode for

el ectric discharge surface treatnment 5 manufactured by

the nethod. DI SCLOSURE OF THE $NVENTI ON An el ectrode

for electric discharge surface treatnment according to

the present invention is used in an electric dlschar?
sutreatmehl i eesilyenanufacthiexheven wish aymetallisepowder |i kely to
conpact conpression nolded from a netallic powder,

mebal oxiaraeeuod apantsr poadea inclnding invetat kaly t© bgmmdelzed to
as the electrode, a pulse-like electric discharge is

cagsed o Meth m%ecdﬁtaﬁ%lbeirvuearscmeg@Is@ﬁfd@ﬁeameat vemd to
inadielectric flurd or air and, wth discharge

fﬂgbﬁugt c,gf%é %Ffrngg% &U&ﬂ‘seﬁSrgé shiff@ceotréatrént

ectrode aterial or a

SUsttp'?Lé %{%reet h%yxﬂgéﬂ% olyr] reactl on of the el ectrode

ge energy on the pulse. A
powder solid fornmed through coagul ati on of the
nmetallic powder, the netal conpound powder, or the

conductive ceram ¢ powd Jtl'ﬂéhuo'ed in the green
colJe&L @Iﬁy%EQFJ"iEdNI eﬁN a distance 20 between

the el ectrode and the work. An electrode for electric
di schar gérsateciuse faglestnic dischadogpurfare Hg%m@g&ﬁccordlng

invention is used in an electric discharge surface
t r ¢attherpresenturivamtionyisussed im agr elestie dirgharge surface
conpression nolded from a netallic powder or a netal

10 CORRHtATE Mandehichs biynesiaber yreere compictedrapressien molded from
el ectric discharge is caused to take place between the

9 aeh%%megﬂ;@aér % Width| EBndbdlind] peivdiee, 6t digbrafuative ceramic
wi th discharge energy, a coat is forned on a

o BB 18 o L8 5188 18 SR U1 caed to
re?gk lace between the electrode and a work in a dielectric fluid or air
and, with discharge energy, a coat is formed on a surface of the work,
15  the coat being formed of an electrode material or a substance resulting
from reaction of the electrode material to the discharge energy on the
pulse. A powder solid formed through coagulation of the metallic
powder, the metal compound powder, or the conductive ceramic powder
included in the green compact has a size smaller than a distance
20 between the electrode and the work.
An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression molded from

a metallic powder or a metal compound powder as the electrode, a

25 pulse-like electric discharge is caused to take place between the
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of the electrode material to the discharge energy on
the pulse. The 5 electrode is forned by finely

crushing the netallic powder or the netal conpound
powder in a liquid that volatiligzes in air, and

i ncludes conpression nolding the powder in a state of
bei ng not conpletely dried. An electrode for electric
di ssleetrgdesand aceotk raardiatecadc dudd og aid @ndowithedischarge
present invention is used in an electric discharge
surdrasrgy, Araritmedormadvwdn ahsurifycel of tige avarke tine cosp deing
conpression nolded from a netallic powder or a netal

COBANBH PN le@FPodd tnSled il /U suBstaideShedultigg from reaction
el ectric discharge 1s caused to take place between the

ol ant > . : . . ’
i O MECARENT e Rlcria oD BISTRTLE erler o (18 buRE: The
sur . :

o1 GUBFBaBe b IBrEH vy HHBLERRIstE e chp{aMRG PR or the metal
reaction of the el ectrod terial. to.the pulse-like

i SmpRund paivier i TogiE AR alaflize ih i i b ds
conpression nolding the nmetallic powder_or the  netal

c orRSSUREE SRR &R olding: Ee povddrrdn; 3 siate) of beinghaget completely
volatilizes in air 20 while being dried as pressured.

An dFiestt rode for el ectric discharge surface treatment
according to the present invention is used in an

el ectri c Al ebdctrode for &botric dischanget sunrfaoditeatment according
usi ng a green conpact conpression nolded from a

mettal thepreevde inntionmid abed dnraruséatievdés cleargehsurface
el ectrode, a 25 pulse-like electric discharge is

caypestmiént AkRhRINA G BSINYELYré8R cbimp&ttesdmpags£iBA Molded from

work in a dielectric¢ flurd or air and, with discharge

Ny Meta ﬁic@%?h@ 8fr o HPe‘i'aP?on?l iP5 Swakr talgetg\ré'o%l%ctﬁﬂ%, a

coa el ng an electrode materi a

Su%st}lggﬁﬁ(er&%%mé Hgsél'\ra%]erigac%ttjs%% to take place between the

electrode and a work in a dielectric fluid or air and, with discharge
energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy. The
electrode is formed by compression molding the metallic powder or the
metal compound powder finely crushed in a liquid that vdlatilizes in air
while being dried as pressured.

An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression moided from
a metallic powder or a metal compound powder as the electrode, a

pulse-like electric discharge is caused to take place between the



of the electrode material to the pul se-like discharge
energy. The 5 electrode is fornmed by conpression

nol ding the netallic powder or the netal conpound
powder that is dried, after beilBg finely crushed in a
liquid, wth an anmount of oxygen in a dry atnDsphere
bei ng adjusted, and is then oxidized only on
suelemtemnderand|aworisde  dielectsis fliig o atfrmcgéwghm%@rge
treatnment according 10 to the present invention is
usedergy, anceheist farmetl snrmsydfaserdfdbe worledheeenati being
whi ch, by using a green conpact conpression nol ded

f r ifPmed Bebal dlieetiReiaderateriabonatalbstanpe vasdultiogdromaseaction
the electrode, a pulse-like electric discharge is

cagpfsk bfedtfdde %ﬁ@?lalp% \eﬁérwm@-nkel &iGERAfTe @ndrgy.WoT ke

inadelectric fluid air W th di scharge 15

5 e”S roc?e Fsofcfrnﬂéd Bg}[ anp%kes‘i?ﬁm mﬁ? ?If\etxﬁéta\m& bowdad or the

coa elng rmed erial or

subst a
PiALEOrpauy phget MR Rilied anet 3%@*%%%%5%“
ctrode s forned. b ression Id|n
f igpi vig adeampng g oXYgEn s 3 Aissdiers eige agiusted.
been flnely crushed in wax. An el ectrode for
el apdripdh GF‘SQ:"H@\Z&Q QiR a W A¢%ent according to t he
present invention is used in an electric discharg
surface Afrelgchiode for elactic dWhaggﬂ@%faﬁeet!ﬁayaﬁﬁbépcordmg
conpression nolded from a netallic powder, a netal
10 cotp thun presenieinveatioa isarsad i pn\ﬂjectrasdlstcherge surface
el ectrode, a pulse-like electric discharge is caused
t OtrealiPeplt A viABh DB Wity lahgremre co mpdsct amen pressidn imolded from
dielectric fluid and, with 11 discharge energy, a

Coétmb?‘aiflng’ﬂ%&’c%é}noﬁa%éfé%lﬁﬁohﬁ@ deKer hbenhe@éctrode, a

bei ng for an el ectrode materi al a substance
f I { \
héHLét% ggelelrl E‘Prlc?r g@e o cEUEeS tS%lk@‘iﬂaE@ Hitivlent the

electrode and a work in a dtelectnc fluid or air and, with discharge

15 energy, a coat is formed on a surface of the work, the coat being
formed of an electrode material or a substance resulting from reaction
of the electrode material to the pulse-like discharge energy. The
electrode is formed by compression molding the metallic powder or the
metal compound powder having been finely crushed in wax.

20 An electrode for electric discharge surface treatment according
to the present invention is used in an electric discharge surface
treatment in which, by using a green compact compression molded from
a metallic powder, a metal compound powder, or a ceramic powder as

the electrode, a pulse-like electric discharge is caused to take place

25 between the electrode and a work in a dielectric fluid and, with
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Ol or the dielectric fluid for use in the electric

di scharge surface 5 treatnent is caused to enter an

i nternal space of the green conpact forned by

conpressi on nolding the netalliid powder, the netal
conmpound powder, or the ceram c powder. An el ectrode

for electric discharge surface treatnent accordin to

t hdisphesgeterarggnaianatiie fogeadion arswiages pf &h%li\w%a#'@% coat
surface 10 treatnment in which, by using a green )
cobping faromed e$ sinoelecbictiedmaterial ar assubistancedegeltingafrom
nmet al conpound powder, or a ceram c powder as the

el pSAdtiste of 2he@iserbdd enatesial to thdipudbasdike discbacgeenergy.
to take place between the electrode and a work in a

di giest the didistdiandid Mridsdli tlaetsctapafigyhaecsatiace
formed on a surface of the work, the coat 15 being

f o'ﬁljuél%?rin%t?%‘ g%'u%%rtﬁd&nt@?taﬁf itrﬁgrrg:fl Hat'dPst L §reen compact

res reaction o ectrode matéerial to

the pul se-like di r Y- & ot |

cofped By, i BeRs SR FELRG Rk mafEIie petfer iR Reta
powder, the nmetal conpound powder., or the ceramc
poﬁﬂmpql@ffgﬁmd?@{t%ﬁ?%cgr%@'é? PRYId ocess, oil or the
dielectric fluid for use in the 20 electric, di scharge .
surface frealentinde torqlgstic discharge Sé‘r\'h?% gpﬁzr'nenQ %ecording
space of the green conpact. A nethod according to tegce

pr és¢he prasent inventions isrusedhin astelechic digchargesutree

for electric discharge surface treatnent that is used

i ntrvatnardhnilticti byhesing asgréem eompaatmnmopressipn epolded from

by using a green conpact 25 conpression nolded froma

MekametgllippBieter, @ nrital compoumttppwdderor 4Zeramia powder as
conductive ceram c powder as the electrode, a

pukise dib&Po8b eatPuISe- fleSEleatEe discHryadd dausek tHiecplace

between the el ectrode and a work in "a dielectric

f lﬁ'e‘#\gg[enat'hre @R%trotel IndiSHBRK 95 aCdieieBtricHIH83nd, Swith

forned on a
discharge energy, a coat is formed on a surface of the work, the coat
being formed of an electrode material or a substance resulting from
reaction of the electrode material to the pulse-like discharge energy.
After the green compact formed by compression molding the metallic
powder, the metal compound powder, or the ceramic powder is
subjected to a heating process, oil or the dielectric fluid for use in the
electric discharge surface treatment is caused to enter an internal
space of the green compact.

A method according to the present invention is for manufacturing

an electrode for electric discharge surface treatment that is used in an

electric discharge surface treatment in which, by using a green compact

compression molded from a metallic powder, a metal compound powder,




surface of the work, the coat being forned of an

el ectrode material or a 5 substance resulting from

reaction of the electrode material to the discharge

energy on the pulse, and includks selecting or

di ssolving of perform ng selection or dissolution so

that a powder solid fornmed through coagul ation of the )
netdld conguotiee ceramicrponderapthmelgveids, a pyise-like electric
conductive ceram c powder included in the green
confisctiargasisacdiesl metakmplame bebween dhs decteothe tanska work in
the el ectrode and the work; and conpression nol di ng

t hg gRlestied Wl ¢h aiF A dvipe Wilsthargenen vy, accaatdisifgrmed on a
to the present invention is for manufacturing an

el QurfR%Eof He RoPR! He cHaBBERMPROAEd 8f ant éleatrddet material or a
the electrode for wuse in an electric discharge

SSursﬁJﬁgfaM;f’éémﬂh if?or‘f‘(hli?‘%bti ofjﬁier‘gle%tftﬁiegfr?& rial to the
conpact conpressi on nol de roma netallic powder or a

metal , ¢ h l. W .

ol s RA SRS HEe ot cind FELiUES FelBoR N ik Biving of
e e R L AT
surface of the work, the coat being formed of an

ol dbrouafecaagulatian of the SalallknBaWIS s mqtﬁ[;c?'mmu"d powder,
reaction of the electrode material to the pul se-Ilike

di schegonshuntiye cetamicepowder imeludadiindbe grees gompact has a
crushing the netallic powder or the netal conpound

10 powsize simalkervbiata destantethetweencthepelestiaste antdhagvork; and
the finely-crushed netallic powder or nmetal conpound

powderipigssiors hedldiny tHhesaikoied aradiptelveldypowded; and
25 volatilizing the volatile solution. 13 A nethod

accor di ng\ kfxthBA FRTEIHg tHeprésentsinkehtion is for manufacturing
manuf acturing an el ectrode for electric discharge

Sur. rf‘&?ectt{?‘??é ﬁ@r%lgcfﬁl‘??@cﬁ%ﬁl{;@%rfﬁe tr\é%%nib@ﬁ?ﬂkeyelectrode for

el ectric discharge surface eatnent In

USIUR & an electric discharge surface treatment in which, by using a

15 green compact compression molded from a metallic powder or a metal
compound powder as the electrode, a pulse-like electric discharge is
caused to take place between the electrode and a work in a dielectric
fluid or air and, with discharge energy, a coat is formed on a surface of
the work, the coat being formed of an electrode material or a substance

20 resulting from reaction of the electrode material to the pulse-like
discharge energy, the method, and includes finely crushing the metaliic
powder or the metal compound powder in a volatile solution;
compression molding the finely-crushed metallic powder or metal

compound powder in a state of being not completely dried; and

25 volatilizing the volatile solution.




green conpact conpression nolded froma netallic

powder or a netal 5 conpound powder as the el ectrode,

a pulse-like electric discharge is caused to take

pl ace between the el ectrode andi® work in a dielectric

fluid or air and, wth discharge energy, a coat is

formed on a surface of the work, the coat being

f ormed ofA arethbdcacenitdimptethalpresent mwestiancie for manufacturing
resulting fromreaction of the electrode material to

t hearpeleatrdd& forldledtise disgmargeas gyacatdatmentidte electrode for
finely crushing the netallic powder or the netal

Coniida R QESHTid BisdhbrgelistirfacenpesfibANiMWhitMdb ¥ Being a
finely-crushed netallic powder in a state of being not

??[ggksheédinﬁéia(egg%é EsiofMI Hb*?n'd't gfétsnifcf&awgaﬁor a metal

y-Crus I'C powder or ne conpoun
. : o . ‘
o Seiboadi Pade ¥ Hidoddoboa P aP RCHpetit Bldrltge is
an LB 1oc A eCERePdeo AL Bl o Rt e MK Bgidlectric
using . a green cqnpact conpression nol ded _from,a
et icf PbRaes Vo disehaige ensfg¥udFqiuadermed e a surface of
el ectrode, a pulse-like electric discharge is 20

cadbeaverk, threqatdringdotped efhan elecirodelenatedial afs Rubstance
in adielectric fluid or air and, with discharge

eneegulting from réaction oédherlectsodé anatesial totbevmrlge-like

the coat being fornmed of an electrode material or a

10sukiiseegye esskgy iarg inchudlé= fiaelyorushihfdhelmetalbidpowder or
material to the pul se-like discharge energy, and

I nghedrstdlidthpoGhd Powder itea TR | é6mpaasEibnaholdiRg the
the nmetal conpound powder in a liquid; drying the

[Pl Uahed i E b 4 S5itey S AdCdpiagly areo
gt a&%ﬁ?[@i fite Iiaufahﬁopnr ﬁ'?‘ee%e'lﬁxmﬁéw rr{esta]zlﬂ:r powder or
metal compound powder.
15 A method according to the present invention is for manufacturing
an electrode for electric discharge surface treatment, the electrode for
use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder or a metal
compound powder as the electrode, a pulse-like electric discharge is
20 caused to take place between the electrode and a work in a dielectric
fluid or air and, with discharge energy, a coat is formed on a surface of
the work, the coat being formed of an electrode material or a substance
resulting from reaction of the electrode material to the pulse-like
discharge energy, and includes finely crushing the metallic powder or

25 the metal compound powder in a liquid; drying the finely-crushed



an electrode for electric discharge surface treatnent,

the electrode for 5 use in an electric discharge

surface treatnment in which, by using a green conpact
conpression nol ded froma netal#di c powder or a netal
conmpound powder as the el ectrode, a pulse-Ilike

el ectric discharge is caused to take place between )

t hmedaict pawidennd naetadik powderdastezam peessgieninaolgingithe dried
and, with discharge energy, a coat is fornmed on a
sumfaalicofod@et.he work, the coat being fornmed of an

el ectrode material or a substance resulting from

react i onAGhetisd akeskdingaorthiessieslent onvéritigis for inleaufacturing
di scharge energy, and includes finely crushing the

%%ﬁ'él{e&r@&?ﬁ%? eRctrichfisERAR}e SQNBRERFeMNERY, th8 electrode for

atile solution; drying the finely-crushed netallic

po I tal j MT=1 e ;

5 D NSE i, SRicHIc SATHUES, QRMEEE tebFErIAWAER, BFusing 2
powder or netal __conpoun re . an [ [
Podtran, SPRIPAs eariPrEr A aRGURe fflH eRBiERRWE: or a metal
nmet al conmpound powder . t hod accprdj.n o_the,. .
o ESTROUBAVIBA GediePlerbingindt b (3eg K e b disgharge is
for electric discharge surface treatnment, the ) )
el eausedidotake place betwrenthe eeciodeqard gawgek i Ardiglectric
treatnment in which, by using a green conpact
coftpidess armamab, widh dischargenenardy, @ poatlisr fasmed patasurface of
conmpound powder as the el ectrode, a pulse-Ilike

10 el e wiotk dtrecbaapbeirng farmetof Bo ¢lektodeanatéralwera substance
the electrode and a work in a dielectric fluid or air

anggsuMihg febraclaaictionedfciheyeleatioeidt miatefial tetheoputse-like
surface of 25 the work, the coat being fornmed of an

el grchad§e '@fe‘%gy,g%nennau%%smag%r&éhirr &4 higtalic dwder or

reaction of th ectrode material to the pul se-like
O e AP B o e O
anﬁngﬂfrygrrues seidwlq_'e%gﬁicn%\%g otr rr]r(leetal compound powder in an inert
156 gas atmosphere; gradually oxidizing the dried metallic powder or metal
compound powder; and compression molding the gradually-oxidized
metallic powder or metal compound powder.
A method according to the present invention is for manufacturing
an electrode for electric discharge surface treatment, the electrode for
20 use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder or a metal
compound powder as the electrode, a pulse-like electric discharge is
caused to take place between the electrode and a work in a dielectric
fluid or air and, with discharge energy, a coat is formed on a surface of

25 the work, the coat being formed of an electrode material or a substance




finely-crushed netallic powder of netal conpound

powder. 5 A nethod according to the present invention

is for manufacturing an electrode for electric

di scharge surface treatnent, tht5electrode for wuse in

an electric discharge surface treatnment in which, by

using a green conpact conpression nolded froma
metralltingotradereactione vfithe edegioode npatedial todhepulse-like
ceram ¢ powder as the electrode, a pulse-like 10

el elischargdi enbayyy@andsinchudesl finely akeshihgdbelmetalio poveder or
electrode and a work in a dielectric fluid and, with

di YpBaheealYBhS¥und podder M mk,rraeldogbmf;r@wiﬁgcemwfnoldmg the
the work, the coat being forned of an el ectrode

MaliR{diRlcr@shed mERTiGPONdE B hietdl ddrAPbUREGIdWae P!
h pu k

the electrode material to the se-| I ke di'scharge
sSoon Lo PIABBLI LI 6 pRESER ERERTRD ek manutacturing

conpounpd, po r, .or.the ceramc powder: .and. CAus]

of 18T BIEcH K B eleflni pfsqarag sy BEEY eafighy g pfetrode for

di scharge surface treatnent to enter an jnternal, space

of USEhi 3P &leckEigndiseharge sefiacs %%%&P%Phti’ WHigh Py Using a

present invention is for manufacturing 20 an

el @feppdOMpackredpressignsmeider fram rametalisponder a metal

the electrode for wuse in an electric discharge

surdoaceotne gaveder, ion avberamicoyowden@sathegelestrogdensapulse-like

conpression nolded froma netallic powder, a neta
10comlectit gisetiarge s causedaoitakppidee batwelen thecelectaee and a

a pulse-like electric discharge is caused to take

pl agsrkbipt deraiethec AURF Bhadwigndisehdbge@nergy, 8 coat is formed on
dielectric fluid and, with di scharge energy, a coat is

f Ord@grfgge]:ﬁ thlé WK, 358 éﬁattﬁlﬁpﬁ‘gpi‘n'\eﬁhﬁf 50 e OP688 material or

f ornme an el ectrode nmaterl a a subst ance
. ; . . _
o3 ke BB et A AREPRL LR e

a %rﬁgg-lff(% |%%f1apale energy, and includes forming a green compact by
15 compression molding the metallic powder, the metal compound powder,
or the ceramic powder; and causing oil or the dielectric fluid for use in
the electric discharge surface treatment to enter an internal space of
the green compact.
A method according to the present invention is for manufacturing
20 an electrode for electric discharge surface treatment, the electrode for
use in an electric discharge surface treatment in which, by using a
green compact compression molded from a metallic powder, a metal
compound powder, or a ceramic powder as the electrode, a pulse-like
electric discharge is caused to take place between the electrode and a

25 work in a dielectric fluid and, with discharge energy, a coat is formed on




conpression nolding the netallic powder, the netal

conpound powder, 5 or the ceram c powder; heating the

green conpact; and causing oil or the dielectric

fluid for use in the electric di&charge surface

treatnment to enter an internal space of the green

conpact. A nethod according to poi is for storing an

el ecsuddeefafrthel wetk,itbe ehatdieingdosmetaeican edectrede material or
the electrode for use in an electric 10 discharge

surd substaneat resudting fram cbacbign wfithg elegtrede matgraalto the
conpression nolded froma netallic powder, a neta

coisedikeodidenarg®enargeramd inglodee foaniridia green compact by
el ectrode, a pulse-like electric discharge is caused

t 0 doSreste® MiGHRE thé hfetaliRCpbRERr 2fHE Melar Kompolind powder,

dielectric fluid and, with discharge energy, a coat
515 ShRRECR AR I ABE ld g 818K eom Hfoic Rl BRiIHG il or
L tj. fr ; ' .Of, i 3l

oI BB NG0B b SRR ABLE Sl paatment to
el ectric discharge surf %e treatnent is stored by

beiSiEel ARJPLRIAE! NPBRE Qe SAMLPRIPACE sol ut i on 1 or

use in the electric discharge surface treat m?nt. 20 A ,
met hod adtB1aihAg acsardingiepents fafvalaringan glecrode for electric

storing an electrode for electric discharge surface
t r shschange sudaee dtaatomnts the glectroge for usedn @rcelectric
di scharge surface treatnent in which, by using a green
10 c opech argenpu dase dreatoiatddnfwbicha byetsingi a gpeenl eompact
netal conpound powder, or a ceram c powder as the

el epnipdssion mblded frégm 3ametdlit powderseharegal csmpound powder,
caused to take place between the el ectrode and a 17

WOrdf 4 Befardicp8hider@sf He 8lcdttbdeVd Eu!ﬁéﬁl@é@éel@l&eﬁi@k&harge is
a coat is formed on a surface of the work, the coat

e R S BREEA SR TR o 8 SR Bt
t h?Iuid and, with discharge energy, a coat is formed on a surface of the

15  work, the coat being formed of an electrode material or a substance
resulting from reaction of the electrode material to the pulse-like
discharge energy. The electrode for electric discharge surface treatment
is stored by being immersed in oil or the dielectric solution for use in
the electric discharge surface treatment.

20 A method according to the present invention is for storing an
electrode for electric discharge surface treatment, the electrode for use
in an electric discharge surface treatment in which, by using a green

compact compression molded from a metallic powder, a metal

compound powder, or a ceramic powder as the electrode, a pulse-like

25 electric discharge is caused to take place between the electrode and a




pul se-1i ke di scharge energy. The el ectrode for

el ectric discharge 5 surface treatnent is stored in a

non- oxi dati ve at nosphere that prevents oxidation of

the netallic powder, the netal tonpound powder, or the
ceram ¢ powder. BRI EF DESCRI PTI ON OF THE DRAW NGS 10

Fig. 1 is a schematic of an electric discharge surface

t r @Kt a diglegtriaflpid ands with disichargée engirggharagat is formed on
surface treatnent; Fig. 2 is a flowhart of a process

of arralndaaetqfrthegmalk,dheoctcraictﬁeihgrfoainedt ofi an edéclcbde graterial or
surface treatnent; Fig. 3 is a cross-section of a
noladsnbétancenesditivyg éramweattiofidd thé dlectoaBahatsmdo the

of a cross-section of an 15 el ectrode manufactured

Wi ipi0se-likesdibEhag e ene The eléct'rédéfBF‘@ié!ﬂﬁé‘RﬁscH’érge

a cross-section of an e ectrode manuf act ur ed VVI

5Si fsh'r%eogreéﬁ'ﬁéht i kbref ||;13a ﬂoﬂf@HBaHGB'

exanpl e a current wavetorm an voléfta e vvavef

be r| c C rf

tréﬁfﬁ‘n@*’ of e e il it KR! BBt Bpugepyor the
Iectrl F%édl schar ge surface treatment using an
SEITDUEPPYERIY with a stellito powder sifted; Fig.

8 is a plot of a relation between a nesh size of a

sifter and a thickness of a coat; Fig. 9is a

phot h of a surface of a coat forned of an

el &B'%d:d ERGRIBEIQNeQFUEHEGDRAMINGS of which a nesh

size is 0.5 mm Fig. 10 is a flowhart of

10 manuf act fig.nY ima Sharhaticroddn etectet atischargd sefacgdreatment

surface treatment with a netallic powder 18 or a

cebgrarc apparstus! fos 2lbttiel dischahfe eurfdiceedeatie ARWFiRI2 is a

an average grain dianeter of several mm Fig. 11 Is a

f I fovenatt of anproubastafithafuffluAh§En @ﬂa&:tfc%e %reérefc'tﬁc

di scharge surface treatnent with a nmetallic

g?gﬁrﬁedtHéfﬁé%JrPaé@tr%'trﬂbﬁﬁdF % f%aé('c?gséf‘-%e%\’l%acgfea Wi@lhgr for

molding a powder; Fig. 4 is a photograph of a cross-section of an

thaanreve nts

16  electrode manufactured without a sifting process; Fig. 5 is a photograph
of a cross-section of an electrode manufactured with a sifting process;
Fig. 6 is a graph depicting one example of a current waveform and a
voltage waveform between poles during electric discharge surface
treatment; Fig. 7 is a photograph of a coat formed by an electric

20 discharge surface treatment using an electrode formed with a stellite
powder sifted; Fig. 8 is a plot of a relation between a mesh size of a
sifter and a thickness of a coat; Fig. 9 is a photograph of a surface of a
coat formed of an electrode manufactured using a sifter of which a
mesh size is 0.5 mm; Fig. 10 is a flowchart of manufacturing an

25 electrode for electric discharge surface treatment with a metallic powder




5 of several tens of mm Fig. 12 is a flowchart of

manuf acturing an electrode for electric discharge

surface treatment with a netallic powder likely to be

oxi di zed and havi ng an average g8 ai n di anet er of

several tens of mm Fig. 13 is a photograph of a coat
formed through an electric discharge surface

t r eatarestamic powtiériless likebwithbetoxidize dpand dexving aof average
manuf act uri ng anot her el ectrode for electric discharge

suigralitdidmemimeMdevarao L a; Fig ! It ipaeiewthan\einhaaofacturing
Fig. 15 is a cross-section of a nolder for nolding a

PowieEiectidlie it élRchic AREIRIra sffk fleat@lptiwittt a metallic
di scharge surface treatnent perforned by the apparatus

f or, Gl J t vEl vn di
de RSB K BB RECT ERC AERRTTAN pvEtSoe bféin diameter
interpole vplta bet ween .electr 3 .

5ol gyl s PhhminaF i 4 1€ g ke g Bt ingRlfaduring an
depi,cts current. waveformof a cyrrent flown .

t nilEotRdon sikitie seheraR SuFArE trentun wih g metallic powder
treatnment at a tine of electric discharge; and Fig. ,18

| s likely tpheipwidized aaghawing f} B¥eae gt e igmetsT of several

el ectrode according 20 to a tine for soaking the

el éens edgumpmy Fdgel8dsra phbtegraph eEsToatibermer through an
CARRYI NG QUT THE | NVENTI ON Exenpl ary enbodi ments of an

el edéctridedischaejesurfacedireatraegt Figurfldsen flowsthashof agprocess
nmet hod for manufacturing the sane, and a nmethod 25 of

10St @fimgnufsctafng frsthediclgctrodé Her preatdotdisctvangiel surface
are explained in 19 detail belowwith reference to

t herAREAMARYAdIIY BMRE preddift inrRERtiIBRE FigVeatis @ncrioks-section
not limted to the tfollow ng description, and may be

s ne \ t !
moQ¢td %l&@Pf@Pﬁ\!o?& lﬂh%’? gf‘r? l’ g‘g@gfﬁﬁ% %gtt:ir‘é(%BtﬁaF GRIF of

of the presen inve

o R MR\ BE R e EREReR A7 HE SpiBbaus for

electric discharge surface treatment; Fig. 17A depicts a voltage

15 waveform (waveform of an interpole voltage) between an electrode 301
and a work 302 at a time of electric discharge; Fig. 17B depicts a
current waveform of a current flowing through the apparatus for electric
discharge surface treatment at a time of electric discharge; and Fig. 18
is a graph that illustrate increase in a weight of an electrode according

20 to a time for soaking the electrode in a dielectric fluid.

BEST MODE FOR CARRYING OUT THE INVENTION
Exemplary embodiments of an electrode for electric discharge

surface treatment, a method for manufacturing the same, and a method

25 of storing the same according to the present invention are explained in




First Enbodinment In a first enbodi nent and a second
enbodi nent described below, an electrode for electric
di scharge surface treatnent with which formation of a
dense thick coat by stable elecigic discharge w thout
10 deteriorating surface roughness of the coat, and a
met hod for manufacturing such an el ectrode are
desietalldaklowi with referemgeel iontheoa ctdrmpangaig deawlingsharije
surface treatnment and an apparatus therefor used in

t hepreseaeirivartianis pot limiteese tHeefblioWiag deddription, and may be
descri bed herein is commonly applied throughout the 15

speAbliff hpProdridgtelyl witholt YEpIBhg Fréth 4 BeopbastitheCpresent

di scharge surface treatnment by theé apparatus for

el §hbéhfof! S éBGeFLlhftﬂﬁea&do‘?ﬁ@%ﬂi?gld\i%\r@ﬁgg[ ﬁtéb%lé:?:{! each

el ectric discharge surface trea es a wWwo

kG SR R

di ha{r%e surface treatnment 12 for 20 form ng the coat

14 FFPYEHOPOHMNELE of the work 11, a power supply for

el ectric discharge surface treatnent 13 el ectri cgl IX,
connect ed"tdfitseEMBeAiment apd 3 secend @rBadimgpt described

el ectric discharge surface treatnment 12 for suppl %/i n .

a \stlowgent@leptiodedior telectiisr dischasgel suntace weatragst with which
to cause arc discharge therebetween. Wen the

el dotmatiodi ofch degse2bicucbat by tstablenelectiic disntfaygeadithout
inaliquid, a work tank 16 is further 20 provided so

10t hatetehierawnid slitfazedrcughiesisosf e tbet, elreicamdthddofor
el ectric discharge surface treatnment 12 opposed to

t hen¥dRGtactdriAgkd choah ¥éctrdbié arauéddritiaped diel ectric
fluid 15, such as kerosene. Also, when the electric

O oner ST RGN RRLoie SRRl e reatment anc
el ea(‘ht Ebﬁa%tﬁgr}%g@fo? lﬂsfe%cﬁ‘l 'EhreeSFéEeéﬂt ifliaention is described. The
outline described herein is commonly applied throughout the
15 specification. Fig. 1 is a schematic of the electric discharge surface
treatment by the apparatus for electric discharge surface treatment.
An apparatus for electric discharge surface treatment 1 includes a work
piece (hereinafter, "work") 11 on which a coat 14 is desired to be
formed, an electrode for electric discharge surface treatment 12 for
20 forming the coat 14 on the surface of the work 11, a power supply for
electric discharge surface treatment 13 electrically connected to the
work 11 and the electrode for electric discharge surface treatment 12
for supplying a voltage to both of the work 11 and the electrode 12 to
cause arc discharge therebetween. When the electric discharge

25 surface treatment is performed in a liquid, a work tank 16 is further
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are placed in a process atnosphere. In Fig. 1 and the
follow ng description, a case in which the electric

di scharge surface treatnent is perforned in a

dielectric fluid is exenplarilyYQepicted. Furthernore,

in the follow ng, the electrode for electric

di scharge surface treatnment may 10 be sinply referred

t o pasvidedes @ thatoihe whbk ddvand ai portion dbtheelanirode for electric
di stance between a surface of the el ectrode for

el gidotiargei suifade reatmemcik? bppesedito the work &1 snakecentact
of the work 11 that are opposite to each other is

r et 8f diRbaseatibRicthiedluid di5s isutheas Nekésedde Also, when the
el ectric discharge surface treatnent by the apparatus

15 o &étrig! fiSERAFgdl s §FARE AFe A ﬁlci% ﬁéﬁéﬁrﬁ&ﬂtm]arhét’rhﬁgphere the
ed

he structure escri ove 1s describ
I
%&g@pghaﬁﬁg[(eﬁﬁcﬁpﬁfe%? eké§t‘iﬂ: ﬁwha Cie EEFlfa?;'eanr? ﬁent 12

s desire orne Qsi t

IeI aEE ST of & Biasaer & a*réfﬁg'e 1h b Fnd B iefiowing
S i e B3 geemont
an average grain dianeter of 10 nanoneters (nm
sepertarmashin ardiglecttic fluid is gxemplasiy aeptﬁte@heFeiéti\ermOfe in
14. Wiile the interpole distance is controlled by a

cothe dbllowirtgartherelevtrode fos electrichdisnhasge skhsfaceriseatment may
pol es do not make contact with each other in the

di eleesiniplg referirdd 16,asnan2deetroder i Makieowkar ipethiesfollowing, a
caused to take place therebetween. 21 Wen an

el QrdtahcedistoRang sutfabes obteveRittidife fbeslacade distharge
eI ectric discharge surface treatnment 12 and the work

E@% Eﬁtﬁgnf WQ i 8k Scdl o8 ShEMEs KCPU oA #Papposite to

e electrode 12 to be nelt

apﬁe%b tl‘%ﬁf%f"e”f%‘?’?ga‘%fe‘f'*erﬁta <FoEf AB3FeE. e

particle I\?ex%lthe e}ec%rlclaegéﬁglggee surfggettleedatment by the apparatus
for electric discharge surface treatment 1 having the structure as
described above is described. The electric discharge surface
treatment is performed by, for example, taking the work 11 on which the
coat 14 is desired to be formed as a positive pole and the electrode for
electric discharge surface treatment 12 as a negative pole using an
electrode that is formed of a metal powder or a ceramic powder having
an average grain diameter of 10 nanometers (nm) to several tens of um
to be a supply source of the coat 14. While the interpole distance is
controlled by a control mechanism, which is not shown, so that these

poles do not make contact with each other in the dielectric fluid 15, an

electric discharge is caused to take place therebetween.
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a blast or an electrostatic force by the electric

di scharge is separated fromthe electrode 12, and is

noved toward the surface of the work 11. Then, when
reaching the surface of the wophk 11, the el ectrode

particles 21 are re-coagulated into the coat 14. A

part of the separated 10 el ectrode particles 21 reacts

wi t h t heWhieai aotelectrid disshhfgeroczucs ipedwern th2electrade for

at nosphere to forma substance 23, which al so

c oglieict el déscHargef surfiade oreadariel Zand thé. work thj Beat due to the
manner, the coat 14 is formed on the surface of the

wog leclile dmgé,cédséshﬁ (D SF fge RRIREENaREIHier electrode 12 to
(¢}

particles of the 15 electrode 12 is strong, the

el l?étrﬁé’l‘iléd.l.zlfiﬁﬂﬂbrrﬂ?ﬁ%cﬁga%ﬁnayﬁt Sledtlodd 12ti§%gg;opriate,

el ectrostatic rce b el'ectric discharge, ther

maki ' i o SV r '
Tt org RO Bl HRR g AL HEBBEST) leted by
forned by the electric discharge surface,. treatnent

ach BT R I ES R SR LR, Slec B s BRER Neparated
el ectrode 20 12 a how the material supplied is
neﬁ?%ﬁ’tﬁwef%f%iﬁ Bgcé” fis{Revaetrwarq tEEOSH'%%HBQ&e work 11.
wth the material of the material of the work 11. How

t hEhen ewhesdieasiirg the susfangpef theawesk didshe elaetrodamarticles
the electrode 12 is, that is, hardness. A nethod for
medtfasetrer¢oapgulbtedirdot thedeodtot4 el Aqart of dihe skepagated25
surface treatnent 12 fused in the electric discharge

sugleatoder pattivted 2isrezitts ddtdcthadiklbetrid fluid-1§.orZa conmgponent
flomchart of a process of manufacturing the el ectrode

f 022 ¢h @@l dinsosh BeRatdR Ay bf Adssthheata® Whichi 418b. contributes to
netallic powder or a ceram c powder that include a

gﬁfot?ﬁgit:ori inf]!wef gbaB 144he iﬁ?l?i% m!xf‘ng%?,ft‘h:éfeg?e}&]to‘l@‘?s wﬁﬁ?ﬂ on the

1 1's crushed (step e 5 coat

itf]sedr‘?éé'@%f%é%é&vﬂa' ki nds of materials, powders of

However, if the bonding between powder particles of the
electrode 12 is strong, the electrode 12 is not peeled off by the blast or
the electrostatic force by the electric discharge, thereby making it
impossible to supply the electrode material to the work 11. That is,
whether a thick coat can be formed by the electric discharge surface
treatment depends on how the material is supplied from the electrode
12 and how the material supplied is meited on the surface of the work
11 and is bonded with the material of the material of the work 11. How
the electrode material is supplied depends on how hard the electrode
12 is, that is, hardness.

A method for manufacturing the electrode for electric discharge

surface treatment 12 fused in the electric discharge surface treatment is




materials are m xed at a desired ratio and crushed.

For exanple, a netallic powder, a netallic alloy

powder, or a ceram c spherical powder having an

average grain dianeter of seve22 tens of mthat is
avai l able on the market is crushed by a ml|

apparatus, such as a ball mll, into 10 grains having
andaaerlbgé hereim drign2 isra Slovecharb of laepro cessuefhmag ufacturing
may be performed in aliquid. In that case, the liquid

i sthe eprotad e fooeledtnc thiechpargeesurface preédmensi nEest,he metallic
powder that is dried includes large solids fornmed due

t opeaaizil gt eeraiig@pawter that indgdery nidterial ghatsforms the coat
such large solids, and to sufficiently m x the powder

W #h geeireéd td be fb'?rrw&n%hén;voﬁkhﬁ ROVRSEhd P (§tlebtseﬁ) If the
(step S3). For exanple, when a ceramc ball or a

”EEBET hal; 5bemQHtwﬂH s%v@f?fb‘kl fsllﬁ'alft%ﬁéls %V\)mirr%.rbftth%

coagu ated grains are i bra

v TREHB of G o BRSire 8@ %ﬁ@%“’%%?s. bRT srample: a

solids,wth the ball,6 and pass t htherre

S OMta I P ORHET 2 Bieteh o AR PRwdhse A7 & ES et %W%fﬁ@' powder
follow ng steps. Specifically, the powder includin

coBguing ea avsraas graindiamater elsevaral ipne pf am'méaﬁt 1% available
size is smaller than the interpole distance. Sifting

of onHbegvadiet israryrbaday strojll apparatiessuchas adadi mill, into

In the electric discharge surface treatnent, a

10 vobtaigs feppihg ach be¢rmpngtdie didhetbeof Bode bptess. ed@mishing
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di scharge surface treatnent 12 and the work 11 23 for

Canhfdynge Pertdreséd i adiqeibar ge that casepiheyliguidhisrevaaporated to
range of 80 volts (V) to 300 V. Wien a voltage within

thipy frrngeviderqBidp &2)beBiRes the povid Ctha? (€ diriid lncludes large
el ectric discharge surface treatnent 12 and the work

wor P93 Foffh 30 AU EL AR B oo RS P AT kgl eurains in
t rgﬁﬁﬁg}ge goﬁés,tmd 6 %%?fl@ nﬂy%nmhe%owder with wax at the

next step, the powder is sifted (step $3). For example, when a ceramic
ball or a metal ball is put on a mesh of a shifter, on which the
coagulated grains are left, and vibrated, the grains in the solids formed
due to the coagulation are fragmented by a vibration energy and
collision of the solids with the ball, and pass through the mesh. Only
grains that pass through the mesh are used in the following steps.
Specifically, the powder including coagulated solids is put on a net of
which a mesh size is smaller than the interpole distance.

Sifting of the powder crushed at step S3 is described herein. In

the electric discharge surface treatment, a voltage applied between the

electrode for electric discharge surface treatment 12 and the work 11




descri bed above, in the electric discharge surface
treatnent, an arc discharge occurring across both

pol es causes the coagul ated solids formng the

el ectrode 12 to be separated fr28m t he el ectrode

wi t hout changing a size of the coagul ated solids.

Here, if the size of the 10 coagul ated solids is bel ow

t héorn eawsipel an eleatepdtis¢lagenis aermally withing rangegf 80 volts
el ectric discharge can be generated even if such a
so[VHt@eR06t¥. Vétamearnvaltageeiithén thisrraogeris applésd bebwveen the
el ectric discharge occurs at a place in which the
pokks:trade fdroskectiic dstharybasurface tleatinent 1& andahgavork 11,
occurs at a place in which a solid exists, thereby

Cr i ilahb8 bedivie@nbthedeleterddie | PRINEIRS G6rR™M1 during the
expl osion of the electric discharge. However, if the

fi é%&fictd?&ﬁﬁ#edséﬁéeé Wﬁéétgrgt?rgcl ig%fftﬂéeor%%éi_og om%qgfﬂ. As

0 or ar ger t an_ t he_ I Nt er I St ance |
o8 EherBRa SRR g SRR Bkt U o
| SR oY P aePUeD e SRR el sores

befween the electrode 12 and the work 11 filled with

th rH?'BQéB?r‘?'@‘?#fPGPd 4 to besseparated frorptge @lgstrodeswithout
| arge solids are deposited, because an electric,

di §gna@@1§ acize of dhe gogigadtatednsalidssh Heee, df the sizgeofithe
and the work 11 are close to each other, the electric

10 di echagulgpded solidsde el awetitheoimte tpatle 2listalnaed0. Amimnor less),
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el ectric discharge occurs at other places. As a

r ekllowing4lettric disathatde camnbé denmeratddenky iflepokid edlid exists
on the surface of the work 11. In addition, the large

SObefiPe &R MNE p dIes CONRIrebeLY diktsd eke R¥ebteRIdisthhRRe occurs at a

el ectric discharge. Therefore, the coat 14 becones so

E;%%Tclee‘mt\bﬂkﬁ ffe p6RA add closefRPbhdh ?‘iﬁép% ?Iefﬁtg%igscharge

Furthernore, as 1n the latter case,

i?éégllfrtsaétea %rlééé ?rq V\.}rﬂclln rlles&l% %&Ps% ?tﬁ&%ﬁ?'crﬁsﬁﬂ% lhe solid by a
thermal energy or explosion of the electric discharge.

However, if the size of the solid forming the electrode 12 is
equal to or larger than the interpole distance (0.3 mm or more), an
electric discharge causes the solids to be separated from the electrode
12 without changing the size of the solids. Such solids are deposited
on the work 11 or are drifted in an interpole space between the
electrode 12 and the work 11 filled with the dielectric fluid 15. As in the
former case, if large solids are deposited, because an electric

discharge occurs at a place in which the electrode 12 and the work 11

are close to each other, the electric discharge is concentrated on that

place, and no electric discharge occurs at other places. As a result,




10

15

20

25

occurs between the electrode 12 and the work 11,
thereby nmaking it inpossible to cause an electric

di scharge. Therefore, to formthe coat 14 unifornly,
and to achieve stable electric2di scharge, solids,
which is fornmed due to the coagul ation of the grain,
having a size larger than the 10 interpol e di stance
shihel doabl 4 marmradenuniformhe depaddedtdmihe surfiacehef the work 11.
el ectrode 12. Such coagul ation of grains likely to

oclruaddiion, thé datde sopdsdan nax dhecoomipde iehe msdtedrby, heat of the
and is less likely to occur in a non-conductive

pouRetric HiscHergayl aticrafste, Bhaideat HacheesmeRr so bittie@ltivat the
to occur as the average grain dianeter of the powder

So?é@ld% i e%gﬁgls%rrﬁpérecoagzq'lé?ﬂi e rtREFRBFS, Qélih tife latter

I ds cause l'ation of grains to be

I

CHEAH D SRS AR b e A e et

t st 83 F
Zbeégues eaaen i dedte 92 2 ﬁ?aﬁggﬁ%%mﬂﬁtﬁ%ghﬁf%?kmg t
than th t le d Th t
B Sol€ s Rohs A SeTHE hechie s risrprs s TR e com
I nsi de the powder at a subsequent pressing process,
t hé4 ysitaenly, andite aehigye s&@l&ﬂe @aéﬁl%ﬁlsﬁaﬁﬁﬁ poligs, which is
approximately 1%to 10%in a weight percentage as
r etpuimatidgettethssgoaguliatine gfdhecgrais, havingda wizehlatger than the
formability inproves, but the powder is again 25

suinterpuledistantel $ypuld, natavs ipngsentipulhe powdey thakforms the
action of an 25 internolecular force or the

el grlctdedt ¢ BoichecaualIbabR1 sty ranig ke icdsccurTim a metallic
fragnmenting such solids formed with grains

re?ﬁ\‘r}g@\"lfa"i‘l‘tfg?n&ﬁ‘@nvé@%ld S fd %‘%s(lﬂ@éw t&eccuin a

ing at t step Is carried out in a

A o B BRI S s fore

PT Ieke‘ﬁy to occur as the average grain diameter of the powder is made
smaller. To avoid harmful effects due to solids caused by the
coagulation of grains to be occurred during the electric discharge
surface treatment, a process of sifting the powder coagulated at step
S3 is required. For the purpose described above, a mesh size at the
sifting should be smaller than the interpole distance.

Thereafter, to improve transmission of pressure from a press to

a portion inside the powder at a subsequent pressing process, the
powder is mixed with wax, such as paraffin, of approximately 1% to
10% in a weight percentage as required (step S4). If the powder is
mixed with wax, formability improves, but the powder is again

surrounded by a liquid, causing coagulation by the action of an



(step S6). Fig. 3 is a cross-section of a nolder for

nol di ng the powder. A |lower punch 104 is inserted

froma lower portion of a hole formed on a nold (die)

105, and a space fornmed betweegst he | ower punch 104

and the nold (die) 105 is filled with the powder

(when the powder is fornmed 10 of a plurality of
coiméirmoltidar forodarr tiexélectnostatic favceumpae fopmimghlargeZolids.
is then inserted froman upper portion of a hole

f org¥chgrehting Bilch sdkdsforkded witregrainBaepovagulaidd, ihe

conpression nolded with a pressure applied by a

pr ﬁéﬁlk’!'éir i€Gifdd ($p §6% ARt oFERERg @t thiesteppisdedrried
filled with the powder” 101 descri bed above by the

. i it
¢ DRREPHslng InafiafBe & HfethBdcd: Steposs Heboribd above,
is refer to a . .9C, i '
5 L hi on pNExb e PeRgRl BRR YRR hpidda bl chhiiessiiFBress
har d, en,a lo ressure i s appli,ed, the,,.
o lstepa30). 1 G0 et i 38ESn b A ROIEE for MGiding the powder.
di anmeter of the powder 101 of the el ectrode ﬁo
mefdpwer nunchhidPf is imgerded fforp ke lowe HREBIRM of 8- plefogmed on
when the grain dianeter of the powder 101 is | arge,
t ha mob;ttdglehé 052 apdcaspacedprmedrhetwgen the dawatpupsh 104 and
then renoved fromthe nol der and heated in a vacuum

f uthremoldr(dee)f 10 hés &lled  withl the tpoveder twhegethe powder is formed
at nosphere, thereby obtaining a conductive el ectrode

10 ( sbba phdjalititoftduhstituent, podiddremixtoge) Wo0én Arhupper punch
heating tenperature is applied, the electrode 12 26

be¢guas theh dns@REdWeR an uppeh§rirtibe dfedpelafernted ©n the mold
applied, the electrode 12 becones soft. By heating

élhgici?? 993, C‘?’H@Ettheiﬁ?\h%ﬁhﬁq ismbms%iéﬁ nS1eEa3%An a

iC resistance o e elec e 12. Therefore,

Bl up PRI B o PorrE el Fonfiott Siges of the
Bymr};ﬁgcta} filed %)i?ﬁitﬁ‘g p%qvoég PSM%rscribed above by the upper punch
15 103 and the lower punch 104. In the following, the powder 101 that is
compression molded is referred to as a green compact. At this time,
when a high pressure is applied, the electrode 12 becomes hard, and
when a low pressure is applied, the electrode 12 becomes soft.
Moreover, when a grain diameter of the powder 101 of the electrode
20 material is small, the electrode 12 becomes hard, and when the grain
diameter of the powder 101 is large, the electrode 12 becomes soft.
The green compact is then removed from the molder and heated
in a vacuum furnace or a furnace filled with a nitrogen aimosphere,
thereby obtaining a conductive electrode (step S7). At the time of

25 heating, when a high heating temperature is applied, the electrode 12
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particles in the green conpact proceeds, thereby
producing an electrode for electric discharge surface
treatment 12 that has conductivity. The el ectrode for

el ectric discharge surface tre@agnent 12 can be 10

nol ded even when the crushing process at step Sl

descri bed above is omtted, that is, even when the
pobeeomieaviiargl, andawbenge lowdigatiigatenperaiiure s @pplied, the
tens of mis used as it is or when the sifting

pr eleesiodri 12 thacodles softn iByeHeating thargreesotonipaas, it is also
large as 0.3 mmor nore are present. However,

Nopodibie tardexré ds d aléitfig seafsttnse iof thBeelébtreect2. odEherefore,
12 such that hardness of a surface of the electrode is

hi ghen @ﬁﬁ@ﬁb%lﬁﬁs CbnibreReidH nRAGEH Withsut ﬁn‘&in@%ﬁﬁ wax at

is not preferable. Mreover, In this electrode

fjPgteﬁ)%%ﬁe%ﬁwgbg%Eﬁn@&ﬁéﬁ%h@%ﬂﬂ 2 botnlal?nflagrt?(gﬁé; Sowder

charg ron e surtace are’ n
cons d.. Thus, deposition to th k
TTPRUITIES in o Brali Eeihb el e s, IHEIAREp B ddifia M

either. ] n_ other words, the el ectropde, nateri.al a
poech&r@c{ﬁfq: %sptfr%%%@hargﬂwr cefreauBens 12hedhaar o

to be supplied, thereby causing the surface of the
woeRnductivitybe renoved. On the contrary, since the

center portion of the electrode 12 is brittle, it is
consunedTheialgtyrodetfor eléntricrdischarges surfacedaeatment 12 can be
result, the surface 25 of the electrode 12 becones

supivld édteviehswheni thret nushing puoesssaatistaps SA7desenibed above is
portion is recessed. Since an electric discharge

oCEHite@Nbatat, elEf viAREh HRé PowPer Iﬁ@viﬁﬁséfﬂlabeiﬁg@ gPaire
di stance, renoval of the surface of the work 11

Pr QG&RERr dfr?é\%\%!e @%@%ﬁ?&ﬁfé%&% i't;??%m%ﬁ-the sifting

Furthernore, po G ni cke ch are

A b TR Al S Bk 86 9655 0.3
more are present. However, non-uniformity in hardness occurs in the
electrode 12 such that hardness of a surface of the electrode is high
and hardness of a center portion is low, which is not preferable.
Moreover, in this electrode 12, the center portion is consumed through
the electric discharge, but portions near the surface are not consumed.
Thus, deposition to the surface of the work 11 is not proceeded, which
is not preferable, either. In other words, the electrode material at a
portion of a perimeter of the electrode 12 is too hard to be supplied,
thereby causing the surface of the work 11 to be removed. On the
contrary, since the center portion of the electrode 12 is brittle, it is

consumed quickly after the process is started. As a result, the surface

of the electrode 12 becomes such that its perimeter protrudes and its
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grain dianeter thereof 3mor less are usually

avai |l abl e on the market. Therefore, when any of these
powders i s used, the crushing process at step S1 and

the drying process at step 82 @&scri bed above may be
omtted. 10 In the follow ng, the present invention is
described in nore detail based on specific
enbediaregrmrtionrisrrecesaedt eSinte aposigetri¢ disthaageayccurs only at
havi ng an average grain dianeter of 50 m, which is

| etree pekiatster havingai shaldntergete distapee atemesabbf H®surface
degrees Celsius (C) or |ower was crushed by a 15

Vi 6f tid a@rRi11 piccddds) ghéfetw/ﬁfél@ﬁ? WePositibRi@bessite.

be 1.5 m and was then dried. A stellite used herein

has a co
(chrom uﬁ)gﬁﬁ?gmﬁe?gﬁswg?&?%(fﬁ‘?%kNﬂﬂBkee\,{eWN?h are jess likely to

sggg%ﬁﬁ%d .Qm IY\S% %J @é:tr(%rﬁrq?o@ cgga\fl]ﬂncgp?%%gtgﬁ average
éﬁ]h%ﬂ"‘f&e@\éﬁl l I 4 V%?Q %enaﬂﬁﬁa ){?%Ivtauggbenpn%he market.

% S | ,
stEhﬁf%V*@rg-h‘gOPﬁgé%\S et ' ConPP&‘Hﬂ%fﬁdF &bﬁ% B8 crishine Bgotess at
5 weig % N , wei % W and Co for the rest
§/te¢5>e51s%1 the Q6Y1ﬂ9d¥§c\ﬁ§ﬁeatnﬁiﬁ9f%%tdﬂs§d'b@§| ao¥e may be

non-si fted powder, and a 25 sifted powder

r eeméldedyvel y. The di mensions of the nold used at the

28 tinme of pressing were 18.2 mmin dianmeter and 30.5

mm i n | elmgtHe fdBlowingi the prebert imvietitionhie dasdribddcein more detail
powder was conpression nolded at a predetermn ned

prieased @noépédificrabédimentsvas then heated. O the
processes of manufacturing an electrode for electric 5

2: fs;_:rﬁgg?rrgfég gt@@ﬁ g&kﬂﬁﬂ’(a@éﬁmbp%\ﬁﬁg\éﬁm alBfage grain
diameter of 50 um), which is less likely to be oxidized under
temperatures of 800 degrees Celsius (°C) or lower was crushed by a
vibrating mill to bring an average grain diameter to be 1.5 um, and was
then dried. A stellite used herein has a composition including 25
weight % Cr (chromium), 10 weight % Ni (nickel), 7 weight % W
(tungsten), 0.5 weight % C (carbon), and Co for the rest.

Also, instead of the stellite having the above structure, a stellite
having a composition including 28 weight % Mo (molybdenum), 17
weight % Cr, 3 weight % Si (silicon), and Co for the rest, or a stellite
having a composition including 28 weight % Cr, 5 weight % Ni, 19
weight % W, and Co for the rest may be used.

Electrodes were manufactured using a non-sifted powder, and a

sifted powder respectively. The dimensions of the mold used at the
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drying (step S3) and the sifting process after m xing
paraffin (step S5 were omtted to manufacture an

el ectrode, a section photograph (scaling: 35 times)

of which is shown in Fig. 4. T@8fragnent the powder

coagul ated in the course of drying, a 10 sifter

havi ng a nesh size of 0.15 mmwas used for fine |

criisle olypeessing aferer 1 @iinmy inidiametenand 30.8 rgny trelength. By
having a nmesh size of 0.3 nmwas wused to manufacture
anyingcé ucita. mald abki stelljiibqimgdeptvasf campressieotmolged at a
t hus manufactured is shown in Fig. 5. First, the

el E&;dé_}@ﬁnﬁw\@reéblﬁlegef the fresEmbwasAheor heatedl 5
appearing white is a large solid, and it can be seen

t hat m“%gﬁeﬁgeﬁm o PREn BRI R &I eldttdd fadelectric

manner . Ite portion is Scratched by a pin,

t he. porti ' } he sl iftirptsbess after
iR R 8R} EsCibBARUE e S RiriEbidee;

s, exam ped_ it is. .8 .ent SOl

sodrving (efep 57 iandRERRIRY orbeBhe R HEBIAG pefofi step S9)
el ectric discharge surface treatnent was pertf

e IS oA PE R SR adE <3 Sesan: PigBbraph

appr oxi rratel%/_ to the extent that a _peak current val ue

i etsealings3&stimgs) afovhiehas shawnin &'8ctri c- di schar ge
duration (electric discharge pulse wdth) to=4 )

ni cr osecdodsagmpnt the ovederreoagulaten in the sguree of sisying, a
el ectrode side was used as a mnus polarity, while the

WOE iftesti ekeving s Afestusize o0 pinm was asetyfor fimeacrushing and,
result, in the electric discharge surface treatnent

usigr hiking Witk paesfinpauliftet haethguathethesize fof @3 mm was
stellite powder, a coat having a filmthickness of

t he <848 mAhufacdyfEnapesictlodd 0 A8etabAgshdtagriptaay the
of fS%e el ecE"rl C- gl sc?harge pul se conditions wth a
pr %?eecct%@@ trtniig?né)rﬁufactured is shown in Fig. 5.

First, the electrode shown in Fig. 4 is examined. A portion
appearing white is a large solid, and it can be seen that many of such
portions are present in a mixed manner. When the white portion is
scratched by a pin, the portion appearing white is separated as a solid.

On the other hand, when the electrode shown in Fig. 5 is
examined, it is apparent that no such solid as seen in Fig. 4 is present.

Using these electrodes, electric discharge surface treatment
was performed under various electric-discharge pulse conditions
approximately to the extent that a peak current value jie=5 amperes (A)
to 20 A, and an electric-discharge duration (electric discharge pulse
width) te=4 microseconds (us) to 100 us. As for polarities, the

electrode side was used as a minus polarity, while the work side was




approximately five mnutes. On the other hand, in the

case of the electric discharge surface treatnent

usi ng the el ectrode nanufactured wth the non-sifted
stellite powder, a short circu® occurred to

unstabilize the electric discharge, thereby

preventing the process from proceedi ng, 10 and maki ng

a dsepdsst aluppodasty. i npossi bl e. Thus, as descri bed

above, it was confirned that there is the harnful .

ef fect dpe 4 peslie inathgce'ectiicdisdharge suréade treapmendusing the
that is separated fromthe el ectrode w thout changing

i t 8|ctdtiiie Ahdfagtured whRnthedsnedistelite pavwdemar koatr having a
drifted between the poles filled with the 15

di ﬁhﬁghrdk‘hefs's% h*éeér‘h%‘?rbfté‘q rﬁhewarsoasleatwbéhermeakunder any

a graph depi cting one exarrp e of a current

sdupff&@é?m%&@ Rl GBSy EEREEIE VRRTn bSoaRlRg fime of
\Y, \ F|
¢ nepprapmately Hee Pty o o SR RhaaRire s ofine

In 6 20 at a paortiqn near a hott
 eplediinsahaigs shitacerentaet yo2n 18R € 8h%§e%%ﬁ“fa°t“fed
end, an underline drawn under 1 re(gresen s 0 A v%ln bili
anwithdthe nes- ijtﬁdﬁﬁteﬂd@rpo\w(ﬂ%rprae%'é ftLigguit ogeurred o unstabilize
hori zontal axis represents tinme in 100 mllisecond
( mthe eiledtsicatischatgd,dheceby paevenirg thepresess fiammyogeeding,
divisions on top and in 5 A divisions on bottom A 25

10 Wagdidomakitly ahdepositiohhErokcess isipdssilem appr oxi mat el y
the center of 30 the drawing represents a waveform

when a cui@Niad SeSetasss abelvky it waseaifieches thattthere is the
application of a voltage. As for a waveform W2 shown

°” htal?ﬁ'lfﬁi QﬁécFHGS thtﬁ@ |§P¢Jé e%lig8id et dteliRePowd&f tHdtds

current waveform changes, while a vol tage

B e ML SO oo b e

deposited on the work or drifted between the poles filled with the

15 dielectric fluid between the electrode and the work.

Fig. 6 is a graph depicting one example of a current waveform
and a voltage waveform between the poles during the electric discharge
surface treatment. A waveform V shown in Fig. 6 at a portion near a
top of the graph represents a voltage, and a waveform | shown in Fig. 6

20 at a portion near a bottom of the graph represents a current. On a
vertical axis on a right end, an underline drawn under 1 represents 0 A,
while an underline drawn under 3 represents 0 V. A horizontal axis
represents time in 100 millisecond (ms) divisions, while vertical axes
represent in 50 V divisions on top and in 5 A divisions on bottom. A

25 waveform W1 shown on the left side from approximately the center of
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circuit occurs between the poles. Therefore, it can be
determ ned that the state represented by the waveform
on the right side from approximately the center of

the drawing is a short-circuit38tate. Results simlar

to the above were obtained when an electric 10

di scharge surface treatnent was perforned using an

el et doaleingmeepreaents advaveforrm whentdheupmids saccessfully
drying, fragmenting coagul ated solids, and omtting a

si §ehamtpdosits shafdpplicaticinngf aiviolitager. afAs for Avsavefben W2
an el ectrode manufactured by sifting the stellite
POYESWNteh Bhe Mightlstdé IR spProstimutsy the tentepof ties drawing, a
process (electric 15 discharge surface treatnent)

o BT R S Bl It notcrange
901045, 9 5 O S YRIGG R G abb148. o shor
5RUA BRSSP, e ggmnes
S s LBy 15 Bl 5 AT iy ™

Process conditions (electric-discharge

. scharge pulse
coRBPfedmatelytie esntesof thedrawlagus @ughertciveyit gtate.

ie=12 A, and an electric-discharge duration to=64 ns.
Wien a sResultsisimilar todbaerabovsewese ohtamesowben an electric
| arge solid may be deposited on the work or a hole 25
nmeglisicd atge sedfape treatrmeat wadoperermedrusing.arveleadrode
projections and 31 depressions were observed on the

Coffan A86irBE S 8ifEng thé powdsleattef Hajing! haigreantingeoagulated

formed with a stable electric discharge. According to

t h§olﬁ&é,~°’én(§%’ﬂﬂ@@iﬁ§ﬁtsifﬂr{b Eoﬂ?cés% HREF MixRMg @ith paraffin.

el ectrode by conpfession [ding using a™netallic

powder oAhsao WheR A elégt‘?c?&‘@?ﬁan{l*b%tlt‘?}eeifbﬁ(%‘i*ﬁinfgofhe stellite

el ectric discharge surface treatnmen
powder to eliminate large solids was used to perform a process (electric
discharge surface treatment) under other conditions (electric-discharge
pulse conditions), it was possible to achieve a stable electric discharge
and to form a coat having a film thickness of the order of 0.1 mm with
the process (electric discharge surface treatment) of five minutes.

The coat formed by the electric discharge surface treatment
using the electrode manufactured with the sifted stellite powder is
shown in Fig. 7. Process conditions (electric-discharge pulse
conditions) applied here are a peak current value ie=12 A, and an
electric-discharge duration te=64 ms. When a short circuit occurs

between the poles, a large solid may be deposited on the work or a hole

may be formed on the coat. However, in Fig. 7, no projections and




manuf act ured does not include |arge solids formed due

to the coagulation of the powder, specifically, those

| arger than a distance between the el ectrode and the

work at the time of the electri3d di scharge surface
treatment. This can prevent situations such as |arge

solids are 10 deposited on the work or drifted between

t hdepodssionswerg obsenledconithe atiadcand dbeseforadieis evident that
treatnment, thereby achieving a stable electric

di gehabgewaksfornreaswith, a atablec&lectrid dvédhargesnoot h

surface can be obtained. Wien a powder havi ng an

aver age Abébfhiﬂ?atﬁeﬂw%ffi@ft enbb@iméft, lisdbe iformatientdfyan
obtained fromthe market for manufacturing an

el epddipsife bg?c?ﬁnﬁfé’éé?@n ﬁ’ﬁ&ﬂ?ﬁ? u%ﬁ%ﬁ métalfBbdvider or a ceramic
subsequent Sifting process (step 383) are not _
[ CBUREA, SRR RIRE U b B Fdo SRR o

| dabi i t . the tir f ' '
cvBIRTlterBeAsiosk ok Tieoge A oonapuiEHSUoE e ,
paranBHRlGR of Hip BPoEsssspertisaiy Nane [iEse e qudstance
sifting process (step S5) are not required. Secon

d .
Enbstweenttherelepwodedtndi thewaikmirthe timepfihgaiectric discharge

havi ng an average 25 grain dianmeter of 1 nmwas used

t osetfade taeatmhent. ol Histoarepraventsiituatisns3guch agdgrgesolids are
a sifter and the coat thickness. A sifted powder was

10 useepbsitedron the wiirkeorsd ifitsd dietweenl theveoles didrig tine iedectric

di aneter and 30.5 mmin length, and an el ectrode

Pr giietRifge BUras reatinent Mieteby ddmeAingde stalileaelectric
predeterm ned pressure of a 5 press and then by

hegiddiarge’ CAY 4 385Uk CHRARK YE&t WA sRIRSSurface can be

obtained.
When a powder having an average grain diameter of 3 um or
15 less is directly obtained from the market for manufacturing an electrode,
the drying process (step S2) and the subsequent sifting process (step
S3) are not required. Also, a powder produced by water atomization or
the like has a spherical shape, and has a high moldability at the time of
compression and shaping even without paraffin to be mixed. Therefore,
20 when such a powder is used to manufacture an electrode, the paraffin
mixing process (step S4) and the subsequent sifting process (step S5)
are not required.
Second Embodiment
In the second embodiment, a Co powder having an average

25 grain diameter of 1 mm was used to study a relation between the size of




conditions are simlar to those in the first

enbodi nent, and the processing tine was 10 m nutes.

The rel ati on between the nesh size of the sifter and

the coat thickness is shown im@2Fi g. 8. The coat

t hi ckness shown in Fig. 8 10 represents an average

val ue of the coat thickness neasured at five points
onatmeshaxfta sifteri andipiparcemt thickmeBsg. 8 that, when the

nmesh size exceeded 0.3 mm the coat thickness

decr eased sifted pesgecwasoused reseirs theidimenmionsioéa mold were
the nmesh size was over 0.5 nm no coat was able to be

depgs? hed. inldiafistef @RY0B0 fSomn hih Sehgth, lrmepah dlectrede produced
that, when the nesh size exceeds 0.3 mm |arge solids

t hﬁg &ﬁﬂﬁﬂ%ss‘?@ﬁ%@idfn ¢hdippwdeest Byprebeterhinetrpressure of a
di sCharge begin to appear between the poles and cause
Sgi @E%é an&'t{h%W E)é@%g'éi@gté‘%ébﬁ %fe@ohB%c?h%g G8€d. Process

ar ge, ere easi ng nunber of electric

di schar.ges and reducjng the.c 1 hi

ce SEPRBETS AP RIRHRELS it AR it G BBRTneff i the

understoad fromthe interpole distance between the

el BE??%%"SﬁH“?H’éa%pkm'W%ﬁot ograph of the surface of

t he coat based on an el ectrode nanufactured,usin

sifter hdhenglatinadretwiesa e s hnze OTShevTtER an i@‘.e coat

9. FromFig. 9, it is apparent that small protrudir|1:g

pathickhess As 3hompiraFig.B.bel be coat daicknesashayn in Fig. 8

because | arge solids of the stellite 33 powder cause _
10a séprdsetits an hverigecealuchef the eeat thiekmess mmasurgdaat five

large current to flow Also, an electric discharge

OC i iftsn ehd@ohit.oNitiis appabnt from Eligcs tioa veineh the mesh size
work are close to each other. It can therefore be 5

Co%‘ibég@dtd‘.gltmnﬂtthﬁoééétol'?ﬁclméb%" débriasdewithaidspéichto a

portion, no ectric
process time, and when the mesh size was over 0.5 mm, no coat was

able to be deposited.

15 One reason for this is thought to be that, when the mesh size
exceeds 0.3 mm, large solids that cannot possibly be dissolved by the
electric discharge begin to appear between the poles and cause a short
circuit or instability in the electric discharge, thereby decreasing the
number of electric discharges and reducing the coat thickness. As

20 described in the first embodiment, this can be understood from the
interpole distance between the electrode and the work.

A photograph of the surface of the coat based on an electrode
manufactured using a sifter having a mesh size of 0.5 mm is shown in
Fig. 9. From Fig. 9, it is apparent that small protruding particles A

25 appear to be attached on the coat because large solids of the stellite
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di scharge occur, and therefore, no coat can be forned.
According to the second enbodi nent, if the nmesh size

of the sifter is set as 0.3 nm which is the distance
between the electrode and the3gork, or smaller, it is

possi ble to obtain a stable electric discharge 10 and
deposition of a thick coat. Third Enbodinent In a

t hpoevdeThealiseats haort cfrouit tietwedt rf iter polashdberahnt gausing a large
following the third enbodi nent, description is made to
ancareatnedmor electric di scharge surface treatnent

that is used in formng a netallic 15 coat by the

el ectri CAqlééCé‘ﬁ@@cﬁiﬂcﬁ@@ﬁafﬁ@é&ﬁﬁfg at ansortioat inl which the
formsd wth a powder of netal |likely to be oxidized

?ébt%ég%%n'dnﬂe“ﬂlbﬂg F?@%sé 'tJf%'aY:lq 61‘?19*?‘9 RddH ﬂ’fé’refore be

od for manutfacturing such an el ectrode.

ﬁ%@g%FEeq%cﬁﬁt%d b@a"?ﬁé’;% fufof i B Blo 3R BRI ko stcri
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surface treatnment manufactured with a netallic powder

or siftercisasrtcapOudlermi wdtichre the sistagee; b@tmquﬂtﬁaebC"Ode and
oxi di zed as an el ectrode material is described. Fig.
10 the work4 or fsnoakdrait isqfoswiblef trcobtding stadie @leciricodischarge
for electric discharge surface treatnent. First, a

powger depositibal of & thkaddate al | oy, or ceramics having
a constituent of a coat desired to be forned on the

Worthitch EmsSdiafeet S (step 511). Such a powder is
avai | abl e on the market and is a

In a third embodiment and fourth and fifth embodiments
following the third embodiment, description is made to an electrode for
electric discharge surface treatment that is used in forming a metallic
coat by the electric discharge surface treatment, and that is formed with
a powder of metal likely to be oxidized or an alloy including metal likely
to be oxidized, and a method for manufacturing such an electrode.

The principle of the electric discharge surface treatment has
been described in the first embodiment, and is therefore not described
herein.

Next, a method for manufacturing an electrode for electric
discharge surface treatment is described. First, a method for
manufacturing an electrode for electric discharge surface treatment

manufactured with a metallic powder or a ceramic powder that are less

likely to be oxidized as an electrode material is described. Fig. 10is a



spherical powder of netal or ceramics that are |ess

likely to be oxidized and that have an average grain

di aneter of several m Then, to inprove transm ssion

of pressure fromthe press to &4 portion inside of the
powder at a subsequent pressing process, the 10

nmetallic powder, the netal alloy powder, or the

ceflawich apbofleranfacturaty suchteleatrpdefon edactpisrdistharge surface
of approximately 1%to 10%in wei ght percentage as
regleistgdntstep S12). If the powder and wax are m xed
together, noldability inproves. However, surroundi ng

of the pewderaRydél 66mutsl, Wrictalievall@d ovddramicd having a
liquid, thereby causing coagul ation by the action of

22 8bﬁ§ﬁ{dEHﬁffué 2bat Bfelggeﬂrt?mg ,f&lsrﬁﬁi (rjdéf?frﬂi Work 9§ PRirchased

; ormng argF SO S. ;orned agai n
¢ . . _
5 Sl‘f% 3 %ﬁg?."@ﬁé@fﬁ?ﬂ@%iﬂ%&%‘%@@éﬁﬂﬁﬁei@QE%@S;S. B
J 20 [ 814) . ,. -
T FeeBby RoRder TR ar - AR PPRrE I gt b oxicized
a nolder in the manner described in the first

enBodi thatthayesen iayedage Qrain AR $NGTAGH™, sol i d
obtai ned by conpression nolding is referred to as

a
green corfpey, toTrereueteansmission of pressiectronsthe press to a
renmoved fromthe nolder, and 25 is then heated in a
vagaoutioh insidecofotheapbwdeaat & subsequéniprassing progess, the
35 atnosphere, thereby obtaining a conductive

10 €| esdtafiftepbaiden, Hbinetal allbppowder, of theasramic posvder is mixed
hi gh heating tenperature is applied, the electrode

begafpwvahasthchags! PWﬂ@Fﬁn@ df%ﬂ?@ﬁ%@&l%ﬂ%% at0%% dnivgeight

appl 1ed, the el ectrode becones soft. By heating the

O BBlp R e ShuebTME S L Sy oo e
If the powder and wax are mixed together, moldability improves.
However, surrounding of the powder particles are again covered with a
15  liquid, thereby causing coagulation by the action of an intermolecular
force or the electrostatic force, and forming large solids. Thus, solids
formed again due to the coagulation are sifted to be fragmented (step
S$13).
Next, the powder obtained is compression molded by a
20 compression press (step $14). Compression molding of the powder is
performed using a molder in the manner described in the first
embodiment described above. in the following, a solid obtained by
compression molding is referred to as a green compact.

Thereafter, the green compact is removed from the molder, and

25 is then heated in a vacuum furnace or a furnace filled with the nitrogen




Therefore, even if the powder is conpressi on nol ded

W thout mxing with wax at step S12, heating is

meani ngful. Wth this, bonding anong powder particles

in the green conpact proceeds, 3%hereby obtaining an

el ectrode for electric discharge surface treatnent

t hat has conductive. 10 An el ectrode for electric

di atmaspbeser thateby raddaining acaanductiveislacitede éstepnS15). At
the manner as descri bed above using a netallic powder

or the tieneuf heatinde whérmia high heating itempgratureds applied, the
oxi di zed as an electrode material. However, not all

ki efiscteddEBletiomss pandieand avisers arlani heptingdempelratuteais
are less likely to be oxidized and that are avail abl e

3!“ aﬁ?@*ﬁeﬁ?"t ele@r6dé MRDMEY 588 aB\AKHEaHAE tBE]jreéen compact, it
I a

ter of several m Mreover, netallic powders

b oS or .
Sgn% ngs.duéﬁs dedr8a ?%ﬂté'éjbéﬁfh ﬁ%ﬁ% Re &f thea¥RidtARle

mar ket  ar e ed to t ing an aver age
in di t 1 . . .
S bl R el 18 o 5Bl R 5hlaoc by i
SBLMUECR B2, HaRgE8 HReid i poncing among

powder decreases, and the powder becones vyer .
sepawdercpagiciesinihe uﬁ%?@mr'éi?a@owocgﬁé’ﬁp?{%?y%eﬂb?'“*”9 an
nmetallic powder likely to be oxidized is surrounded b .
ox gdectrodadop elensricidisehage surfagetreatmentthas has conductive.
portion inside the 25 powder, thereby losing its

10pr opert i ésn etectaddd forselettas disoharge surfgcatreatment can be
ductility. Furthernore, oxidation of the powder may
expharifeditiredPimarethantstas desbyibbtdeabmiealibing pondtatlic
likely to be oxidized and available on the market is

L i Hdvidert 8 hhasanfia\iowdér intafeasss e giabe oxidized as an
di aneter of 10 mor nore. The netal likely to be

'?’i)(ie?%??gdgr}ﬁn%’f&% C 5 (chromum, A (alumnum, and

anru wever, even when any
However, not all kinds of metallic powders and ceramic powders

15 that are less likely to be oxidized and that are available on the market
are those having an average grain diameter of several um. Moreover,
metallic powders that are likely to be oxidized and that are available on
the market are limited to those having an average grain diameter of 10
pum or more. In general, as the grain diameter of the powder

20 decreases, a ratio of the surface area to the volume of the powder
increases. In other words, a heat capacity of the powder decreases,
and the powder becomes very sensitive to energy. Therefore, for
example, when a metallic powder likely to be oxidized is surrounded by
oxygen, the powder is oxidized very quickly to a portion inside the

25 powder, thereby losing its properties as metal, such as conductivity and




of such netallic powders |likely to be oxidized is used
as the electrode material, if the powder is conpacted
by conpression nolding to forman electrode, the
surface of the electrode is oxi3f zed, but the inside
thereof 1is not so oxidized. In addition, the powder

can be prevented from 10 bei ng expl osively oxidized. A
medetilifyor Fuminémeore,ioxidatienafdberpaiedéomay explasively

di scharge surface treatnment forned with a

copneceedl | Yhat & Wyl themeistallicop gwoeelikelyhtat bd axidined and
average grain dianeter of several tens of m and that

i s avia@labld bkiahy markst ieXirditég@doithodestdviRgd m'rg_h average grain
reference to a flowhart 15 shown in Fig. 11. First,

t e SRS 6f i‘b&%n%’r%b?@.' eTH@rﬁEHI?E%Be Sﬂﬂgﬁfbeg’gbludes Cr

average graln dianeter of severa e pm an
a aret er . P!
55 KpermbeR ARRhER I S TR, CHEiever BignWnen any

like into rt.icl es. havin n.average grain__diapet
of &% sEbmBRUIC bl NEly 30 £ Biiadi€ e o IRe lectrode
vaporjzed to 20 dry the powde tep 822). Since the
o RRlE @i 4% RoWdaT3 cBTPacted By A ARSIN ARG to form an
coa?ul ation of grains, to fratg;rrent_ these | arge solids
anélegrede fthe swuifage @f theplepladeris ixigizeax bait the Apside thereof
step, the powder is sifted (step S23). Thereafter, to
i miE oot soraxiditessi dn arfditioasthe powdenaarebprpyevents from
a portion inside of the powder at a subsequent

10 pr bsmagexploasiesly, oXilizedll powder is mixed with wax,
such as paraffin, of approximately 1%to 10%in

wei ght pereeithedformdmidtiithd e Rldcifode For éRtric discharge
powder is mxed with wax, formability inproves, but

L SuPREYo ke Al a0 R Rl B ot i pouder
| PSR S BleraecSrath dilfetb B 58LALIEEYrin, 3 that is
less likely to be oxidized is described with reference to a flowchart

15 shown in Fig. 11. First, the commercially-available metallic powder
having an average grain diameter of several tens of um and less likely
to be oxidized is crushed with a mill, such as a ball mill, in volatile
solvent of acetone or the like into particles having an average grain
diameter of 3 um or less (step S21). Then, the solvent is vaporized to

20 dry the powder (step S22). Since the powder dried has large solids
formed due to the coagulation of grains, to fragment these large solids
and to sufficiently mix the powder with wax at a next step, the powder is
sifted (step S23).

Thereafter, to improve transmission of pressure from the press

25 to a portion inside of the powder at a subsequent pressing process, the
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solids. To fragnent the solids forned due to the
re-coagul ation, the powder is sifted (step 825).
Next, the powder obtained is conpression nolded by a
conpression press (step S26). @@npression nol di ng of
the powder is 10 perforned using a nolder in the
manner described in the first enbodi nent descri bed
abpewder s miged ovithhwiang, suchsas ipdraffirt, f aupudesmately 1% to
obt ai ned by conpression nolding is referred to as a
gr tew wowpigtt. perteatageas e (stept$24).r dfmive holwdem is
the nolder, and is then heated in a vacuum furnace or
a iR OatH WalkeeoMhability nhtar@@@en, Bhit mbg@@uober & again

e (

t hereby obtaining a conductive electro step 827).

AlsufrBBndbdmyPh IIO | ,ieg?erte %é.ﬁielg'é e rE:‘i)"i!\(%;ﬂI.J'I‘:Stion b tg’e action of

tenperature 1I's a . rode bécones har

an : P.

o1 S e 18t Br WF RGeS Gt Tor R an F ot targe
it s passible t ecrease.electric resistance of .the

ol 2218 a7, Bo5ne R EECH S ralie Fu Mg lhEpagblatidlt the
conpr essi on, ed wthout mxing wth wax at step
sﬁgwﬁ@éﬁ ﬁﬁ@ﬁ%ﬁ%%}-m. Wth this, bonding anong
powder particles in the ?ar_een conpact proceeds,

t her eby Naxtifthetrawder obfpinpdds cemeprassien melded by a

di scharge surface treatnent that has conductivity. 25
Arcahpeesside fressdstap S526)di Comprassion elding ohthe powder is
can be 38 manufactured in the manner as descri bed
abperdormedusing commder al the svanneabdesoriied in thedinster
having an average grain dianmeter of several tens of
prembadiment dekelibet by Xi 1@ th@df-oquMﬁ%,eé,smmeaf fHe powder

el ectrode is manufactured by this nethod by 5 using a
gﬁév\%llglriﬁfds BYVElihptddsiby rhoIdiSg K rdterfsl 16 BR 488t Icompact.
The green compact is then removed from the molder, and is

then heated in a vacuum furnace or a furnace filled with a nitrogen
atmosphere, thereby obtaining a conductive electrode (step S27). At
the time of heating, when a high heating temperature is applied, the
electrode becomes hard, and when a low heating temperature is
applied, the electrode becomes soft. By heating the green compact, it
is possible to decrease electric resistance of the electrode 12.
Therefore, even if the powder is compression molded without mixing
with wax at step S14, heating is meaningful. With this, bonding among
powder particles in the green compact proceeds, thereby manufacturing
an electrode for electric discharge surface treatment that has

conductivity.

An electrode for electric discharge surface treatment can be




oxidized in the drying process descri bed above.
Therefore, this manufacturing nethod cannot be
directly applied to a process of nmanufacturing an

el ectrode formed with a netal | i38 powder likely to be
oxi dized. 10 Fig. 12 is a flowhart of manufacturing
an electrode for electric discharge surface treatnent
ac coanifagtted methe esnrteri as dascobed Above using a
commercially-available netallic powler likely to be
OXic@inim@rdEiaﬂ?éawaiMe agetagii@powdieartedvang @n aegrmgd grain
tens of pm First, the comrercially-available netallic

po AY Rldssdiiamtierb@bxidiyed al
te‘f@&@feﬁ‘%bgﬁgﬁéﬁa&gey tfagfggg egil di zeé@g cr usﬁed Wi th

amll, i—!{ﬁ}gr % ﬁg'\f'pé'l‘ e Ictrdd’é ‘éoﬂn%h'ulffct@llré@ll:@tfﬁé method by

sol vent ter sol vent nedi um Into dgralns

haV|n e .
5t 9%%@%*%5 Eao gL %'S B¥ Shdizpf, @*B Hiefafincpgwder is
the s dium are

sepxSieranniRe S YG arassey Bbptbed st Qﬁ‘i?/fe?{"e this

el ectrode powder, that is, the 1] wder
camRapuiasteang reethed ﬁ%ﬂnebbeaife%@d?em $oit0 raepr{ﬂfeﬂs

a supernatant of the solvent nediumto obtaln on

t henaputadtudng amelectidsiesmgd witiearaetallic @Wﬁfe'ikedv to be
this tinme is not oxidized because the sol vent nmedi um

i s cdidizedi ently 25 contained. 39 Next, the netallic
powder obtained is conpression nolded by a conpression

10pr ess Wi tiguti2ligianfiodchaet ¢SmamuEddiuringrantedectrode for electric
following, a solid obtained by conpression nol ding

t heyio@H gl §urﬁ§é@@fedtﬁ1érﬁf@ddd?dm%ﬂa fife pr@s&®Ninvention. A
conmpact. "Conpression nol ding of the powder is 5

hgoﬁlfi??cﬂéﬁy%é‘}ldﬂ?é YRétdIfc HBHIBNIRY §§1¢ bRiizdd has an
average grain diameter of several tens of um.
First, the commercially-available metallic powder having an
15 average grain diameter of several tens of um and likely to be oxidized is
crushed with a mill, such as a ball mill, in volatile alcchaol or solvent
(hereinafter, "solvent medium") into grains having an average grain
diameter of 3 um or less (step S31).
After crushing, the metallic powder and the solvent medium are
20 put in a container for separation into solid and liquid. Specifically, the
electrode powder, that is, the metallic powder, is caused to settie in the
solvent medium for removal of a supernatant of the solvent medium to
obtain only the metallic powder (step $32). The metallic powder at this
time is not oxidized because the solvent medium is sufficiently

25 contained.
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enbodi nent descri bed above. In the present invention,

the netallic powder is |left being pressed by the

press until a shape of an el ectrode is obtained,

whil e volatilizing the sol vent 38edium Wen a |liquid

having a | ow boiling point, such as acetone, is used

as the solvent 10 nedium the solvent nedi um

vol ati | i Hext,whehnetalbc pmvede habtaieed iaicompasséan maided by a
this process, since what is required is that the
sotompressiod prasssvilhoetibeing deedxstep 38t imchgfekowing, a
conpact can keep its shape, the solvent nedi um does

NogoliRvdtdinelen e eoniprbekion Molding #rdmetalliEhsswier & referred
if the green conpact has been dried to an extent

S Ufdf 5§iae§FeérPco ti t B oPRFRBsidh PhAHRRY of e polwder s

be extraCted fromthe nolder before the sol vent

g . . e i zed
cobeHBHBAaRIRLE MotadF i the Kistierd SEEEILE W0 188 fRf ]

of fhe netallic er ns |G - . 20 :
TRl sk cEBRE Ao s bR d P4 btigf the metalii
el ectr.ode rial, an ectrode havi strength to
SoREWIR] Ehnlotk Bt PRoeRd DY bebiest Untich RhaPRITEn Slectrode
metallic powder IikeLy,to be oxi di zed, .the q&@alli? )
poiedbtainedovhigiveialilizing thgrsalvent pydivgn VWoese {igeid
metal | ic powder if conpacted. This is because each
nmehavingea powderilipamoinl, such asacetone tis used asrthexlvent
surroundi ng particles to have an increased ratio of

t heneddlmnthé colventdtedsumhadatibzes within s sorerthaal dgveral
the sane as having an increased grain dianeter), and

t hgyigfitelse beconmes insensitive to heat generated when
the netallic powder is oxidized. Furthernore, when the

Cure [ oUR e prasbie Snse it b il 1P0RATRE Suont

' Smelium is dried to the extent that the green compact can keep its
shape, the solvent medium does not have to be completely volatilized.
Therefore, if the green compact has been dried to an extent sufficient to
keep its shape, the green compact can be extracted from the molder
before the solvent medium is completely drierd.

Where there is no oxidized coat on the surface of the metallic
powder, particles of the metallic powder forms a metallic bond.
Therefore, when a metallic powder is used as an electrode material, an
electrode having strength to some extent can be molded. Moreover,
even with a metallic powder likely to be oxidized, the metallic power is

not oxidized as far as a portion inside the metallic powder if compacted.

This is because each metallic powder particle is bonded with its many

surrounding particles to have an increased ratio of the volume to the
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portion between netal particles in the el ectrode. The
volunme of the space and oxygen that is present

therein are so small that oxidation of the netallic
powder does not go beyond oxi d40i on of its surface.

Then, once an oxidized coat is forned on the surface

of the 10 netallic powder, the netallic powder is in
ansexfaceareg (thisdeiviguaily shalslame @sdhayiog qn ineremisgl grain
entropy condition). Therefore, even when the netallic
posdenetenyi any tihveredaial beedmesainsemsitice tdhbeabgeniesated when
exposed in air, a portion inside is not oxidized.

Thﬂfeeﬁm"tﬁillchyowﬁéfis@bmdﬁﬂe@teIOS 331 to S33 descri bed
above, oxidation of the netallic 15 powder can be

prevent efl, fh@n@pb NEnRAYPRIe fckerdd (E3rhpacns dired, a little

surface Thereafter, heating is pergﬁ%ned in a vacuum

%@%ﬁié’feff‘ erenﬂfl‘%‘ﬁ bédi C;ﬁgd"lﬁa)} mé‘sghierrﬂgﬁéd um, tha |s a

ere r odu conauctive e ectro

hﬁﬁg ﬁ%t‘leﬁg‘?'ﬁgﬂ%ﬁ? 'b@éﬂglre%r@etﬁ Cé’l'é%ﬁ%tsdepgSSI R{me of the

ﬁ%ﬁ@%%aﬁgé%@?n sAloRgtienght (e e %r”r%a"i{!‘\%épg%dat'on of

surface treatnment can be nmanufactured i.n the man
astheeatalicRweee deesmptgo @@uﬁeﬂ@aﬂﬁyoa it M ace.
netallic powder that has an avera grain 25 di aneter

of sever&hem andetamoxidized icory is l‘m@e@ﬁmthﬁeaurfage gfithe
t he manuf acturi ng nmet hod descri bed above, if the nold

i smatalicpowdet, theaaetalli¢ ampvdedi isainedry extresmndlyi | i ng

poi nt of a solvent nediun) during pressing, it is

poshemicallyostatile Cdriditien (o4 V\gﬁ gmropyobaditiori nT hehefore,
sol vent nedium For exanpl e, en acetone is used as 5

t heysR R tﬁ@%é&%\lld boldePRIVERGIthE dxiidizeltodTTofmed thereon
heated at the ord
is exposed in air, a portion inside is not oxidized. Therefore, by
performing steps $31 to S33 described above, oxidation of the metallic
powder can be prevented from going beyond the oxidation on the
surface.
Thereafter, heating is performed in a vacuum furnace or a
furnace filled with a nitrogen atmosphere, thereby producing a
conductive electrode (step $34). Even when the green compact is not
completely dried during pressing, it is possible to make the solvent
completely volatile during the heating process.
An electrode for electric discharge surface treatment can be

manufactured in the manner as described above using a

commercially-available metallic powder that has an average grain

diameter of several um and that is likely to be oxidized.




of 60C. If the nold is heated at such high

tenperatures as 300C to 1000C, the netallic powder is

nel ted, or bonding of the netallic powder proceeds

too nuch. Such problens do not 4¢cur with the

tenperature of the order of degrees above. 10 Al so,

even when the solvent nediumis conpletely volatilized

at the shnathe ofanufeskirmy medhodtdaddribesbadeve, flibe mold is
green conpact fornmed of the netal likely to be

oxi appexbristeBt héhtad(apmokimatdlatat.a Hbdingf pomt acfacbolvent

nmetal lic powder particle form ng the green conpact is
bongiediwny during pEYRYNG Uit 19 pods e TBtrabduce thnvdequired for
particles to have an increased ratio 15 of the vol une

t o Jd1atifzingaEHR %I%g(%c’ﬁuhi VEbF Hi‘%\hw\blé,h\ﬁlhéﬂ étdne is used as
having an~increased grain diameter), and therefore,

be . e _ ;

neftgi:é}??%l\l%g%&lh?’rﬁ it R P%%}a@%ﬂ@aﬂtﬁg rﬂ%@?lgé'?feated. ) the order

I's 'oxi d Fon 1 NSi

o O il €58 s R i a0
oS50 b U o S58H B e

be inproved if the powder is mxed wth wax, such as
parRawdear peacess t9e mue.y Such prodems donppgaecur with the
percentage to i nprove the transni ssion of pressure
f r dempevatprecet thep osd@ooet degreessabiovef the powder at
the tine of a pressing 25 process. However, when wax

10i s used, Alselevennuheditaedoleehhmatium b2 onmbetefyovelatilized at
it is preferable to use al cohol, such as ethanol, at
t hethei stagefof é&%h’!?ﬂ’aeﬁﬁétﬁ"idbgw‘ﬂ%& e greetlcompdit formed of
nmetal | i c powder including acetone or ethanol, sifting

i Sltgﬁrﬁ'@fmﬂeel RE HROYKRITIz&P IR IR Gh a5 SIRITBEARS! Cl"?uart 1(‘)ore, each

nol ded by a conpression press In a nmanner simlar
thah e BARY povtilé particie forming the green compact is bonded with its

[4)]

many surrounding metallic powder particles to have an increased ratio
15  of the volume to the surface area (this is virtually the same as having
an increased grain diameter), and therefore, becomes insensitive to
heat generated when the metallic powder is oxidized. Thus, the
portion inside of the powder is not oxidized.
If a metallic powder having a low moldability is used, such a
20 metallic powder including acetone or ethanol should be mixed with wax
before compression molding. Moldability can be improved if the
powder is mixed with wax, such as paraffin, of approximately 1% to
10% in weight percentage to improve the transmission of pressure from

the press to a portion inside of the powder at the time of a pressing

25 process. However, when wax is used, acetone may dissolve the wax.




is then heated by a vacuum furnace or a furnace filled

wWth a nitrogen atnosphere, thereby manufacturing a
conductive el ectrode. The wax in the electrode is

renmoved at the tinme of heating.42lso, if the netallic

powder is crushed in wax, no alcohol or the 10 Iike

needs to be used. However, when wax is used for

cr ukhergjors, ikis pagfierabld toouse ldcohdle sushxas ethans, at the time of
bal | speed because it generally has a high viscosity,

t hegrelshingduci ng the crushing capability. Therefore,

as for a bead mll, it is required to increase

rotati on Afteetheivaxie mitdd ithe pigtaliapewerer TREIRding acetone
the sane crushing capability as that of the 15

cr L@hemrﬁﬂpé‘ulﬁﬂlﬁg i&/ peblorhard V‘m‘@ p%@\ﬁfé?r@otgfnéd iLaEShpresswn

i s used. As a vVvibration mll, I's required
S Ao §§1dvfé§€%"a@%usvﬁl '5‘25‘%%9@“?@ ey @?fﬁaghobvenve and

'Tzl%zﬁéﬁf%oatéﬂ R T —

I soQct an nze . Acet one, 56 43 Et hanol
thosp ere, ?here y manu?actunng a conductive electrog . The wax

in the electrode is removed at the time of heating.

Also, if the metailic powder is crushed in wax, no alcohol or the

10 like needs to be used. However, when wax is used for crushing by a

15

20

ball mill or the like, wax reduces a ball speed because it generally has a
high viscosity, thereby reducing the crushing capability. Therefore, as
for a bead mill, it is required to increase rotation speed of the miil to
obtain approximately the same crushing capability as that of the
crushing capability obtained when acetone or ethanol is used. As for a
vibration mill, it is required to increase its amplitude and vibration
speed.

Next, examples of a solvent medium to be volatized are shown

in Table 1.

Table 1

Substance Boiling point
Toluene 110.6
Xylene 139.1

MEK 79.6

Normal hexane | 67
Isooctane 99.2
Benzene 80.1
Acetone 56




Pro anol 97.2 Butanol 128.8 The sol vent nedi a shown
in Table 1 are exanples of a solvent nedium usable
for the present invention. Therefore, in this
invention, any solvent nmedium4®n be used as long as
it has a b0| l'ing p0| nt of 5 around 100C, and as |ong

as ot corrode a container or

a [E'f.ﬁaﬁ& \:3”} “”“ um e wever, in consideration of
|IFF LV I B B I 7 z\ill ||u T y

envir SRAER ——alch such as ethanol, are

prsﬁiﬂﬁﬂp In_atd?28i&n a sol vent nedi um having a

boi ling point near 60C is used, because such sol vent
medi um qui ckly volatilizes, a time 10 required for

vol ati | i l,1e r. <an be sh rte
However Z#Hpgghﬁi‘??%%d'@e?t\?\%‘@ﬁ Sls@@g%segr%%a ogghgolvent
qui ¢ eratlonreu es s :
o skt Wsable fo e Bressn iFHealiah ndberyoREbi Inikgnvention,
poi nt as h as possible, although the tine required
f o.a'vo?r%!tfﬁng m%ur&,cané}eeweﬂ mglqm@@ it has melkeiflingrpoint of
exanpl e of manufacturing an electrode for electric

5di scaunge G, and asdangmn thesalyeot niediuomidoss net corrode a
netal likely to be oxidized is described. In general,
a container arla/peass Usdd én Grugbinder Hdwevern invwwmdderation of
grain dianmeter of the order of 10 m Such a powder

ireniaman shatow) yoonaepien gopision. !
g- Tabl e 2@aitioiTHF &r sAWve At AedibhPRBYRg & Yoifdg pEAMY Sear 60°C
is used, because such solvent medium quickly volatilizes, a time
10 required for volatilizing at the time of pressing can be shortened.
However, an operation between processes has to be done quickly. If
the operation requires some time, it is preferable to use a solvent
medium having a boiling point as high as possible, although the time
required for volatilizing is thereby lengthened.
15 Next, an example of manufacturing an electrode for electric
discharge surface treatment using Cr (chromium) as metal likely to be
oxidized is described. In general, a commercially-available Cr powder
has an average grain diameter of the order of 10 um. Such a powder
was first crushed with a vibration-type ball mill. Crushing conditions

20 are depicted in Tables 2 and 3.

Table 2
Ball material | Zr0»
Diameter $1/2




Pot material Zr02 Pot capacity 3.6L Powdering nethod

Wet Material injection anmount 1 k Sol vent nedi um

Et hanol The material of a ball and a container of the
vibration-type ball mll was Z442, and a size of the

bal | was 1/2 inch. 1 kilogram (kg) of a Cr powder was

put T‘a'?)lé‘33 6-liter container, and the container was

fllF 5 fmtl" ethanot— TL?{B At-af ner was then vi brated

t o [ UIANHE s nonder. 2 result, the average

gr’nrp aﬂpﬁﬁ’B’r of the Cr gnﬁ\lele_;/vas able to be

r ediRawdenng reethodvext . ¢ M¥etr pbwder crushed was

ext Matesthl tivigetivaramiount | dthkgnol | to let the Cr powder

pr eGgivéat madiuet hanol . THEeh&hoppwder was 10 al | owed

to precipitate for approximately 1 hour, thereby

meking it possible to separ ate the O powder and

et hanol . Thereafter, super nat ant of ethanol was

removed, Th%n@aiwkaﬂ)toéuawba@ andca conleiaer of dheatibratipnatype ball
| ar ge anount of ethanol. Next, approximtely 32 grans

( g)mok waBleOZ,mlwarsimmnhecba,lhwaslﬂmialchn dukilagrabe (kg) of a
conpression nol ded. A nold having di nensions of 18.2

M inpdwaektveis podirs@. 5. 6alitericdmaigicr, and theasbntdVriser was filled
the nold, the state in which a predeterm ned pressure

50f \yifi§ BhER6I. W@%@@thaﬁﬁef wastﬂ%ﬂubraat@%ﬁfo YASSHER Cr powder.
for approximately 5 mnutes, thereby evaporating

et hangl reang 'Fﬁé'a‘(}%tr geggth EI efdr d?*thteh@r &Més%le to be

20 be enough har p a shape. Then 'S conpact
a vacuum furnace at a predeterm ned
j?gﬁggﬁgﬂngdfure for approximately 4 hours to

Next, the Cr powder crushed was extracted together with

ethanol to let the Cr powder precipitate in ethanol. The Cr powder was
10 allowed to precipitate for approximately 1 hour, thereby making it
possible to separate the Cr powder and ethanol. Thereafter, a
supernatant of ethanol was removed, thereby obtaining a Cr powder
containing a large amount of ethanol.
Next, approximately 32 grams (g) of the Cr powder obtained was
15 taken out to be compression molded. A mold having dimensions of
18.2 mm in diameter and 30.5 mm in length was used. With the mold,
the state in which a predetermined pressure of the press was applied to
the Cr powder was kept for approximately 5 minutes, thereby
evaporating ethanol and making a green compact of the Cr powder to
20 be enough hard to keep a shape.
Then, this compact was heated in a vacuum furnace at a

predetermined heating temperature for approximately 4 hours to




45 manufacture a conductive el ectrode. Ethanol was
conpletely evaporated during heating and was renoved
fromthe el ectrode. Through the processes descri bed
above, it was possible to manufificture a conductive Cr
el ectrode wth oxidation of the C powder 5
proceeding only on a surface and w t hout oxidation

pr cvaadfagiure a condugtive etectiots . deEtifandiovas cpowletely
Next, a depositing process (electric discharge surface
t r eataporatedait ripey heating aml wast fegneved froodehé@lectrode.
el ectric discharge surface treatnent manufactured

with the Throutgle proddised) @6écrasied hdoval @rwak possible to
Process conditions were such that the peak current

val anusctlife A c@ﬁ@uétli\fé @r@éarsuew&ﬁwx%w aF itRa Cr powder

(eI ectric discharge pul se t e=appr oxi mat el y

t € I
L e%*ﬁiéiphﬁy Devfets %f?d ?“h%gﬁn?%ﬁ% ¢lign pibééé?ff%et° ina
havi n ckpnes f a xwratelylmnwas able to
be R‘U?'r%'dms Ff)ﬁ’g?% rc%p%oqgegf the coat forned by the
electrlc i scharge surface trea |cted|n
o 13- Naxt regRestaeprocsm IR R @180% 9, SHiFfacK
coat of approximately 1 nmfornmed is
Corféeatimen )oMa%pefmrr@deéﬁmgcthejeaqt@ngeefczfrelsgm discharge
of a short circuit was not observed on a surface of

t heswiaee treadment meaputactited withothea€s powdlemas the electrode
stable 20 electric discharge had proceeded. Effects

10si mmaterialo Fhrosess onkiktioss weré sUchdtetrthegreatbourent value
were able to be obtained with Ti or A, for exanple,

whijek 1RsA NBh@lthé idigttric iseharge iddiragen (ététﬂfldlmgch@rge pulse
the third enbodi nent, even when a netallic 25 powder

t ngng'tﬁ) {é-ka?dﬁ/ro&ﬁngfelﬁ”g fszeds #7&siidf thépracesdi(the electric
discharge surface treatment) performing for 3 minutes, a coat having a
thickness of approximately 1 mm was able to be formed. A photograph

15  of the coat formed by the electric discharge surface treatment is
depicted in Fig. 13. In the photograph shown in Fig. 13, a thick coat of
approximately 1 mm formed is shown. Concentration of the electric
discharge or occurrence of a short circuit was not observed on a
surface of the coat, and therefore, it can be assumed that a stable

20 electric discharge had proceeded.

Effects similar to those in the case of Cr described above were
able to be obtained with Ti or Al, for example, which is metal likely to be
oxidized.

According to the third embodiment, even when a metallic

25 powder that is likely to be oxidized, and that has a grain diameter




46 thereof 3 .xmor less is used, an el ectrode for

el ectric discharge surface treatnent can be

manuf actured with oxidation of the netallic powder

proceedi ng only on a surface amrdBw t hout oxi dation
proceeding at a portion inside of the netallic

powder. Thus, netal likely to be oxidized 5 can be
seltbeteef Jginuordessis ugedmaneelestroerforelectsin disgbarge surface
el ectric discharge surface treatnent, and a thick
codteatmendt an biekmlap ufactoeed axithl oxethticruohtlees niétalld powder
or Cr, can be forned in a non-oxidized state by an

el grbeeediigohhr g Hyufface driccaitmit oxitfetiom proceeding at a
non- oxi di zed coat is oxidized in high-tenperature 10

endriiBREALRIe 8PS hiitaliRSheivaeee ARds NRiital BiRdI§itaNSe oxidized
can be obtained. Such coat characteristics enables to

SoXRaVLE S ¢ 3 ARy B o ot
CrOREL . BEL RS R THRY SSHE S BIED KT o b

according to the resent. invention is described.. Fiqg.

T X128, 5hichs THAR @R GaCan % formed 1 RheRidizs! state by

el ectric discharge surface treatnent. A

coffelaciiie gischanagoswiaee freatmeidnder 1ikely to be

oxi di zed has an average dgrai n di ameter of

appr oxi neVeeED a 0omoxidizad seat is evidasd imhigh-tempesdiue

metallic powder likely to be oxidized and having an
10avervimrgnants, dibaasicer resdistanmecxndritealt yedidtanceé san be obtained.

crushed in acetone, which is highly volatile, with a

m I§uclsueht aRaradialibticeienabdey 86 aixpandi thiecteghmidallfésld to which
havi ng an average grain dianmeter of 3 m or |ess (step

S4the cbat 19epplicAgldretal lic crushed powder is dried in
a nitrogen

Fourth Embodiment
In the fourth embodiment, a method for manufacturing another

15 electrode for electric discharge surface treatment according to the
present invention is described. Fig. 14 is a flowchart of manufacturing
the electrode for electric discharge surface treatment. A
commercially-available metallic powder likely to be oxidized has an
average grain diameter of approximately 10 um.

20 First, a commercially-available metallic powder likely to be
oxidized and having an average grain diameter of approximately 10 um
is crushed in acetone, which is highly volatile, with a miil, such as a ball
mill apparatus, into particles having an average grain diameter of 3 um

or less (step S41).

25 Then, the metallic crushed powder is dried in a nitrogen




47 atnosphere or an inert gas atnosphere. Next, only

a surface of the powder is oxidized while slightly

taking air in (step S42). Wen the netallic powder

likely to be oxidized is exposed7to oxygen, the

nmetallic powder is oxidized, as a matter of course.
However, if there is not 5 enough oxygen to oxide a
poratmespheyieder andna#tgas atmpepbere. oNeattordy a sbrfage of the
nmetallic powder proceeds only on the surface of the
powsawder Gnoridared xwhllez sligltthatakiagfair medstep $42). When the
surface of the netallic powder, the netallic powder

i s metallic powdearliyelgiterbe akidized ablexpogeditol Oxyde) the metallic
hi gh entropy condition). Therefore, even when the

met@dwier ROVRRNIZA®, A mMatfeh & fRdutséed HRMvdOiMBére is not

thereon is exposed in air, the portion inside is not

on, dheith oRyBBnSoRsRAESE pBlGPTYEG (HB AEIAlE Ghaf oxdation
Oy &l e ehafE Fouadtfbidrud Bh) oh inf SUiflcd Bf BiP BRGer.

center of the.nmetallic powder. en the 15 rtiop,.
P fike din PREITRA Zopt is BT ondthesutaed of i mefaliic powder,
metallic powder loses its conductivity, and never | )
f ortﬁg ’Hﬁt&fﬁdﬂ"}"!:erd!ss'ﬂh%rﬂ getisneelyghamicaily- cendjtion (in a
metal |ic powder is pressed and heated. However, when
oxiltighiemrepy craditianil | iTheseiare: eyesceban tbalmetallic powder
surface of the powder, particles are pressed to each

100t Heaviby the meddizetocdatefmiimedetiz0eoniidiengd sedain, air, the portion
thereby allowing a netallic bonding anong netallic
povideidepiar hoicogidizeher hich & prdcedsi gfeforatingfart bridized coat on a
nmetallic powder proceeds only on the surface of the

POvHEtallie poAHBICEK refeREEALI£18 gradiual@xiIieCEFboeAs.

netal lic bondi ng between netal ITc powder particles

can be preRLEReAnEtalil fowiea! isng)g?é%@?é a%eéﬁﬂégﬁﬁ‘ oxidation

bel ow. 25 The netall1c powder af i ng nmay
| ar&%cé%b% éjHSrtﬁcS)n at a center of the metallic powder. When the

[4]

16  portion inside of the metallic powder is oxidized, the metallic powder
loses its conductivity, and never forms an electric-dischargeable
electrode even if the metallic powder is pressed and heated. However,
when oxidation of the metallic powder proceeds only on the surface of
the powder, particles are pressed to each other by a press to break the

20 oxidized coat, thereby allowing a metallic bonding among metallic
powder particles. Therefore, if oxidation of the metallic powder
proceeds only on the surface of the powder, a conductive electrode can
be produced. A metallic bonding between metallic powder particles

can be promoted also in a heating process described below.

25 The metallic powder after drying may form large solids due to




48 the coagul ation of particles. To inprove the

transm ssion of pressure of the press to the portion

i nside the powder at the pressing process, the powder

is mxed with wax, such as parafi8in, of approximtely

1%to 10%in weight percentage before pressing,

thereby nmaking it possible 5 to inprove formability of

t hdheetcagulatippvafepartietes.t hla ipprovs the tramsmissidn ot pressure
powder after drying is sifted so that wax, such as

paraff thienpressoto theeporticn insidedhe groveder at #esd preddingigrbcess,
each other, thereby clearing the coagulation of the

nettakl pewderite miked antiShdlx, sIiRer 8ablaeaffin, @fidppreximaidy 1% to
transm ssion of pressure fromthe 10 press to the

or4MmnNini JIa] f [ ' Sy i ;
ork LB SRR ol PR AAATH By F58RR A Bbasivic

nggéﬂ){ﬂ Vel forrh 4l g&fq(ﬁb' ﬁe‘f‘@liligz:}ég\&@élﬁﬂe:ﬁcﬂgtﬁiﬁéurpose, the

before pressing (step
po M.t h X 1L.Jpr Qv f.ormability, .but the wder ..
P2 REtall, oSS ARBLANG G iF el ottt Y SHRT RS Hivein. and
coagul at | by the 15 action the internol ecul gr .
£ onble Betalhe Ravidsy o ived Ml withorath StAehgherchyglearing the
solids. To fra%nent the solids forned due to the
r e-cangillation o thermetaliopewdey Step & d)st ep S45) .
Next, the powder obtained is nolded by a conpression
press (skhgregitgy. tacCmprasssthontranistiagionhef preesareifsom the
performed using a 20 nolder in the manner descri bed

10i n pgressftorthe mworbioi imside thes powmahsd stttbeeprdssing erocess, the
followi ng, a solid of the powder obtained by

comuvedsi mixed itowiak, 68tArdLpat#Hias of appe6rimately 1% to
conpact. Thereafter, the green conpact is renoved from

theigmlidale i,gﬂ‘l‘ gygri\?ménﬁ"g?‘ag?é%@ﬁeh%é?o\‘é%éﬁ%@%@é& SU4).

a furnace fi t nitrogen 25 at

tNaj5hNg B0 YoWdt Rith WAX Fhb¥6vEd S BRLY, ButtngHawder is

again surrounded by a liquid, thereby causing the coagulation by the
15  action of the intermolecular force or the electrostatic force, and forming
large solids. To fragment the solids formed due to the re-coagulation,
the powder is sifted (step S45).
Next, the powder obtained is molded by a compression press
(step S46). Compression molding the powder is performed using a
20 molder in the manner described in the first embodiment described
above. In the following, a solid of the powder obtained by compression
molding is referred to as a green compact.
Thereafter, the green compact is removed from the molder, and

is then heated in a vacuum furnace or a furnace filled with a nitrogen

25 atmosphere, thereby obtaining a conductive electrode (step $S47).




49 An electrode for electric discharge surface

treatnment can be manufactured in the manner as

descri bed above with, as an electrode mterial, a

conmerci al | y-avai |l abl e netal I i c4powder that has an

average grain dianeter of approximtely 10 pm and

that is likely to be oxidized. 5 Next, an exanple in

whi ch Cr Artkelectiody foselestdic alischarge suttaty traadmeant can be
oxi di zed to manufacture, by the manufacturing method

as maeafadtbe abtive maameal as tesdebédraedvacvithe as an electrode
di scharge surface treatnent 1is described below In

9erﬁﬁéfdrial?a@orﬁﬁi@@fall@%@iléﬂlé'ﬁ]ét:ﬂ"@iﬁoﬁ\ﬁda thhanan average
average grain dianmeter of the order of 10 pm Such a

poufin BB 48 ipfiARaeson o a0t e oxiized

sthe thirqegbad %%é%ggeﬁﬁfyhk?&?can ]ﬁf%?ﬁlgﬂgn)tiirdé%'&i%@

was perforned un ONs Si ose sho

in ables,.1 and 2. That 1S,.the naterl of N
ando P BFRIFeE S manBRtyie ol s, PRl Bly Mg, etia as
ZrQ2, and the size of the ball A1/ 2 inch. 15.1 k
of Tser bedlaBevaeen Glectada Tor glitric diaeinmie surfags dreatment
the container was filled with acetone as a solvent
med? g@scriRedchrion. ndp generahed Crhewdeegominerciatly evailable
Cr powder. As a result, the average grain diameter of
t hdaGr apavesageapaibt@metdreofrtheéuckstertaf PO @npm SNektg powder
the Cr powder after crushing was put in a container

10 andvagfirgtl earastedrbyadripratgp reygee dallsanilandCtusdring@onditions
dried by being cooled with chiller water at a

t enasrieadiviifarcb thidReoxi thet Wind dABodimenPideperibed albibvedand
wei ghed approximately 1 kg. Furthernore, the C powder

dricg@shi lHQiﬁéﬁé‘f‘rﬂeé RIS Andhti®R HIAF téfhose shown in

approxi nmately "100-Iiter container. The contai ner was
fir [ Ll it [¢t:£ O IF al : :
| oy BRI T % TSR matBfiel HF 8 P phd 2 SRrigingy in the

S0 v'it;]r% io%-tvy%leuggll T \Was ZrO;, and the size of the ball was 1/2 inch.

metal likely
wn

15 1 kg of a Cr powder was put in a 3.6-liter container, and the container
was filled with acetone as a solvent medium. The container was then
vibrated to crush the Cr powder. As a result, the average grain
diameter of the Cr powder was able to be reduced to 2.0 pm.

Next, the Cr powder after crushing was put in a container and

20 placed in a drying apparatus, and then was dried by being cooled with
chiller water at a temperature of approximately 10°C. The Cr powder
dried weighéd approximately 1 kg. Furthermore, the Cr powder dried
was uniformly spread at a bottom of an approximately 100-liter

container. The container was first filled with nitrogen, and then air is

25 injected at 0.2 liter (L) per minute in the container so that a volume ratio




50 of nitrogen and air was 9:1. Then, in this state,

the tenperature inside the container was kept at 60C

and left for approximately 5 hours. In this manner,

the surface of the O powder crf8hed was slightly

oxi dized. In other words, the surface of the Cr

powder crushed was gradually 5 oxidized. If a pressure

of of pitregen and @iewas it1. t Hehan,no tbis stater Hestemypeamttire inside
nol ding the Cr powder, electric resistance of the

el dberoaidafroer wab deptiat 60°<k haddeftsfor fappeokineatete Bt hours. In
manuf actured is of the order of 10 kil o-ohns (kS2),

andhiar#ireretheButfaeet 61 ihelCs powvdi &rarhed Was slightly oxidized.
achi eved 10 even by performng an el ectric discharge

surhastpel WASYIRE the WRird Bﬁtheeb‘?v\g)td éﬁfsh@de\ﬁ(taﬁ'g}ad ually

di scharge surface treatnment the pressure
50f d,i§izegess is increased to sone extent at the time
of conpreSS| ng and nol d| ng, the oxidized coat of the
Cr povvder .S eb reduci.n he el ec [ic
resi st ancgao‘?%tsgg?%loé %a'ﬁt‘f‘fea{gfjﬁe @et% compressing
approximately 10, Wth, an xi dj zed . coat be
on qr}%ﬁffﬁ#ﬁ%w%ﬁrtwﬂ%@iﬂ " siience Gldhaes gofiode for
powder is chemcally stabilized, and is therefore
ea@ewl%ﬁmh@r&% swéfﬁm treatmant manyfastuedhis-of the order of 10
chem cally-stable netallic powder, an el ectrode for
el ddlorplomsi d€harane therelnrea@n eiee:amcndnncl'taa'geb@anmtdw achieved
by a manufacturing nmethod simlar to the conventi onal
10retdveah. byipezfcemingraroelatdricdigenarnm syrface-treatthvent wsing the
Therefore, a conductive electrode for electric

di stbetrgde ur eis@ricdistNB@ije sarfaek theatni@muf atdwWeedr, if the
unl ess the oxidized coat of the netallic powder is

?L;ﬁfglggléf%?gﬂa%‘ggé%fgseﬁfcrgégéa'ta%ormzté%té‘ﬁt &t fitd fiff€of
compressing and molding, the oxidized coat of the Cr powder is broken,
thereby reducing the electric resistance of the electrode manufactured

15 to approximately 10.

With an oxidized coat being formed on the surface of the
metallic powder, the metallic powder is chemically stabilized, and is
therefore, easy to handle as normal ceramics. With such a
chemically-stable metallic powder, an electrode for electric discharge

20 surface treatment can be moided by a manufacturing method similar to
the conventional method.

However, an oxide is generally non-conductive. Therefore, a
conductive electrode for electric discharge surface treatment cannot be

manufactured unless the oxidized coat of the metallic powder is broken

25 by heating or pressing. With an electrode for electric discharge




51 surface treatnment manufactured w thout the

oxi di zed coat of the netallic powder being broken,

that is, a non-conductive electrode for electric

di scharge surface treatnent, an5&lectric discharge

cannot be generated, as a matter of course. To solve

the problem the oxidized 5 coat of the netallic

povileface tngadmisat narefadiyrecbplithioud the qrididedecontefdthe
pressure at the tinme of conpression nolding, thereby
causketajlia poxtder beingobbkeat, What isyet abhiconhvetareseletsraale for
result, the electrode manufactured has conductivity,

ancelektric HReheirgétyrtifce treatmenpoas idkétricodigenargd eannot be
el ectric discharge, thereby making the electric 10

di u 0SS r , -
e e 09 1 e LBMHBbI), the oxidized

pr S| : ' [ : S

e PR PeTbellic A SR beGkeh £ dpply

powder, finely-crush 1 xed W th raffin pf 8%

P st e LR ing g it dPRBR o0 ofingcthereby
again hy a sifter havi a mesh size of 0.05 Next
AP e Mptalicgd Priwern TBRIUAC ARvdsiEd disausrul. the
out to be conpression nolded. A mpld having di mensions _
of elgctrogsm mppuiaGiHEed hagreprtuclivity, iand withithevgigctrode, it is
used. Then, the green conpact was heated in a vacuum _
f urprssibiet toagepnetideametaatrinatisthargen thengley makingitbe electric
a predetermned tinme to manufacture a conductive

10el atischage Yutfaceteeanuestssessibkscri bed above, it was
possible to obtain a conductive Cr el ectrode w t hout

0 ST Y n g ostut oon e
onlgtyirgPpPileessS W §@fe?-having a mesh size of 0.15 mm was used to
finely crush the Cr powder. Then, the Cr powder finely-crushed was
mixed with paraffin of 8% in weight percentage, and was then finely
156 crushed again by a sifter having a mesh size of 0.05 mm.
Next, approximately 32 g of the Cr powder obtained was taken
out to be compression molded. A meold having dimensions of 18.2 mm
in diameter and 30.5 mm in length was used. Then, the green compact
was heated in a vacuum furnace at a predetermined heating
20 temperature for a predetermined time to manufacture a conductive
electrode.
With the processes described above, it was possible to obtain a

conductive Cr electrode without oxidation proceeding to a portion inside

of the Cr powder and with oxidation of the Cr powder proceeding only

25 on a surface.




52 Next, a depositing process (electric discharge
surface treatnent) was perforned using the el ectrode

for electric discharge surface treatnent manufacture
with this Cr powder as the el ecb2ode naterial.

Process conditions were such that the peak current

value 5 ie=12 A, and the electric-discharge duration

(el ect ri cNdkkchdepesijingprocasit (leclicagiscbargasariace

is. As aresult of the process (the electric

di siebatrgenyuwasperforasddrasing frer eleotrode far el@ctnia disscharge
a coat having a thickness of approxinmately 1 nm was

abl gufacd erdAfERa- mER ORI FEWIONtHRE Chsowlee bkithe electrode
di scharge or occurrence of a short circuit 10 was not

Obsrﬁb‘l/@ﬁ’alon F"roglé"s%}‘tbﬁ‘lo‘?ﬂg?ﬁﬂﬁlé?ﬁaéucrﬁﬂ%ttthﬁrﬁéﬁ %urr'etnt value

can assume a e electric discharge had

p”’i%‘iei%eﬁ @8 th8% {98& 8Is%9rarﬂ§§fif g&%‘aﬁck&ﬁﬁeh pulse

to a case o ectri

di sch surface t at usin tallic

povmﬁﬁ??%?w%"ﬂ@ ShidR3e R (Fﬁsﬁﬁ|°39H§&/588P5ﬁ£}?%8'e°‘“°

15 brication property and, corrosjon resi tance
indBPChAIG RUBREar SR e RAT DG for o HTGiasH AiE9akhaving a

| f including metal likely to be oxidized. Therefore,
hethiglass of ﬁnemmmte@ hpp; was Akl tode f—fym%se of

nanufacturlng an electrode for electric dischar

sur€aneentratianmfthewslestriadisdhasge pyvekturrence o a sherd circuit

nmetal likely to be oxidized 20 and has an average

10gr avas dicdrabserved @mé surfacd bétebgoabkamd therefprssit bbha be
to manufacture a conductive alloy el ectrode w thout

oxXigedira8d thaPaetdbiyelettBic RISEh&yel Rad §roeéetbe. al | oy
powder and with oxidation of the alloy powder

proceedi ng gl 8518 oﬁmgflﬁés%‘?%tnd?ﬁh%%‘erénbﬁ\%@b@@ case of

according to the Tourth enbodi ment, even when a

gfgﬁhhh?aé}ﬁmﬁraﬁ ekElt¥od @ 10 e RILHAL ThRERNY A28 Freatment by

using a metallic powder likely to be oxidized. A Co alloy powder having

L]

15  a lubrication property and corrosion resistance under a
high-temperature environment is also oxidized if including metal likely
to be oxidized. Therefore, the present invention is applied also to the
case of manufacturing an electrode for electric discharge surface
treatment using an alloy powder that includes metal likely to be oxidized

20 and has an average grain diameter one of 1 um, thereby making it
possible to manufacture a conductive alloy electrode without oxidation
proceeding to a portion inside of the alloy powder and with oxidation of
the alloy powder proceeding only on a surface.

As described above, according to the fourth embodiment, even

25 when a metallic powder likely to be oxidized and having a grain




53 diameter thereof 3mor less is used, an el ectrode

for electric discharge surface treatnent can be

manuf actured w t hout oxidation proceeding to the

portion inside of the netallic pdwder and with

oxi dation of the netallic powder proceeding only to

the surface. Thus, 5 netal likely to be oxidized can

be diahmieethaedB gheot ieskeistased| ah dlectrode fol ebaatdde

for electric discharge surface treatnent, and a thick

coaiisoharg“etsaffabélteéa‘tnh@nﬂommhiedmaemaenméd agitiout dxidation
Cr, can be forned as being in a non-oxidized state

by rdeetUaty td ehéliparion IRsidler bR iictalliggsowdét 8Ad with
acc%rdl ngﬁtﬁ% t he Tp%ﬁrth enbodi nent, since a gradual 10

Oxbﬁhééﬂan@f% ﬁﬁegﬁllezg{v&qége?o”%g{m ro‘tW'ttE‘@h%@%rface Thus,

po an oxi di ze the surface of
Sggﬁglgﬁélﬂlﬂeéfé§§W§%l Fié‘agtlt ltbge ?Télecl?%a (Hszgﬂl?lé@ﬁicgghatenal for

result the ecome asy t handl as ,.c

i e ﬁ{eeiwl%q 8" sifars Heaimin Sn@&eﬁ*'ck coat of
if it likel tobeox , .
o BEAIIKEE 4 D GXELAd SUssERd gféqurr%&@rt & fPrgkd as being
can be manufactured by a manufacturing nmethaod simlar

to lﬂrﬂan@arﬂﬁﬁﬁ%%ﬁater’ﬁéﬁ Hwelegtrie Wisehargenewfacs tigatment.
fifth enmbodi ment, a nmethod for manufacturing an 20

el ect r odéAlsor aebeuiingdodhecﬂw’geemhdcﬁwnu sincesdigradual

using a powder finely crushed in wax is described. A

10heaixidiging peotcss vzl pdrfarmendaitescadesting thegpofdear, an oxidized
container of a mll container, such as a ball ml]l

appyatisForriadi diPthe serfolze bremia ftalicrpowde ik elyt tedbe
such that an inner wall of the contai ner becomes at a

gﬁ 6a>ﬁ8'fi)%'ﬂﬁgf\4”éﬁegﬂif obffining 8henicaNPYtabRy ARAEMC Péwder. As a
result, the powder becomes easy to handle as ceramics. With such a
chemically-stable metallic powder, even if it is a metallic powder likely

15 to be oxidized, an electrode for electric discharge surface treatment can
be manufactured by a manufacturing method similar to the conventional
method.

Fifth Embodiment
In the fifth embodiment, a method for manufacturing an

20 electrode for electric discharge surface treatment using a powder finely
crushed in wax is described.

A heating wire is wound around a side surface of a container of

a mill container, such as a ball mill apparatus. An input to the heating

wire is adjusted such that an inner wall of the container becomes at a

25 temperature of 60°C to 80°C. Alcohol (propanol or butanol) having a




54 boiling point of 100C or higher is then put in the

container. Next, wax of 5 weight %to 10 weight %in

wei ght percentage with respect to a powder to be

crushed is put in the contai ner54Wax having a nelting

poi nt of approximtely 50C is used. After wax is

sufficiently nelted by 5 being stirred in the

conkeitingrpoint pAN00GRdJer bighsirrigdhea purindhgstantgingrd Next, wax
the powder to be crushed are put in the container. The

anmoef® vedighh&h to iMbpweight %i im waightpearoentage whith réspett to a

enbodi nent. The kinematic viscosity of the nelted wax

I s powdextodeetnushedeie gutiasthascdntainers Wax havimgta melting

viscosity of alcohol, thereby increasing an influence

t hepgiak verpprBsinatelP sorctiBaudil.| Afef QRiSsa\deicielly melted by

conplete crushing wwthin a tine as short as the tine

I el > [ I ' it e i

ek ngptien i 100 BRRER, 2 EaRladelot Rbontel foTrushing and

extent e ' [

o & RRRHEFio BGRBNE ol plt HF B chRtalBef, “TRE ARt of each
to .the, heatin ire.i.s increased to. 15 bri the .. . .
{ erfDBRL I PR 0 Inakif dhs thid fmbpdimeny oL Kiggmatic viscosity
al cohol to volatilize alcohol. At this tine, caution . _
is 9'2@1% medtedowan e anproxiraaisdy é'i‘flﬂeetiﬁ‘s%@%t'“%%lw%e kinematic
230C, which is the flash point of wax., Upon )
confiseesith obricahalt therehyiioareasingambflyance the gatvent medium
of the input powder and wax are known), heating

10pr cwe ke dbadisin néséstanbe. hdatdamgp lete crushingy within aitéhedss short
wax coagul ates due to a decrease in tenperature. At
t hizs the titne coquinédtfi®ornashing wive o atesisolvibi used, hikis required to
powder and wax are stirred. Wen the tenperature is

beGABRSastS tHe WuAth APOF Pibr 88684 Yo 3ohfe @xtéeper at ur e,
an electrode is conpleted through processes identi cal

to the sifitj ﬂﬂe BPW‘Q%}%S%g%ﬁggmﬁg%éiféfb%in]tﬁameter,

according to the'tourth nt.
vibration is stopped. Next, the input to the heating wire is increased to

9,1

15  bring the temperature approximately to the boiling point of alcohol to
volatilize alcohol. At this time, caution is required so that the
temperature is kept below 230°C, which is the flash point of wax. Upon
completion of volatilization of alcohol (the weights of the input powder
and wax are known), heating process ends. When the heating process

20 s finished, wax coagulates due to a decrease in temperature. At this
time, coagulation of wax proceeds while the powder and wax are stirred.
When the temperature is becomes as low as approximately a room
temperature, an electrode is completed through processes identical to

the sifting process at step S45 shown in Fig. 14 according to the fourth

25 embodiment.




55 According to the fifth enbodi nment, by perform ng
crushing in wax, the powder is covered with wax even

after alcohol is dried, and therefore does not make
contact with air, thereby obtai®hng a powder that is

not oxidized. Also, conpared with the manufacturing

met hod 5 according to the fourth enbodi nent, the

sifting phouwding dm tive fifth emddimsintt by pesfatmisgtcrushing in
First, in this enbodi ment, a concept for formng a

demax,t thechowdealts kkpvehed e\ti'd'CWaixoewas affter gacsholf iscdried, and
treatnment is described. In the conventional electric

di gspbpéfdre Yodsaa6t fizk@l 68Mtact aith aft, eheebyosistaining a powder
material, such as Ti, is chemcally reacted in oil

thriaughs nSl Bxidizé&d di A?J@r&ﬁnbﬁré@mrﬁtﬂ@ﬁfbrﬁﬁéetuﬁmg method

coat. Therefore, the el'ectrode for electric discharge

Ssuraf&%‘?dt mcargo%ﬁleﬁ%dﬁné Yhe ec P;Itzrc g%ﬁb@'omltted

easy to he e

sur#g@ééﬁg@(ﬁnﬁt proceeds, a 15 material on a

sur pi ece (work) is changed, thereby

changi ng rac erlst h as _a rmal . .

Conduct IRIES). Shifts SiaPORIENEeR Aoncabt Biorgige ardense thick

exanpl e, when the el ectric discharge surface

t r et thesejagtrip digeh@gessedpce feeatmend isdescsibed.

di scharge surface treatnment proceeds, the material of

t he surfdoghefcanwentmmnalsileckiq dischprge susfackaligatment, an

fromsteel to TiC, which is ceramc. Accordingly,
10chalactredeghaterjals sabhas Thds idhenmehlig sedatad i oil through

the nelting point, are changed. Through experinments

perél@bﬁ&ﬁd?&bhﬁh?e ito Y8 ad hard lcahsiRiedesat. Mhurdféreatthe
0

in such a coat rmati on process, by adding a materi al

| ese‘lecﬁédé'fB?'eYeétﬁcQﬁsEﬁéqubég‘écb‘%réﬂ?ﬁéﬁﬁ wRNidePh large

the el ectrode materi al
amount of material easy to form carbide.

Also, as the electric discharge surface treatment proceeds, a
15 material on a surface of a work piece (work) is changed, thereby
changing characteristics, such as a thermal conductivity and a melting
point, accordingly. For example, when the electric discharge surface
treatment is performed on steel, as the electric discharge surface
treatment proceeds, the material of the surface of the work piece (work)
20 is changed from steel to TiC, which is ceramic. Accordingly,
characteristics, such as the thermal conductivity and the melting point,
are changed.
Through experiments performed by the inventors, it has been

found that, in such a coat formation process, by adding a material less

25 likely to be carbonized to constituents of the electrode material, a thick




5

10

15

20

25

56 coat can be forned. This is because addition of

the material less likely to be carbonized to the

el ectrode increase the anmount of materials that

remain on the coat remaining tosde in the sane netal

state without becom ng a carbide. This has an

i nportant significance when formng 5 a thick coat.
Exaqatesarobedormiedct Mdde i$ becalsetadditidn afthegeaterial less likely
surface treatnent with which formation of a thick

coab bes cadsoniked taosthdeslectioeld inebogse the ansusdobriatesials that
The tenperatures in the heating process shown bel ow

Vergnfdihas i eise b Hémaﬁ’%ih?ftid"ﬁ@tiﬁ tREdaphaedetay state Wwithout

inventors. (1) Electrode tor electric discharge

Zug&&ﬁ;‘nmg{a?étdﬁﬂgie.”afﬁ Z}fééjéﬁq rfeﬂ'ﬁpéiﬁﬁﬁ’id%\'hc@o%%m'mming

and by furt performng a“heati ng

pr the Co powder has a grain diameter of the
orgagﬁﬁg!‘\ég’%ﬁﬁ 15 to 5 m the tenperature in the

heati ng ocess afier conpressd on | di.ng, i

br of er abi5XaDBIeS B B0CUSCURGR PR eGsiaEnatas syrface
grain dianmeter of the order of 1 m the tenperature jn .
thérmt?wgwnbr%@@&sfomaéw%e Bk epatis) %ﬁggfesas described
preferably 100C to 300C_ Wen the Co powder has a

gr @bove arelisted betaver Thalteaparatiies imthechealdng process
tenperature in the heating process after conpression
molshiaven ineyow bee@00Btained dhvesugloexperiseendsqearéarmed oy the
heating process is not required. (2) Electrode for

el éanventorgd] scharge surface treatnent nmanufactured by
conpression nol ding a powder of an alloy hard to 25

; OL;na?i ﬁ gﬂpi HHecfioak % dectritNdisbiafgs shffaceeréatmeny
manufactured by compression molding a Co powder and by further
performing a heating process

When the Co powder has a grain diameter of the order of 4 um
to 5 um, the temperature in the heating process after compression
molding is preferably 400°C to 600°C. When the Co powder has a
grain diameter of the order of 1 um, the temperature in the heating
process after compression molding is preferably 100°C to 300°C.
When the Co powder has a grain diameter further smaller than 1 um,
the temperature in the heating process after compression molding may
be 200°C or lower, or in some cases, the heating process is not
required.

(2) Electrode for electric discharge surface treatment

manufactured by compression molding a powder of an alloy hard to

form a carbide, such as Co, and by further performing a heating



57 process An electrode for electric discharge
surface treatnment manufactured by conpression nolding
a Co-based all oy powder (a grain diameter of 1 pmto
3 pnm) that includes 25 weight %% 5 (chromun), 10
weight % N (nickel), 7 weight % W (tungsten), and the
i ke, and by further perform ng the heating process
canprglcessf orma dense thick coat. The tenperature in
the heating process after conpression nolding is

pr ef er abl Anlelgbigodefan eléctticfdischhryeCoufacedreatmeriuse
of a material difference, of the order of 700C to

900mantfacliré@ bycémprédsivh, mb¥dinger TR)-Basefl 4!y powder (a
eI ectrode for electric discharge surface treatnent

S|n e Hamelé £41, 1118, FiFn T 1L ARlos 25 WHRPY Cr
COYehtathi Eﬁggﬁ ﬁﬁﬂ@%h’i’ﬁ% "NiSpfelft], 7 elbRE 92UB YRS and the

tr as cert ons
ii‘é'i-l%f ga"dlevgépht .h"é‘iﬁr %Paﬁl‘a%'%t?ﬁ%%ﬁﬁ%? EARTalsq fogm 2
nsg, oy TReerpSasitg e B@af'ﬁeaprepséﬁra&?é

rraterlal W|th an electrodefor el ectric discharge
surGQpBréssientmelsting ds peefesably htgdmrptaamthah)‘or the Co powder
material, or with an electrode for 20 electric
di sbﬂmtga@ ol afraatenalddifference cofithe ofder aft 280°C to 900°C.
material, formation of a thick coat by the electric

10di schar geAshilef incthet alpaveretwo exampdss idflthe elestrodetfberelectric
than the above, an electrode for electric discharge

surdigeRaigecstirmagt tt@dtmsniohade beeinClistel, eerehard ey other

allows formation of a thick coat in a electric

di SoOahPRsS WinéE & iEIBRhERRat with yﬁ?%‘?é&ﬁodbhé%ﬁk coat can be

experiments conducted by the i nventors
formed by the electric discharge surface treatment, as long as certain

U‘l

conditions are satisfied, such that a predetermined amount (for example,
15 40 weight % or more) of a material hard to be carbonized should be
included.

Other than the above, using, for example, Fe (iron} as the
electrode material, with an electrode for electric discharge surface
treatment formed of a 100% Fe (iron) material, or with an electrode for

20 electric discharge surface treatment formed of a steel material,
formation of a thick coat by the electric discharge surface treatment is
possible. Also, other than the above, an electrode for electric
discharge surface treatment formed of Ni (nickel) or the like allows
formation of a thick coat in a electric discharge surface treatment.

25 Moreover, through experiments conducted by the inventors, it




58 has been found that, in sone cases, even with a

material formng a carbide, if the material is finely
crushed to be a powder particle of which a grain

dianeter is 1 mor less to nanuggcture an el ectrode

for electric discharge surface treatnent,

carboni zation of the electrode naterial at 5 the tine

of hae beleachiouind thadchmasgmescasas exvereatithreatmaterial forming a
suppressed, and it is possible to forma thick coat.
Suctanmde if ahe mardrigds finelly exaghed to be a (pawder paticle of which
and Mo (nol ybdenum). Through studi es perforned by the

| nveRrairSdidnieft?Ss Begm bPWNE td RrdnufhBturBean BB EWE for electric
of formng a thick coat by the electric discharge 10

S“Féi@&ﬁa&{&?h%‘&b ﬁs&&;.éh@%gébematw bPIHLBR dtibdPMaterial at
t hi cklnessfo t he coat prr’re gccyr I'n sone cases._ An
B En PR B AS Ak ha BE°6irRE8 tRBlRnts BAFEEded, and

al 1'oy powder  (a"gr
i ncludes 2 ight % Cr. (chrom 10, wei ght % Ni
(i b EEPpsSIE0 Taimd Aiekicdiadng St matsiin Bilbclidg, fapexample,
conpressi on, nol ded, .and then the heating process was
£ oreh EehToagTead MG Amalyibdearie of B00C t o
manuf acture an el ectrode for electric dischar %e
surface tfemusnhstudignegrfarmedbydheiipveantyBaltdeas been found
surface treatnment was perforned using this electrode
f orthat eiot thiectedinnddnae of feumirgra thickacoainby the fedeciric discharge
coat on a 20 work of an N alloy. Specific description

10i s surfadel teataient.ddsictibied dbeve) eatisidoles frocoat doitkhess of the
di scharge surface treatnment was manufactured. Fig. 15
I S godirfessedestdinciomeBistyy. fAh Ex@Ibledot $6ch a case is
powder. A |lower punch 203 was inserted froma | ower

pordd&ytivdd ge e formed on a nold (die) 204, and a
space fornme etween the | ower 25 punch 203 and the

mold (di g 82483 emé\) sgw‘gie? ?aagrgpn' Bﬁasrﬁgtearl Jﬁo¥ pm to 3 um) that

includes 25 weight % Cr (chromium), 10 weight % Ni (nickel), 7

o

15  weight % W (tungsten), and the like was compression molded, and then
the heating process was further performed at a temperature of 800°C to
manufacture an electrode for electric discharge surface treatment.
Then, the electric discharge surface treatment was performed using this
electrode for electric discharge surface treatment to form a coat on a

20  work of an Ni alloy. Specific description is provided below.

First, the electrode for electric discharge surface treatment was
manufactured. Fig. 15 is a cross-section of a molder for molding the
powder. A lower punch 203 was inserted from a lower portion of a hole
formed on a mold (die) 204, and a space formed between the lower

25  punch 203 and the mold (die) 204 was filled with a Co-based alloy




59 powder 201 including 25 weight % C (chromum, 10
weight %N (nickel), 7 weight % W (tungsten), and

the |ike. Then, an upper punch 202 was inserted from

an upper portion of the hole fb8nmed on the nold (die)
204. Then, the alloy powder 201 5 was conpression

nol ded by a pressure plied by a pressurizer or the

| M@owd@nasdtlncwcueg E'cé) wetightn¥l Ge{chramisamii thweright % Ni
powder 201 descri bed above by the upper punch 202 and

t he(nicked), pweighLO3 W I(tungsteny,candthendiket he al | oy

powder 201 conpression nolded is referred to as a

green corpaen, ahtupperpunghe208heas inderddd fraansan apper portion of
applied, the 10 el ectrode becones hard, and when a | ow

pf apheUiciel Rrved bRdhetmsld fdieypade Ttl%?Prfﬁé ARy powder 201
Al so, when the gral n dianmeter of the alloy powder 201

of §h8 c@n‘?ﬁ g%mﬁéb% hspr%'ggu'e a??@e@'tﬁ? r?r%%sunzer or the

becones har en t’he grarn di ter

ore ?@“?ﬁét%%déss o, ﬂ%%@%mﬁg? “H%%h%@%ﬁ?%m £ described
Ceroh aﬁv&“é?‘ﬁ@?ﬁié@@ﬁﬁ@%“m%ﬁﬁ? PG BurZh 2R s puthe

ct .el ect the el ectrode for el ect
i ?éﬂawg@g.s &%Y Qfe%‘? copprggsiaemaided is fe?e"eg toas a

transn1SS|on of pressure fromthe press to a
pordreen serspast. ofAt Husélmgywbmmlmmprgtsswnaemtamheﬂ the
conpression nolding, the alloy powder 201 is m xed

10w telestivdeshedores gardf &ind, wheher biw pregsung isgapplied, the
nol dability of the alloy powder 201. However, since
waxelestradel scdaes rpfiatAlsoawhdrf te bedigediameatetr offthe alloy
wax remains in the electrode, the electric resistance

of gdedel 20t rfdfel lecadeRSMatdfaERYsRalldaE afiditbdd®ecomes
el ectric discharge property.

hard, and when the grain diameter of the alloy powder 201 is large, the

[4;]

electrode becomes soft.

15 The green compact is then removed from the molder and heated
in a vacuum furnace at a temperature of 800°C, thereby obtaining a
conductive compact electrode, that is, the electrode for electric
discharge surface treatment.

To improve the transmission of pressure from the press to a

20 portion inside of the alloy powder 201 at the time of compression
molding, the alloy powder 201 is mixed with wax, such as paraffin,
thereby improving moldability of the alloy powder 201. However, since
wax is an insulating material, if a large amount of wax remains in the

electrode, the electric resistance of the electrode increases, thereby

25 degrading the electric discharge property.




60 Therefore, when wax is mxed in the alloy powder

201, it is preferable that wax is renoved. Wax can be
renoved by putting the green conpact in the vacuum
furnace to be heated. In additi®ed, by heating the

green conpact, it is possible to decrease the electric

5 resistance of the green conpact, and to increase

st r engt h Dherefergyrwkan wanmmotixedhiethe @by pewden2d, it is
wax is not mxed, heating after conpression nolding

i s predeiabdé dhat Nextis relneowdct Wax ciars blzaregrosed fgcputting the
treatnment was perforned wusing the electrode for

el epeeinccstnpabiirgthe vataam furaaceaatbd Geatedl aft H68/Hion, by
in the manner descri bed above to forma coat the work

of hddtthd\théxgre¥n c%@ét?ﬁtiﬁ:[)ﬁoégiﬁ@ﬁi S@c%ﬁs"@ﬂfe electric
app

treatnment perfornmed by an aratus for electric

gdi %Q%&Qﬁgé %fftﬁé‘iggbéﬁa#mgggﬂsé td E\??rglaﬁghgetp%ﬁtgf@g the green

el ectric dischar rfac real nen 0

of j O thi a nuf actured jin the

oF SORERL. G ifrerdd ByRh WREN B R bk, el after
[ a.state Ls shown i.n ich a pulse-like

Fig, 16

el Pression Molding K MfaNingHd. apparatus for electric

di scharge surface treatnent shown in Fig. 16 includes

an el ect MR, the eleekic dischatas spfacedreatreent wasmeiformed
301 (hereinafter, sinply "el ectrode 301"), a

di aisérg the electradador etearicrjscliarge sudacedozatdtdntand

a work 302 nmade of the Ni alloy, and a power supply

10f omahefaatuedirs theanmpnrar desaibed abowettoFosmt Saoat the work of

15

20

25

causes a pulse-like electric discharge by applying a

volthaddi didy\eeThe beecthicalitERdgye38drfasd trdwnmditkpef8rmed by an
In Fig. 16, a servo nmechanismfor controlling an

. SRpapb ot Betic kb ik BESmER VAN, HE Alroce

di ¢beelddificidiséthrd@3surface treatment for the purpose of formation of
a thick coat manufactured in the processes described above is shown in
Fig. 16. In Fig. 16, a state is shown in which a pulse-like electric
discharge occurs.

The apparatus for electric discharge surface treatment shown in

Fig. 16 includes an electrode for electric discharge surface treatment
301 (hereinafter, simply "electrode 301"), a dielectric fluid 303 covering
an electrode 301 and a work 302 made of the Ni alloy, and a power _
supply for electric discharge surface treatment 304 that causes a
pulse-like electric discharge by applying a voltage between the
eiectrode 301 and the work 302. In Fig. 16, a servo mechanism for

controlling an interpole distance, that is, a distance between the

electrode 301 and the work 302, a depot storing the dielectric fluid 303,




61 and the |like are omtted because they are not
directly related to the present invention. To forma
coat with this apparatus for electric discharge

surface treatnment, the electrof¢ 301 and the work 302
are placed in the 5 dielectric fluid 303 to be opposed

to each other. Then, in the dielectric fluid 303, a

pul aed thé dikel aret omitteld belcauge theycaresrot diceody nelated to the
el ectrode 301 and the work 302 by using the power
supmegehoinwdretidnii ¢ di scharge surface treatnment 304.
Specifically, a voltage is applied between the

el ect r odeT@fdrmpadcd NewiArtkis3@gph Mttd e edécteicesibEhrgd surface
di scharge. As shown in Fig. 16, an arc col um of

el aedatnieft, %ﬁ@?ﬂ@gtégagﬁldgﬁ 9Hﬂﬁhg%ﬁgéﬁpét?refﬂﬂ%%ﬂ%@che

301 and the wo with t electric .

dis ' ' g u : :
e frdh B0Plo O RP R 16 aChRGh S THER il i gietectric
t he, el ode terial is.formed on.a surfage of th
workdii o4, 4 Bulifike Prectin dEdREs i€ RlikR] Hotlipen the
reacti on of e electrode_ nmaterial dye to the .
el &lerireds; %‘iﬂéﬂ&et%@n‘é@ay 352 b HEH IE}P‘P PR RUPRlK fof electric
the work. As for polarities, the electrode 301 has a
negisehargeosurface treaiment 3@4. wSpredoalibag wlings s aeplied
polarity. Exanples of pulse conditions of the electric
di dudtwegn fher eatmetd 301 and the widrkciGd to dasshamelectric
surface treatnent in the apparatus for electric

10di stibahgryes urAsicaowreat ARt1612an age sotuma oftglectris distharge
descri bed above are shown in Figs. 17A and 17B. Figs.

17/30m8cddfs batweéh 356 ¥NBcPbd@FUMPhAG tAE WEHSES02,
conditions of electric discharge in the electric

di schar ger it AR the SABERT dischable dhdig-orthe eleeirkd

a 25 vol tage ‘waveform (wavef orm of an 1 if er pol e
vol 488k r b REGRidd Between the electrode 301 and the work 302, a

coat of the electrode material is formed on a surface of the work, or a
15 coat of a substance resulting from reaction of the electrode material due
to the electric discharge energy is formed on the surface of the work.
As for polarities, the electrode 301 has a negative polarity, while the
work 302 has a positive polarity.
Examples of pulse conditions of the electric discharge for
20 performing the electric discharge surface treatment in the apparatus for
electric discharge surface treatment having such a structure as
described above are shown in Figs. 17A and 17B. Figs. 17Aand 17B
are diagrams of examples of pulse conditions of electric discharge in
the electric discharge surface treatment, in which Fig. 17A depicts a

25 voltage waveform (waveform of an interpole voltage) between the




62 electrode 301 and the work 302 at the tinme of

el ectric discharge, while Fig. 17B depicts a current
waveform of a current flow ng through the apparatus

for electric discharge surface 6Eeatnent at the tine

of electric discharge. A voltage value and a current

val ue are each positive in a 5 direction of an arrow
shoslgctredeadhl endrihgswork 802nat theptimenaf elestric diggharge, while
upper direction of a vertical axis. Al so, the current

valkig. 19 Bodeptdts @ culrent wavedbemtofaleud@nt fiosdngdbraugh the
negative polarity, while the work 302 is as a
posapparatpsifer electet eidcintige derfatewedtmdrittat théAime of electric
no-load voltage ui is applied between 10 both pol es

at disthaRyd.0- AAoftdgeeidlubesid a dWréhOvaiie ard BBBhipbsitive in a
after an ~electric-discharge delay tine td has

el apssdion BELAPArrBhALHOWE ih ct%ffﬁgéﬁ.olﬁ&%%la’fﬂﬁ- thidtSs, in an

voltage at this tine is an electric-di'scharge voltage

ped curéiﬂﬁ?ﬁ%%ﬁ%&'?ﬁ%ﬁ‘%&%—i ﬁ'&iﬁ?#ﬁ%%ﬁﬁeﬁﬂty‘%ﬂfgi"ﬁ@osi“ve
!B B S1eEBade AR RRIE nad AnadpiRE Fudiinh I 1 work 302

is referred to as an electrjc-discharge pulse width

t e.15 A8 |ROFYAVERAABYRIES 2% ur ati on  between t0 to t2

is repeatedly applied between both poles at intervals

of a paud®shpemin toFigrnbtAi 8 noalpashvolage UFiig applied between

pul se-1ike voltage is 20 applied between the el ectrode
1030bathdpalre atoa kingOH). TAcuserdcbegingditoi ftow aisetimientt hter an

present enbodi nent are such that the peak current

valglectri=dfsohargediglag tishetd Has diapsedr tieedibyasiadting the

(electric discharge pulse wwdth) to=8 s, the pause

ti rBetRiclfisthangé. aThBnRARAFE BOtRiTneSs Hh Sldttii€discharge

Al so, an electrode area (that is, an 25 area to be

\%i K fa?;‘edbef SnAAHEVAIFEht APtHIS %indt §& ropreéderited! sy QTpeak current

value ie. Then, when the supply of the voltage between both poles is

4]

15 stopped at a time {2, the current stops flowing.

A duration between t2 to t1 is referred to as an
electric-discharge pulse width te. A voltage waveform in a duration
between 10 to t2 is repeatedly applied between both poles at intervals of
a pause time to. That is, as shown in Fig. 17A, a pulse-like voltage is

20 applied between the electrode 301 and the work 302.

The pulse conditions used in the present embodiment are such
that the peak current value ie=10 A, and the electric-discharge duration
(electric discharge pulse width) te=8 us, the pause time to=16 ps, and a

processing time is 10 minutes. Also, an electrode area (that is, an

25 area to be processed) is equivalent to the area of a circle of which a




63 diameter is 18 mm A dense, thick coat was able to
be fornmed by performng an electric discharge surface
treatnment with the structure and conditions described
above. However, a problem occurg®d in which, the coat

5 thickness of the coat forned differed every tine the
process was perforned even with the process perforned
unddamedter a8 monditi ons and for the sane tine
duration. Specifically, the anmobunt of deposition

(coat thigldeese) twickidizataeas abie o dedfaantechbw performing an
el ectrode 301 was used was approximately 150 m while

t heslgefic Hi¥cHangs sutfadeaebthent with aRakiragtiveean@conditions
el ectrode 301 previously used several days ago was

;erdjeJchbé%FéBBGQ‘: ”ﬂﬁb\%ﬁ%ﬁﬂf&é’ﬁ&#@if?ﬁd IHWRIER, the coat

eat mrent was appr oxi nat e coat

R T T ] S

process sane I"t10ons,

i nconyeni ent_in i ew of automating th Qcess .
wh e Ened eyl withdbarpiesesk ReEned dnparhRCsag qanditions
t he sarfns conponent. That |s, since_.the coat thiﬁlgk??%s "
of aHtfeite samsotimsedeiian eRecificabuitheamgupt @ dgposition
be thick, and then a process of renoving an excess

codcpal thisknegs) pbthe Thrtwhen aitvandapewgiectrods 3@t was used
of process time and cost. 20 Upon a survey of a cause

of was lapprokimatehs 150 cmatwhile tHeneoat tHicknéss obdbe formed

has turned out that the cause of variations in coat

10t hi edatspwhein dheleckdde 3Muprévicaslyi ndedwevéralidays ago was
which is a dielectric fluid used in the electric

di Sede (e sefbaamd bRAIEBIH. disthbhge SRR cPEEARABNE Rars
pol es. Since the €l ectrode for electric discharge

S ABERIMERITo ki 25, somiess!on oL Trom e
If the coat thickness of the formed coating varies even if the
process is performed under the same conditions, it is inconvenient in

15 view of automating the process when, for examplie, coatings are
successively formed on the same component. That is, since the coat
thickness of the coat cannot be controlled, a coat is formed to be thick,
and then a process of removing an excess coating is required. This is
disadvantageous in terms of process time and cost.

20 Upon a survey of a cause of such variations in coat thickness of
the coat, it has turned out that the cause of variations in coat thickness
of the coat is due to an inflow of oil, which is a dielectric fluid used in
the electric discharge surface treatment, in the space between the
poles. Since the electrode for electric discharge surface treatment is

25 compression molded from a powdered material, its inside is in a state



64 where many spaces are present. Then, several tens

of % of a volune of the electrode is such spaces, and

t hese spaces play an inportant role in formng a coat

by the electric discharge surfae treatnment. For

exanpl e, when too many spaces are present inside the 5

el ectrode, the strength of the electrode is | ow

Theviefrer manyhspadescare peesantt erliten,isevesal tesranaf My of a volume
supplied by an electric-discharge pul se and a
phexiahermeciwodaris stichhspdeds, ambtheswaphaces plame an important

el ectric discharge, the electrode coll apses over a

W dgle i miky 4 BeaPbhahehaBdirid HiscPargé @urirceeatnent.
present, the électrode material is too closely and

firmy 1¢dinmo)d WheRYo6 ahpepacelaneprarmindde the

short supply el ectrode erial by an

s LSRG So6L LGB b oW IR o, | TRRESP ieoctode

10

15

20

25

el ectrode.for .electrjic disch e . surface.tr

or il ds fot ATty skpleib by antigaiBEHinkFRIdE Blise and 2
15 it has been found through experi nent erforned,.b

t hONENAMERPR QOGHS ﬁH@nstSége%mPﬁ PRECh PLUN® GlECif G distharge,
el ectric discharge surface treatnent also produce ,
vathagleesode collapseri evafes wide rapgeco&in the gthekhand, if too
when the electrode for electric discharge surface

t r fawnspacassate pnesendwihe iedectspde egalerial e ted eteselyand firmly
are in a hollow state. By contrast, as the 20 nunber

of formedf therebiycdaudieged phenodmerion ofadksHart supely of the
el ectric discharge surface treatnent increases, oil,

Whigl8ctrdé Meatrfdl ant aheléttticddisthavge ipifise ahh!ern%IR@f%ﬂ

inside the el ectrode, and the spaces are filled w't

(o] Iimg%gg!mygaqo i £ thiekdgatcaused when the spaces in
t he el ectrode

or electric discharge surface

treat nentAsaESclt\,i Heegpé‘\f.:ég iﬁ lf'ﬁe %ilé%t?(‘}aé i1'8r e?e%tﬁ&léiigcharge

surface treatment are important in forming a coat. On the other hand,
it has been found through experiments performed by the inventors that
the spaces in the electrode for electric discharge surface treatment also
produce variations in coat thickness of the coat. That is, when the
electrode for electric discharge surface treatment is brand-new, the
spaces in the electrode are in a hollow state. By contrast, as the
number of time for which the electrode is used for the electric discharge
surface treatment increases, oil, which is the dielectric fluid, flows into
the spaces inside the electrode, and the spaces are filled with oil.

Following effects are caused when the spaces in the electrode
for electric discharge surface treatment are filled with the dielectric

fiuid.



65 (1) The strength of the electrode is increased
because of viscosity of the dielectric fluid in the
spaces in the electrode; (2) An operation of cooling

the electrode at the tinme of thé5 electric discharge
surface treatnent is enhanced because the dielectric

5 fluid is present in the spaces in the el ectrode; and
(3) Wen (lhe Thektrendtle dflitheklestrodepsriacrshssict becanse of
dielectric fluid enters the spaces in the el ectrode,

onl yiseosity of the dialeictric fiuit in the spacey intthatelestrode;
resistant to vaporization, remains in the el ectrode,

t her eby i(2qr emsiop@ratien IfreWling tHe ERRtRIRShE B6ke tindd of the
Wth these three effects above, the el ectrode can be

Pr €M@ diddHATHR & U1Ea G frRBtineRl Vs EARaRERE KhiGals: IR dielectric
el ectric discharge at the electric discharge surface

(o 58 s BAL PR S8Ry ih FEMebofigr g dense

coat i ng. e ot herhan however, e (three)

effects nt,joned,, abgove vary., w,t.h tine ' e .
the vari at¥ond eN tthl?e&(,ei%?t”fgﬂ'f'ﬁi '8&"@?98@4 %ﬂeﬁiﬁé_dﬁelectnc
Therefore, the nore the electrpde is used hat, . i s .
 nd s lap SPECEg N e Eiakuaden o Sdnateigh having high
fluid, the thinner the coat becones even_ though the
el e‘ﬁﬁ@@%‘t)ditbéha%g’éssﬁlﬁﬂbt%VﬁP@H?ﬁEﬁﬂ. reryapes ffbﬁ?féeleCtFOde,
under the sane conditions and for the sane tine
durthereby incieasing the stisingthefdhefelebbodeat decr eases.
20 To prevent this, the present enbodi nent has a

10f eat ur e iWithhihelse thhee edffendts abovieotheledetirode diascbarpyevented
surface treatnent is soaked in a dielectric fluid to

fi lfrofrhiseinRosRsedsivéeciameadiuaid thd beedtiiel disehage at the
fluid 1in advance, thereby suppressing variations in

Coaé!ebﬂi&lﬂ[&?%rgé éd?%d@ﬁbatﬁbni,hﬁéréﬂgﬁérﬁigpeﬂ easy to form a

el ectric dischafge surface treatnent Is, in a

et iatkd 2baflRGYT 8 tHd Behéh&hEChoREGel AheCAb6E (fhree) effects

mentioned above vary with time, which causes the variations in the coat

(9]

156  thickness of the coat. Therefore, the more the electrode is used, that
is, the more the electrode is soaked in the dielectric fluid, the thinner
the coat becomes even though the electric discharge surface treatment
is performed under the same conditions and for the same time duration.
Hence, the thickness of the coat decreases.

20 To prevent this, the present embodiment has a feature in which
the electrode for electric discharge surface treatment is soaked in a
dielectric fluid to fill the spaces in the electrode with the dielectric fluid
in advance, thereby suppressing variations in coat thickness of the coat

at the time of the electric discharge surface treatment.

25 That is, in a method for manufacturing an electrode for electric




(8]

66 discharge surface treatnent according to the

present invention, after a powdered material, that

is, any one of a netallic powder, a netal conpound

powder, and a ceram c powder, iB86conpression nolded to

forma green conpact, oil or a dielectric fluid used

in the electric 5 discharge surface treatnent is

caudiedharge suriacettoeatmesipaceoidisg de theeregenbinvention, after a

conpact. The processes up to the process of form ng

t hepaweered ematpsial, thiat is,| any anet of 4 mewalliopowder, a metal

manuf acturing the electrode for electric discharge

surdgrhpolin@aaRaér, dRE hi e nABb Ptvddihes ebespreedfr Aiolded to

el ectric discharge surface treatnent is 10

ma [ : :
YobRCh ?réﬂn dbrﬁggcﬂ\%ﬁ{”ﬁf g?ﬁéﬁd’cﬁ@‘i‘l Used |"f‘1"l$‘\|efJ «?I%ctnc

electrodé 1s fil a dielectric

sl M i e
UGB8R S5 RSB TAS EPYERERs B B R find e reen

green conpact electrode, that is, .the electrode fo .
o) GxambachRte ARG L ihose Rl mapkAsturing TeLaietyiode for electric
formng a coat by the electric discharge surface

t r lifpRAtge sHdaspdreatment desclikrd abovgee treat ment

is perforned with the el ectrode of which the space in

the el ectheg@tedtondefeceldactrididstharge sunfacedreatment is
treatment is filled with oil or the 20 dielectric

10solmanafactiihed & the maranéeradesasbéd aboves and thepeleotsde is filled

bet ween a brand-new el ectrode and an el ectrode for

whiwith ailpsed /figigvtie diuid eedhinsthel gesatc disttrarge surface
manuf actured can also be mnimzed. Fig. 18 depicts a

st q}@aﬂnﬁbﬁwiinoﬂheasﬁ\ségmsiaé tEBeelébﬁBHblofé? elé%‘l’ffc%%ﬁarge

according to a tine for soaking the electrode in a
di %Lﬁfé&% freatmeht it 4dvaiRU Befdle 'Weh§ ised fortRbYlbcfic
the ol ect roge s equi val ent %5 an

discharge surface treatment.

15 When the green compact electrode, that is, the electrode for

electric discharge surface treatment, is used for forming a coat by the
electric discharge surface treatment, the electric discharge surface
treatment is performed with the electrode of which the space in the

electrode for electric discharge surface treatment is filled with oil or the

20 dielectric solution. Therefore, variations that occur in process between

25

a brand-new electrode and an electrode for which a predetermined time
has elapsed since manufactured can also be minimized.
Fig. 18 depicts a state in which a weight of the electrode

increases according to a time for soaking the electrode in a dielectric

fiuid. Amount of increase in weight of the electrode is equivalent to an




67 amount of the dielectric fluid absorbed in the

el ectrode. FromFig. 18, it can be assuned that the
dielectric fluid flows into the space in the

electrode wthin 2 hors to 3 hoifs. The present

invention is described in nore detail bel ow based 5

on a specific enbodi nent. A Co-based all oy powder (a

gr amounhoétke diélectne floidapsprhedin theelectssder From Fig. 18,
(chromum, N (nickel), W(tungsten), and the |ike

wast caart assunedithatdtie dietedthiefiuit dldvesintogher spassin the
was further perforned at a tenperature of 800C.

Thesleatroge, with 2lmakried®hbavéng 10 been soaked in the
dielectric fluid for 30 hours was used for the

el ectric Txis ?‘?@@éﬂlem%%hftl%ﬁeistd@s%rfﬂﬁﬂ irf Riord d&¥all K¥lod based

Ni alloy. He el ectric-di scharge pul se conditions

ver & %%éhé‘%rﬁl‘i‘@dﬂ&ﬁt{mde for use had an el ectrode

area I'S,” an area to be processed) of 18 nm and

bo® Doa AU EbeUIG, hivhd: s B BRI o Lok 48 3 um) tra
f 10 m

of naEEqu"s{&E chatirehiNidmeks ol uRgsterns Bhef e ke was

brand- new el ectrode was approximately 100 m and the

andPIRfSion fﬁ@@@é’s@ﬂﬂaﬁ‘%?h%hﬁﬁﬂng RIRgS S Was furtber

the sane conditions was al so apprOX| mately 100 m

Thupgrfemmed @t entemperatureiof IBEE € . of Thereadiea: theeetecitnde having

to be nearly solved. Results simlar to those
10dedmmerbedakbd\ir therdie Eutec fluidhéor BDtroursdvas eised fdn the electric

the electrode for electric discharge surface

t r efisoraigeBOHhas itte At ant fora Work ofdeT Na&ﬂo?n Bdrey
powder including My; an Fe powder and an alloy powder

| ndjgeti9diRhatge fllsé ToiditfE!Were such that the electrode for use

4]

had an electrode area (that is, an area to be processed) of 18 mm, and
the peak current value is 10 A, the pulse width is 8 us, and the pause
15 time is 16 us, and the process was performed for 10 minutes.

As a result, an amount of deposition (coat thickness) with the
use of a brand-new electrode was approximately 100 um, and the
amount when a process was performed 7 days later under the same
conditions was also approximately 100 um. Thus, variations in

20 thickness of the coat were able to be nearly solved.

Results similar to those described above were able to be
obtained even with the electrode for electric discharge surface
treatment manufactured with a Mo powder and an alloy powder

including Mo; an Fe powder and an alloy powder including Fe; and an

25 Ni powder.




68 According to the sixth enbodi ment, the conpact

el ectrode manufactured, that is, the electrode for

el ectric discharge surface treatnent, is soaked in
advance in the dielectric fluid&sed in the electric

di scharge surface treatnent, and then the electric

di scharge 5 surface treatnent is performed with the
green cofusrdigetn theisixdh embodiment tbpaswepadkeldetrode
are filled with the dielectric fluid. Therefore, the
vamaniufacutddytthat tsyrthereleblropedoe ste bieicvdissharge surface
brand- new el ectrode and even an el ectrode produced

af tesateentedeteakéded ddvaimclan thleadiensktfiaAlSAsRin the
m nimzed. 10 Seventh Enbodinment In the sixth

enpsitiRdiscRai @Q@rf‘éﬁe'ﬁ?@é‘ﬂ‘rﬁéﬁﬂrdr{wtn@éh HSeldAme di¥eRarge
ed. | enbod t, a

has been descri . I'n the present I ment,
e f ' t ' cL |
5 T Re AR treBlEh bofofnet il ink hreBicohBart Hiithoge of

15 t. el ect. I Sestqre if t.h l.ectrode.is
ot SHIGRAE SrPlcBE D8RR af< aPpRORHh sh dieueThigeeThSretore,
ingi de the el ectrode evapor ates. herefore, to
ol T yarBtions (hat SECHE A the Peogess ETNECR)A brend-new electrode
electric discharge surface treatnment, it is _
pr @ndrexen anrlectpdedpiagducsgeaitar aipyegeteimingd time has
simlar to the dielectric liquid. Flow of the
di elapsed eanlalse benmonintized0 el ectrode is conpleted in
several hours. However, if the electrode is stored in

10 ai Seveatledmbodimentstit uents prone to evaporation in
the dielectric fluid evaporate, while those resistant

to evapolmtheBixtAr@nbadiment, e sRle bf afhufdburing BRCé[ectrode
bi ndi ng strength of powder particles of the electrode

NMe{velsi Rhs baih @é@é}i@éé.ecﬁ'ﬁgﬂa FRKH At b8 irﬁEﬁt,%Pﬁﬁetth of

be 25 forned at the tine of performng the ectric

di st Pthe Lid@frSde is described.

When the electrode for electric discharge surface treatment

15 (compact electrode) is stored, if the electrode is stored in air, the
dielectric fluid in the spaces inside the electrode evaporates.
Therefore, to eliminate the variations in coat formed by the electric
discharge surface treatment, it is preferable that the electrode is stored
in oil similar to the dielectric liquid. Flow of the dielectric fluid into the

20 electrode is completed in several hours. However, if the electrode is
stored in air thereafter, constituents prone to evaporation in the
dielectric fluid evaporate, while those resistant to evaporation remains
in the electrode. This affects binding strength of powder particles of

the electrode material, and also affects a condition of the coat to be

25 formed at the time of performing the electric discharge surface




69 treatnent with the electrode. Therefore, it is
preferable that the electrode is stored in the
dielectric solution. That is, by storing the el ectrode
inoil simlar to the dielectri69 fluid, it is

possible to elimnate in coat variations due to
evaporation of 5 the dielectric absorbed in the

el dteatuent withnthectlectnade. di Bitrafore, stist peaferable that the
treatment. However, because it takes several days to
evaglectivget isestodeclire the idielelctiicl sahgmrbed in the

el ectrode, tine for which the electrode is placed in

air at eaThat isT®yodtoritigitle SRt ol fsirhilkheo the dielectric
el ectric 10 discharge surface treatnent) does not

CaUR$d2 itiE PV TbleM R eBiiBletin colteraridiford Bk @08vAForation of
set in a tool changer for automation, the el ectrode
IS (9T s h-L.e . edi g Qi
| o dRR e Arb T theCilel o, A ectic digcrioe surface
th L £l ric fluid absorbed in the el ectrode does
no?tr‘geﬁﬂ‘g'ﬁéte, and the electrode may be left in air.
15 Accordi,ng to the seventh, enbodi nent, the el ectrpod
for of eciHplevErbFeaise dipKEscavedal taxs s evaporaty e
oi |, thereby preventing not onl varjiations in the .
hardiglegtrisffiuid absasbed Jndheielac 'PHE, tipg fon which the electrode is
oxidation of the electrode material. If the electrode
i notlaged inraie bt eacbdimemfaadtanl pracessing (fer e diectds
when the electrode is stored in air for a 20 |ong
10t i nischargasurfaceftrédienent doesdrohesase @ pwhleredd-dmexample,
affect a quality of the electrode and a quality of

t hewBeatthbeleetrbaenedet inketed| @hangar for automation, the electrode
electrode in oil, it is possible prevent the

oxidafdtqih riculd iy Péc?tﬁlPé@‘ﬂS 584kéd in dnd a%_‘%oﬁbaéfki %Hh% @lectrode

the quality of tthhe "electrode and the quality~o

f?ggtg&egW@%éﬁﬁéﬁmérﬁ irtfégceaiéf‘é?:‘i’fig?lu?@ aDeoiBEE in the electrode

does not evaporate, and the electrode may be left in air.

8]

15 According to the seventh embodiment, the electrode for electric
discharge surface treatment is stored in oil, thereby preventing not only
variations in the hardness of the electrode with time, but also oxidation
of the electrode material. If the electrode includes an electrode
material likely to be oxidized, when the electrode is stored in air for a

20 long time, oxidation of the electrode material proceeds to affect a
quality of the electrode and a quality of the coat to be formed.
Therefore, by storing the electrode in oil, it is possible prevent the
oxidation of the electrode material, and to stabilize the quality of the

electrode and the quality of the coat formed by the electric discharge

25 surface treatment using the electrode.




70 Eighth Enbodinent In the seventh enbodi nent

descri bed above, the influence upon the formation of

the coat of the dielectric absorbed in the el ectrode

has been nmentioned. As descri béd above, soaking the
electrode in the 5 dielectric fluid is effective in
preventing the oxidation of the electrode nmaterial.

As bighthtirohodiment el ectrode material proceeds, the

powder material of the electrode changes into

cer am cs, Int ther edyenthkembodimedt fiescribedtabdwe,tha id8osace upon
coat. In addition to the nethod of soaking the 10

el aterfoimation 6fthE ebacbf the Hialedtrid abpomeanin the electrode has
oxidation of the electrode material, it is also

ef figgdn Weedtlorfd @ eAL R Rl 886vé NsGaNiRgUHE PaekddR in the
or in an inert gas (a noble gas), such as helium or

ar - : r S o i R 410 : Iy el

£ heRgledlfic ANl 1F cHieaRve, InWEN SR Fing| HerOERao B e efetrode

ox”ﬂg#&ﬁﬂ of the material can be achieved, the effect

150 inable by the dielectric fluid sufficiently

absorbed jn the el ectrode, cannot be achi eved.

Accor di ndt GXRIRN B NS SRR ARG drakerdgethe,powder

electri¢ discharge surface treatnment is stored in =

vadlaie'r! elithe glectiggde changes htoseRaemics ntheyeoynaking it

of the powder material of the electrode. 20 As a )

r edlifficuleteeforan acdense caat.i ninvaddition foothg mathodof soaking the

el apsed since manufactured can forma dense coat. As

10desdectrede indberdietesttio fidid, tr psevent theeoxidationi af the electrode
possible to manufacture an el ectrode for electric

di snhteris, ftusfase dffernivieetat stivre thevdlectroderihag @acuum package
treatment in which a stable electric discharge is 25

geftﬁriﬂ:ﬁ@,iné\@%dsn(é/‘ﬁbﬁfb gab)ligilcragtheliin B drgbRE@r an inert gas,

(4]

wi t hou
such as nitrogen. However, in these cases, although the effect of

preventing oxidation of the material can be achieved, the effect
15 obtainable by the dielectric fluid sufficiently absorbed in the electrode
cannot be achieved.

According to the eight embodiment, the electrode for electric
discharge surface treatment is stored in vacuum or an inert gas,
thereby preventing oxidation of the powder material of the electrode.

20 As aresult, even an electrode in which a long time has elapsed since
manufactured can form a dense coat.

As described, according to the present invention, it is possible to
manufacture an electrode for electric discharge surface treatment with

which surface treatment in which a stable electric discharge is

25 generated, and in which a thick coat can be formed without




71 deteriorating surface roughness. Moreover,

according to the present invention, it is possible to
manufacture an el ectrode with a netallic powder |ikely

to be oxidized w thout nmaking #the netallic powder
oxi di zed during a manufacturing 5 process, and is
possible to forma thick netallic coat by electric

di sdeterigrating sadecereaghmess. Furt hernore, according to
the present invention, it is possible to forma coat

W t hout Warneailvieonabgordiveg ¢b ¢bé present raemdgors Ut fsapessible to
treatnment by using the electrode for electric

di pedifaet e AAAettroaé VE a hetdINDPDMRidtlikely to be oxidized
APPLI CABI LI TY As descri bed, the electrode for electric

di %Fiﬁﬂj’éﬂemﬁldﬁf fHe niertsnrcg&{vdéﬁ o&iﬂa&é@'cﬁjrirﬂ; hnAgALfd&@EBring

related to SUI‘ ace treat for formng a coat on a

5 5“5?8‘8 far?d Y@éﬁ ?fbj;é?o 8 PRk kr eafd” ¢/ cﬁg't b@%l@cfr&f

rlesr to Surface formn

athl rface of a work piece. 72 CLAII\/S

ccneqrégtsrt.g °q gleagm&ﬁ“ c di scharge surface
treatrren , Ihe el ectrode, being. a ree act
is for neﬁi%k"%ﬂ?ﬁfﬁe%ﬁeﬁd'ﬁslt&’gw& B r'P‘é‘? ’\'hd'iﬂs possible to
that is any one of a nmetallic powder, arretal

mcg@w&houawariatt@arﬁw the @ée@apadiﬁehamﬂffacméeatmem

electrode used for electric discharge surface
t r bytusing the alhctrbda fonledectrici diecbaege sutfagesteatrgent. s
caused between the electrode and a work in a

10dielectric fluid or an atnosphere, and in which a
coat of an electrode naterial or a substance that is

gemDUSTRINL APRRICARILITY t he el ectrode material due
to an electric discharge energy
As described, the electrode for electric discharge surface
treatment is suitable in industries related to surface treatment for
forming a coat on a surface of a work piece, and particularly suitable for

15 industries related to surface treatment for forming a thick coat on a

surface of a work piece.




is formed on a surface of the work, wherein a powder
solid that is forned as a result of coagul ation of a
m xture of the material powder and a wax or a sol vent
has a dianeter shorter than a _di stance between the

el ectrode and the work, the géwder solid included in
the green conpact, wherein the dianeter of the powder
solid is 0.3 millimeters (BGWAIMS | ess. 2. The

1. oy ELERPRR ISt ARt ais GietoR stnare realngbh b Sfkctrode being a
gre&h ebaipatcefat ($9orfied ﬁlfé&ng?essﬂi'ﬁnﬂlcﬁﬁ$ BOASteRiaf Pb\%@gthat is any

to any one of claim wherein he net al
onefiABigklip pawder. ismetalibaompalind popsisteand a comtluctive ceramic

bal t
povEle AR LT o it isfand SLgASe rkBEn G icn a puise-
like awemnd disghbirgelsaiatiséd bENRESH thé BRcRbEE MRS wokk frpa Wslectric fluid

y finely crushing the material powder in a |iquid
or aﬂ‘r%tfﬂospbﬁﬁﬁ iandZegvhigh arcagt ob apaleetrodsmmaterial 0633 'substance that is

corGRABAHS Mt ENGER TR PSS o SRSIE Aot enery

state I'n
is famieelon 6 suflaee aif thd wodle wisareindi ng to d ai m 1, vvherel n

the el ectrode .is, faornmed by conpression nDIdln
ma P wger, éhat ﬁafP"T‘@d aﬁ.%qswthfﬁgﬁealaﬁﬁnéf @i ramtwe of the

matkhat de&léFéﬁd ! w&d ﬁQQ & diart déresh‘yrwr ¥ar S%istance

mat er i al |s crushe under pressure.
betweerrthe elleetrodedledathe wotkn@etpnv@llal solitl,inglbded imthehgreen compact,

eeI ectrode is formed by conpression nmolding the

ﬁ%lperl al powder that is finely crushed in a liquid,

anth bRinatet BFtHepWIdEH SBIANS © % ifimeheraNriHy) Bedat of

oxygen is controlled, the material powder dried in
such a manner that onIy a surface

2 The electrode according to claim 1 or 2, wherein

an average grain diameter of the material powder is 3 micrometers (um) or

less.

3. The electrode according to any one of claim 1 to 2, wherein
the metallic compound powder is a cobalt alloy powder.

4.  The electrode according to claim 3, wherein
the cobalt alloy powder is a stellite powder.

5. The electrode according to Claim 1, wherein

the electrode is formed by finely crushing the material powder in a liquid that
volatilizes in an atmosphere, and then by compression molding the material powder

crushed in a state in which the material power is not completely dried.

6. The electrode according to Claim 1, wherein
the electrode is formed by compression molding the material powder that is
finely crushed in a liquid that volatilizes in an atmosphere while drying the material



of the material powder is oxidized. 8 The electrode

according to any one of clains 5 to 7, wherein the

mat eri al powder is any one of a powder of netal that

is likely to be oxidized in %n at nosphere and a

powder of an alloy of which 43base material is metal

that is likely to be oxidized. 9. The el ectrode
povglesoviichds colshiedi nnder piessulen the nmetal that is likely

to be oxidized is any one or a conbination of

chromum titanium and alum num 10. The el ectrode

7. aCd'wedeIBGtrbdbgbabrmrﬂg tonORiMi 1) vingreil ectrode is formed
ressi gn _nol di ng the rraterlal powder that is

f i ﬁfé? gPQcﬁr@gﬁéa formeshRY compraskion maidingdae matsral pewee that is
fineﬁ UI éd lﬁ"Q‘ﬁEﬁiéi aﬁBXhQﬁ'ﬂ igh n??h ﬁ@%gbﬂ? e??}fg\bﬁ%bgdgnamount of

7S SoaRed’ fh anci nlerna
oxygmrm’ mntrdllﬁd ﬁmm&@ﬂlmﬂﬂe&d@:ﬁddh Bgch @ rgbﬁhm that on:ty a surface
n, t e rreen._conpact is heate and any one o
of the Wag?{ba’ é"?@@fjfzie@ fluid i s soaked in an internal
space of the green conpact heated. 13. The el ectrode
according to claim11l or 12, wherein an average grain
8. di diretalectodde Becordirg toi :mypmej ef clainds Site 7ywttareinc
ess

4 he .el.
oo 008 e AP e is any Brgiofiaowder of gtal liRig kS iig e
oxidiERickin| ar\?am@dﬁiﬁferéraﬁdté‘ﬁoﬁﬁéﬂbf &k aﬁ@i@f’%ﬁi&hpé’w% material is metal

i ncludes a cobalt powder and a cobalt-based all oy,
thamﬁékﬁﬁ@@bﬁtbﬁﬁéaialon i ncl udi ng any one of chroni um
ni ckel , and tungsten.

9. The electrode according to claim 8, wherein
the metal that is likely to be oxidized is any one or a combination of chromium,

titanium, and aluminum.

10.  The electrode according to Claim 1, wherein
the electrode is formed by compression moelding the material powder that is

finely crushed in wax.

11.  The electrode according to Claim 1, wherein
any one of oil and the dielectric fluid is soaked in an internal space of the

green compact.

12.  The electrode according to Claim 1, wherein
the green compact is heated, and
any one of oil and the dielectric fluid is soaked in an internal space of the

green compact heated.

13.  The electrode according to claim 11 or 12, wherein
an average grain diameter of the metallic powder and the metallic compound

powder is 3 um or less.




15. The el ectrode according to any one of clains 11 to
14, wherein the electrode material includes a nmateri al
less likely to be carbonized for 40 volume % or nore.
16. A nmethod for manufacturing an el ectrode for

el ectric discharge surface f eatnent, the el ectrode
bei ng a green conpact that is fornmed by conpression
nol ding a material powder that is any one of a

14. St 048 Berpinidfeny Sof STRAIEE 188"t WneTER °
el ahé dtalicpowictandmeimerllic @MMpP&IHd powdbr Pilies a cobalt
pul se-1i ke electric dlscharge i s caused between the

powdes @andx eobattbasew alloy, the cabalt-besed @llpy including amy one of
chr&hm,ﬁmﬁﬁé’aﬁ@%' tgytpi ch a coat of an el ectrode
ial o

mat er I "a subStance that is generated by a
reaction of the electrode nmaterial due to an electric

di scharge, ener is forned on surface of the work,
15.1 hd NerlERbA0E SREPIINGID AbPHF B CRIMBAddP HoMNereRat i s
f or r j : (] ;
onE Sioner BB NSRSk ) s WAy PP oz for 40
volumé 3 mgmare. mat eri al powder of which the powder solid
is sorted or fragnented, wherein the powder solid is
sorted and fragnented in such a nmanner that a di aneter

16. of A Mt R maRitheturingdioedcirddd fs SEamB cﬁéemgé shiface

shorter than a distance between the electrode and the
treafipent, thi elestredetheing adpreen ebimpaick thap isfamed by cemprassion

[ f 1 Xt f.1h terial :
mola SRl el S b FRaST Bl £l compouna
povilencid & ebhduttivelcetamic bbWake the elBBtradle wseSfor efettrid 8Rcharge
nmet hod according to claim 16, wherein the sorting

surfage trgateertntwhigh arrulsenlite eleattic disghargedis saused bedweery the
elecfrol® and a work in a dielectric fluid or an atmosphere, and in which a coat of an
electrode material or a substance that is generated by a reaction of the electrode
material due to an electric discharge energy is formed on a surface of the work, the
method comprising:

sorting a powder solid that is formed as a result of coagulation of the material
powder,;

fragmenting the powder solid; and

compression molding the material powder of which the powder solid is sorted
or fragmented, wherein

the powder solid is sorted and fragmented in such a manner that a diameter
of the powder solid included in the green compact is shorter than a distance between
the electrode and the work, wherein

the powder solid is formed as a result of coagulation of a mixture of the material

powder and a wax or a solvent, wherein

the diameter of the powder solid is 0.3 millimeters (mm) or less.

17.  The method according to claim 16, wherein
the sorting includes sorting the powder solid with a sifter having a




predeterm ned nesh width. 18. The nethod according to
claim 17, wherein the predeterm ned nmesh width is 0.3
mm or | ess. 19. The nethod according to any one of
clainms 16 to 18, further conprising crushing the
materi al powder, wherein the & ushing i s perforned
before the sorting and the fragnenting. 20. The
pregeteioined owshiwigth.o cl ai m 19, wherein the crushing
i ncludes crushing the material powder in such a manner
that an average grain dianeter of the material powder

18.1 S Bhémiitho® aecording th@aifetl7odhaegipr ding to claim 19
or 20, wherein the crushing includes crushing the

mat i6eipedeterminredymeshaviethl is G pamaardess. 22. The net hod
according to any one of clainms 19 to 21, further
conprising: drying the material powder crushed; and

19.si fTherenathed eBtedira] taavene dF tReims Waabel 8) flifiifer comprising
crushj ng i ncludes crushing the nmaterial powder in a

g .

crughingithg materal powdereWhegeiBccor ding to any one of

cl gj d0: kSkG: ) .

i P g i Berfottied BEfdiR TR eoH i and " ffrBRing.

sifting the material powder m xed with wax, wherein

the_m xin nd the siftin re perfornmed after the
ZO.SOﬁn%@%&Qg@ﬁ@r&r@M@mﬂa’ 'WQE@"Bef ore the

CORERF§4HIAg IMeYerushing the material powder in such a manner that an

average grain diameter of the material powder is 3 pm or less.

21.  The method according to claim 19 or 20, wherein
the crushing includes crushing the material powder with a mill apparatus.

22.  The method according to any one of claims 19 to 21, further comprising:
drying the material powder crushed; and
sifting the material powder dried, wherein
the crushing includes crushing the material powder in a solution.

23. The method according to any one of claims 16 to 23, further comprising:
mixing the material powder sorted or fragmented with wax; and
sifting the material powder mixed with wax, wherein
the mixing and the sifting are performed after the sorting and the fragmenting,

and before the compression molding.




