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el ectric discharge surface treatnent, nethod of 5 electric discharge
surface treatnent, and apparatus for electric discharge surface treatnent.
TECHNI CAL FI ELD The present invention relfates to an el ectrode for electric
10 di scharge surface treatnment, a nethod of electric discharge surface
treatnent, and an apparatus for electric discharge surface treatnent. The
el ectrode is a green conpact and t8PHGIF¢CAGIGBd by conpression nol di ng
nmetal powders, netal conpound powders, or ceranm c powders. A pul sed

el ectric discharge is generated between the el ectrode and a 15 work, and, a
coat of the material of the electrode is fornmed on the surface of the work,

or a coat ofrgr st qu@m{)FtNﬂ@[qenerat ed by a reaction due to the
el ectric discharge energy of -the material of the electrode is forned on the

surface of the Worg gl o f&%l@@ﬁf&ds@ha?% s g'@atrbgﬁtmgﬁt BASINGIQND ART A

t echni que for I rrpr ovi ng corrosion resi st e an rasion resistance of a

of an 31 deieand ﬁécﬁ%?éé{%ahih © B¥ak AR Ay ABRTRADS HE RRIE e suen
techni que is de cri bed 2 For exanple, the followng nethod is

| Q.
di scl osed (r@FEPE £H age%veatment

TECHNICAL FIELD |
The present invention relates to an electrode for electric
10 discharge surface treatment, a method of electric discharge surface
treatment, and an apparatus for electric discharge surface treatment.
The electrode is a green compact and the like formed by compression
molding metal powders, metal compound powders, or ceramic powders.
A pulsed electric discharge is generated between the electrode and a
15  work, and, a coat of the material of the electrode is formed on the
surface of the work, or a coat of a substance that is generated by a
reaction due to the electric discharge energy of the material of the
electrode is formed on the surface of the work using the energy of the
discharge.
20
BACKGROUND ART
A technique for improving corrosion resistance and abrasion
resistance of a metallic material by coating the surface of the metallic
material by means of an in-liquid electric discharge machining has been

25 known. One such technique is described below.



10 15 20 patent literature 1 ). In the nmethod, an el ectrode formed by
conpression nolding a mxture of WC (tungsten carbi de) powder and Co powder
is used to deposit the material of the electrode on the work by in-liquid
pul sed electric discharge, then a re-nel ping di scharge machining is carried
out using another electrode (for exanple, a copper electrode or a graphite
el ectrode) to obtain a filmw th higher hardness and hi gher adhesion. In

ot her words, WC CForsextenpid,ithe followirg wethodbiasdisotetsald ($816C tothe is a kind
of steel prescribed by Japanese Industrial Standard JIS G 4051 ) using an

el ectrode of p Gk ARTAEHERLT H HiIhfotAbd Ven @ebtroRerbanstity the in-1iquid
di scharge machining (primry machining), subsequently re-nelting nmachining

(secondary '?&?' ' i rIRdubs i gvent6h§stenodsrbi owdef aRBer

el ectrode, tha bngsggg%)'t1 ni%@?i %d veyg/grogpi ?ﬂn& gs a resucls;?),cat he deposited
structure had a | r | r I Sof i t r xand
there were Zepcptovgqvecgi ‘ggeeifot%%g%gﬁcﬁgpﬁFE%?%Ir? mry&fﬁggﬁia%i%@ g\\/\pﬁver, t he
voids in the coat. di sappeare nd the hardpess._i 3 =1750 after
Uhe re-ma 11 PG THBHI P HBeRLS 5ht SITaP a6 M aeoanite Hadiéidds. Thus,
hard coat wth strong adhesion to.the K, ich is steel., can be aobtained
when the aboVEChEHRY B EarHed it q%ngﬁﬁ%ﬁg}équﬁfpﬁ e%ﬁg‘%lﬁoé)e‘i%ﬁqi oned
method, it is difficult to form25 a coat having _stro_ng aqg%esion to the
surface of teleckiodecpicd grapbite#lesiioAento obkin @AM fdoher halsiass | n
this connection, it was confirmed in the research perforned by the

i nvent ors of anthdighesadhesionentlincothenatorids, Wee-ods idepesitedratt theawexrlir dy
hard coat on the surface 3 5 of the nmetallic work without performng the
step of re-n@ddegetall SBOCethattis iackiddsafhstege presqérest by edplaciedeen t he wor k
and an el ectrode of such material as Ti that forns hard carbide. The sturdy

hard coafq i s|dqustesl SttdrdtJ1S Ges®s i Lisingodn Biditasde of esgileenofomeact i on
between the material of the electrode, which is attrited by electric

di scharge, apgh R %@rw@-gb%¥ E%r%rﬁﬁﬁ@@ﬁ@ﬂﬁ-l@fui@ ks sHaabeahathinihgi d.

Further, a technique is disclosed in Which an electric discharge 10 15 is

gener at ed be@ﬁ@ﬁé@&%ﬁg@@?gg\%%@ggﬁ% ?@!mé&ﬁwgnﬁfa%gh}iﬁgRxe&w@a@uch as

TiHZ (Titani rm nore speedily a hard coéat havi ng

0 PO D) AR AL S SroT, AR ety

patent liter ue’is disclose edily forma
hard coat having various characteristics such as high r dness..an L gh
abr asi on resfRatdf Ot EPNgLTRed VERY r%ﬂ'd@(‘ecgf'iacr?ﬁ%gﬁa?dgéapoogfr@e%ﬁ%&wgék and
an el ectrode of green conpact conposed of hydride such,as, TjH2 (/Titanium
Hydri de)1®i t Radia taw dierdeeen(Virkess Wdﬁﬁ?%ﬁj‘@ ‘gr%b%tgé\ﬂfw-\r/{)&@& e her e

is a disclosure of another technique that 20 teaches that it is possible to
produce a st wedeer lalafotaidsi@t sheenslyobthe erimary maghning: hewever 1h&ri ng
(refer to the patent literature 3). Nanely, in manufacturing of an

el ectrode conpmseih thfe eoat disapeeafed\@ noothdeha et sSoinpraved, tote=4f 2@n
conpact may be manufactured by nerely m xi ng WC powder with Co powder and

by conpressi arefhdiragnehmererchiningt Wwasqerforesed as tiel siaogndasy per f or med
after wax is added to the powders, conpression nolding the green conpact 25

becomes easi efa@IAinER" eTkhS | &ineil .codeWavestrowgead idsionas the adidedvhich and
if a large amount of the wax remains in the electrode, the electric

resi stansg Ofs LiiteICLER JePOBIINEE SRR LS BRUTR-aRtiARd hethod Relisee.
resulting in a poot éelectric discharge performance. Therefore, the wax
However, with the above-mentioned method, it is difficult to form
a coat having strong adhesion to the surface of the sintered material
such as cemented carbide as a work. In this connection, it was

confirmed in the research performed by the inventors of the present

25  invention that it was possible to form a sturdy hard coat on the surface



is renoved fromthe el ectrode by heating the green conpact electrode 5 in a
vacuum furnace. In renmoving the wax, it is necessary to keep the 10 15 20
heati ng tenperature higher than the nelting point of the wax and | ower than
the tenperature at which the wax deconpoges and turns into soot; because
the wax will not get renoved fromthe electrode if the heating tenperature
is too low, and the purity of the electrode degrades if the wax turns into
soot becausepftthe meedliiogvdknprRhattiperfosming tihe ghep Bliremeeltinghé am een

conpact in the vacuum furnace is heated by a high-frequency coil and the

|1 ke so_thalelbbRicaRAFOIRAGEnRASIRNBLGIESH tRAdTk Sichan ielettrbdslotnd
machi ni ng while preventinhg the green conpact from becom ng too hard (this

s cal led a graf iHBRBYaS TRLRS! RAnl ABRY califide! NSty Haig wiatea conpact
nti ar

is heated u e conpact becones as as, for exanple, a chalk.

Kk
tBEQd'p_Pgl ??%J%&%@%5’45ﬂ@ééaei}eté?ﬁﬂﬁﬁdébﬂ?’fa%%%%?#@@f%?%é‘?h“??%ai ccause
St andar i B, O e Sierligns: et Atph AT EleBtG B g dntor e

cl osel y- packed honpgeneous coat if the el gctri C. dij scharge surface treatnent
i s perfor medCai®AgCthat i§ 8 qareRenept af theydigleehics Wenner . Each of the
above- nenti oned conventional art has features in hardness ang,a hesi on of
the coat, abrasiorf ¥dRe&taigahninde dsidis¢iesed 2 Wirich aelegtih 'w’i‘g@trgeand,
density and honogeneity of the coat; however, 5 wth regard to the

t hi ckness ofistgenerated betweenvaneientederof greer gempadinetalic§ydedei ng
scope for inprovenent. So called welding and thernal spray coating are
known as gensueH ateXiHpi(Titasium Hhyddide uand a wock te datm rveledspeedibefiers to a
build 5 up welding here) is a technique of letting the material of the

vel di ng 100d pBld cGach 2ERGr Bigher i esds K tian avhed! echaierialissichaagdi et ween
the work and the wel di ng rog. The thermal spray coating is a technique of

mel ting the ggl@lidier PRIRE pdlte AGkeFRIAMI NN IHAtHE berbomiqud & onto the

work to forma ccgat. g?nce either method is a manual |abor requiring 10
skills, whicl ' L& 0 ' i i d geysEs on |ine,
the bot h et ASHL TS SPEr AP IRim s nfR) Paat Adygr PO BHArRERgt

Mor eover, especi al |y | di ' j [ t i8S qt wor k
conver gently,gué\r/hgﬁ Iﬁgﬁﬁ%{@n%ﬁ?g%ﬂcfR@ﬂéﬁg?gpg%ﬁ@??? Ige%tggﬁga S such
as single crystal all an irectional control, a 5

uni di recti onéfqt@rlggpchflafrgsﬂoéww a ¥ oidydnd an %|§§H°3‘%p$%§{%§i’dcgﬁ‘8 Ahwer the
yield. The patent literature 1 Japangse Patent l.ication Laid-Open No.
H5- 148618 Theomwoskd ofi hygride such %Tﬁpéﬁmuﬁﬁgﬁf'dﬁm'ﬂw&"gﬁ Lai d- Open
No. H9-192937 The patent literature 3 Japanese Patent No. 3227454

Non- pat ent | difterantimetal oFreerami®areMiXBAck Layer by El ectrical Discharge

Coating 25 (EDC)", Goto Akihiro et al., Mld Technique, (1999), N kkan
Kougyou Moreover, there is a disclosure of another technique that

teaches that it is possible to produce a sturdier electrode only by
performing a preliminary sintering (refer to the patent literature 3).

20 Namely, in manufacturing of an electrode composed of a mixture of WC
powder and Co powder, the green compéct may be manufactured by
merely mixing WC powder with Co powder and by compression
molding; however, if the compression molding is performed after wax is
added to the powders, compression molding the green compact

25  becomes easier and more efficient. However, when the wax is added



6 Shi nbunsha. The enphasis has been placed on formng a hard coat in the
conventional electric discharge surface treatnents; therefore; the main
materials of the electrode are hard ceramic materials or the material 5
that forns hard carbide by a chemcal reaction with C (carbon) that is a
conponent of the oil in the dielectric fluid; due to the electric discharge
energy. However, hard materials generally have a high nelting point and a

| ow heat conghgifi &ildrngechmoacit @fithtivax Toepéioirethabtduiate, itheiedeploksi bl e to
obtain a closely packed coat of a thickness of the order of 10 10

mcrometers fda@tanck dftheedictlolbl ifgtdaded botguse the Mapeisydipindted, coat of a
few 100 pmor thicker. Although it is described in the literature (see

non- pat ent. | {dAidiyitP aldodlASRIAA discHatgl SBrdMfance entAEfofafe (e wagsent

i nvention that a a l'imeter-thi Ck coat was obtained using an

el ectrode of .15 VEPrtsh nd e ol Htind SRE B bR comgld(disul bato pu

I nto practical “use, because it has" s ens “as reproduction iIs
of  voi ds.5 and ¢ NECHRT HB268 vdaWe BB URGip ok Pl bietbeq v d A e 1y o
Pooks cl osel o2 eres aeuedtans: tuagarar Agetie Fsber due wretat ferd g and
S o S e o s B LS5l
production cost because of difficulty in building a |line production plant,
25 and | ower bgcalse e aesewdt ngtget se mowedfirowl thienglectragrsif the peating
temperature is too low, and the purity of the electrode degrades if the
10  wax turns into soot because the heating temperature is too high.
Further, the green compact in the vacuum furnace is heated by a
high-frequency coil and the like so that the green compact has enough
strength so as to withstand machining while preventing the green
compact from becoming too hard (this is called a preliminary sintering
15  state), in other words, the green compact is heated until the compact
becomes as hard as, for example, a chalk. Bonding among the
carbides at the contact parts proceeds interactively, in the preliminary
sintering state; however, bonding strength is weak because the
sintéring temperature is lower than the temperature required for the
20 standard sintering. It is found that it is possible to form a
closely-packed homogeneous coat if the electric discharge surface
treatment is performed using the electrode obtained in this manner.
Each of the above-mentioned conventional art has features in

hardness and adhesion of the coat, abrasion resistance and swiftness

25 of forming the coat, and, density and homogeneity of the coat; however,



It is an object of the present invention to provide an el ectrode for

el ectric discharge surface treatnent, a nethod of electric discharge
surface treatnment, and an apparatus for electric discharge surface
treatment to forma thick coat, which waé difficult for the coating forned
5 by the conventional in-liguid pulsed electric discharge treatnent. It is
anot her object of the present invention to provide an el ectrode for

el ectric di seitarggashits she thickaeseraf the eoathod ednwendional artiissstfficiant,
surface treatnent, and an apparatus for electric discharge surface

treat ment tdhterleaving stoppiédi inyprovament.t he coating by the in-liquid 10
pul sed electric discharge treatnent. DI SCLOSURE OF THE | NVENTI ON The

el ectrode for el e3¢ icalldt swdiaing andrthaemal speayreshting @redkrtavi @st he present
invention is a green conpact nade by conpression 15 nolding netallic

powders or nRirdrhl fe HHIRAEE Yo RANRELS aaﬂﬁlck'%gthV\{]é?bﬁ@t riarer@!itwahge
surface treatment in which a pulsed electric di scharg S generated between
the el ecgro %‘i‘diﬁg"\@é@ 8 Taate@h?\:j&%'b'f ?etftibb'tﬂetrﬂtai%r]ﬁé? &Yth*e'\ﬁegiﬁg}ré{jﬁe

di scharge energy on“the ace o e work¥a coa a naterl

el ectrode or e { el d a reaction of the

el ectrode durggttoa%}qjggg%gé;h Iﬂiggfosr kﬁ)&)rg gﬂ eé%é&'&y(%gﬁﬁé%q heflvﬁ%e'élt%%tv\‘?f&e
contains 40 vo| yne % or nore tallic terial that is not carbonized or is
hard to be @J\Aoﬂ}ﬁ W&ﬁ'”ﬂcf@&rd{rﬁ'@ett%eﬁfﬂgp RraYLRating, ishaiteshniaue &f possi bl e
to forma thick coat stably with the in-liquid pul sed electric discharge
treat ment, d8ekting the metallicimataialand spraiing dhaimsited nateried antadhe ne

metal w thout becom ng 8 carbide during the in-liquid pul sed electric

di schar ge t meeiknionforrbacaade Siece leitbier saethoshisaa manualdabar sequisingar e har d
to carbonize in a range descri bed above. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGHOFi gkills,iwhichtmakes itdifficsls {6 estabdishod comtieluecsrproduttiondinest ri c

di scharge surface treatnent and a concept of a nmanufacturing nmethod of the

el ectrode athersbthgnethals hagé sediznebadibf hhvingea Migs prbducemcosh; Fig. 2
is a characteristic plot that indicates relationship 10 between a coat

thi ckness aMoédN@rQ@ép@&bﬂ?@sa%ldiﬁg@?a Fiedhod ih wiicR!Htat @nt¥d frge and
current wavefornms at the electrode; Fig. 4 is a characteristic |line plot

t hat indica r ' LP VWREL)i : ihMhakles @& processi ng
time; Fig. fgﬂlﬁg ‘gdﬁléégggpg’pﬁ’hg?‘ an é@%‘ﬁ@’?g Ih;}hg co_a? d?@t‘tﬂlﬁs formed when
the el ect rp‘?ﬁafé?@tlé“s%h@ﬁ ¥|91|§;I'ér%r)9/§tgf aﬂiéy D gfrgcﬁign%lsc&tg&%[@éﬁcﬁf a
configuration of an~exanpl e an’apparat us ' for éelectric dischdrge surface
treatme according t.o the pr. nt _javention; Fig. .7 illustrates,a

cr oos. s38 | &% wiidikctipally UGN aliB¥ Piackg atighyl nipd B RN and
a concept of ayr_rﬂrgguf acturing nethod of the electrode according to a second
enbodi ment  &pet 20 present invention; Fig. 8 illustrates a cross-section
of an electrode for electric discharge surface treatnent and a concept of a
nmanuf act ur i nd heepaiemt ditetatereeflect r ode according to a third enbodi nent of

the present invention;, Fig. 9 is a characteristic plot that indicates
rel ati onshi p bet wapaaesed?atemit Applicatiand-aidviepghtNped6e18ajtb of Co; Fi g.

10 25 illustrates a cross-section of an electrode for electric discharge
surface The patent literature 2
20 Japanese Patent Application Laid-Open No. H9-192937

The patent literature 3
Japanese Patent No. 3227454
Non-patent literature 1
“Formation of Thick Layer by Electrical Discharge Coating

25 (EDC)", Goto Akihiro et al., Mold Technique, (1999), Nikkan Kougyou



9 treatnent and a concept of manufacturing nethod of the el ectrode
according to a fourth enbodi nent of the present invention; Fig., 11
illustrates a cross-section of an electrode for electric discharge surface
treatment and a concept of manufacturingemethod of the electrode 5
according to a fifth enbodi nent of the present invention; Fig. 12 is a
schematic of a configuration of an exanple of an apparatus for electric

di scharge sughamtarshaat nent according to the present invention; Fig. 13
illustrates a cross-section of an electrode for electric discharge surface

treatment and a congeRrimphasBMHLBEERIPIacERIJMOfrafing Rehgldebanitethk0 _
according to a sixth enbodi nent of the present invention; and Fig. 14 is an

expl anat or i R pYel int 4l i I to
o Perntt Cemot R Hiah i ARLARde ke ot n R ReItb i, AR Bt o

R i L ke

explain in grea prese nvention Is not to be
limted to the,explanati,on giyen bel pw an . ifi r jaLely
w thout dopaliat i e direre Bl By o cRAaEH BRGH0R BRI LéroBAmARe 1%
acconpanyi ng draw ngs, .each conponent is, .drgwn .n tq the scale to
facilitate uﬁ%@P@P&g’gioﬁgh%fo'k'HSR‘&‘i‘\ﬁiﬁ‘?ﬂém%&'asauﬁﬁﬁghﬁéﬂnﬁ él'sc arge
illustrates a cross-section of an electrode for electric discharge §urface
treat ment an@n@rabnddpweyer.arghtrietials 9eneradINde v atigh @F%'&Wﬂo%@n
according to a first enbodi nent of the present 25 invention. As shown in
Fig. 1, a miandreloy haaCcaagugctinity chanactetidticar Hittspfyewadthough ihidd a Co
(cobalt) powder 102 is filled in a space between an upper punch 103 of a
nmol d, a | owepopsibttd @btaih 4 beosely packed aaliaf dOtickhesheof e drdeér gf een
conpact is fornmed by conpression nolding the m xture. The green conpact

t hus obt g nedpirficie@@tés amp, ieicotrpdifiolt telobtain & ol seipraghedncdate
el ectric discharge surface nachi ning. For manufacturing of the el ectrode,

as previousl yr daa@/ 16 4im fRtRidk@ra hard coat, especially forming the hard
coat at tenperature close to roomtenperature, has conventionally been

focused on 11 10 ChRRbLER if8B8EAge3 1 tAE FERANI 8L naRghdienti ng a hard

car bi de-based coat 1s 't current state o art (for exanple, such a

R T e b e L P
ARV P e R T G R R e
15  WC-Co (9:1), the technique described is difficult to put into practical

use, because it has such problems as reproduction is difficult due to

unstable coat formation, the coat is brittle having a lot of voids, and the

coat is so weak as that it is removed if scraped with a piece of metal

even though the coat apparently has metallic luster and looks closely
20 packed.

Further, regarding the above-described welding and the thermal
spray coating to build up the coat, both the techniques have problems
because they require a lot of manual work which results in higher
production cost because of difficulty in building a line production plant,

25 and lower yield because of generation of welding cracks.



However, according to experinments by the inventors of the present
invention, it was found that the coat can be nmade thicker by adding
materials that do not form carbides or do not form carbides 20 easily to
materials of the electrode. Conventional fry, materials that are nore likely
to formcarbides are contained in a |large proportion. For exanple, if the
el ectrode contains a material such as Ti, the coat is fornmed wwth a hard
carbide of TiC (tilt&nannobjacbofithe psesentaaukntion ta proyidecan etectteden caused
by an electric discharge in an oil. As the 25 surface treatnent proceeds,

the materi alfopfeiddtpicsiisEREROEuFatRtkeatridntd alPethonoeeldatrimdiserarge f
processed on a piece of steel) to TiC, which is a ceram cs, and

character i Sté.l?r'faéé‘ﬁe%a%efh?,aén ‘Hgﬁé‘ﬁbbiﬂth)ﬁ fapd|d@titidigcipsrgat s piacge

corresponding to t change o e material. However, by adding to the

el ectrode t e gpbend &l & khatndl Bkt (AKBRGRAL R URTOR M ebaliRg ToRAERI des

easily, a ph 0 at sone o materrals remain as netals in the
coat, not_ conpletely becom r hi i j f quad t hat
cel coti o of BYHEE RTPRaPa=F Briahe EFBer Sty UrEhardt it " R0 {1
the formation of a thicker coat. In.this.case, satisfyin S,

preci seness, aBidenAbiecthek the Bres é%ﬂm'??iﬂ p[r8‘”fdlr tellm%tF(%#%Eg@oat. As
shown in Fig. 1, when an electrode is nmade EX 'i]onprfessig_n %5 g\o 25 nol di ng
a mxture ofelechts disghasae sHrtagairgaimenhi @ Method LIECHE d85H3EI° (cobal 1),
which is a material hard to forma carbide, and then b heating to increase
t he strengt hsoffachéredteentodad athappenziss fos eﬂwtﬁhcaﬂ'ﬁﬁ%/%'lg%%‘é’tf Garies by
changi ng an anount of Co, which do not forma carbide easily. Fig. 2

i llustrates treatméatto fdie aphighsqualityfcadidn dbepoativicoby tivg dn-hasidet to
about 100 negapascals (MPa) and the heating tenperature was changed in a
range of1#00pdredesiectic §thdegeaasatomdsti us (C) during manufacturing the

el ectrode. The heating tenperature was set higher when Cr3C2 (chrom um
carbide) content is higher, and was set | ower when Co (cobalt) content is
hi gher. This is because if CsC2 (chrom um carbide) content is higher, the

el ectrode te es easily if the heating
S0 S ERE RE S PORERAa

tenperature I's hand, 1f Co (cobalt) content is higher,

th | ectrode tend ; ' [ '
ow 12 810 15 VREPRFEORE B SN Flchardd Sy 5ER IR ? &

The vex get (¢ Hiopseeenhnngniinn haaefi Sompaisffafe By @aBe b om um

carbide) having a grain dianmeter of the order of mto 6 ed, and
the powdtd ofM@BINGEWAAYIE PRWHAE ar S?G‘Q?H'Cd?%J??QPé‘P%o&OWﬂﬁrSO?'E@N\g%?j 'ﬁpm to 6
pmwas used. The material that becane the base was CL%"% @chr.on‘i um

carbi de). Anetgaigedischrrgensygace dleatmardtinwlich#HpPH aBCliQavef or m as
shown in Fig. 3, that is, a waveform having a peak current ie=10 anperes
(A), an el ectischalgsdbmegerdtacabetme¢ritbetaleetrade dngt vkl ige Heleryic e=64
m croseconds (ps), and a pause tine to=128 ps, and an el ectrode that had an
area of 15 nifluid tefems byntexdlectric dischasgd enmrgytdrethwaurfage afdhaedorkrhe
processing tinme was 15 m nutes. The el ectrode was given negative polarity
and a work Wgsc@tveMa Pestcrial ©f RBE &leétrodérorffoa sBbstdneevinatfi®geniesatsidot t ed

above the y-axis when the polarities of the electrode and the work are
assuned bg b negabisn 3P¢hERI&Lir¥@e due to the electric discharge energy,
wherein the electrode contains 40 volume % or more metallic material
that is not carbonized or is hard to be carbonized.
According to the present invention, it is possible to form a thick

coat stably with the in-liquid pulsed electric discharge treatment, as the

25 metallic material that remains in the coat as the metal without becoming




respectively. Wen the coat is fornmed under such pul se condition, the 20

t hi ckness of the coat fornmed on the work varies with the wei ght percentage
of Co contained in the electrode. As shown in Fig. 2, the coat thickness,
whi ch is about 10 pm when the Co content8is |ow, starts becom ng gradually
thicker at a point at which the Co content is about 30 volune % and
becones up to nearly 10000 pmat a point at which the Co content exceeds 50
vol ume % 25carbide Hacdngithedosliquidauulsadfalectiierdigeharge trgaenenhe coat is

13 5 10 15 forned on the work based on the above condition, if the Co
content in tihecalscthodRdtod¥containg meatenalisithati dret harddBcaratizemm um
carbide) content is 100 weight % the thickness of the coat that can be
formed is |igirhRee ldesabeel dfbwn and t he coat cannot be made thicker.
Moreover, a relation between the thickness of the coat and the processing
time when the el ectrode does not contain the material that is hard to form
a carbide is illustrated in Fig. 4. As showmn in Fig. 4, in an early stage
of the proocessimg, i e processing time increases;
however, fheéﬁhﬁgk%%ggﬁﬁlﬁg\i gyogt oe(d;f%ﬁ\é\?ﬂl%%r ease after a certain point
(approximately 5 min/gn) ., After ol Nt I .does not
grow for a while, n%gt C'FWJFH@E%? Scérlség?h%e(%ts[b”c%ﬁ?ﬁr?ﬁggt[raér’]%if@kg%?zptgai ntinm
(about 20 mn/c , the coat thickness starts decreasi i i and
finally the Wéicgﬁ%g%ﬁ“ffﬁéegé%?tnb%%to%‘i an??\'b“s‘?ptoefc%m?'ﬁ)l\‘/v. Chlg'\ﬁ/@/&é,mpﬂe coat .
exi sts even though the coat | ogoks hol] ow and é,he thifckness it§elf i s about
10 pm whi chof theselessrodenacaqiicing 40 kst arabedinientof NG RESERT n an
appropriate tine. Consequently, the processing tine between 5 nminutes to 20
mnutes is cowentionefig.o? e at¢harasteosic aiad thahindicaies elalieahipi g. 2
again, it can be found that as the content of 20 25 Co that_is a materi al
hard t o foor nbatvesemiadepatritbickasss amd theeid dquerodstagenef Eoattided dvrés

possi ble to be made thick, and when the Co content in the el ectrode exceeds
30 vol ume % pldieftivdilicigeessd elurtdre waadforms: statheseleatrddeh &g t diés @0 cont ent
exceeds 40 volune % a thick coat becones nore likely to be formed stably.

Al t hough t hecgrgricté HEGKNASSpIbDtHA AteinBliciteb Tefitbnshis betwetn the coatot hl y
i ncreasing fromthe point at 14 5 10
thickness and a processing time; Fig. 5 is a photograph of an example
of the coat that is formed when the electrode contains 70 volume % of
15  Co; Fig. 6 is a schematic of a configuration of an example of an
apparatus for electric discharge surface treatment according to the
present invention; Fig. 7 illustrates a cross-section of an electrode for
electric discharge surface treatment and a concept of a manufacturing
method of the electrode according to a second embodiment of the
20 present invention; Fig. 8 illustrates a cross-section of an electrode for
electric discharge surface treatment and a concept of a manufacturing
method of the electrode according to a third embodiment of the present
invention; Fig. 9 is a characteristic plot that indicates relationship

between a coat thickness and a weight percentage of Co; Fig. 10

25 illustrates a cross-section of an electrode for electric discharge surface



15 20 which the Co content is 30 volume % the plotted val ues are nean

val ues of several experinental results, and actually, when the Co content
is of the order of 30 volunme % the formation of the coat is unstable,
soneti nes causi ng cases that the coat does not grow high and thick, or even
if the coat grows high and thick, the strength of the coat is |low, in other
words, the coat can be renoved if it is scraped with a piece of netal and

the like. Thgeafrnest ahtl 4 Soncepeohhianufbeturingem@éthoedf ¢he dlectnodéer than 50
volune % Thus, it becones possible to forma thicker coat that contains an

uncar boni zed; fEd @inPYo aN@LRAS ERbddifeMictthalprebant Imasition; Fgattetal in
the coat, and it becones easy to formthe thicker coat stably. Vol une

per centage. MKRLSKALIARSAAURARE! bAMLIEBRbE Tot Bk Rsameialiaibe of the

powder divi ded by ensit each materia Is the ratio of the

vol une of th I to . tenhal powder. A
phot ogr aph oﬁegﬁégétgbdt{’hgbn%ép#)gﬁr?engk\?vhgﬁ'%@e&ggﬁtﬂé%telgﬁr%ﬁg el ectrode
was 70 volunme %is shown.in Fig. 5. The. photograph pl.ifiesothe

f or mat i on‘g of a%%rdirp}g % acf(’szyt1 .e"i‘ﬂO?Wée%%ft Bbq%e?ﬁd(}\)zéﬁn&}’—'i %'.g‘ ?:,2 '? Ke coat
that was fornmed had a thickness of the order Pf é mm_The co&% vyastfor med
in 15 ni nut esC®Matigrdcsenfiguratipn of39 ¢xample,gsan ARPAFIRIY §'RE b at
thicker if the processing tinme is extended. Thus, a coat can be taﬁ%y
formed on a digchacge surtacgoireatnent areerding taithe mipgankinveation; Fadt hént
provi ded that an electrode is used that contains nore than 40 vol une % of
materi al s sutlustrat€d at trassasectian ot aneiactrededer glectrigrdisehange safaeni zed.
25 Wile a case of Co (cobalt) as the material that is hard to forma 15

car bi de has heatmexphaidnedoabeptof hearaufaetring metkell)af the glectinyieand t he
li ke are al so such materials that produce simlar results, even they can be

sui t abl yigisedctording toT£5& enity@ditiént. offthiet hressemit énventidn; dndbig. heise
signifies a closely packed coat 5 that has a netallic luster in an internal
structure (9gR&L@IbNafty tagram that indicates a transition of materials applied

to aircraft engines.

BEST MODE FOR CARRYING OUT THE INVENTION
15 The present invention is explained now with reference to
accompanying drawings to explain in greater detail. Meanwhile, the
present invention is not to be limited to the explanation given below and
may be modified appropriately without departing from the scope of the
presént invention. In the accompanying drawings, each component is
20 drawn not to the scale to facilitate understanding of the drawings.
First Embodiment
Fig. 1 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of a manufacturing method
of the electrode according to a first embodiment of the present

25 invention. As shown in Fig. 1, a mixture of a-CrsCz (chromium



15 outernost surface has surface roughness and seens rough having no |uster
since the coat is fornmed by neans of the pulsed electric discharge). Even
when the anount of the material that is hard to forma carbide such as Co
(cobalt) is small, a deposition accunul ajggs high if the el ectrode is nmade
low in strength. However, such a deposition is not a closely packed coat
but a coat that can easily be renoved if it is scraped with a piece of
metal and t hearbiide). pdwaeddpasand @ Coh@bbak) peswdrblR isfilida ipat speace
literature 1 nentioned previously and the like is not a closely packed coat

but is a coapefutan BATLMAS pUnEE 108BVEEAIH, Bhewerdiurich $04 apene whbld, a
pi ece of netal and the |'i ke. Moreover, although a case of the el ectrode has

peen expl ai nggh abgeet6402f the (ﬁﬁl’?ﬂ‘.‘f % e e c%\hgé)gﬁg%ﬁhea B Leinpses8idn

heating the po rom um car bi de Co, there may be cases

in which the_gr obt @j ﬁ]qrg) L On } n 20 be
used as the @I%é(@ﬁg&ﬁgrmﬁé\%@er?hE?F(%%n@Q%tse y %g@gggé%g%ehi%eSE

el ectrode nust be nejther too hard nor too soft. b I a proper
har dness% Ge‘?l'&cg'loldﬁ fo& eﬁ%%ttr‘cnglsgﬁgégmih? 5?‘?‘%&{8 iﬁ%ﬁﬁgﬁga%' &ggfhe gr een
conpact enables to maintain the formand |leads to solidification. The

har dness of T¥&hH#1iBEtrode has a correlation with the 25 bond strength of

t he powder of the electrode materials, and relates to 165 1Q 15 20 the
anount of the el ecteomanufasiuringof theelemttrdacd PERYAESHASSUREhg t he

el ectric discharge. Because the bond strength of the electrode materials is
hi gh when t hisrhingraebarabtoahesganialiy firmisgHhgmargnteataatsiemmperateitnt of t he
el ectrode materials is released even if the electric discharge is

gener at ed, aoldskttoi 1donpespichhrirep hbsrcorentian atigth esrataausieldyon @onver sel y,
because the bond strength of the electrode materials is | ow when the

hardnessif gRetet @eddtrigel surfave nfadngg, amufirnofg tehrarhtearbide dased
rel eased when the electric discharge is generated. And if the anpunt

rel eased is £8 RUGR, clhire hBsidTBSTRhB! frt (o rfidmpiesIsuzsl ¥ todicidggoat since
the energy of the pulsed electric discharge is insufficient to nelt the

S MR P AR s 20 e g

affect the har e bond condition of the

P S L T

t enper at ur e. nsi I's “enbodl nent as an
exanpl e of the pressure of th ress,. if the heatin e s, | ow,
about the saﬁ%’ﬂgégaeéewfp%%%q?QEEFHQHOHE‘YOBS%%Sda6805%3535%‘5% ﬁ{)%her
pressure. Conversely, it is found that it is necessary to.set the heating
tenper at b e FaNAGt beimade Jhigkerthan seyesal ienst ok wy a3 éi??cf'gepow. This fact
applies not only to this enbodi ment but also to other enbodi nents of the
present inveprédauslurthernmore, while the experinmental results under one
set of 25 conditions as an exanple of the electric discharge are descri bed
in this enbodi ment Hawever, aeedtdisg toexperireanisoby thatnventoss of tke resul ts
can be obtained al so under other conditions, although the coat thickness
and the |ikepreyensti ihbentiohitswasddungphatthenovabohly bieomialiesthéickesdiyrent but

adding materials that do not form carbides or do not form carbides

20 easily to materials of the electrode. Conventionally, materials that are
more likely to form carbides are contained in a large proportion. For
example, if the electrode contains a material such as Ti, the coat is
formed with a hard carbide of TiC (titanium carbide) as a result of a
chemical reaction caused by an electric discharge in an oil. As the

25 surface treatment proceeds, the material of the surface of a work



17 also to the other enbodinents of the present invention. Fig. 6 is a
schematic of a configuration of an apparatus for electric discharge surface
treatment according to the first enbodi nent of the present invention. As
shown in Fig. 6, the apparatus for electyfjc 5 discharge surface treatnent
according to the enbodi nent includes an el ectrode 203, which is the

el ectrode for electric discharge surface treatnent described previously,

that is forngghydddndsR FRRessEBAN B)pieeawieistnno MCIwrdck ipander
that contains nore than 40 volune % of netal that do not form a carbide or

Is hard to fQé@rﬁcéoaﬁaréﬂaqgcte{}fsﬂa@sg%he e%%t%ﬂﬁﬁivﬂptﬁid’%mﬂg

heat -treating the gfeen conpact,; ctric flurd 205°that is an oil; a

di el ic flui I ' i k
z'gi ?lﬁt t he gﬂeéllnﬁsﬁﬁﬁﬁefyﬁqﬁi’%%p%f?@péqghtﬁ%{%ﬁm@?f@#iﬁét.%ﬁ%#-fﬁf‘aw%%f"*‘bmeen
t t 203. h k 204: d a '

i schar ge. subY 28814 Endhi eleatiodn e fietesiahor e 8 40§ fotl rafbEEsrocao

di scharge by applying a voltage between the Eggtrode 8}3% and t.he work 204.
The el ectd odROLiE saPides e@sy yeﬁé?ﬁﬁ@,mﬁn@fg peft% B'a®) powder

201 and a Co (cobalt) powder 202, and contains, for exanple, nore than 70
vol une % Co tamein as metglein the sapl 1o syPRiaiebobee?Ming: CatiABsn¥Ass t hat
do not relate directly to the present invention, such as a driving unit
that control sotice@! aAndedt pas fawnd tifattsedeelier of she nat@riat femdenor k 204,
are omtted. To forma coat on a surface of the work with the apparatus for
el ectric di sehataeiespralyace sigrafitarntoletinghelfenhatide cfGBtrinkiet beatnorlk 25 204
are placed oppositely in the dielectric fluid 205 and a pul sed
this case, satisfying hardness, preciseness, and uniformity is a
10  precondition to form the thick coat.
As shown in Fig. 1, when an electrode is made by compression
molding a mixture of CrsC, (chromium carbide), which is a carbide, and
Co (cobalt), which is a material hard to form a carbide, and then by
heating to increase the strength of the electrode, an aptness to form a
15  thick coat varies by changing an amount of Co, which do not form a
carbide easily. Fig. 2 illustrates this fact. The pressure of the
compression mold was set to about 100 megapascals (MPa) and the
heating temperature was changed in a range of 400 degrees to 800
degfees Celsius (°C) during manufacturing the electrode. The heating
20 temperature was set higher when CrsC; (chromium carbide) content is
higher, and was set lower when Co (cobalt) content is higher. This is
because if CraC, (chromium carbide) content is higher, the electrode
tends to become weak and crumbles easily if the heating temperature

is low. On the other hand, if Co (cobalt) content is higher, the

25 electrode tends to become strong even if the heating temperature is low.




18 electric discharge is generated between the el ectrode 203 and the work
204 by the power source for electric discharge surface treatnent 206, and
with an energy of the electric discharge, a coat of the el ectrode material,
or a coat of a substance that is generate¢d by a reaction of the 5 el ectrode
materials is formed on the surface of the work. The el ectrode is given
negative polarity and the work is given positive polarity. An arc colum of
the el ectri cWheatpeegeng0d smesilimsn et WS to 80 dl yeweigide o2 @3wardvahe wor k
204 as shown in Fig. 6. Form ng a coat on the work 204 with the apparatus

for el ectricmifedivithBicdpopidelaced pradgirnto BpfnibEaterfoeviabiityy TFhables a
stable formation of a thick coat on the work by neans of an in-liquid

pul sed el ect ot dlis GBAAR P HUFRGANGIRAIITRY! - TREGRMaENbPdigent Fig. 7

illustrates a cross-section o ectrode for electric 15 discharge

surface tr eazémgpnigﬁldcerggggfﬁg&&n%g? ar%gpgfaqﬁéfgri d‘fglhg‘%r.@%?l O?f)}s*t"gﬁtoeéem rode

according to'a second resent 1 nvention. own in Fig.

7, a mxture of a Ti itapiu owde . (C J rr £02 is
filled ira EBb\@’@sb‘ésﬁ(/éee’ﬂ‘QH‘%B&a%uéfcig%ﬁggg??g%(gdg %%%a%?”%%aaf 704
of the nold, and di e 705 of 20 the nol d. reen c a is _forned by
conpr essi on H# chfﬁj ?fﬁ% AP & M Wigs ‘éﬁeégn fB&ﬁHéfeftaﬂEEa%?a?W&“\es used as
an electrode for electric discharge in the electric, discharge surfac

machi ni ng. TR8SPM&Ss G dCRCHsARY et HR ¢RI d ARE!IPRthigets gréeepuﬁsg tgﬁ’gut 100
MPa and the heating tenperature was changed in a range of 400C to 800C 25
duri ng manuf waswapplied hadel wavedaen as 3lgowniind ighdr Hratdpi atwavefermt he
formation of the coat with the 5 10 el ectrode nmade of the m xture of the
powder of Cr B&Ringch pemkucncanbiedel)0 amteres (A)canisldetrmndischargeowder of Co
(cobalt) that is a netal has been explained in the first enbodi nent

descri befp pr evratisi Yeleatri@dis dhzay e pulst edtitide=fadeiabsecands ¢usf, ancowder
of Ti (titaniunm) that is a netal and a powder of Co (cobalt) is explained
in this embodigmie tiBl fb=H2d L5t aAHWH efstdrdeR {HRMd hnadrearsft B6s but there

is adifference that Ti (titanium is an active material and is extrenely

likely to foprm,Ti [ ' | ' [ | Iyrndey.t hepel ectric
di scharge at Ws“-é?lée{reéé i(WL%@dﬁgf]&%?}gemlﬁgdn ttﬁg?o%s%ﬁe 65’1 , Wwhile Co
(cobalt) is Il al. j j y f o L econd
enbodi nent, ?#ﬁ%ﬁ%@h@%%&}é ?ﬁgﬂwol}ri%ti gﬁeogleﬁ]@d%g\ﬂl%%g\geiﬁgpgmén t he Co
(cobalt) powde ontent in.the el.ectrode.was change g ally

i ncreasi ng tHgYaa{ﬁ%lﬂ{’I&?r%%kawétsaQ'gepFpeﬁs'tt%% pﬁgﬁritgnt i@?(%‘fé’arﬁ%(ti t ani um
powder content in the electrode is 100 volune % or equivalently, Co in the
el ectr oded | s WRVEEPIRES RYotiRd ag@é(ﬁi ey BXI% MheAnine E?'ﬁlg'l s ¢fdhehat in the
first enbodi nent. The powder of Ti (titaniu havi ng a grai n_di aneter of
the order of egrad®andghe WAtk are@raemeast tacge (nagaiive) ahdPos§ive gr ai n

di aneter grain diameter of the order of 4 pmto 6 pmwere used. Because Ti
(titanium isespadtiwsdys material and is difficult to be ground into a fine
powder, the Ti powder was obtained by ball-mlling a brittle nmaterial of

Ti H2 (titani um hydiWide) thatcoad ipdoneed handenguzhgpalse atiraliéorrthef t he order
of 3 pmto 4 pm by conpression nolding the powder, and then by making the

conpressi on HRcHAGsHOMERE dorlt darRelysH tigewdrl Viaeidsi wigh the20eight
20 percentage of Co contained in the electrode. As shown in Fig. 2, the
coat thickness, which is about 10 um when the Co content is low, starts
becoming gradually thicker at a point at which the Co content is about
30 volume %, and becomes up to nearly 10000 ym at a point at which
the Co content exceeds 50 volume %.

25 This fact is described in further detail. When the coat is



When the el ectrode material was 100 volunme % Ti -(titaniunm), 5 10 15 the
coat was made up of TiC (titanium carbide) and the thickness of the coat
was of the order of 10 pm However, it was found that it becones possible
to forma thicker coat as the content of 440, which is the material that is
hard to be carboni zed, increases, and it becones easy to formthe thick
coat stably when the content of Co in the el ectrode exceeds 40 vol une %

Mor eover, itfiMafed BHNHe WAk bASe &R O 8Pbvé RohlddicH aftHedw sbwtend in
preferably be higher than 50 volunme %to formthe coat having sufficient

thi ckness. Tk ERRMdd 6 a'lmﬁeﬁ%ré R 468 Qe (ERKIhRpTRaTbReY in (he

first enbodlrrent I's |n at t isis eca se TI (titanium in the

el ectrode beggy tTé oo WRAHIE G PhilRhesE TRRO St tll\%teég'l‘?b‘éli%?ﬁ'{e'dcls

di scharge at o ere in r| C oi I, and

oo oS AL TG TR BBl TR, e

anal ysi s, a peak that jndicates TiC (titapium car exi st enc ® was
obser ved but adeftian Pﬁﬁ’t’e?rﬂl&h%éh%”?és(‘lﬁg @ﬂ&% BFR:@%’%

observed. Consequently, also when an el ectrode i s mad a mxture of a 20
Ti (titani urryvhp@vc@@rel&ﬁtzrogiecéow@19&|Ct0ﬁt§i6vca@rmamrla!sthabﬁhsr%tQ HOMBAm a
thick coat stably on the surface of a work if an el ectrode that contains
more than 40cadiidess Wustrated(inobigl ¥) pdevsbowasinaFigatderin An eady stag@®fd to
be carboni zed or not carbonized, is used. Mreover, while a case of Co
(cobalt) as therptesdssing hihie tsalhgrchs; thicke maa tbarmbdessmgm'mm xed with Ti
(titanium to nake the el ectrode 25 has been explained in the enbodi nent,

because N (nictkgbes; MGweiepthe thickryd dfhipe codt does absinasaberafteara al s
t hat produce simlar results even they can be suitably used in the present

I nventi oy TEL-FtQmEpQ BPthgate?y 5lrhi#7EMma). € SAReF 5Q8RA PLRAL, itRE Wfatan

el ectrode for elec d| scharge surface treatnent and a concept of

manuf act uri ng, gﬁﬁ%@sddﬁlgismrﬁo%f&‘)g?vrﬁ%c% ifthd 8 chc%é%'lﬁﬁ'useef?ﬁﬁhﬂéat of

t he present 1 nven a mxt rom um

58?3‘2? pﬁﬂligagﬁaf‘sf%%a‘mﬁqﬁﬂéé{aB%@%pugﬁﬁhﬁ&fh&&?# ik , FaS Ge 805 of
10 A

Thet g?eglr)\ coﬁﬁﬁ rae%e'ﬁeéﬁ tt(il"(lflﬂ'lt m'éﬁ‘q ﬁﬁgﬁ%g‘%g ﬁe‘?efsti‘fer% %90@?%E§'PF8Xture
di scharge in the electrlc di scharge surface machi nin

Th f th
conpr essi on RHING!IQds JdeweyerdHE: CoYENpE aven ttrh%uwég'ﬂ‘? ﬁ@gf g‘?ré%s?r EPE?\& vv:[ase

changed in a ran%e of 400C to 800C during 15 manufacturing the el ectrode.
15 and the thickness itself is about 10 pm, which is almost the same as

when the coat is processed in an appropriate time. Consequently, the
processing time between 5 minutes to 20 minutes is considered to be
the appropriate time.
| Referring to Fig. 2 again, it can be found that as the content of
20 Co thatis a material hard to form a carbide increases in the electrode,
the coat becomes possible to be made thick, and when the Co content
in the electrode exceeds 30 volume %, the thickness of the coat
increases, and when the Co content exceeds 40 volume %, a thick coat
becomes more likely to be formed stably. Although the coat thickness

25 in the plot in Fig. 2 seems to be smoothly increasing from the point at



VWhile the formati on of the coat when the electrode is nade of the powder of
Ti (titaniunm) that is a netal likely to forma carbide and the powder of Co
(cobalt) that is a material hard to be carbonized has been explained in the
second enbodi nent, a case of an el ectrodggthat 20 is nmade of a m xture of a
powder of C (chromum that is a netal that forns a carbide and a powder
of Co (cobalt) is explained in this enbodinent. In the third enbodi nent,

how a coat wahidtptiedobentenitaes GO (clabdd ), thevwlettecovdless dare mbenel ectr ode
was changed by gradually 25 increasing the anobunt froma state that the

percentage ofaldes of’eeral @RbERM W ess AR A atiudlijewdlecieode is 100
volume % or equivalently, Co in the electrode is O vol ume % was exami ned

in a manner shMdmis of th83, éde‘Oﬁ‘@%@ I’UﬁL W@'f@?@tatlo-ﬁh@f fPReest Rf O

(chromum having a grain dianeter o e order o pmto 4 pm and a 5
wd f Co t d
o "4 Nt " BFREY o ol S FE g oF Y it S X RLELRRh fhOR 2 05

Components ofMAHBINOAY Sire ABP dap ol yace) R el b ERaBTPo NS

pealc that | nBPEaiSciSvyin (HP OGS U EOBDEEF RETSTTALES Tt i SERPE G Rough

Cr (chromiun) is the materlal that is_likely to forma carhide apt ness
hednp um

to be car bonPZ¥ECe Hfireetad aRshinallike tﬁ@eﬁ%ftoéﬁ Hiis pueferablerihatit and

if & (chromunm) is contained in the electrode, 15 a part of it becorres t he
carbi de and aepatentd$ higheretreim&0amlume Het aTh@s, it becomampossibentahen Cr
(chromium is used as the electrode material, it was found that it is

possi bl e to farmmaahidkerkaratdhat caatdihe aouneaﬁbmfizemmmil bl insreasivgeri al
hard to be carboni zed, increases. However, it was 20 found that the Co

content ¢@n ke hintdriaMel dteenpaipRodd Banetdlan thbejoaA, aadhi decomes eaxeta al
that is extrenely likely to forma carbide is contained in the el ectrode

material |ikeh thdehitkepEodiBed i FENY el dircan herdedjiees a that is, a
thick coat becones nore likely to be fornmed around when the Co content in

the el ectrodg,exoeeAStha? i€ Phd Y& of®a wefght of the powder divided by a

density of each material, and is the ratio of the volume of the material

to the volume of the whole material of the powder. A photograph of
15 the coat that was formed when the Co content in the electrode was 70

volume % is shown in Fig. 5. The photograph exemplifies the

formation of the thick coat. In the photograph shown in Fig. 5, the

coat that was formed had a thickness of the order of 2 mm. The coat

was formed in 15 minutes of a processing time, and it is possible to
20 make the coat thicker if the processing time is extended.

Thus, a coat can be stably formed on a surface of a work with
electric discharge surface treatment, provided that an electrode is used
that contains more than 40 volume % of materials such as Co thath are
not carbonized or are hard to be carbonized.

25 While a case of Co (cobalt) as the material that is hard to form a



A change in the thickness of the coat with a change in the anmount of Co
content is shown in Fig. 9. The conditions of the pulse of the electric

di scharge applied were the sanme as those in the first enbodi nent and the
second enbodi nent. In other words, a pul 4§ 5 having a peak current ie=10 A,
an electric discharge duration (electric discharge pulse wdth) te=64 ps,
and a pause tine to=128 ps, was applied, and the el ectrode that had an area

of 15 mMx15 &EMNEs niselled ekplamblcas®rs, beldause! REiokel) WAg (flovgrmndegat i ve
polarity and a work was given positive poI arity. A processing tinme was 15

mnutes. 10 fg ﬁ@é%rré Q.ﬁé’o %ﬁ%wrﬂa@éﬂalsacna@mm@e Eniter FYUNRNI%RA thayi es

even anong materials that are kely to formcarbides, and material 5 that

are | ess |i kggp{ bteos"l??atglgcause ﬁ”é ﬁpéjsérﬂ lR%ﬁf ?Ot hi cker coat. It is

inferred that th s 1$ equl remen formthe thick coat is to
retain a certain p rti t i.e

15 does not become#EgBSi"a@ tp{@eﬁé&a\? h'l;}‘a}g?1 fieﬁ X 8§élgg)[aac§(£rom

resul ts obt a] n n the t enbodi nent t di_ nent, |t can be
concl uded t hHt@ ﬂ}‘@ ﬁéﬁ%@!&?y“%@ﬁéﬂ lalnd,q?qr(ga?girMcéurten{qﬁped‘pﬁg@iny packed coat
is that the proportlon of the materials that stay behind as tal in the
coat is hi ghertarRstaysiaceshesisyrianeufrRUgeSSHRRG $EEMS FRHAR gg"@@p@?i ment al
results and ot hers expl ai ned above, it can be regarded that, although there
i s no concr etustemsmcenthenceatt isdfosmed by means pk thmpelsed elesttie car boni zed
in the electric discharge atnosphere in the dielectric fluid that is the

oi |, a magni tisthaogeeneEggn vegen tiee ahoountaohitve mateval thah iDdacthtaifosd by
referring to the 25 Ellinghamdiagram In the Ellinghamdiagram it is

i ndi cat ed t hatcarbide 8dcl tast @0i (¢Bhaity ieshraiie gepoition dacumeulatedbiglzéd, and
Cr (chromunm) is less likely to be carbonized conpared to Ti. Moreover,

among ne{er | @Hé efdidfodd & hideR bow i Eaiefgemr bHdRevel! saou al\@e.bds@tmhdenum

are nore likely to be carbonized and C (chrom um and Si (silicon) and the

5 |ike are mhbPLiAbSohBicid chat BLI UeddatliRaP chhkeleiytige bemeaaniiasd.

These facts well conformto the actual experinental results. Consequently,

al so when aneg V@%&%ﬂé;@@éﬂ%ﬂe@%@m. 2768 dIRm iMapauder and a

Co (cobalt) po p035|bleto orm a 'y on the

% (cobal 1) ponatpeddtInguariphE ferplle ?'E%r."ftﬁ%&ﬁééﬁaﬁsb@%ﬁﬁ%ﬁ%“?e e

carboni zed, is used. Furt erm)re in thlsafg ﬁ 19 ssi bl e t8.
particul arl y”PBPnﬁ"SS?M Rackesheoat kit s arFaald EBF?Q §ECROVRY;if the,
el ectrode that contains nore than 20 volume % of Co is used. 15 Moreover,
whil e a tasecent os¢@nsesl wjthas piesmebmetal ?ﬁﬁtthp§'|‘+?ard to forma carbide to
be mxed with G (chromun) to nake the el ectrode

Moreover, although a case of the electrode has been explained

above that is manufactured by compression molding and heating the
powder of Cr,C, (chromium carbide) and Co, there may be cases in
which the green compact obtained by merely compression molding can
20 be used as the electrode. However, to form a closely packed coat, the
electrode must be neither too hard nor too soft but should have a
proper hardness. Generally, a heating treatment is required. Heating
the green compact enables to maintain the form and leads to
solidification. The hardness of the electrode has a correlation with the

25 bond strength of the powder of the electrode materials, and relates to



has been expl ai ned above, because N (nickel), Fe (iron) and the like are
al so such materials that produce simlar results, even they can be suitably
used in the present invention. 20 Fourth Enbodinment Fig. 10 illustrates a
cross-section of an el ectrode for electrig discharge surface treatnent and
a concept of manufacturing nethod of the el ectrode according to a fourth
enbodi nent of the present invention. As shown in Fig. 10, a mxture of a M

(ol ybdenum) thedesuritUtthede|dbtrote(mbtenialgrth opievideaads,the Wwork dutingon)
1003 powder, and a Co 25 5 (cobalt) powder 1004 is filled in a space

bet ween an ugpep éﬁ!ﬂé*ﬂlé&%g@f BEPAGse thé PORU $t h1§0heoélethr@deo! d, and
a die 1007 of the nol d. A coOnpound ratio of the mxture is M (m)l ybdenurr)

28 weight % ngteﬁ%&g)%”h\ ngn"i’ﬁb%’érd%’esgof(tﬁ'goél%eﬂbdg leﬂnt %t’@/ Case is

(cobalt) 52 wei ght urre per cent age of cobal

about 50% ure.
The or een coﬁﬁtaﬁfgw%@%‘tg%ieé%&@%ﬁéte“f@é'% Z?fee%{%reﬁ‘éé%@? tpREIEHES

di scharge_in e ctrlc di scha sur f.ace machi . The co n d the
proporti oh o 981'y SEER 3%383 It4g 'W&Ogjﬁ{bq%qgéf’"(‘c%%ﬁf ﬂfsgf’f?‘a\@lgght %
Si (silicon) % and Co (cobalt) 52 %.are u obtain a
mat eri al tha@%{@r%lwagfz@au?%éh%MStrﬁnatfgmﬂfg%ﬁ fﬁ%”@ﬁ@f‘?%‘nﬁelﬁf” The
el ectrode that is conposed in such proportion has abrasion resistance
because of awh@ndifesbaminesseohitiiecelegtiodmis W, wlaregtaRUBKAT B1d ed by Cr3C2
(chromum carbide) that is formed by oxidation of & (chromum in

hi gh-t enper amateriats/isr crieesed withen the esecteicatis chargeoispg eseiaded moAdidwis set

to about 100 20 MPa and the heating tenperature was set in a range of 400C

to 800C duri tige aemolistaieleased i ehaaily, dlis inbessipleetsfarg aaclssellyl anount
(2% to 3% by weight) of a wax was m xed with the powder to be pressed to

obtai n begt epatRegRIYFtisivce THE ewaXg Pof $hé IVEd etedtriogiisbieafyealsi ng. A

powder of each material having a grain dianeter of the order of 2 pmto 6

e oo R 08 (0o ge 2T Slngfam s spebiergiect
(electric di ge0ana6 MU 6 et Bhat 5788t % hardness of the electrode, or the
bond condition of the electrode materials, are the pressure of a press
and the heating temperature. While about 100 MPa is considered in
15  this embodiment as an example of the pressure of the press, if the
heating temperature is low, about the same degree of hardness can be
obtained by applying a higher pressure. Conversely, it is found that it
is necessary to set the heating temperature relatively high if the
preésure of the press is low. This fact applies not only to this
20 embodiment but also to other embodiments of the present invention.
Furthermore, while the experimental results under one set of
conditions as an example of the electric discharge are described in this
embodiment, it is needless to be mention that the similar results can be

obtained also under other conditions, although the coat thickness and

25 the like may differ. This fact applies not only to this embodiment but



26 and a pause tinme to=128 ps, and an el ectrode having an area of 15 mmx15
mmwas used to formthe coat. The el ectrode was given negative polarity and
a work was given positive polarity. Wth the electrode that is nade as
descri bed above, an 5 10 apparatus for e{ectric discharge surface treatnent
simlar to the apparatus in Fig. 6 can be conposed. And when the coat is
formed on the surface of the work by neans of a pul sed el ectric discharge

gener at ed by;lkheoaRBastAbreniPsdipt@ntrafandi prekangenihtiace treatnent, it is
possible to forma thick coat on a work material w thout causing a strain

due to the pulsed eheqlisifsehaflaicast hBoArBLFRESH oF rf hpparatiiator s an of | .

Furthernore, it was~confirne t the coaf forned had abrasion resistance

even | nalh: ?y \%g{mfé?snég?g?%wrfﬁé”ﬁ@ﬁwyﬂ QEC it% Rk fﬁ‘sg Qhﬁ%o‘fﬁl@h tw th

good qu i S possSi he coa t has various
functions such,15 20 brasi Qn resi st t g the
coat on the H"Fa%fé*%f‘ 'i‘u\éen 'k b Snsdh%ﬁ rﬁﬁﬁ ?1@]?%8%%1 %l?g Cﬂlg

di scharge ma e el ectrode that terjals
conpounded | SF @rﬁgq' EBUPP?QFPM%’?H %%%Prﬂir&/f%ﬁ%? )?met&\'a{g}ergd%l tetal s
include a Stellite that consists of " chromu fo Ni (nlckel)
10 wei ght %eMactiogrg@enyh mm@@me%ctm@sqle% "E“FC ﬁl%” &St or "Or
(chromium 20 weight % N (nickel) 10 weight % tungsten) 15 wei ght %
and Co (cobalreptment descriked prewionsdy, shat is foém%wét cdream cOmRaEi on

resi stance and hi gh-tenperature hardness, it is a material that is usually
applied for weaate mgcbynprekdiomgmanidinghz pIoiWcterttd)aacpatainshaorertermn #8s such
properties, and is suitable for coating when corrosion 27 resistance and

hi gh-t enper ajslutnd195 dnasstantivatr @6wiot édrmMbraride ormbdieall tbdsen amt eri al s
conmpounded in such a proportion of "Cr (chromum 15 weight % Fe (iron) 8

wei ght % Ni céﬁﬂil@é‘%r)wftﬂrabh@eﬁ%ﬁmp@&%bt@né@h&q{ée\in&e&h h@lgredm Mo 5
(ol ybdenum) 9W€|gt % Ta (tantalum 4 weight % and Ni (nickel) for the

Ererglt ylbdgzgnj% ?Eﬁ%“d%fﬁc il ?ég%\)\%t\llgshéﬁloqlk%ﬁ a'eﬁtﬁ:f% S?pg}@vélnght %
A {aum numoBad iMfhditle the SRcHdR 208 Und BSyGiRS204 A fhd fetbbiife AU,

materials th nce, are suita
or to supply the dielectric fiuid 205 between the electrode 203 and the

work 204; and a power source for electric discharge surface treatment
15 206 that generates a pulsed electric discharge by applying a voltage
between the electrode 203 and the work 204.

The electrode consists of, for example, a Cr3C, (chromium
carbide) powder 201 and a Co (cobalt) powder 202, and contains, for
exahdple, more than 70 volume % Co that is a material hard to form a

20 carbide. Components that do not relate directly to the present
invention, such as a driving unit that controls a relative position of the
electrode 203 and the work 204, are omitted.

To form a coat on a surface of the work with the apparatus for
electric discharge surface treatment, the electrode 203 and the work

25 204 are placed oppositely in the dielectric fluid 205, and a pulsed




10 coating when heat resistance is required. Fifth Enbodi nent Fig. 11
illustrates a cross-section of an electrode for electric discharge surface
treatment and a concept of manufacturing nethod of the el ectrode according
to a fifth enbodi nent of the present invegtion. 15 As shown in Fig. 11, a
powder of Stellite alloy (alloy of Co, Cr, Ni) 1101 is filled in a space
bet ween an upper punch 1103 of a nold, a |lower punch 1104 of the nold, and
a die 1105 oéleichdc aidahardads yegrerated bapaeen itbe fede ctiedd &2 0Soapd ese ivaork

nol ding the m xture. The green conpact thus obtained is used as an

el ectrode fopogloscthiel soRes sBarES foNeRRtEt A dHargei sinrfudedreatmnbat 206,
machi ni ng. The powder 1101 is a powldered alloy that is made by m xi ng Co

(cobal t), Rﬁt hogmawe %éﬂh%kéﬂe)cm@aqﬂsémgb' Eecdeﬁ&tﬁé%leﬂréde

proportion. ering include, for exarrp e, atom zation or

powderi ng th I 25
grain in the aq%/\dglp”/ dgeazzgrrgtsmg aﬁfgq ? H< nﬁéﬁlégﬁylﬁéggﬁ%n gﬁ‘ﬁ@e 28
powder is.co on nol.ded. ththe e 1105 a un S 3, 1104 And
then, to %nhg%é: é‘%@ﬁé‘?ﬂa IStIREM&E e%?ghaéur%gftgpgpetW§Q§neﬂ18my be
carried out depend case, The al wder t hat . was conpounded |n a
proportion of! GCGOJ@C%rQ)WPUrﬁe%'WePBH”t%Jﬁﬁ? M’?”&I&%Q verpPQEitiYft o
(tungsten) 15 weight % Co (cobalt) for the rest" was used here. A voI une
per cent age oPOditycobdl 1c ¢luiti of the eleeisiciigharraenal’ Ao rTREWPEEsure of
the conpression nold was set to about 100 MPa and the heating tenperature
was changed the elechrage 303600Cthe wook S8BCas whowpiei -y, a snal | anount
(2% to 3% by weight) of a wax was m xed with the powler to be pressed to

obt ai n better fornBbirhirtgya cat omiheetoskrAdowit tther appanates fieaeiestric The
powder of each material having a grain dianeter of the order of 2 pmto 6

pm was used. dibttacgediutriaerstreAthenetesodibdd fppevicuslpehablesf atshablel ectric
di scharge 15 were a peak current -ie=10 A an electric discharge duration

(el ectric di gahadtth BELSAiN 6680 thﬁ@‘W@ﬁk bpRfeandaESA ihliMuit pledd ps, and

an el ectrode having an area of mx15 mmwas used to formthe coat. The

el ectrode vvaéﬁgg ﬁ bvﬁﬁg#é‘&ﬂeta\fnf@?ﬁ a work was given positive
emat | ¢ ~of

polarity. 20 confirguration of an apparatus for electric

di schar ge sursg%gﬁgs%&%%gﬁ,ﬂgggcco_rdl ng to the enbodi ment using the el ectrode

manuf act ur ed ve is showmn in Fig. 12. As shown in Fig. 12,

t he apparatus for c di,.scharge surface reatme i_ncl n

el ectrode 1202 tha '9 e%Pst%g&lﬁ\ﬁ%?t'%? 0 ﬁ@ %Jlef:gr?dfg%éérd%%ﬂ%ded in the
proportlon described previously:; a dielectric id 2%?2 10 1204 that is
an oil; di dissharge suriace Hﬁﬁéﬁ?"hﬁiﬂf’ 3 568C¢€8 PEﬁéF'%B“ UENEJPP 1202
and a mnrk 1203 inthe dielectric fluid, or to supply the dielectric fluid
1204 bet weenof tee elegitodri@ceoodingrie @ secapgiembogiment of the present

invention. As shown in Fig. 7, a mixture of a Ti (titanium) powder 701
and a Co (cobalt) powder 702 is filled in a space between an upper
puneh 703 of a mold, a lower punch 704 of the mold, and a die 705 of
20 the mold. A green compact is formed by compression molding the
mixture. The green compact thus obtained is used as an electrode for
electric discharge in the electric discharge surface machining. The
pressure to compression mold the powder was set to about 100 MPa
and the heating temperature was changed in a range of 400°C to 800°C

25 during manufacturing the electrode.



and a power source for electric discharge surface treatnment 1205 that
generates a pul sed electric discharge by applying a voltage between the

el ectrode 1202 and the work 1203. The el ectrode is conposed of an all oy
powder 1201. Conponents that do not relajg directly to the present
invention, such as a driving unit that controls a relative position of the
power source for electric discharge surface treatnent 1205 and the work
1203, are om tted. Whilef fdraats@sticof thes forheatio robf tie coat withi thie t he
apparatus for 15 20 electric discharge surface treatnent, the el ectrode

1202 and t heg|aRido b3 dRr 6F thleAh Bt upO@RAThE Poivder M€ rflLlchedimiemf | uid 1204,

and a pul sed electric discharge is generated between the el ectrode 1202 and

the work 1202 BYad bW cSMIE SrlLlhehERHEL Of €S AR thak Iaadnkigat ment

1205, and w an ’‘energy o Ischarge, a coat of the electrode
material, or,_a coat of a.supstance. t.h LS: I jan of the
el ectrode ma?%? ?}gleg ?’é"‘?meﬁﬁﬁ‘ @He ﬁf’uset e?hpbggﬂg@fa%éﬂ%%ﬁe\fﬁggg %ct rode is
gi ven negative larity and the rk.is give ositive | arif. rc

col um 0195 t h%a%%) gﬁatr?’&e&)‘?gslﬁ%%? &%a\,\%?(% rr(‘)'&(g{fleso bgm%rtﬁe@'é%é'¥W£oz and
the work 1203 as shown in Fig. 12. The el ectrode nat r,iglﬂ. is ga“r)ansferred
onto the wori @aetal pRE 2 peWlsafrGe (SPQEHMSQQXP?'@%%& ISEMBPEREHh ¢ he
el ectrode material is made of a powder, the powder is the alloy made into
powder, therBpth & (ttsniume) madeEpdicobglth@ne gesladudut drre: ised differenge
variation in the materi al 30 when it is transferred onto the el ectrode
1202. ConseqthattTiyjitartiuirg ipaas abtiee toatesiahan dcisaxtremelyybielydadormy wi t hout
a conpositional variation caused by the nouniformty in the el ectrode

mat eri al . VWAEIT {fiendlcddrdiee piwisiprds fa earbidepiosihe electréc disbhargeni xi ng 5
10 15 powders of each material, a problemthat a performance of a uniform

mat er i al (cangghoSshol i fhedd ey cid Beidapetis enebill hilel Gdbytebeft) iha powders
bei ng nonuniform In the research conducted by the inventors of the present

invention, i héﬁ@ﬁafﬂ‘\%qsﬁnﬁi eyw&ﬂf@;pn el esfli@sle of a specified conposition
0 ac

is made by m xing powders of € materiral, It is quite difficult to nake a

m xture conpl et el ymug{né‘agégbﬁa NG Edirhat gﬁg instiH oPﬂng%rrﬁétg?mo’F?ﬁe and

t heref ore, conposi variation occur et'ween 1 ndi vi dual ectrodes or

even 1h one gggfz\t/vrh%%ethe Co (cobalt) powder content in the electrode was changed

by gradually increasing the amount from a state that the percentage of

15  Ti (titanium) powder content in the electrode is 100 volume %, or
equivalently, Co in the electrode is 0 volume %, was examined in a
manner similar to that in the first embodiment. The powder of Ti
(titanium) having a grain diameter of the order of 3 ym to 4 ym, and a
pow‘der of Co (cobalt) having a grain diameter grain diameter of the

20 order of 4 um to 6 um were used. Because Ti (titanium) is a viscous
material and is difficult to be ground into a fine powder, the Ti powder
was obtained by ball-milling a brittle material of TiH2 (titanium hydride)
into a powder having a grain diameter of the order of 3 ym to 4 pym, by
compression molding the powder, and then by making the compression

25 molded powder release hydrogen by heating.



depending on a part. An electrode that contains a material that is |likely
to forma carbide is nore susceptible to this fact. For exanple, |ike an
all oy described later, if materials that are likely to form carbi des such
as Mo (mol ybdenum) and Ti (titaniun) arepgnevenly contained in the

el ectrode, it beconmes difficult for only a part that contains such
materials to forma thick coat. Therefore, there is a problemthat the coat

becomes nonuni f or MyWHEn e ¥lddirdde nrnepas waison0®wblwhedsi Ti (Gt@tiutrt)i ckness.
However, as described in the enbodi nent, by naking the electrode with the

powder that i 655AWAEInEYcRMVEETIOQtiBMiak] exrbTabEahaltheaRRRedsf tever al

elements in a specified proportion, it becomes possible to elimnate the

conpositi Ona!:oé(law'agt qﬂel &dtePP?{Zﬁ? Ehf %ve'?‘nﬁ' was 8 frd fH% ,gbggbﬁf@e

surface machining WI e It becorres possI forma

EE;CEOS?aLnféé‘f%ﬁ%lerﬂ%Eor?@ 7 Rt %%t“%ét:e%ﬂtéfﬁhe W“T%Whé;ﬁé‘ Sg
descr | bed pr BtSUEl YTEGiE Hard s %Boces%rzse ?fnc&é%%%%ﬁé‘ﬁqﬂo%%ﬁ”ﬁsan%a% e
thick coat stably on surf ace of wi th in-ljqui uls?d electrlc

di schar ge trtafarenthe kaé%tﬁé@@'yl ‘ﬁheﬂﬁhﬁlmeﬁyof)&i@d@rﬁ ocl8s é’ldl oy

conposed in a proportion such as, " (chromum 20 weight % (tnl ckel)
10 10 wei ght esgequ§ 40rv@lueg a5 M@rgﬁve%lt wAs f@@ﬂéc&b@ém? QQ)POB rBst" has
been used in the description above, the alloy to be powdered certainly may
be ot her contfiematdctrode ahdufd)prefgeaipiydqe highertbgnt Sivolumendddoifarsues a
mxing ratio as "Cr (chromum 25 weight % N (nickel) 10 weight % W
(tungsten) 7coei bhving swffidiebn totoknass) fidre tdeulteate ahausibﬁ\elsalmmeais
Moreover, alloys that are nade in mxing ratios such as "M (nol ybdenum 28

wei ght % Cr t{e PeQitdiBbtahfedth dht fifst Smicileran) ISiswateried thattrds G
(cobalt) for the rest”, "Cr (chromun) 15 weight % Fe (iron) 8 weight %

and Ni(ni Ckﬁblz?ﬁé’é 'Itlféﬁt rﬁé?’n )rin tﬁé éléBfr@HbLHQco?ﬂeWIGmlt%lul’mcéfmwp@num

9 weight % t ant al 4 weight % and 20 Ni (nickel) for the rest”, and

2 Mo bt i AR B B 0
8e2a\3§|eggt pr %p@}e[d?ﬁeﬁﬁ'?ﬁﬁga{ﬁf?g tFaq%?néf@h aé’i’%gﬁgl'%glagﬁegg%g e#%m&)( rq? er ent
|e}‘ etc[]fogexiaﬂ ([3{1&11{5% (f)r{i;(%a. OWhgélf%%ﬁgngﬁtfsfc?{t%e codt \];ngem%tc); yy Of the
15 analyzed by X-ray diffraction analysis, a peak that indicates TiC
(titanium carbide) existence was observed but a peak that indicates Ti
(titanium) existence was not observed.
Consequently, also when an electrode is made of a mixture of a
Ti (t'itanium) powder and a Co (cobalt) powder, it is possible to form a
20 thick coat stably on the surface of a work if an electrode that contains
more than 40 volume % of Co (cobalt) powder as a material that is hard
to be carbonized or not carbonized, is used.
Moreover, while a case of Co (cobalt) as a material that is hard
to form a carbide to be mixed with Ti (titanium) to make the electrode

25 has been explained in the embodiment, because Ni (nickel), Fe (iron)



the coat vary to an extent. If the hardness of an electrode material is
high, it is difficult to 5 10 15 20 nold a powder by pressing. In addition,
to increase strength of the electrode by heating treatnment, it is necessary
to give sone contrivance such as setting2{he heating tenperature relatively
hi gh. For exanple, an alloy that is conpounded in an alloy mxing ratio of
"Cr (chromum 25 weight % N (nickel) 10 weight % W(tungsten) 7 weight
% and Co (cabalthe Iikerarehgisbesich nfatefibis thaglprodate simildr aesaltd cgvarhat i s
conpounded in a mxing ratio of "M (nolybdenum) 28 weight % C (chrom um

17 Wei ght. % Sy &) bioellahy Waicln e rébet ikgobiab) Tor the rest’ is

relatively hard material. en heat-treating the electrode, it is necessary
to set the h i ure about 100C higher in a case of the forner
al I oy than iﬁﬁ@bgﬂ;@%gﬁﬁ%ﬂfe | atter alloy on average to obtain strength

ired h I . di | ' ' hi ck
Cont, s expl ai ned Fh & NESHETES ccnpearrenor & PREPalbe BB e, i
b i f t hi ck t th tent of t | h t
nor onsed - FAGANAISR SHERGEI APt AR a8 AOoRCa of f af oI meoRe®,*
t of th | ectrode, _ tent of Co,. l.t), Ni j ckel ), F
(ITom) that o Barmlestiosesabao e joroUTist AMERIARS Grike AIEsshl 1 bbcones

easier to forma closely packed thick coat. By conducting tests with
several ki ndeventignl oyApenawn, in Fignds & ouixareipfta Cr (BRIIABENELBSVER t 0 form
a thick coat stably if the content of a material that is hard to forma
car bi de or d8e$ anut af@o fcabalhy podder B025ist filkedireatapate eaiveaais an0IRREUNe %
And it was found that it is 33 preferable that the Co content in the

el ectrode i sphhgh@®03 ba rbdloya lovee%ptncti @0 ofhkhet imotdk, awdia die 80 df ci ent

t hi ckness. Although it is difficult to define a volune percentage of a

materialqdn &k AHdIQY, AegREEPEbEpTt 9136 rmhéd dyvedmpredsianweblng ofie each
powder divided by a 5 density of each material is regarded as the vol une

percentage Ngfige bt MheGRAPESHIpACTEALS ObtAinRY ishsePhyh BRictYealr
becones al nost the sane as a wei ght percentage if specific gravities of

original matgrdalis fiddagRMARE LiBEtA LREHA§e S REfcd MARAMING! hethe

pressure of the compression mold was set to about 100 MPa and the
heating temperature was changed in a range of 400°C to 800°C during
15  manufacturing the electrode.

While the formation of the coat when the electrode is made of
the powder of Ti (titanium) that is a metal likely to form a carbide and
the powder of Co (cobalt) that is a material hard to be carbonized has
been explained in the second embodiment, a case of an electrode that

20 is made of a mixture of a powder of Cr (chromium) that is a metal that
forms a carbide and a powder of Co (cobalt) is explained in this
embodiment.

In the third embodiment, how a coat was formed when the Co
(cobalt) powder content in the electrode was changed by gradually

25 increasing the amount from a state that the percentage of Cr



Furthernore, even if a material that forns a carbide is used as 10 a
conponent of the alloy besides Co (cobalt), N (nickel), and Fe (iron), if
the material is relatively unlikely to forma carbide anong the materi al s,
a nmetallic conponent other than Co (cobaps2), N (nickel), and Fe (iron) is
to be contained in the coat, and therefore, it is possible to forma

cl osely packed thick coat even with | ow proportions of Co 15 (cobalt), N
(nickel), an@ghrémiimymowddr a@stehoimthé k¢ ctrdes isin 08 dadymea¥te drr om t wo

el enments of Cr (chromun) and Co (cobalt) is used, it becones easy to form

a thick coat | r &kss dRaPhelden ¥ A vol une
per cent age o?%égal]egﬁg?gg ??\E/Ue% gﬁaaﬁ %:Cg)\%(jgggéﬁ?i C gra?/i ty of 20 Co) =

%, AL ROEE PP A A o e geree e

T S VT 1A ol iR A S e R
X- i i i XPS 25 (X-ra )

ol veed Y XLk S L0 BN e e Bl R TS B0,

carbide) existence and a data that indicates Cr (chrom un) existence were
observed. | no@teiedf dwrHso CamWEEH U8EY  chromium) is a material that is
likely to be carbonized, an aptness to be carbonized is |ow conpared to a
material such as TWhan thenelegtrodsmmaterial was t0P yRIump PLEHERMHER)i n t he
el ectrode, a part of the content becones the carbide and a part of the

cont ent st aythebttickmess ofiitecoat washebttieuajdamoft he uedat Widrhsi der i ng
results mentioned above, it is necessary that a proportion of a nmateri al

t hat remai nscampanestsiof itive icdoat wome astulilgtearalyiet bgbouay fsdntionol ume t o
forma closely packed thick 10 film Sixth Enbodinment Fig. 13 illustrates a

cross- seqj i ogngfysi) £peaktAdeifatariseCt3Ce @hsehiurgesbideexisteaaement and
a concept of manufacturing nethod of the el ectrode according to a sixth

- enbodi mrent o i i ; ioBsBrged. 13That it ure of a
Co all oy pomégybeiggéﬁgﬁgf gid(?% (co%gﬁ%@m@?@%’%gﬁiss filled in a space

a die 1305 o tiratah S tgnim RIS the ATl B L ol o G ng
ol ectric 20 GPUUHEr B8 AHINERSLP A CANERHEE IS 1P ORI R I FRIBREE (0Cire
'S set in 5 PRSI BOBLD) SRV NGRS TR e Dl SRR The ©
mxing r ?éi angartt 2? itcgegcl)rln%)é tl?w%mgaer%iégg%\di : p"aMDOf it remains as the metal Cr
(chromium).
Even when Cr (chromium) is used as the electrode material, it
was found that it is possible to form a thicker coat as the content of Co,
whiéh is a material hard to be carbonized, increases. However, it was
20 found that the Co content can be in a smaller proportion than when a
carbide or a material that is extremely likely to form a carbide is
contained in the electrode material like in the first embodiment and the

second embodiment, that is, a thick coat becomes more likely to be

formed around when the Co content in the electrode exceeds 20

25 volume %.




25 (nol ybdenum 28 weight % Cr (chromun) 17 weight % Si (silicon) 3 35
5 10 weight % Co (cobalt) for the rest” The Co alloy powder 1301 is

obt ai ned by powdering an alloy material conmpounded with such a m xi ng
ratio. The Co alloy powder and the Co po28ler 1302 both having a grain

di aneter of the order of 2 pmto 6 pmare used. The alloy having such a

m xing ratio as "M (nolybdenum) 28 weight % C (chromum 17 weight % Si
(silicon) 3 wei ghtA%hadge( inothed thickmess hethesoat witht aghangeyintthgt is used
as a material that requires abrasion resistance in high-tenperature

envi ronnment . afflo@nélof @o baateattrissshownm érsiFsg.adic e Thecearsktions @f he gnédse of t he
materials and a lubrication exhibited by &3C2 (chromumcarbide) that is

formed by oxpfid ercfic disdifdrgenapied Witk dhetsimeraat thioseanvthedivsent .
Therefore, with an electrode that contains this alloy powder, it is

possi bl e 10 LikdineARank e SESoRd cMISEUIHRIH: alh athenwirat sé pige Hovever,

when the coat is formed in the electric discharge 15 20 surface treatnent,

Fhe oo 8 & haulEPs pReR G IRERAD & BAEBERICAIENIIGE dufistich (Bledeieder O

t he gi ven conposrti ere are problens t unevenness 1 n quality of the
el ectrode is easy to occur . se there | 0 g tent, in
formability ﬂﬁ&ﬁg&%ﬁr‘@%%?” ‘Rﬁﬁrgga:éﬁd"%?e%d% %Lg%esghﬁé;lot—o&hazggﬁ\é@é of the
material, and that there be a case that it i ifficylt to form

cl osel y packéﬂpt&%‘ivta%&é'&%ggﬁfﬁogﬁﬁh%g@ﬂ&ﬁ af%f’?ﬂg TREIy B Yt H\SE%
carbide is contained in relatively large proportion, If there ig t he

probl em t hat tq orakie 6Aal abbeelertrogeckrediyis Sp8REVE P UARYNRRA #he

| 'i keli hood of form ng a thick coat by adding 25 nore Co (cobalt) powder.
When a coat Wwerk erasedivaint posiigeaiastitivdeA praeessing tirpetwas 1dsmiridesof only
the all oy powder conpounded in the mxing ratio of "M (nol ybdenum 28

wei ght %0 Cr (chr oAb gsctibedepggtioslySan(apithessnd @ omityginized vaosiegcobal t)
for the rest”, a void ratio in the coat forned is of the order of 10%

Wher eas, whegvén a@adng mmaterimsl that dreahkelyetot foomhec thddes sambideatefiats mi xt ur e
obt ai ned by adding Co (cobalt) powder in about 20 weight %to the alloy

powder conpoyiiestel 18sk Nkel} ¥ B carbiodiAdd tddd (orpd b detmiclerdoatei dhts % O
(chromium 17 weight % Si” (silicon) 3 weight % Co (cobalt) for the rest”,

a voi d I al | 0icarERAHEeRhIsTRbAS IRMLHJ Araant 197619 theanRSRAUSS V.

with the electrode that i's made the m xture obtained by adding Co
(el t) Pouaik A ARSI ek bR, Moot sapeuded L he
Form a clbschpepditdieadineicagine iafhale st EpciorLurEEaRte. PRI g e, °
of fect i venes &S RIORGIBSH NaANBREShRTGSAIMeshionke g PraRBAENENt, it can
be concluded that the necessary condition to form a thick
closely-packed coat is that the proportion of the materials that stay
behind as metal in the coat is higher than about 30% in volume.
20 Moreover, from the experimental results and others explained
above, it can be regarded that, although there is no concrete data on
an aptness of a metallic material to be carbonized in the electric
discharge atmosphere in the dielectric fluid that is the oil, a magnitude

of energy required for carbonization can be obtained by referring to the

25 Ellingham diagram. In the Ellingham diagram, it is indicated that Ti



such materials. Seventh Enbodi ment Fig. 14 is an explanatory di agram t hat
indicates a transition of 20 25 materials applied to aircraft engines.
Because the aircraft engines, for exanple the engine blades, are used in
hi gh-tenperature environnent, heat-resispgant alloys are used as the

mat erial applied. An ordinary casting was used before; however, speci al
castings such as a single crystal alloy, a unidirectionally solidified

al I oy and th@!ltbhkﬁnfirseekﬁéﬁ\éw\rﬁ(é gdﬁayse dArbbaizeld, theiser (el imiahs) isr e
heat-resi stant materials in hi gh- terrperature environnment, there is a

drawback t hajek!li@) o 8R4 oqﬁi@@%@rﬁﬁar@d%lﬂr UNSMEVRSBridhd enper at ur e

occurs due to ent ng of heat locally as in the case of the welding. Also

when the ai rréhlr %Fla@%'a?%?ﬁqgf\%x?@%ﬂﬁgﬁqb aﬂ“&ﬂb%ob@ﬁé\‘}ﬁeehpﬂg% cases,

other material's are attac { her mal ay - coat here are

probl ens tha et s, easi | a

| ocally, and Oﬁgl 59{&0?’9 9’% nﬁegcg% gutgr téﬁrg’ﬂﬂﬁg{c}h §92?}m? ?gPpg\ﬂé
continuously.in the 0 we poi nt.. on ich an arc
i s applied d'(%%aﬁ%tm%tﬁl'@? %ﬁataa%enbé]gt'i’?%leéﬁd iely L%gFeQFrEQP&FeV%w t he ot her
per i odl 1 rom EBBaE FaeseNall GSOOENdaVBPACtihexBhNEenal PSS embod men
peri od from e enbodi nent of
the present invention, there is no concentration of the heat. A period of
5 he Eul se width toCthgwnugntlﬁu glsloaNlthnta’fgetﬁ@r:]iQﬁf tsg'@ltad@h‘ff @lr@?guﬁec%f?h

i scharge is generated an e electric discharge delay tine an e
pause time tGrdckrdrhiunpepowder faatd aHzo ¢telalt) powidechaigpossibieto freme@at ed,
in other words, the period that the heat is not applied to the work.

Mor eover Mhﬁﬂcl@@@aeb&ﬂ:tlyi(m thesshefage dfud s@rk 3f &nelstiedde tthat Eohiaons ng
el ectric discharge to be generated is applied on another part; therefore,

it can bg undryreitAad 4d@blurhers dfscb%@bgwpgswuwtdsoa nehtetriag thewils ieargpar ed
to welding. In this enbodinent, it is possible to prevent occurrence of the

crack by Pr ag} bel dinBheld b n%'t%%faaseﬁeauné gsed! I FARImSe, fnnmseaggal i c

coat on the single crystal alloy or unidirectionally solidified 2

al oy, and by ;diSREf5ETE Sd1EicRfy IS RYcKTESESs b1 Bn' the! 4 ek Byl sed
the work if an electrode that contains more than 20 volume % of Co is
used.

15 Moreover, while a case of Co (cobalt) as é material that is hard
to form a carbide to be mixed with Cr (chromium) to make the electrode
has been explained above, because Ni (nickel), Fe (iron) and the like
are also such materials that produce similar results, even they can be
suitébly used in the present invention.

20 Fourth Embodiment

Fig. 10 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of manufacturing method of
the electrode according to a fourth embodiment of the present invention.
As shown in Fig. 10, a mixture of a Mo (molyb‘denum) powder 1001, a

25 Cr (chromium) powder 1002, a Si (silicon) 1003 powder, and a Co



38 electric discharge. Furthernore, it is possible to obtain a thick coat
by using an el ectrode that contains netallic materials that do not form
carbides or are hard to formcarbides for nore than 40 volunme % not by
wel di ng or thermal spray coating as convggtionally been practiced, 5 and as
aresult, it is possible to formthe thick coat w thout causing the crack.

| NDUSTRI AL APPLI CABI LI TY As descri bed above, the el ectrode for electric

di schar ge su(dobest) dbvideatl 0eatis ditledridi 16 phoe tdetweeesan u pipev euinichn! 065
suitable for application in a surface treatnent related industry that forns

a coat on a spafAGRI A |0WOs KRELABOEAFT HeSmRSPEEN @ ld NieS1002RE ehé afiold.
application in the surface treatnent related industry that forns a thick

coat on a SU@finBlind AREKR iEcmixtire S dhbNBdbnuif) 2baséighE. Cf

gl ectric discharge surface treatnment, the de 1's” a green \(,:\grrpact (rjrade
e Ton e sRPVPEVPURETAON 5 RRLEOIG 0 Bl PR PP T,
Flu d to % or M e SBLATE ReoRiags obadt bpiDifan b Pedif 8PofRe work
coat of a material of the el ectr,odfe or cﬁL a subst ance tqgat i 5 generated by
a reaction of0¥he RIHELNFRMBAE! {SfAMEEPY GOMRIEFSIHIYE! @]Eg IXWR®r ei n

10 the el ectrode contains 40 volune %or nore netallic material that is not
car boni zed of hegmeaNEarEPBEt trtehiaisad i9 useReaePBcelesOdedPr dhectric

di scharge surface treatnent according to claiml1, wherein the netallic

mat eri al t haelédiriadlisadwargeninzeléctric dischargarsdirtacebmachinogi zed is Co, N,
or Fe. 3. An electrode for electric discharge surface treatnent, the

el ectrode is a gre®hecwmbiiativadentdthe grppestioronf d ¢nedybderalm) @8powder s
or netallic conpound powders and used for electric discharge 20 surface

treat menfg i nwelg 92 QU chednelegtrd Weat?mc%arsqe(silreo@ Beweight %etwdedot he
el ectrode and a work in a dielectric fluird to formby the electric

di scharge engihya 1953 DRiGHT #AGke @kelin® J¥akn @ Maddrial that MakedrakioH the
el ectrode or of a’'substance that is generated by a reaction of the

el ectrode dug.digidie & RighlempLRRUAL SRvEBRhENt. WASHEbRctrode that is

composed in such proportion has abrasion resistance because of a
hardness of the materials and a lubrication exhibited by CrsC,
15  (chromium carbide) that is formed by oxidation of Cr (chromium) in
high-tempefature environment.
The pressure of the compression mold was set to about 100
MPa and the heating temperature was set in a range of 400°C to 800°C
durihg manufacturing the electrode. When pressing, a small amount
20 (2% to 3% by weight) of a wax was mixed with the powder to be
pressed to obtain better formability. The wax gets removed during the
heating. A powder of each material having a grain diameter of the
order of 2 um to 6 ym was used. The conditions that were used for
the pulse of the electric discharge were a peak current ie=10 A, an

25 electric discharge duration (electric discharge pulse width) te=64 us,



25 the el ect

made by m Xxi

car boni zed.

and Fe to the powder of

electric dis
netallic nat

rode is made froma powder of an alloy material that is alloyed
40 by mxing a plurality of elenments in a predetermned ratio. 4. The
el ectrode for electric discharge surface treatnment according to claim 3,

ng a powder of at |east one 9§ Co, Ni, and Fe 5 to the powder
of the alloy material. 5. The electrode for electric discharge surface
treatnent according to claim3, wherein the alloy nmaterial contains 40

vol ume % or gRde pELSS ltinte tE €28 qls, tamat ah lectrodazving ad area of hard to be
10 6. The el ectrode for electric di scharge surface treatnent

accor ding. t onfrh @) inam WRGGSRY 10 trit01Ke ROWEE! TAE dibcliBastwadigivein Co. N,
t he 0

y material. 15 7. The el ectrode for

, Wwh th
G886 BUIAAG A SUBREALREA S Qe Y. theren the

according 20 to ol B 56 SRSHEIdE k'ﬁa?'éwﬁs@brfﬁ"é‘%?%ﬁ'ﬁg& s Aoy

cont al ni % C, N
d

Fe W|th Ni as mai n canponent; an N all onta

Ni as a nmin

electrlc di s

10

15

20

25

Co.al

gppweltHs&ar?ﬁevéﬁﬁsﬂcﬁcﬁiw%oﬁgﬁﬁcgifﬁ“%”m%%91"@55?511 i

y containing

and

Mb.and Ta with

aEBﬁ'{ﬁfHénﬂ Fignf Gafl e camegse nt nﬁ’lW ﬂelﬁo,atl\'/ﬁ,fo'(’f‘ﬁ Phra),

25 Ti, and Al with Fe as a nain conponent. 41 9. The el ectrode for

thesydasarafdbe wedabyneans obredpuiged electric discharge

generated by the apparatus for electric discharge surface treatment, it
is possible to form a thick coat on a work material without causing a
strain due to the pulsed electric discharge in a dielectric fluid that is an-
oil. Furthermore, it was confirmed that the coat formed had abrasion
resistance even in high-temperature environment, which means that a
thick coat with good quality was formed.

It is possible to obtain the coat that has various functions such
as abrasion resistance and the like by forming the coat on the surface
of the work by means of in-liquid pulsed electric discharge machining
with the electrode that is made with the materials compounded in the
proportion described previously. Other such materials include a
Stellite that consists of “Cr (chromium) 25 weight %, Ni (nickel) 10
weight %, W (tungsten) 7 weight %, and Co (cobalt) for the rest”, or “Cr
(chromium) 20 weight %, Ni (nickel) 10 weight %, W (fungsten) 15
weight %, and Co (cobalt) for the rest”. Since Stellite has excellent
corrosion resistance and high-temperature hardness, it is a material
that is usually applied for coating by welding and the like to a part that

requires such properties, and is suitable for coating when corrosion



to claim8, made by m xing a powder of at |east one of Co, Ni, and Fe to
the powder of the alloy material. 5 10. A nethod of electric discharge
surface treatnment, conprising: generating pulsed electric discharge in a
dielectric fluid between a green conpactyel ectrode and a work, the

el ectrode bei ng nmade by conpression nolding a netallic powder or netallic
conpound powders; and 10 form ng a coat that contains a carbide and a

non- car boni zegbig@hak!did BRjReaeperatura Hradessrareneduiradi o based on
materials supplied fromthe green conpact el ectrode on a surface of the

work using an energyrobyéhei@aBddey HiatenalItompduhledTRasusr Jod of

el ectric discharge surface treatnent according to claim 10, wherein the
rati o of the -G ni | L t (oS l"% Y% 0mginore. 12.
The net hod o?'[bg{bergf}blqg gg@ﬁﬁ?@@@ﬁé@eqr%t rﬂ?n&lﬁgg\ésgr iI gt 4)(’) N2‘0 claim
11, wherein fhe t I,s formed ont f of t rk. by letting

di schar ge thé“(élf%g?ﬁ)roh@ W’Fét a@(gn{béri &%riﬁ{'k}@ﬁ%w&é%‘ﬁ %grl\}go netallic materi al
that is not carponized or is 0 be .carboni zed 42 . The method of
el ectricis SB’g’@e@Hm)aééN?'EEg%jmh (éégﬁﬁ'd'ri‘%@ "Y"o‘gmgﬁ"rﬁﬂ%%'v@ﬂb&&')nhnhe
metallic material that is not carbonized or is hard to carhaonj, zed is Co,
Ni, or Fe. St@feﬁh@%t‘ﬁb&lc'&ﬁor@lué@tF?d"’@fﬂ@&ﬁ(&rﬂb@ﬁk?'&%@ Ve t%nmo
according to claim 10, wherein the material of the work is a directional
control al | ogmelybldeasnz) dyyeigbt Yst @b &1 Tay5 aveight & r BicttitamamiOSol i difi ed
alloy. 15. A nethod of electric discharge surface treatnment of using an 10
el ectrode t haeight %, ¢ ¢ehuroiomgral 0. Graég inly %c dreptiesrs) ton thelréshicamethe | i c

powders or netallic conpound powders for electric discharge surface

treat nent inlikdiacé matevistethel ket e headiresistanee,i angenesaitatleotdimeen t he
el ectrode and a work in a dielectric fluid to formby the electric

di schar gfy engsgiin§WHIEheHEt tasisticd Rerelikec® coat of a 15 material of the
el ectrode or of a substance that is generated by a reaction of the

el ectrode dugigwethsod tric discharge energy, wherein the coat is forned
by using an e| ectrode made froma powder of an alloy material that is

al l'oyed by mxing g plyralictia:dl LLlMectidh 8f BheI8EGHHLTEH oletittie-

discharge surface treatment and a concept of manufacturing method of
the electrode according to a fifth embodiment of the present invention.
15  As shown in Fig. 11, a powder of Stellite alloy (alloy of Co, Cr, Ni) 1101
is filled in a space between an upper punch 1103 of a mold, a lower
punch 1104 of the mold, and a die 1105 of the mold. And a green
compact is formed by compression molding the mixture. The green
corﬁpact thus obtained is used as an electrode for electric discharge in
20 electric discharge surface machining.
The powder 1101 is a powdered alloy that is made by mixing Co
(cobalt), Cr (chromium), Ni (nickel), and the like in a specified
proportion. Methods of powdering include, for example, atomization or
powdering the alloy with a mill and the like. By either method, each

25 grain in the powder becomes an alloy (Stellite in Fig. 11). The alloy




20 16. The method of electric discharge surface treatnent according to
claim 15, wherein the electrode is nade by m xi ng a powder of at |east one
of Co, N, and Fe to the powder of the alloy material. 25 43 17. The

met hod of electric discharge surface treggnent according to claim 15,
wherein the material of the work is a directional control alloy such as
single crystal alloy or unidirectionally solidified alloy. 5 18. The nethod
of electric powdeaigeompressvrt meidew witratoodit n406@nd punciids 1MA8rei n t he
all oy material contains 40 volunme %or nore netallic material that is not

carboni zed o1104. hahd thenbeo GHMHEeZSHendth of e eRIdtstiepthealtret ri C

di scharge surface treatnent according to 10 claim 18, wherein the el ectrode

s made by niKhiifeAt RAAIBE QlrribAcd doeBhgTanh didd! aTRewISy Wwasr | east

one of Co, N, e rret ctric discharge surface

t t t « et t

cgsgoﬁgedag&%% éﬂl@“ﬁ‘o e ca\%g%r‘?|%Izrf<;%Itl P)z gg,(ekﬁrﬁlodrm!ﬁ—gp vgé gwr?é It\lrgt Egd

a1 oy ks ﬁwcf@% RuRNCG" D TRY &R RN SRR o I T
t; Co, al | t it h

component | afPSd WaS @5&?%?%%5%%&%%% o & €208 Hiacstnent

an Ni alloy containing C, M and Ta with NN as a main conponent; and an Fe

al | oy cont ai Wiag lg;herghan K% (Co + Ta), Ti, and Al with Fe as a main

conponent. 25 _
The pressure of the compression mold was set to about 100

MPa and the heating temperature was changed in a range of 600°C to

10 800°C. When pressing, a small amount (2% to 3% by weight) of a wax
was mixed with the powder to be pressed to obtain better formability.
The wax gets removed during the heating. The powder of each
material having a grain diameter of the order of 2 ym to 6 ym was used.
The conditions that were used for the pulse of the electric discharge

15  were a peak currentie=10 A, an electric discharge duration (electric
discharge pulse width) te=64 ps, and a pause time t0=128 ps, and an
electrode having an area of 15 mmx15 mm was used to form the coat.
The electrode was given negative polarity and a work was given
posi'tive polarity.

20 A schematic of configuration of an apparatus for electric
discharge surface treatment according to the embodiment using the
electrode manufactured as described above is shown in Fig. 12. As
shown in Fig. 12, the apparatus for electric discharge surface treatment
includes an electrode 1202 that is made of the powder of the alloy

25 compounded in the proportion described previously; a dielectric fluid



44 22. The nethod of electric discharge surface treatnent according to
claim 21, wherein the electrode is nade by m xi ng a powder of at |east one
of Co) NN, and Fe to the powder of the alloy nmaterial. 5 23. An apparatus
for electric discharge surface treatnentggconprising: an el ectrode of a
green conpact nmade by conpression nol di ng powders contai ni ng 40 vol ume % or
nore netallic material that is not carbonized or is hard to be carbonized;

10 a diel ect1204fthai B anpnl a dieidctiie flurdesupply heite! 208 todensrdedheor k in
the dielectric fluid or that supplies the dielectric fluid between the

el ectrode ang|elchdedf %02 &Ml 8 VROMET 289 W ¢Re UNé lectridfluBRATtAt Py thed
el ectric discharge by applying voltage between the el ectrode and the work.

15 24. The a&%@é&mgﬂmart?qf%’h}véeﬂtﬁﬁ{@éﬁgoéérfz@?ah&%éw fgg9rding to

claim 23, whéerein the materi a I's not carbonized or is hard

to be car bon?ﬁgcebﬁvggt r?yn?e?ér EfectAd dfchdigedanFadd E’r%a?ﬁ’i en€H20! that

di scharge su onpr|S|ng an~el ectrode of green conpact nade
Lrom 2, Do oot A8 kel S BRI e bR AL BR P AR Pt 1
| merse the ’?hleeglterc?rdode 13051 and the work 1203. The electrode is composed of
an alloy powder 1201. Components that do not relate directly to the
present invention, such as a driving unit that controls a relative position
of the power source for electric discharge surface treatment 1205 and
the work 1203, are omitted.
To form a coat on a surface of the work with the apparatus for
electric discharge surface treatment, the electrode 1202 and the work
1203 are placed oppositely in the dielectric fluid 1204, and a pulsed
electric discharge is generated between the electrode 1202 and the
work 1203 by the power source for electric discharge surface treatment
1205, and with an energy of the electric discharge, a coat of the
electrode mater‘ial, or a coat of a substance that is generated by a
reaction of the electrode materials is formed on the surface of the work.
The electrode is given negative polarity and the work is given positive
polarity. An arc column of the electric discharge 1206 occurs between
the electrode 1202 and the work 1203 as shown in Fig. 12.
The electrode material is transferred onto the work each time
the electric discharge is generated. Although the electrode material is

made of a powder, the powder is the alloy made into powder, therefore,

the material is homogeneous, and there is no variation in the material




45 work in the dielectric fluid or that supplies the dielectric fluid
between the el ectrode and the work; and a power source unit that generates
pul sed el ectric discharge by applying voltage between the el ectrode and the
work. 5 26. The apparatus for electric dggcharge surface treatnent
according to claim25, wherein the electrode is nade by m xi ng a powder of
at least one of Co, Ni, and Fe to the powder of the alloy material. 10 27.
The appar at ughkorit ¢4 eehsferrdd sohartpe edecfrade 126t nBonhsaqoenty,riigs o cl ai m
25, wherein the alloy material contains 40 volume or nore netallic materi al

that is not passion iefoPh a Sodwihtfodie gualiBowithedt aléordBosifio@adppar at us
for electric discharge surface treatment according to claim27, wherein the

el ectrode 'Sygﬁﬁﬁoﬁ%amsébrwy %é"ﬁ‘é‘é‘ﬁ"fc%lt@tm'tﬁéséle@ﬂgd@fm%né\ﬂ' and Fe to
t he powder o e alloy material . "The apparatus for eI ectric

di scharge surface {fieal FROLIAGE wgpﬁe.fg LoRpbsiIPIEhTadeny BRHd ¢

naterlal that is not carbonize onlze 1s” Co
e 25 o R SR ARG Db LB o v
R Bo A PR Al e bedudb oAb AP, S
wth N-as apg?vldgrg%g?ﬁgn%%tnun%%rm aIlnI th% research conducted by the

inventors of the present invention, it was found that when an electrode

of a specified composition is made by mixing powders of each material,

10 it is quite difficult to make a mixture completely uniform as more than
one kind of powder are mixed, and therefore, compositional variation
occurs between individual electrodes or even in one electrode
depending on a part. An electrode that contains a material that is
likely to form a carbide is more susceptible to this fact. For example,

15 like an alloy described later, if materials that are likely to form carbides
such as Mo (molybdenum) and Ti (titanium) are unevenly contained in
the electrode, it becomes difficult for only a part that contains such
materials to form a thick coat. Therefore, there is a problem that the
coat becomes nonuniform not only in the composition but also in a

20 thickness.

However, as described in the embodiment, by making the
electrode with the powder that is obtained by powdering an alloy
material composed of several elements in a specified proportion, it
becomes possible to eliminate the compositional variation in the

25 electrode. And by electric discharge surface machining with the



containing Cr, M and Ta with Ni as a nmain conponent; and an Fe all oy
containing G, N, M, (Cb + Ta), Ti, and Al with Fe as a main conponent.
10 31. The apparatus for electric discharge surface treatnent according to
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material, such as the hardness, may be different if the mixing ratio of

25 the alloy is different, a formability of the electrode and a condition of
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5 contrivance such as setting the heating temperature relatively high.
For example, an alloy that is compounded in an alloy mixing ratio of “Cr
(chromium) 25 weight %, Ni (nickel) 10 weight %, W (tungsten) 7
weight %, and Co (cobalt) for the rest” is relatively soft, and an alloy
that is compounded in a mixing ratio of “Mo (molybdenum) 28 weight %,

10 Cr (chromium) 17 weight %, Si (silicon) 3 weight %, and Co (cabalt) for
the rest” is relatively hard material. When heat-treating the electrode,
it is necessary to set the heating temperature about 100°C higher in a
case of the former alloy than in a case of the latter alloy on average to
obtain strength required to the electrode.

15 Regarding the likelihood of forming a thick coat, as explained in
the first embodiment to the fourth embodiment, it becomes easier to
form a thick coat as the content of the metal in the coat increases.
Regarding materials that compose an alloy powder, which is a
com'ponent of the electrode, as a content of Co (cobalt), Ni (nickel), or

20 Fe (iron) that are materials unlikely to form carbides increases, it
becomes easier to form a closely packed thick coat.

By conducting tests with several kinds of alloy powder, it was
found that it becomes easier to form a thick coat stably if the content of
a material that is hard to form a carbide or does not form a carbide in

25 the electrode exceeds 40 volume %. And it was found that it is
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5 density of each material is regarded as the volume percentage here.
It is needless to mention that the volume percentage becomes almost
the same as a weight percentage if specific gravities of original
materials that compose the alloy are close to each other.
Furthermore, even if a material that forms a carbide is used as
10 a component of the alloy besides Co (cobalt), Ni (nickel), and Fe (iron),
if the material is relatively unlikely to form a carbide among the
materials, a metallic component other than Co (cobalt), Ni (nickel), and
Fe (iron) is to be contained in the coat, and therefore, it is possible to
form a closely packed thick coat even with low proportions of Co
15  (cobalt), Ni (nickel), and Fe (iron).
It was found that when an alloy made from two elements of Cr
(chromium) and Co (cobalt) is used, it becomes easy to form a thick
coat when Co content in the electrode exceeds 20 volume %. A
volume percentage of Co here is ((weight % of Co)/(specific gravity of
20 Co) + (((weight % of Cr)/(specific gravity of Cr))+((weight % of
Co)/(specific gravity of Co))) as described previously. Although Cr
(chromium) is a material that forms a carbide, it is less likely to form a
carbide compared to an active material such as Ti. When components
of the coat were actually analyzed by X-ray diffraction analysis, XPS

25 (X-ray Photoelectron Spectroscopy) and the like, a peak that indicates
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becomes the carbide and a part of the content stays behind as metal Cr
(chromium) in the coat. Considering results mentioned above, it is
necessary that a proportion of a material that remains as a metal in the
coat is higher than about 30% by volume to form a closely packed thick
10 film.
Sixth Embodiment
Fig. 13 illustrates a cross-section of an electrode for electric
discharge surface treatment and a concept of manufacturing method of
the electrode according to a sixth embodiment of the present invention.
15  As shown in Fig. 13, a mixture of a Co alloy powder 1301 and a Co
(cobalt) powder 1302 is filled in a space between an upper punch 1303
of a mold, a lower punch 1304 of the mold, and a die 1305 of the mold.
A green compact is formed by compression molding the mixture. The
greén compact thus obtained is used as an electrode for electric
20 discharge in electric discharge surface machining. The pressure of
the compression mold is set to about 100 MPa and the heating
temperature is set in a range of 600°C to 800°C during manufacturing
the electrode.
The mixing ratio of the Co alloy powder 1301 is “Mo

25 (molybdenum) 28 weight %, Cr (chromium) 17 weight %, Si (silicon) 3
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obtained by powdering an alloy material compounded with such a

mixing ratio. The Co alloy powder and the Co powder 1302 both
having a grain diameter of the order of 2 um to 6 um are used. The
5 alloy having such a mixing ratio as “Mo (molybdenum) 28 weight %, Cr
(chromium) 17 weight %, Si (silicon) 3 weight %, Co (cobalt) for the
rest” is the alloy that is used as a material that requires abrasion
resistance in high-temperature environment. The alloy has abrasion
resistance because of a hardness of the materials and a lubrication
10 exhibited by Cr3C, (chromium carbide) that is formed by oxidation of Cr
(chromium) in high-temperature environment. Therefore, with an
electrode that contains this alloy powder, it is possible to form a coat
that has an excellent abrasion resistance.
However, when the coat is formed in the electric discharge
15 surface treatment, although it is possible to make an electrode only
with the alloy powder of the given composition, there are problems that
unevenness in quality of the electrode is easy to occur because there is
a problem, to some extent, in formability when compression molding
with a press due to hardness of the material, and that there may be a
20 case that it is difficult to form a closely packed coat because Mo
(molybdenum) that is likely to form a carbide is contained in relatively
large proportion.
If there is the problem that is mentioned above, it becomes
possible to enhance the likelihood of forming a thick coat by adding

25 more Co (cobalt) powder. When a coat is formed with the electrode
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(silicon) 3 weight %, Co (cobalt) for the rest”, a void ratio in the coat
formed is of the order of 10%. Whereas, when a coat is formed with
5 an electrode that is made of a mixture obtained by adding Co (cobait)
powder in about 20 weight % to the alloy powder compounded in the
mixing ratio of “Mo (molybdenum) 28 weight %, Cr (chromium) 17
weight %, Si (silicon) 3 weight %, Co (cobalt) for the rest”, a void ratio
in the coat can be reduced to about 3% to 4%. Consequently, with the
10 electrode that is made of the mixture obtained by adding Co (cobalt)
powder in about 20 weight % to the alloy powder compounded in the
mixing ratio of “Mo (molybdenum) 28 weight %, Cr (chromium) 17
weight %, Si (silicon) 3 weight %, Co (cobalt) for the rest”, it becomes
possible to form a closely packed thick coat having abrasion resistance.
15 Ni or Fe, other than Co, can be used as a material that brings about
such effectiveness, and more than one material can be mixed among
such materials.
Seventh Embodiment
Fig. 14 is an explanatory diagram that indicates a transition of
20 materials applied to aircraft engines. Because the aircraft engines, for
example the engine blades, are used in high-temperature environment,
heat-resistant alloys are used as the material applied. An ordinary
casting was used before; however, special castings such as a single
crystal alloy, a unidirectionally solidified alloy and the like are used

25 now-a-days. Although these materials are heat-resistant materials in
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engines are considered as a whole, because in most cases, other
5 materials are attached by welding and thermal spray coating there are
problems that it gets easily damaged due to concentration of the heat
locally, and the yield is low.
As an electric discharge current flows continuously in the
welding, a point on the work at which an arc is applied does not shift in
10 a short time and is heated hard. On the other hand, as the electric
discharge current is stopped in a short time (a period from about
several us to several tens of us), in the embodiment of the present
invention, theré is no concentration of the heat. A period of the pulse
width te shown in Fig. 3 is the period that the e[ectric discharge is
15 generated and the electric discharge delay time td and the pause time
to are the period that the electric discharge is not generated, in other
words, the period that the heat is not applied to the work. Moreover,
when one electric discharge pulse is finished, the following electric
disc'harge to be generated is applied on another part; therefore, it can
20 be understood that there is less concentration of the heat compared to
welding.
In this embodiment, it is possible to prevent occurrence of the
crack by practicing electric discharge surface treatment to form a
metallic coat on the single crystal alloy or the unidirectionally solidified

25 alloy, and by dispersing the heat input by means of an in-liquid pulsed
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carbides or are hard to form carbides for more than 40 volume %, not
by welding or thermal spray coating as conventionally been practiced,
5 and as a result, it is possible to form the thick coat without causing the

crack.

INDUSTRIAL APPLICABILITY
As described above, the electrode for electric discharge surface
10 treatment according to the present invention is suitable for application
in a surface treatment related industry that forms a coat on a surface of
a workpiece, and is especially suitable for application in the surface
treatment related industry that forms a thick coat on a surface of a
workpiece.

15
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powders or metallic compound powders and used for electric discharge
5 surface treatment in which a pulsed electric discharge is generated
between the electrode and a work in a dielectric fluid to form by the
electric discharge energy on the surface of the work a coat of a
material of the electrode or of a substance that is generated by a
reaction of the electrode due to the electric discharge energy, wherein
10  the electrode contains 40 volume % or more metallic material that is not

carbonized or is hard to be carbonized.

2. The electrode for electric discharge surface treatment according
to claim 1, wherein the metallic material that is not carbonized or is

15 hard to be carbonized is Co, Ni, or Fe.

3. An electrode for electric discharge surface treatment, the
electrode is a green compact made by compression molding metallic
pow'ders or metallic compound powders and used for electric discharge
20 surface treatment in which a pulsed electric discharge is generated
between the electrode and a work in a dielectric fluid to form by the
electric discharge energy on the surface of the work a coat of a
material of the electrode or of a substance that is generated by a
reaction of the electrode due to the electric discharge energy, wherein

25 the electrode is made from a powder of an alloy material that is alloyed



. 5109%& ()- 983s10%& ()-1g10%& ()-. 109 ()- opsOwyxY:/! 10s109%& ()-I

Y109&' ()-S109%& ()- 910%& ()- 109%& ()-sF 109%& ()- 10y|' FdE: /!

10, 109%&' () - s$10% () - 3@ MLOW&' () - & 10%&' () - ss$109%&' () - 10% () - RdE: /! 10
10° 910%& () - F710%& () -, 5109& ()- 310%& (48 9010%& ()-s/10%& ()- *CoM /"3
"109%& ()-'aH 3 "10%& ()-!'X 3 "109%& ()-! 3 "10%& ()-!N 3 "10%& ()- 1 10%& ()-
100eef }[<1/ 101! 109%& ()-t!\ 1! 109%& ()-ts& 10%& ()-s! as&” 10%& ()-Ss

"109& () -s! sy mixing a plurality of elements in a predetermined ratio,

"109%& () - sf ghkmN s$109&’ () -~ @O% () - S10%& () - 910%& () - FL0%& () - Y10%& () -
10 100FdEMN s$109&F10%: ()- 10% ()- @ 10%& ()-:S, 10%& ()-S,

109%' () -,/ 109%& () - DIEMN s$109% 109%&' () - Y( 109%& () - &L0%&' ()- & $109%&’ () -

" 109& () - 10%&r i - % ' N ' al)-
o2 O, B0 G e )
F 109 | & () -{ol clafm P %Kabd By mikiniPd¥oWdel 3kt GhkArCIORE dag FLOX 10X

5 to the powder of the alloy material.

5. The electrode for electric discharge surface treatment according
to claim 3, wherein the alloy material contains 40 volume % or more

metallic material that is not carbonized or is hard to be carbonized.

10
6. The electrode for electric discharge surface treatment according
to claim 5, made by mixing a powder of at least one of Co, Ni, and Fe
to the powder of the alloy material.

15 7. The electrode for electric discharge surface treatment according

to claim 5, wherein the metallic material that is not carbonized or is

hard to be carbonized is Co, Ni, or Fe.

8.  The electrode for electric discharge surface treatment according
20 to claim 3, wherein the alloy material is a Co alloy containing Cr, Ni,
and W with Co as a main component; a Co alloy containing Mo, Cr, and
Si with Co as a main component; an Ni alloy containing Cr, and Fe with
Ni as a main component; an Ni alloy containing Cr, Mo and Ta with Ni
as a main component; and an Fe alloy containing Cr, Ni, Mo, (Cb + Ta),

25 Ti, and Al with Fe as a main component.
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5 10. A method of electric discharge surface treatment, comprising:
generating pulsed electric discharge in a dielectric fluid between

a green compact electrode and a work, the electrode being made by
compression molding a metallic powder or metallic compound powders;
and

10 forming a coat that contains a carbide and a non-carbonized
metallic component in a predetermined ratio based on materials
supplied from the green compact electrode on a surface of the work

using an energy of the electric discharge.

15 11, The method of electric discharge surface treatment according to
claim 10, wherein the ratio of the non-carbonized metallic component is

30 volume % or more.

12.  The method of electric discharge surface treatment according to
20 claim 11, wherein the coat is formed on the surface of the work by
letting discharge the electrode that contains 40 volume % or more

metallic material that is not carbonized or is hard to be carbonized.
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5 14. The method of electric discharge surface treatment according to
claim 10, wherein the material of the work is a directional control alloy

such as single crystal alloy or unidirectionally solidified alloy.

15. A method of electric discharge surface treatment of using an

10 electrode that is a green compact made by compression molding
metallic powders or metallic compound powders for electric discharge
surface treatment in which a pulsed electric discharge is generated
between the electrode and a work in a dielectric fiuid to form by the
electric discharge energy on the surface of the work a coat of a

15 material of the electrode or of a substance that is generated by a
reaction of the electrode due to the electric discharge energy, wherein
the coat is formed by using an electrode made from a powder of an
alloy material that is alloyed by mixing a plurality of elements in a

predetermined ratio.

20

16. The method of electric discharge surface treatment according to
claim 15, wherein the electrode is made by mixing a powder of at least

one of Co, Ni, and Fe to the powder of the alloy material.
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such as single crystal alloy or unidirectionally solidified alloy.

5 18. The method of electric discharge surface treatment according to
claim 15, wherein the alloy material contains 40 volume % or more

metallic material that is not carbonized or is hard to be carbonized.

19. The method of electric discharge surface treatment according to
10 claim 18, wherein the electrode is made by mixing a powder of the alloy

material with a powder of at least one of Co, Ni, and Fe.

20. The method of electric discharge surface treatment according to
claim 18, wherein the metallic material that is not carbonized or is hard

15 to be carbonized is Co, Ni, or Fe.

21. The method of electric discharge surface treatment according to
claim 15, wherein the a‘Ion material is a Co alloy containing Cr, Ni, and
W with Co as a main component; a Co alloy containing Mo, Cr, and Si

20 with Co as a main component; an Ni alloy containing Cr, and Fe with Ni
as a main component; an Ni alloy containing Cr, Mo and Ta with Ni as a
main component; and an Fe alloy containing Cr, Ni, Mo, (Cb + Ta), Ti,

and Al with Fe as a main component.

25
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22.

The method of electric discharge surface treatment according to

claim 21, wherein the electrode is made by mixing a powder of at least

one of Co, Ni, and Fe to the powder of the alloy material.

23.

An apparatus for electric discharge surface treatment,

comprising:

an electrode of a green compact made by compression molding

powders containing 40 volume % or more metallic material that is not

carbonized or is hard to be carbonized;

a dielectric fluid supply unit to immerse the electrode and a

work in the dielectric fluid or that supplies the dielectric fluid between

the electrode and the work; and

a power source unit that generates pulsed electric discharge by

applying voltage between the electrode and the work.

24.

The apparatus for electric discharge surface treatment

according to claim 23, wherein the metallic material that is not

carbonized or is hard to be carbonized is Co, Ni, or Fe.

25.

An apparatus for electric discharge surface treatment,

comprising:

an electrode of green compact made from a powder of an alloy

material that is alloyed by mixing a plurality of elements in a

predetermined ratio;

a dielectric fluid supply unit to immerse the electrode and a



ONdE: / 10 10s&9S 109%& ()- 3710%& ()-510%& ()- &2310%& ()-

0109%& ()-".10%& ()- @wxY:/ 10s10%& ()-yl 10%& ()- @O0%& ()-3f @O0%& ()-S
109%&' ()-Y 109 ()- 10wADdE:/ 10"109%&' ()-, F109%&' ()-

109B& () -3109%& ()-9@0% ()-yl09%& ()-*"dfs / 10,5109 ()-3109%& () -

1109%& () -,/ 10%& ()-&10%& ()-/L$10%& ()-&C 10 10%& ()-: 109%& () -

3710%&' ()-FLY10%&' ()- 10 10 10910%&' () - &ep3=dEbC 10f 10%&' ()- &10%&' () -

, 1098 () - L' 109K i6) theldidfe dtyiclihi@@ (that shipplies thé ideldictic 1ig]cbetweni ng

23] c' "Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading

73] c" "Headitpg @giﬁodelﬁﬁgtwmﬂ(caﬁd Def aul t Par agr aph
Font Lw $i *06< Cl RP dj qwa~ax- k ogyBup—

*
St TR R oy egher <o
Ent Pyvos ADo ARG cﬁﬁgfébefwee@%ﬁg%ﬁ&%aew Bk al Courier New'h Root
5
26. The apparatus for electric discharge surface treatment
according to claim 25, wherein the electrode is made by mixing a
powder of at least one of Co, Ni, and Fe to the powder of the alloy
material.
10
27. The apparatus for electric discharge surface treatment
according to claim 25, wherein the alloy material contains 40 volume %
or more metallic material that is not carbonized or is hard to be
carbonized.
15
28. The apparatus for electric discharge surface treatment
according to claim 27, wherein the electrode is made by mixing a
powder of at least one of Co, Ni, and Fe to the powder of the alloy
material.
20
29. The apparatus for electric discharge surface treatment
according to claim 27, wherein the metallic material that is not

carbonized or is hard to be carbonized is Co, Ni, or Fe.

25
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30. The apparatus for electric discharge surface treatment
according to claim 25, wherein the alloy material is a Co alloy
containing Cr, Ni, and W with Co as a main component; a Co alloy
containing Mo, Cr, and Si with Co as a main component; an Ni alloy
containing Cr, and Fe with Ni as a main component; an Ni alloy
containing Cr, Mo and Ta with Ni as a main component; and an Fe alloy
containing Cr, Ni, Mo, (Cb + Ta), Ti, and Al with Fe as a main

component.

31. The apparatus for electric discharge surface treatment
according to claim 30, wherein the electrode is made by mixing a
powder of at least one of Co, Ni, and Fe to the powder of the alloy

material.



