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1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON

El ectrical -di scharge surface-treatnent nethod 5

TECHNI CAL FI ELD The present invention relates to a
technol ogy for electrical-discharge surface treatnment
usi ng a green conpact obtained by conpression-nolding
a netallic powder or a netallic conpound 10 powder as
an el ectrode, and a pul sgREGHFIEIAQON cal di scharge
caused between the el ectrode and a workpi ece.
BACKGROUND ART In a surface treatnent technol ogy for
formng a coat on a 15 workpi ece through a pul se-1ike

el (pﬁ-l[EC@# -ﬁ.i,p_qut i neL@@m an electrode, which is a

green conpact o y conpression-nol ding a powder

Crose +oElRHRAP RS MR or Myt 38 mBhe KRB ool

containing ceramics as a nain constituent is
est ablished (see, for exanple, patent literature 1).

chni ue di sclosed in patent literature 1,
E%@E@é&'ﬂ is formed on a surface of a
morkplace by controlllng supply of an el ectrode
mat eri al TB§ rresent ||ft\eﬁf1tdllfbt¢iaf€g?et@/vﬁ|tleéhla@lﬂﬂm@l’an
el ectrode hard to sonme extent and nelting the
supledtedakdisehiaage sufface taatment beingvargreehicinpast obtained
a coat, which can be formed by the nethod, is 25
|'i by toman pre sasori-m oldésg abmetallio powdenet armetalliEcompeamd
of a technology for formng a thick fil mthrough the
powder as an electrode, and a pulse-like electrical discharge caused

between the electrode and a workpiece.

BACKGROUND ART

In a surface treatment technology for forming a coat on a
workpiece through a pulse-like electrical discharge from an electrode,
which is a green compact obtained by compression-molding a powder
material, a technology for forming, at temperature close to the normal
temperature, a thin hard coat containing ceramics as a main constituent
is established (see, for example, patent literature 1).

In the technique disclosed in patent literature 1, a hard ceramic
coat is formed on a surface of a workpiece by controlling supply of an
electrode material by electrical discharge while keeping an electrode
hard to some extent and melting the supplied material sufficiently.
However, thickness of a coat, which can be formed by the method, is

limited to as thin as about 10 micrometers.
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el ectrical -di scharge surface treatnent include a
technology for formng a coat containing carbide as a
mai n constituent on a surface of alum num (see, for
exanpl e, patent literature 2), & technology for 5
formng a coat containing carbide as a main
constituent (see, for exanple, patent literature 3),

and a teERanipigy dfar tdahmulogy fot forakingid thickdimnihrough the
t hi ckness of about 100 microneters by extendi ng an

el gdgtti6al-d dichakge arRidesgedtribht Itl@de & te¥Ahnology for forming
m croseconds (see, for exanple, patent literature 4).

104 %ﬁ%dt%@ﬁé@%‘é& idk ad Bl m%mbbaeﬁ{uéﬂg_k&ﬂﬁ 83drPice of

Nunber 744) Patent literature apanese

Pab e AR (468, A Rt N a0 s B oay for

ure Japanese

No 15 H7-197275 Patent literature A: n €

Ao ITTRE % ORLPARIR N Garo 08 Fogs PRl YR TUERE (9o g
technol ogi es, di.scl osed i.n the apovye patent . C L g
| CRRRAS o Bat Dt ARG 30+ ABK & (RARNCLOSDPPrming ik film
constituent of the 20 thick filmis carbide. In other
woha¥ingdiekngsfyof abpub 1980nicreaaires byiedendingane
thick filmcannot be formed. Therefore, in the

t eelevdtiogi-dischiasge psuse widitateabout Bérmiarpseconds dsee, for
it is necessary to performa renelting process using
anerbmqile ppatenttlitetatase Wpar after form ng a porous
thick film 25 For exanple, in the technol ogy

di scl osePateénpitteeaturti L.antdrmatiodal Publieationelumbesaw O

that | ooks dense is successfully formed at first
9l 89p58744)
Patent literature 2: Japanese Patent Application Laid-Open No.
H7-70761
Patent literature 3: Japanese Patent Application Laid-Open No.
H7-197275
Patent literature 4: Japanese Patent Application Laid-Open No.
H11-827
However, in all the technologies disciosed in the above patent
literatures, although a thick film is formed, the main constituent of the
thick film is carbide. In other words, according to the above
technologies, a dense thick film cannot be formed. Therefore, in the
technologies disclosed in patent literatures 2 and 3, it is necessary to
perform a remelting process using an electrode with less wear after

forming a porous thick film.

For example, in the technology disclosed in patent literature 3,
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the coat is porous when the coat is checked fully. In
the technology disclosed in patent literature 4, a
thick filmcan also be forned when an el ectrode of
hydride is used for formng a cpat. However, the coat
iIs 5 dense only near a surface of a workpi ece where a
wor kpi ece material and a coat material are nelted. A

paeveA wheR aCOG4At it MBoks depkeds suﬁi&@‘a@fdlgl fdrehed 8t fiest glance,
porous. In recent years, there is a demand for a dense

anghd gbat iié’?b}/ousl Wheh fRaEohRist EHh&dicdd Funyw tlh)thientecpgrmogy

t hi ckness of about 100 m croneters or 10 'nore

exgm:&se@whm@ﬁﬂ |%§?ﬁﬂe"!“ﬂhiékffﬁr%9&£h 3 beorledwhen an
under ~a high-t q ed.

-tenperature énvironnent are requir
Ex of echnol o f 1.N c hi .
elTUEsg Py Pyghagre el ey Yosm i aoShdt 2 bk DbE g ooat s
agﬂsldin r od ona\ﬁorkpiecetgrouhﬁlectricI . :
di SEASPJINIE &Rt h SYHACRANIG NATKPIB(E WHETS& WPHEPipgR material
(buil ding-up 15 weldin and thermal spraying for
sp?ﬁ?i %&gat %ﬁ'@é‘é' FES &'%‘%'f‘%d-naﬁe?ﬁ”élﬁ\ Oéﬁ %%SHBPQJB!("‘ as
However, since both the nmethods require manual skilled
opehawinoiiskig. 13 is R@fRUScult to perform the operations
on a production |ine, disadvantageously |eading to an
i ncr easeln necarstt yedns, phaeta isud alemame fioLd ddrsenandiratatively

which is a nethod in which heat enters a workpi ece

I ntisiokicoaitya thickefiiph mdth thiclknédd of abbeat 180 Micr@ameters or
fragile material like a wunidirectionally-solidified

al hidte Weforse @ mpROGpHIfcations!ifYwiRiRe ftrength and lubricity under
directionally-controlled alloy, weld crack is prone to

R BN ALY ERHONIMAGIS SN BBl o,

zt ﬁ%érpgﬁﬂagkggm ﬁigb%%ﬁgé@cg%&iﬁdﬁi ngld?ﬁé"fgpwelding to
deposit a material of a welding rod on a workpiece through electrical
discharge between the workpiece and the welding rod (building-up
welding) and thermal spraying for spraying a melted metallic material
on a workpiece.

However, since both the methods require manual skilled
operations, it is difficult to perform the operations on a production line,
disadvantageously ieading to an increase in cost. In particular, when
the welding, which is a method in which heat enters a workpiece
intensively, is applied to a thin material or a fragile material like a
unidirectionally-solidified alloy such as a monocrystal ailoy and a
directionally-controlled alloy, &weld crack is prone to occur, thereby

disadvantageously reducing yield.

Therefore, it has been earnestly desired to establish a
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hi gh-t enperat ure environnment using an

el ectrical -di scharge surface-treatnent technol ogy
that can perform operations on a production |ine
whil e elimnating manual operatjons as much as 5
possi bl e and prevents intensive heat input in a
wor kpi ece. The present invention has been devised in

Vi eyeHriolb§¢ foE faremMgtancieR fAfthatinigSstrength 868 1@britite under a
present invention to provide an electrical-discharge

SUR[gH-8e hberatiRe e iBidRAe ALUSING &h e ridal-afsdntrgk

il mon a workpiece without using the technol ogi €s

Sus B g PO Bt Mool N
STl TN M ERTGAh L kL5600

of 15 form & a c?at on a erfgce cif. a vvorlésj ece wWith
enBP§§Ible aé‘dg fevents (tegsieg PPaLMRHtdE 1 MEK R e d

bet ween an el ectrode and the workpiece in a working

fluid or T RIeSENE iNverdiqN Qéﬁrhﬁ%PF@V@e&r '@eﬂe@b%ﬁlﬁ

obtai ned by conpression-nolding a netallic powder or

a AE¥cumstancespodntis povahiect qrhghwmse@i inyenrtianvptproyide an
material constituting the el ectrode 20 or a substance

t hatedtdcakdischiaege sy riaceetreatmenbimeathedrfer doiminglaaanse thick
the energy of the pulse-like electrical discharge. In

t hiilmalreatwodaieck Mdtvgdaising the¢ethralogwsd suehedwelding and
thick building-up of a material containing netal as a

metHerpeaisspraypiy. i s performed, using an el ectrode
obtai ned by m xi ng and conpression-nolding a netallic

25 powder or a netallic conmpound powder having an
average grain 5 dianeter of 6 mcroneters to 10

IS CIOS R TR | ons, L het 2 ol =
peak An electrical-discharge surface-treatment method according to
the present invention is an electrical-discharge surface-treatment of
forming a coat on a surface of a workpiece with energy of a pulse-like
electrical discharge caused between an electrode and the workpiece in
a working fluid or in an air. The electrode is a green compact obtained
by compression-moiding a metallic powder or a metallic compound
powder., The coatis formed with a material constituting the electrode
or a substance that is generated by a reaction of the material due to the
energy of the pulse-like electrical discharge. In the
electrical-discharge surface-treatment method, thick building-up of a
material containing metal as a main constituent is performed, using an

electrode obtained by mixing and compression-molding a metallic

powder or a metallic compound powder having an average grain



current value is 30 anperes or less. It has been found
by researches perfornmed by the inventors that, 5 in
form ng a dense thick filmthrough the

el ectrical -discharge surface tgeatment, there is a
strong correlation anong a grain dianmeter of powder
of an electrode material form ng an el ectrode, a peak

cudigfietevef 69microfhede RUICS $0WWhIrbmetbay, afritieé? working conditions
according to the present invention, it is possible to

10th & SpRy SENAEIH ¥ 56 nhickT3ddomed chBﬁDr}Elér%econds and a peak

el ectrical -di scharge surface treatnent under

| apegwdt%?uél.gﬁb%gbr@'é s¢hggge surface treat ment

condi t1 ons correspon |ng to an ‘average grain di aneter
of an eII

el ect & %%%?@%ﬁ% Erssaeryigs PRl Biippahvéhfors that,

0 %rﬂ%ﬁ'ﬁ@% 6K Dim RrRHal i elegriBA alRar g Surface

for el ectri cal -di scharge surface treatnent according

t o tr@atfmend; "@'Fﬁdé|QT§HP”9fCQrﬁ%|ab|P§s%’HPni9rﬁ'Sﬁ@inoﬁ’l'a"ﬁ”&" of

2 is a characteristic 20 chart of a state in which
ea@pnet&r afcan elesteodeimaterial fiomhiagoar edectsodepatpaak oprrent
Co in an electrode is changed; Fig. 3Ais a
chaahot,aand i pulseheidth.of a vol t age wavef or m when

el ectrical -di scharge surface treatnment is perforned;

Fig. 3B Mheaefdral acterdingito thbapreseht anmntiatit is possible to
wavef orm corresponding to the voltage waveformin Fig.

10 3Afoﬂﬁh & dénés tRickilahBY ¥ErRsisihigthelaektitdalaliEOnaRfd Sorface
a coat with respect ' to treatnrent 6 time when an

for g @%ﬁbqﬁm@é@rﬁgnﬁé %rlé (lgltctggrﬂgsp%rﬁar!géss%crt%é@ir\éaﬁrﬂent
! SCBREmSMQSHeEBSnd;ng to an average grain diameter of an electrode

material forming an electrode for the electrical-discharge surface
treatment.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic for illustrating a method of manufacturing

an electrode for electrical-discharge surface treatment according to a
first embodiment of the present invention; Fig. 2 is a characteristic

20 chart of a state in which easiness to form a thick film changes as a
content 61‘ Co in an electrode is changed; Fig. 3A is a characteristic
chart of a voltage waveform when electrical-discharge surface
treatment is performed; Fig. 3B is‘a characteristic chart of a current
waveform corresponding to the voltage waveform in Fig. 3A; Fig. 4 is a

25 characteristic chart of a formation of a coat with respect to treatment
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el ectrode contains 70 volume % of Co; Fig. 6 is a
schematic for illustrating a nmethod of manufacturing

an el ectrode according to a third 5 enbodi nent of the
present invention; Fig. 7Ais gschematic for

illustrating a nmethod of neasuring an electric

resi stance of the electrode conveniently; Fig. 7B is

a fiflewhkinCai @ledtrdds containg rfo ARitBAE| tndt igBassliket to form
the electric resistance of the el ectrode nore

copy@anientig.s iqu:ho‘iopﬁaﬁu ohar @4 ethiat i $oiGhed twidn he

relati on bétween a heating 10 tenperature and an

| \ e o : D homnt
?nsﬁf‘ﬁ'ﬁiiﬁéh ifS 7% volu e%'o?(?osfﬁ@?%ai%'e?s%eﬁmaﬂcafo?

ctrical-discharge surfafe treatnent 1s

glfef“f&%%?ﬁ’édg @gg{hko'o‘ﬁ@% pﬂﬁjfggtugir%c%éﬁeé{eﬁgédgﬁc%%f?'@.“to a third
 aimbosiiie ™ of (B8 niee Rt inVa|dh a7 g B SoRgiR Ear,

coat formation whi| e, changi ng 15 an average grai
di AiHstrating: a etoeLet BRaSvA G ABISI8FH Caronis BB of ¢l the

and Fig. 13 is a mcroscopi c phot ogra?_h of a coat

f oplasdrasie eaeverienti¥hFidonad ieleesehematicdesitluatrtiaa method
CARRYI NG OQUT THE | NVENTI ON 20 Exenpl ary enbodi nents of

t hef pre=saming theeataadric aeeiséaptaiofidile electiedaimoteetonveniently;
with reference to the acconpanying draw ngs. The

pr EREr8 is awhHraoteristionchartiofid eslationtietwiezn aeading
description, and may be nodified appropriately

Wi télﬁ?bréiaﬁélfatnidnﬂn etz reeptaned; Fig Pieasthematic of a state
i nvention. Mreover, in the acconpanying draw ngs, a

SCH fnhif ﬁwrigél-m%{g?t??prfgdcéc g_éaf;ﬁéng\isoﬁéﬁﬁﬁﬁeﬁfin working

easy understanding. 7 enbodi nment concept for

fo . i i e . .

LUE%S, 99155 DR bR 10180 copt, Fig, 1 s pgomati

t hForpl[ISg’FrgEing a method of manufacturing an electrode; Fig. 12 is a
table of a result obtained by performing coat formation while changing
an average grain diameter of an electrode material and a pulse width;

and Fig. 13 is a microscopic photograph of a coat formed by the

conventional electrode.

BEST MODE FOR CARRYING OUT THE INVENTION

Exemplary embodiments of the present invention are explained
in detail below with reference to the accompanying drawings. The
present invention is not limited to the following description, and may be
modified appropriately without departing from a scope of the present
invention. Moreover, in the accompanying drawings, a scale of each

member may differ for a purpose of easy understanding.



invention is explained. In the conventi onal
el ectrical -di scharge 5 surface treatnent, an el ectrode

material like titanium (Ti) is chemically reacted in
oil through electrical discharge to forma hard
carbide coat Ilike titaniumcarbide (TiC). Therefore,

the el ectrode used for the electrical-discharge
suFfracenibsdilieitt i ncl udes a | arge quantity of a
material that is likely to formcarbide. 10 As a

resul t, AQorReHTRbE forinly 4 RRnRLSHIER fifth tHiGERr ge

surface treatnent is applied to steel, as the

Fédt?i?éi-d@cﬁ%?gé%%rFa‘erfﬁSStmEﬁFQEES in rtBQﬁSSprsrgrsn@nt

elg
material on a surface of a workpl ece changes

cniiFiect B ey S FPRbpendita fesidarlpenares

5 bR AR e B BB TR WU B3 ey

coat formation process, by adding a majerial |ess .
| i kRasteddnipl HHPHSEN%'S&”!%'&%'WQ&Q%F& rgy aghard carbide coat
el ectrode material, it is_possible to forma coat

cohikeitita piy mrseabides(TiChmi fheseforet thenelepttpdeppeddor the
thick coat. This is because addition of the materi al

| egledtiikal-¢iscbabge 30rtzmebisaatednt maide s bdargedpantity of a
i ncrease an anount of materials that renmain on the
coatatesapthay ia likelyto $omh eanbldeout becom ng car bi de.

This has an inportant significance in formng a coat

10 thi ck. Aapreesisit,ffor oxamiplacwidmehaBledtaeal-atehiege surface
el ectrical -di scharge surface treatnent is explai ned

W traatipkRt e applied "_tb%teeg%os]}thé: bfbctrica ﬁd%cﬁﬁ?@%’%ﬁirfhce

for illustrating a netho manuf act uring an

| SEBLAR BRSaELEELA b h S5/ FL0E A LA ST Bhanges
"85 b, ] VTSP, ShehBRaEREElragtoucs e
t hﬁ%erimsallci:oknecll}/ctxtv?ty and a melting point change.

15 Through experiments performed by the inventors, it has been
found that, in such a coat formation process, by adding a material less
likely to be carbonized to constituents of the electrode material, it is
possible to form a coat containing metal as a main constituent and form
a thick éoat. This is because addition of the material less likely to be

20 carbonized to the electrode increase an amount of materials that
remain on the coat keeping a metal state without becoming carbide.
This has ‘an important significance in forming a coat thick.

A process for manufacturing an electrode for

electrical-discharge surface treatment is explained with reference to Fig.

25 1. Fig. 1is a schematic for illustrating a method of manufacturing an
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form carbide, and a cobalt (Co) powder 2, a materi al
that is less likely 5 to formcarbide, are mxed at a
predeterm ned ratio (e.g., C: 25 weight % Co: 75
wei ght % . The m xed powder of ghe C powder 1 and the
Co powder 2 is filled in a space surrounded by a nold
upper punch 3, a nold lower punch 4, and nold dies 5.

Thetlectidde fir@echriditlistifarye sWitacedaiment (Hedeibruftehaimply
upper punch 3 and the |ower punch 4 to forma green

Coﬂﬁ?éﬁbggﬂfo s %ﬁé‘&%@éﬁh@@&’rcﬁﬁ?@@-a firstidiBbodiment of the present

el ectri -di scharge surface Treatnent, this green

r1 TuBRtiohS G, 8%nrohe FoRRaRtEr 113 MegRly dl i FRely to
m ronerBi8erdRad foBel EETBwin 2 Bthart that isdassqikely
e oS eR e SR04 S A TR T 2B
conpr essi on. nol di ng, apd can i nprove nol dability of

t hweighted. Sidet weightvwder, if a | arge anount of the

wax remains in the electrode, an 20 electric .
resi st antbednixeidepewder obdke iGicpewdes 1samd éhe (0 paydes 2 is
an insulating substance, thereby degradi ng an

el fiked i al sph e barrgandedope at woldrhpper phiachwixa insold lower
m xed in the m xed powder, it is preferable to renove

t hpumed 4, 4t aid Rites SO VESEMYtheunixed) pbhaegrisen

conpact 25 electrode in a vacuum furnace and heating

t hgo BipeeSsivAatded b? theagishdd pinchB dea@thedowbe E@rnehm to
conpact el ectrode, ofher effects are obtained. For

e18H| § g SqREact 8 ARGutEragm aghecl o

| NGR2EathisBREr e Qlirface treatment, this green compact is used as
the electrode. Note that, in the first embodiment, the Cr powder 1 and
the Co powder 2 have an average grain diameter of about 6
micrometers to 10 micrometers.

Wanx like paraffin mixed in the mixed powder can facilitate
transmission of a pressure to the inside of the mixed powder in the
compression molding, and can improve moldability of the mixed powder.
However, if a large amount of the wax remains in the electrode, an
electric resistance of the electrode increases since the wax is an
insulating substance, thereby degrading an electrical discharge
property.

Thus, when wax is mixed in the mixed powder, it is preferable to

remove the wax. Wax can be removed by putting the green compact

electrode in a vacuum furnace and heating the green compact. In



the green conpact el ectrode. Therefore, even when wax
is not mxed, 5 heating after conpression nolding is
nmeani ngful . Incidentally, the electrical-discharge
surface treatnment was performegl using the el ectrode
manuf actured in the manner described above to forma
coat. As pulse conditions for electrical discharge, a
peakidition,enyt heating the gveensedmbaci 8leutpmiegsothen effects are
el ectrical -di scharge 10 duration (an

el ebtdainedl - Hachairaplaut fepobsibie té devpsasetnt @eltric

m cr oseconds, and a qui escent tine vvas set to 128

m Fé@i§ﬁ§r€t@|§f thd gre&s cﬁﬁé’pfﬁgcttélébtroh EB ﬂgsr@ag?r!ﬁ?ength of

thick filmthrough the trlcal- arge surtace

trexd gggéen c%n%?t}(tnelgb%ﬁher 'ﬂ{er@f’ eve O{V%H%gﬁ is not mixed,

el ect current val ue,

51 ehealbial %@ﬁ*eﬁ%bﬁﬂﬂfﬂgﬁ%&%#?@@%@f 2&2?52“ o
?Siﬁé‘éeoingﬁsﬁ%ﬂ&, e Biefeabasctasas Safe fearpont was
di ane is possible to forma densethlckfll

\/\hBﬁ"é’r’i@"*deP%’@Qrﬁh@a? ﬁ&t@&ﬁ’am@ém%‘ﬁﬁué@@ in teamanner gescnbed
performed according to an 20 electrical condition in
anagppedprivamea ,solag-e fiscrse gansidens fpealectripall discharge, a
width is shorter than the appropriate range and when a
pubeak curcent valuedegeas skehto tlidcamperep;, antedectnicgd-discharge
formed coat is porous. Mreover, when a pulse width

10 i sdahatidn (ah tehectgicaddisdeaygeqsidsenyidthole waspssi tos6Hn
a wor kpi ece, the deposited electrode material has no

25 nfitFeyedionds? afkg quies sarfttiieanas sel@o 129 Mmicroseconds. It
considered that this is because, vvhen a pulse width at

t h?uast1‘0‘?1‘1’1001fha€i't ﬁféfd’rhﬁﬁ? adbéﬁgértﬁ ughCigment

devi ates from appropriate p se WI t h “and

deg[RATESI-diding rgB KT ralerbatmight, Y ﬁ@iﬂrcﬂgmeter of powder

forming an electrode, a peak current value, and a pulse width have a
15 strong relation. An outline of the relation is described below.

When the electrical-discharge surface treatment is performed
using an electrode formed of a powder having a certain average grain
diameter, it is possible to form a dense thick film when the
electrical-discharge surface treatment is performed according to an

20 electrical condition in an appropriate pulse width. However, when a
pulse width is shorter than the appropriate range and when a pulse
width is longer than the appropriate range, a formed coat is porous.
Moreover, when a pulse width is short, although an electrode material
deposits on a workpiece, the deposited electrode material has no

25 strength to make the coat coarse.




energy insufficient and nmakes it inpossible to nelt

the powder of the 5 grain dianeter, thereby naking the
coat porous. It is considered that this is also

because, when a pul se width at 1Qghe tinme of

el ectrical -di scharge surface treatnent deviates from

the appropriate pulse wdth and increases,

conver seltyis ddnsdemdcthatltbct is batauss,cwhege pelse gydth at the
excessive to collapse the el ectrode significantly and
supipie ef etectfichhrtpthaitgetdurfacy treatwient delistes fpohetbe

that is, between the electrode and the workpiece,

t hgp@bdpnrrai@ Emsletwmtﬁfawhbcﬁéhs"@é tthish@ arewdsiectrical discharge
entirely with an electrical discharge pulse. Note that

' t eh%? f"n?e%fﬂ@%‘ht %é@s%%g?%@ﬁ{eé '?E'?ﬁéltﬁﬁéf;ﬁvﬁ'@é’r of the

nventors that a range appropriate pulse

5 gwm‘%ﬂ% rl gr&ﬁ%?ﬁgflngxtb%néoﬂcﬁé’rroqfsng it ?E[ eoﬂgﬁféred that

rent rease rain

er, of en el ectrode mater,i al c se

B1ip GilaS Becatise, iar B Usd i 2B 1R T oo
eIe trlcal di scharge, pul se conditions, it is, possib
t o efQftHcal- Hlﬁr@@f%é“rf&q H@a“@PB&F'PV@éPSJF%HQPg%pPFOP”ate
surface treatnent is perforned using an el ectrode 20
f oPHISE WidthoaRkd inGreasssappryprsedy.cthif giakes alastdeal discharge
range corresponding to the pul se wi dth. However, even
i f enecgy éxcessiveftoacallanss thepalendroda dignificantbeandviugpplies a
the electrical -di scharge surface treatnent is

10 petdrgentuia nistyngf powdeebetwdenfpoles othaidsypetween tige @lectrode
grain dianmeter |arger than the appropriate range and

whendithe wbagieteathetebyhaagmglid difficiftce mettheepdéwder
performed using an el ectrode formed of powder 11

haghfige § \H{tﬁ'a‘h Qle%@ﬁéﬂdéﬂﬁbl'dﬁ puls) the appropriate
range, a orrre coat is porous. \Wen the

3;?2;"323{3 ﬁ gergfsorﬁ}rgeogﬁéﬁnggﬁﬁaqﬁfﬁu%ﬁexpﬁhmr{@%erformed

ar %Whe inventors that a range of the appropriate pulse width changes to

15 some extent according to a peak current value and increases as a grain
diameter of powder of en electrode material increases.

When conditions of a certain pulse width are used as electrical
discharge pulse conditions, it is possible to form a dense coat if the
electrical-discharge surface treatment is performed using an electrode

20 . formed of powder in an appropriate grain diameter range corresponding
to the pulse width. However, even if a condition of a certain pulse
width is used, when the electrical-discharge surface treatment is
performed using an electrode form of powder having a grain diameter

larger than the appropriate range and when the electrical-discharge

25 surface treatment is performed using an electrode formed of powder
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di aneter, although an electrode material deposits on a
wor kpi ece, the 5 electrode material has no strength to
make the coat coarse. Note that a relation between

powder forming an el ectrode andqa pulse width is
affected by hardness of the electrode that is

determ ned by heating tenperature and the |ike of the

el bavimypa.graive dinrgbetsr $rhallehthiahneiss aplpropdatd eigede formed
is, the longer the pulse width appropriate for 10 the

el eolt i< pbrélis Charigm g bRsdtribsPalsthalirgd aeRfRe tréBfnent is
| ower the hardness of the el ectrode |s t he shorter

t Npepe |€Etrd
| Berne i, aneno0r g tobed o owagr it s lrger oran

fﬁg‘%hgﬁéf?%#ﬁ%?‘ﬁl‘“ﬁf'ﬁas ALAE Terial URPoSIR U Ao rkHlece. the
CPl TS AR RS R} SrBnol st 06K RhGont §BRES,

bt cakage NSRS AhaLReIaa PO eERAGHIEh (b RGP plgrode and

powder of an electrode nmaterial. Howe ver when t
peaw%w.l%tﬁtlsxﬁd‘f%eﬂsbseaamnesﬁ obthe smrqd%ﬁh@tos etermined
anperes, it is possible to forma satisfactory coat if

t hByJeating tampatatupelass thedtike of the ledecisade Ac Jhednigher the

to the experinents performed by the inventors, the
pebhrdnessenf thaklectodde igrtherlesger thepaise \nn'éthuiappnbnrtate for
prevent pul se breakage. On the other hand, when the

pettke eluateohl-diichargs seefice tfeatmpat becoifis. el Ehé nower the
is damaged by a shock wave caused by 25 energy of an

el AaFdhésd ofjtﬁéﬁf’écﬁtﬁnd%“léﬁhér%&f’éﬂ MRS BaIskeOw/thYapptopriate for
supply a 12 powder rraterl 'al to the workpi ece

o185 ekl s e 8 4 1acd oS0l PocBl, g corolation
thhekwbéh g H\@F‘dness of the electrode and the coat formation has been
found through experiments performed by the inventors.

Concerning the peak current value of the electric pulse
conditions, an extremely small peak current value causes pulse
breakage of an electrical discharge and cannot melt powder of an
electrode material. However, when the peak current value is equal to
or lower than 30 amperes, it is possible to form a satisfactory coat if the
appropriate pulse width is selected.

According to the experiments performed by the inventors, the
peak current value of 2 amperes or more is required to prevent pulse
breakage. On the other hand, when the peak current value exceeds

30 amperes, the electrode is damaged by a shock wave caused by

energy of an electrical discharge pulse and collapses locally to supply a



successfully formed by using the el ectrode fornmed of
the & powder 1 5 and the Co powder 2 having a grain
di aneter of about 6 mcroneters to 10 mcroneters and
usi ng an electrical discharge puw se having a pul se
width of 5 mcroseconds to 500 m croseconds. Thus, it
is possible to build up a material dense and thi ck,

angofaen matkisleot thieckofkpist b @xicegsivaly.f | Asentesult, the coat is
strength even under a hi gh-tenperature environnment by

10apsy hieide perows ki ng (el ectrical -di scharge surface
treatnent) under vvor ki ng conditions (discharge pul se

condi ti Oﬁ%}:of@iﬁg; st e Boélmﬁﬁla'andgvfé’?ﬁi%k il was

povvder form ng ectro Anong net a

SUBREBOCH Iy Tor dhéﬁabvégﬁ%ﬁ'@r felbacttrch e 8F AL crBMder 1

enmperature ore
poSSi or m a thlck f|| [

5 oAb 8 o8 e hellind dra b laniets 8 abp! #?ﬁfﬂ rpsters to
el ectrical - |scharge .surfac r.eat usi n an )

ol APUPISTEMEIATS AREHS 9. anrﬁﬁ%féf'e%ggpka having a pulse

p033|ble to forma thick film having strength and
| uMigidy f5 Unigdpsecendmie SRPemiarapecandsr odheis: itisiRrpsdble to
20 technol ogy for electrical-discharge surface
t r baildam atmaterial denrebasddhigkeaingt farnyacrnss thoak fibm having
a production line while elimnating nanual operations

as soffohenksipengitbeee anquea/h‘rgrs«témpenaﬁu\re dmdtonment by
in a workpiece. Note that, "dense" in "dense thick

10 f i petfodeseg ivisritime (Slettdss -discRargy sufate tréatalerdt) codler
does not peel off easily even if the coat is filed 13

( alWo?RiNg comditiaha! ('dYscHd?@eCﬂﬂ*se'(fonﬂdeﬁé)' Mds@%%%ﬁﬁlé’f’or a

f|||ng) and acquires a netal gloss through poli shing.

| ngPll diafbtet BE thiidr foflingl 6 e Sfodb! f ace

at nent may
Among metallic substances, Cr is a material that forms oxide at

high temperature and shows lubricity. Therefore, it is possible to form
15 a thick film having lubricity under a high-temperature environment by
performing the electrical-discharge surface treatment using an
electrode containing Cr.
Therefore, it becomes possible to form a thick film having
strength and lubricity under a high-temperature environment using a
20 technology for electrical-discharge surface treatment that is capable of
performing operations on a production line while eliminating manual
operations as much as possible and prevents intensive heat input in a
workpiece.
Note that, "dense" in "dense thick film" described here means a

25 state in which a coat does not peel off easily even if the coat is filed
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performed in a working fluid or in the air. 5 Second

enbodi nent Next, a second enbodi nent of the present
invention is explained with reference to the

drawings. Fig. 2 illustrates afgtate in which, when

el ectrical -di scharge surface treatnent is perforned

using an el ectrode manufactured by

c o (qult fecsueg o,nA antoilr it y) g heneb dtd atsligh tly retnovedk b yddimtprand acquires
Cr3C2 (chrom um carbide: grain dianmeter 3

m arraeeilefless ancbugh polidkinlg. grain dianeter 2

m cronmeters), easiness of formation of a thick film

changes [y aglamH rtﬁe@el@@fﬁﬁﬂd.@éhé:fge §nﬂabé&mam1eaﬂlmby be
of the electrode’is 3C2 . A content of the Co,

CaP%h’grﬁle@ %r‘ﬁs/noq hﬁ‘d !ﬁ §$s 4lif kely to form

nore and a heating

%egggbggvé{glbgmrﬁégghe corrpreSS| on ol ding of the

ut 9000C. The el ectrical -di scharge

surface t ment S rforme in reen ct

el ectrod a?nsﬁ’gﬁ’o %&ggdfﬁ]eﬁ! I?%ﬁ%?%’?ts'%?efggmg
rriIIirreters factured er such ondji tjons to )
foPﬁP@'E%ﬁt"‘."”ﬁr @reggejg\t rgymgq; us %?%gi‘él%ﬁﬁe%swte m
of electrical dlscha pul se conditions in

pe Mo i Wbeﬂrﬁieét?&ﬁlﬂg &%Jnarﬁeswﬁag@ tegatmeard is negforggd using
Fig. 3A illustrates a voltage waveform applied
betneairnctiodel manufakiured by compkressicr-raoiding andreeatfing a

el ectrical discharge and Fig. 3B illustrates a

currrigad pwwaedoofrCef{C a(chrbatium carbideegraihl diaimegeat3 t he
time of electrical 25 discharge. As shown in Fig. 3A

a Rfictorndters) badeCsi(cobaltagpiinegiahfetee 2edcropedterpp lessiness
at time to. An electric current starts fl ow ng

beLIESIIn 0O of RELHIK ﬁﬁnaéhédag@; by chalngling ad@sitedt of Co.

di scharge delay tine | ectrical discharge

starts. Angobi a0t Abrialb? 1ROl cit§aé ISIHSEE 98 content of the

Co, which is a material that is less likely to form carbide, is 40
volume % or more and a heating temperature after the compression
molding of the mixed powder is about 900°C.

The electrical-discharge surface treatment was performed using
a green compact electrode (having an area of 15 millimeters x 15
millimeters) manufactured under such conditions to form a coat. Figs.
3A and 3B illustrates examples of electrical discharge pulse conditions
in performing the electrical-discharge surface treatment. Fig. 3A
illustrates a voltage waveform applied between an electrode and a
workpiece at the time of electrical discharge and Fig. 3B iilustrates a
current waveform of an electric current flowing at the time of electrical

discharge. As shown in Fig. 3A, a no-load voltage ui is applied



vol tage ue and an electric current flowng at this
point is a peak current 5 value ie. Then, when the
supply of a voltage between both the poles is stopped
at time t2, the electric current stops flow ng. The
time period between t1 and t2 indicates a pulse width
te. A voltage waveform between tine tOand t2 is

apBetREe R AREILIBSE tihe t0Pol&F efttRaicifitentdtarts flowing
intervals of quiescent tine to. In other words, a 10

gub\%?wleéh%d‘tﬂ:thégﬁolgé at HNB th rhfférgilaﬁéeiéf ﬁgebhﬁe delay time

[
etween the electro and t'he wor kpi ece.

R RE Yoo 5L oMot R BB F oo

ampef,es, the .electri.cal-di scharge duration,(an
STBBIEBR 4ie Bnoa plasthl ctr e el Bk Faafl o peak current
m cr psecon and the quiescent tine to is set to 128

5 ni ¥RB&:tondEheRowbendthe supplyAfranpltaggbetwesn both the poles
mnutes. As shown in Fig. 2, when the content of Co in
t his slaRRachabtime thohetactric cuirest stors Eomingt of
Cr3C2 in the electrode is 100% about 10 mcroneters
i s a |inlhedimenpeioddetwieen tdomd thandicatesha [fulsewddth te.
20 The coat is made of a material containing C3C2 as

a Aevoltagmsiaviefienh bedwden thasctOnatent? a$ applied Hetween both the
illustrates a formation of a coat with respect to

tr paldeefdpedted®y Bhaitehfs Afafilie966n CHMeoNS |ACther words, a
material that is less likely to form carbide. As

10 ShEWLd-NkEVitate 48 sABWNIN FFH{. Jeld SﬁPFPéd Yitween the electrode

el ectrical -di sCharge surface “treatne t he coat grows

as ,tal and thi ckness of the coat saturates
inaéb?@gﬂglﬁﬂﬁ??%. (about 5 mnutes/cnR). Thereafter,

t he coat,dges not _qrow fqr a whilege. en.the,.
In ﬂ1e secong embodiment, as ﬁ1e XY]ectrlcal discharge pulse

conditions, the peak current value ie is set to 10 amperes, the
electrical-discharge duration (an electrical-discharge pulse width) te is
15 set to 64 microseconds, and the quiescent time to is set to 128
microseconds. Note that a treatment time is 15 minutes.
As shown in Fig. 2, when the content of Co in the electrode is
0%, that is, when the content of CrzC;, in the electrode is 100%, about
10 micrometers is a limit of thickness of a coat that can be formed.
20 The coat is made of a material containing Cr;C, as a main constituent
and a base material.
Fig. 4 illustrates a formation of a coat with respect to treatment
time when the electrode contains no material that is less likely to form
carbide. As shown in Fig. 4, in an initial period of the

25 electrical-discharge surface treatment, the coat grows as time passes



el ectrical -di scharge surface treatnent is continued
for nore than a 5 certain tinme (about 20

m nut es/cnR), the thickness of the coat starts
decreasing. Finally, the thickpgss changes to m nus,
that is, the workpiece is dug. However, the coat is
still present even in the dug state and the thickness

t hghaahidkhedBftthe0cHa ICE MURARSSIn d lRestali$ tinPé (@Bbut be
sanme as thickness of the coat fornmed in an appropriate

ti MBautdd/8ekerring back to Fig. 2, it has been found
that the coat can be forned thick as the content of

ol ect ook LR the S5t SR oG RoCTIhiie,e Wifkn e
Crp Bt - RrALSY 5hRERoTIERARERCA {SidiTedtor fors tyan o

when the confent exceeds, 40 vglume % the 15 fhicknes

5 <SRRI UTS (ARG UGE] TBaSS o) oy Wisksas of [l CgEStants
increasing a quantity of materials remaining in the
codeceaasiggal Finally, dhpdbickpessidangasia munesathat is, the
contai ning a nmetal conponent, which has not changed to
cavoirkipiecedRidup.i t Howeyerothreocaatist $tilt Rrésenh everbin the dug
Co is considered to play a role of a binder in the
costate Zihd\heethibkines® theme ofois @bohit I Ocmitrext eteeans This is
rati o of values obtained by dividing weights of m xed

poatirost the demel 44 eisickhebdof thespetiformeddahein abpraprdate time.
indicates a rate of a volunme occupied by a naterial

10 i n a vol Reke®ind'Bh6K itd/FRig 0P, AlHaPPBERTEUNETRaEXPRLAL can be
in the case of volune % of a Co wder , "vol une %

po 25
of = vl _
Of AP 5 W4 bt ST QAR (YRR (63 Barbonized,

DO BBl h ARSRREES o BRI ap PRIV Co i
exﬁ‘{?leFéctrode exceeds 20 volume %, the thickness of the formed coat
starts increasing, and when the content exceeds 40 volume %, the
15 thickness stabilizes, making it easy to form a thick film. By increasing

a quantity of materials remaining in the coat as metal, it is possible to
form the coat containing a metal component, which has not changed to
carbide, making it easy to form a thick film stably. Co is considered to

play a role of a binder in the coat.

20 Note that volume % in this context means a ratio of values
obtained by dividing weights of mixed powders by densities of the
respective materials and indicates a rate of a volume occupied by a
material in a volume of materials of all powders.

For example, in the case of volume % of a Co powder,

25 "volume % of Co powder = volume of Co powder/(volume of Cr3C>
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"vol une of Co powder = weight of Co powder/density of

Co powder". 5 It is preferable that a rate of the
material, which is less likely to be carboni zed,
contained in the electrode is ggual to or higher than

40 volume % As shown in Fig. 2, when the peak

current value ieis set to 10A, the

el powdiec d volused af G gonatarpr 1001e

el ectrical -di scharge pulse width) te is set to 64

i cr osecAR@Sumangf powdeaniienoean 4ppaEren votumet (4 vollthe as
128 m croseconds as the electrical discharge pul se

COpgiviiePNBut btsd BstaREEFIOuenéd of tRE P atefifl. For example,
t hi ckness of about 10 m croneters even if the rate of

t he, dTE‘ﬁ'\%r ?F‘booﬁwvﬁgr '-Swhﬁﬁig &8 'povider? ﬂgﬁ’i Sf"Czc?ﬁ wder".

IS equa ower vol'ume

gggg'et O MANferbBIR o] ¢ n%fe%’f grﬁ:{ hPa‘tSth LG 8ss likely to

Slbl to build,u ns.e and hi ck,even
P88 2 Babfedh contiRed iBng) eBcHoaR 5. ql@éol?fk%agﬁe{aha" 40
be carbonlzed contained in the electrode is ab?
voveiNdesoa AsngROWR 1B Fdgcénwinanothe peak curesnt yplue i85 set
narrow. For exanple, when an excessively larg
quinf DAy the eéewﬂpal digchargg d/waélnnf(éhwleetma&éhsq@rge pulse
contained in the el ectrode, when electric conditions
ar widtb) tappseptod ﬁt4emi(moswhenda, anditbecfuieseent tnrer todis set to
is bad, although build-up of the material is forned,
i t128 masosycdmdousdherelactrivdl alischarge psiseatormditions el is
even if the filmis polished. However, in the second

enpagsibrnto fome a\es4d With (tBicdidgsiscot asbschangiersmeteaceven if
25 treatnent) is perforned under the working

COfHH FdteNsr n]%%' r?u‘é‘téhéla'wﬁ%hgé ?@é@hﬁéw 5& c‘é‘PBShiz'e%nffé equal to

nost sultab or a graln di ameter wder form ng

5, 10 TG A" R e o o o

eri se an I CK because
Cogﬁplf'oupnrtcattle?yn?o f6rm a dense thick film. For example, although it is
possible to build up a material dense and thick even if the rate of the

material, which is less likely to be carbonized, contained in the
electrode is about 30 volume %, a range of the conditions is extremely
narrow.

For example, when an excessively large quantity of a material,
which forms carbide, is contained in the electrode, when electric
conditions are not'appropriate, or when a state of the electrode is bad,
although build-up of the material is formed, it is easily removed or a
metal gloss is not acquired even if the film is polished. However, in
the second embodiment, the working (electrical-discharge surface

treatment) is performed under the working conditions (electrical



bi ndi ng and form a coat having sufficient strength. 5
A phot ograph of a coat, which is forned when a content
of Coin an electrode is 70 volume % is shown in
Fig. 5. In the photograph showyr in Fig. 5, a thick
filmhaving a thickness of about 2 mllineters is
formed. This coat is forned with treatnent tinme of 15

m digorsarygsdarlse idom détiswl X moss sditable teda gbaivediameter of
However, it is possible to forma 10 thicker coat by

i nﬁbmrﬁgrﬁ\hﬁg thiedlddmpddé. "Thisl Hkes! D oRsaAbMedsuIld up a
containing 40 volunme % or nore of the nmaterial, which

' Srﬂﬁ%ﬁ h eRsY érgj aﬁﬂ&%@s@eﬂetél%hth%sfo%e'd‘céé‘tefuncttons as

electro e i'S use

(e is perforned
unégdlr:&I ﬂ:}(l nga%%aﬁoﬁﬁ' ﬁcsqj(ff'#izggﬂs?%g.\t&q's di schar ge

pul se co d|t|ons t_ sui e for. a grain diangeter .
o~ powdBrPheBRTIRN e EFat Wt S tafoBt kRen A Spbfang of Co in
pOSSi at, ich is stably de

P hPBiElogHoge 8 10, aIERe ok RipeBanTj0- Bhe 1n the Shotograph

el ectrical -di scharge surface treatnent. Third

enBBaWReiRt Figo Suadthicl Tilmi havieg thisknessof @k us 2emillimeters is
invention will be explained with reference to the

dr flainme@d. Fhip ceat is orowbwithi teatment timesof Abimipudes under
nmet hod of manufacturing an el ectrode according to the

t hthhel contldiinsedescrib & apowder Hdwbkaer,rifjisapgssibte to form a

di aneter of about 1 mcroneter 25 is filled in a

10 spétiekeutoatibyedciaasmgohé trezraiernungs. 12, a nold
| ower 18 punch 13, and nold dies 14. The Co powder 11

IS CcoONpregsi Me m&%’d@bohﬂﬁnww Mﬁ‘ﬁ]‘é %Zoﬁﬁ{brbhtﬁ the

| oner punch 13 to forma green conpact of

Pr fARLRAT WRESIEARESs 1KBIY B be carbonized, such as Co in the
electrode is used and the working (electrical-discharge surface
treatment) is performed under the working conditions (electrical

16 discharge pulse conditions) most suitable for a grain diameter of
powder forming the electrode. Consequently, it is possible to form a
coat, which is stably dense and thick, on a surface of a workpiece by
the electrical-discharge surface treatment.

Third embodiment

20 Next, a third embodiment of the present invention will be
explained with reference to the drawings. Fig. 6 is a schematic for
illustrating a method of manufacturing an electrode according to the
third embodiment.

A Co powder 11 having a grain diameter of about 1 micrometer

25 s filled in a space surrounded by a mold upper punch 12, a moid lower
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el ectrical -di scharge surface treatnent, this green
conpact is used as 5 the electrode. A predeterm ned
press pressure is applied to the powder to harden the
powder and change the powder tqga green conpact.
However, the green conpact cannot be used as the
electrode as it is since it has a high electric
repuatANE: aniiditiaiies i1d. r €Bhe G powafert tieislO

el ectrode can be roughly estinmated, for exanple, as

shewmpresioh-mbided By theP@hper plinh ok éﬁQthloWetrlblu nch 13 to

metal I'ic plates 22 and bringing electrode te:rm nal s
o APt A tich ST 06,
rebstiGe BReRarRE Surite Baatneif i bRéer Syt Haed as

33, nt ontact with both ends of an electrode 31. In
t hE§ ﬁfer‘ﬁr odi nent, Co used as the el ectrode

material has a neJtin oi nt exceedi ng .1000C.

However , Atwgdreé%@am&ﬁiegr RIRSSUTe @ APhlieddadhe; pwdsr to
that, when an el ectrode was observed fully, a 20 part

of hardendie poNdgrcy)d gERNee thecpoweer trgedranly eompact.
about 200C to Ilower an electric resistance of the

el Howerds, thehgneeheoGpaciviandicdha nged ap tieneltichrstesas it is
of about 1 mcrometer shown in Fig. 6 was nol ded into

a gineenit baspadigha@lectgcaesibtaneeer Thfe alecttic i8sistance of the
mllimeters and a |l ength of about 30 mllineters, 25

aneRitrddd eanasd ﬁc_t@gmg gRmateRt] oy ekBmpreaayrshodvn in Fig. 7A,
nmet hod shown in Fig. 19 7A indicated several ohns to

Sey9 bl an WEBtréle WA MbtaMEhIARE 2D ANEHriNGMg

conpression-nolded. Fig. 8 illustrates a relation

beé\%ﬁfbdea{b@]iﬁ‘é‘{ E& &P 1edtBr 93 AN BnbEANWE the metallic
en the green

t enper at ur e
plates 22.

Alternatively, as shown in Fig. 7B, the electric resistance can be
estimated by a simpler method of bringing electrode terminals 34 of a
tester 33 into contact with both ends of an electrode 31.

In the third embodiment, Co used as the electrode material has
a melting point exceeding 1000°C. However, the researches of the
inventor made it clear that, when an electrode was observed fully, a
part of the material (Co) melted even at temperature of about 200°C to
lower an electric resistance of the electrode.

When the Co powder having a grain diameter of about 1
micrometer shown in Fig. 6 was molded into a green compact having a
diameter of about 18 millimeters and a length of about 30 millimeters,

an electric resistance measured by the measuring method shown in Fig.
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conpact was heated in a predetermned tinme in a vacuum
furnace and 5 then held at a predeterm ned tenperature
for one hour to two hours. Wen the heating
tenperature for the green conpagt was |ow (1000C or

| ess), the electric resistance of the green conpact

hardly fell. However, when the green conpact was
heﬂ\qﬁd ot ts%%%%%@ tosferal tés ahmst aizﬁmgoﬁﬂqmen the
|n Fig. 8 the electric resistance of the green

f ofaager s, eoMeTeBrE Mefddh,  Bia . ﬁbﬁt%ﬁéﬁp"%@%ﬁ?g bstween

0

t eﬁﬁeeﬁﬁ%tafc %%E%%ﬁaéﬁ%aﬁ)%&w&&%@“%@?%%%“? e Epar

t hi ck I h d har d
CHEPBRBEL AT BRBGHR R ATRGS &r&nﬁp@&w%ﬁé?ﬁpuﬁmmgae and

bet ween lool es 15 b el ectrical di sch?rge dfﬁcre% %
A hremheld atarmeesteraingddempegatare forone hour to two hours.

el ectrical -di scharge surface treatnment is perforned

by an el When tha heptipadentneratyectortthe-resit compact was low
apparatus using the el ectrode manufactured in the

pr oPEC dedess)bte eddetvie.resistahee sifdhe greewncdampacthardly fell.
9, a pulse-like electrical discharge 20 occurs. A
phebegaphwhie natheogite rocomgp aty waseheated in a temperature range
el ectrical -di scharge surface treatnent is shown in

][:' 9.of ldbodtode BHBWF@PI‘%@QH@ él@cﬁkgreméﬁnc% 6ﬁ1lh(ékgreen

I m havi ng thickness of out 1 mllineter is forned
Th r sur, t
IR AE S el e R g TRsaRR skt o e

ﬁfaé%hé?bs?@?%@ oy “ftéﬁﬁ% AR Ao Ry 19 250 was
:?é5 B0 TR g 07 vas
TR S e e
an?hehrg?ct)rlengn tar;r?og:r?t gfomje electrode material supplied between poles
by electrical discharge decreased.

Fig. 9 illustrates a state in which electrical-discharge surface
treatment is performed by an electrical-discharge surface-treatment
apparatus using the electrode manufactured in the process described
above. In the state shown in Fig. 9, a pulse-like electrical discharge
occurs. A photograph of a coat formed by the electrical-discharge
surface treatment is shown in Fig. 10. In the photograph shown in Fig.
10, a thick film having thickness of about 1 millimeter is formed.

The electrical-discharge surface treatment apparatus shown in

Fig. 9 includes an electrode for electrical-discharge surface treatment

41 (hereinafter simply referred to as electrode 41), a working fluid 43,
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11 having a grain dianeter of about 1 mcroneter. The

power supply 5 for electrical-discharge surface

treatment 45 applies a voltage between the el ectrode

41 and a workpiece 42 to generafe a pul se-like

el ectrical discharge (an arc colum) 44. A servo

mechani smfor controlling an interpole distance (that

i sand #lpswarcasuplay feeslddificsl-arichadge Alirkitd froatment 45. The
wor kpi ece 42), a reservoir tank for storing the

\I':Vioblﬁdg}ﬁ)dé Wids4Be cBetrbbe désdrided abevednd Hade 9f‘a green

because these conponents are not directl

B 67 S RS Moy SR e Fowcer
U3 3681h6 SELER L APARE Y Bhobi FIGEARE “hpRhwhlSupoy

in,the 15, Ki fluid 43. In th king fluid 43

oS eeical dseharad sippce sPanent %5 fokiosd Waliade ibtween
el ectr?de 41 and the vvorlggi ece 42 using the power i
sufﬂﬁ ¥ acirods ddiand 3 war ﬁﬁ?g’@ tq,pepsEdter g Rulaslikglectrical

Specifically, a voltage is applied between the _

el digahadgedanaae eHumnjot4pi Ackerye mecbanisen épreeenireding an
di scharge. As shown in Fig. 9, the 20 ark colum 44 of

el gderpelal didtutea(that is adistancedetwernntthe eleetnrodedd! and the
41 and the workpiece 42. A coat is fornmed on a surface

of wiorkpiswiekd? k cerdnereoirtankdor sheringltiee tworkirg fluid 43, and the
di scharge caused between the el ectrode 41 and the

wolik@izeenctZshovh 6 3G | 9eb¥cads € Rés@®om Fahsitanse. not directly
which is generated 25 by a reaction of an el ectrode

Mt Qatdd t@‘t‘ﬁeb‘?e&?ﬁt ﬁiv%?ntti"oin‘?a' di scharge 21 energy, is

formed on the surface of the workpiece. The el ectrode

posi (1 ve BaPari1 yoat A pHatRbl o RIRPIREREAnET °

of eﬁalc“at%éi-g%lch%'rgc’g%%rrpaecef{rg\glf"m'eﬂt %pparatus, the electrode 41 and

the workpiece 42 are arranged to be opposed to each other in the
working fluid 43. In the working fluid 43, a pulse-like electrical
discharge is caused between the electrode 41 and the workpiece 42
using the power supply for electrical-discharge surface treatment 45.
Specifically, a voltage is applied between the electrode 41 and the
workpiece 42 to cause electrical discharge. As shown in Fig. 9, the
ark polumn 44 of electrical discharge is caused between the electrode
41 and the workpiece 42.

A coat is formed on a surface of the workpiece by energy of the
electrical discharge caused between the electrode 41 and the
workpiece 42. Alternatively, a coat of a substance, which is generated

by a reaction of an electrode material due to the electrical discharge



direction fromthe el ectrode 41 to the power supply

for 5 electrical-discharge surface treatnent 45. As
conditions for an electrical discharge pulse in the

el ectrical -di scharge surface tmgatnment, a peak current
value is set to 10 anperes, an electrical-discharge
duration (an electrical-discharge pulse wdth) is set

t 0 eBengy.riefecmedson anel sarfzidecsCy workipiecs. sathe eleldirode 41
10 microseconds. In the third enbodi ment, a coat

havwagta hgakivessolatity ahauhelwdildie 8 UL has of posMEdePolarity.
treatment for five mnutes. In the first enbodi nent

deggy éfé%‘flméé‘*&%\‘l%nﬁ'J’cctﬁett'i‘rﬁmg%feélbbﬂ"?@al ﬁ@@ﬁal‘gj WU‘B@S in a

E]xe 1 and the Co
"B ok 3Eh ARESAEB
di st or.t.ed nd irr i,rst enbodinent, a

5 G PGS L fssch@asﬁ%“'rf‘?sq%beah"spﬁéér.ca| o e

pul se ulse width of 50 m croseconds, t 500

P r osecneohdnBlis Br B siseioRl ooy nse

coat by reduc:| ng a grain dianmeter of powder to redu

t helegiTisal-disatargesurface treabpeatise pemitesiiraent walye is setto 10
di ameter of powder of an electrode material formng
anagipgiesoa ¢lectricaledigcharge dupaléen Hhre electisali-discharge pulse
powder of the electrode nmaterial sufficiently even
uneddthydsdiett itorés mittate conps), aadva duiescerdrtithe iaset to 16
energy is small and forma coat by stacking craters

10 W hiicededdorrisectini ip@l thitdSerdyoieme hitUS coat havvimg isickhess of
to 25 forma dense coat. 22 In the third enbodi ment ,

wheboufe @iifhittel AR e by théataPen PRMIRE Itnadeut 1
m croneter, a dense coat was successfully formed wth

2 pulse fhd B4 75t SRUBRREERALRHEE e, YRES thi%lectrods

made of the mixed powder of the Cr powder 1 and the Co powder
having a grain diameter of about 6 micrometers to 10 micrometers is

15  used, a formed thick film is distorted and irregular. In the first
embodiment, a dense coat is formed using an electrical discharge puise
having a pulse width of 50 microseconds to 500 microseconds.
However, it is possible to form a dense coat by reducing a grain
diameter of powder to reduce the pulse width.

20 This is because, when a grain diameter of powder of an
electrode material forming an electrode is reduced, it is possible to melt
the powder of the electrode material sufficiently even under conditions
that a pulse width is small and energy is small and form a coat by
stacking craters with small electrical discharge. Thus, it is possible to

25 form a dense coat.



exceeds 50 m croseconds, a coat is nmade porous because
an electrode 5 is collapsed significantly because of

el ectrical discharge. Harness of an electrode is
expl ai ned. When the grain diameber was small and the
el ectrode was hard, hardness of the el ectrode was
measur ed usi ng Rockwel | hardness or the |ike. Wen a

grai n di fmghethirdasnbadigeert)dvidretisd geainodiametes afftthe Co
hardness of the el ectrode was 10 neasured using the

pepeWdetqs aitfdutt Baticidthefdr] B did BB RAS éucﬁﬂegsmuuy formed
Japanese I ndustrial Standard (JIS) K 5600- 5-

A W?fwsfbd@s Wik ep5@ ﬂém%b&h&ﬁ'drw y§.ed¥\f) %n the pulse width

eval uation of a coate een

th?ﬁé{aéag%rdj |<§ro§lé'c'b$?|se fc?datei Fhyak! pcql'ogestf’eciggfrs%;?ﬁlrﬁlectrode

ow har ness enC| scrat

d,oth hay, d 5.
5 ool B faRPed BidHifieR a«ﬁ %%u%é‘#f“eﬁ PRuSEIgs: °
nethods sed ces. en th r
0 oot or HEHa B8 of 25 e BogiaHa. eopinlgiec.o STt arain diameter
coat is the best and a dense thick filmcan be forned

wh¥tashamateand the elerdredewasohard.shampgssad thg elgetrode was

However, even if the hardness 20 deviates fromthis

r aftpaslreghising Rockwelk haird negsgr dbe dikel. | Woemeal gramediameter
the hardness is increased, it is possible to forma

t hwas lfairgenand tHe elextread eeist soliehbebrmessobthehalattesdeBwas

When the hardness is decreased, it 1is possible to

10 f omeasurbdoksihglthewdndil sdraiteh eest audilPecoathsg dpesifidd in
as 8B. 25 However, formation speed of a coat tends to

f a'Jbﬁaﬁebérlﬂﬂﬁ§ﬁ|é?f8taﬁdam el gDty %@0 1o eaAﬂﬁouﬁ\htthe standard
the hardness of about B, it is relatively diffrcult

tojd BFlglégalfyjf“llJﬁé(%ffbll Bya a8 nt @I‘earb%r ‘i'%‘g??m"flt k&€ been found that

el ectr I NCr eases, I I'mcannot be

foiﬁ@gtarﬁdsartdhig Jlﬁ{aq)rfgﬁr gtlaluatlon of a material with low hardness.
This pencil scratch test for film coating and other hardness evaluation
15 methods are convertible to each other. Therefore, the other methods
may be used as indices.
When the grain diameter is about 5 to 6 micrometers, a state of
a coat is the best and a dense thick film can be formed when hardness
of the electrode is about 4B to 7B. However, even if the hardness
20 deviates from this range slightly, a thick film can be still formed. When
the hardness is increased, it is possible to form a thick film until the
electrode becomes as hard as B. When the hardness is decreased, it
is possible to form a thick film until the electrode becomes as soft as
8B.

25 However, formation speed of a coat tends to fall as hardness of
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the el ectrode even nore increases, a workpiece is

renmoved 5 undesirably. When hardness of an el ectrode

is decreased, it is possible to forma thick film

until the el ectrode becones as2goft as 8B. However,

an analysis of a construction of a fornmed thick film

has reveal ed that holes gradually increase in the

t hiaokeleictnmde\Vihene asess . el Whth thie habd esso ok abseat Berit ishaedatively
about 9B, an el ectrode constituent deposits on the

wodifpiceiteovibrinea tigickfihi.i N/t fHechardness dbthe ehadtrode
this relation between hardness of an el ectrode and a

st &lgh&f irfereaaés ah IVickMARYBANNSE beffblrMe@epqmlltm h@fdness of
electrical discharge pulse conditions. We

apPﬁé’@é&P@d@'e%W@B% i BGR3505 \BH}kﬁﬁeEé’“Q b B dar

used Is al so oSSl bl'e t0 ex a range o
E" ? g an electrodeln V\,hlcha relatively
I'SFACP ryy coat can be formed. In the third

enbodi ne de crlbed above n owder

orann o WHREEHAHRESS 37 6 et br e@&&éS&Qe& Biaasbible to
har dness el e descri bed above

opf9THIA %%B?m#m@dé elerirodg Qﬁﬁqrﬂﬁﬁwa\ﬁawv}a $8s8B. However,
S|gn|f|cantly i nfl uenced by a grain dianeter of powder

f oPHi #ply RS @f @m@r@ctmnr@fa@éﬁrmeﬂ thigksfiling has revealed that
descri bed bel ow. Binding strength of powder form ng

t hbotgegradullincseasds thadbickrfilman W han thelelectrode
material is discharged fromthe el ectrode by

el becomza soffestiar gbout\BBn daneldutdiengosstitaeat kep®sits on the
hi gh, the powder is 25 discharged |ess easily by

enemkﬁm‘ceawﬁnérndtahemrfgﬂhb@if&@ent@ t ettt this rélafien

when the binding stren is low, the powder is
di pehpessh#anesy of dh S!wtﬂiﬁééne'aeﬁia"tbqﬁ'a GbﬁFEPsrcﬂéhanges

When the grain diameter of powder formng t

el 8fh@¥RepRnding on electrical discharge pulse conditions. When
appropriate electrical discharge pulse conditions are used, it is also
possible to expand a range of hardness of an electrode in which a
relatively satisfactory coat can be formed.

fn the third embodiment described above, since the powder

having a grain diameter of about 5 micrometers was used, the hardness
of an electrode described abdve was an optimum value. However, the
optimum value is significantly influenced by a grain diameter of powder
forming the electrode. A reason for this is as described below.
Binding strength of powder forming the electrode determines whether
an electrode material is discharged from the electrode by electrical

discharge. When the binding strength is high, the powder is

discharged less easily by energy of electrical discharge. On the other
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| arge, the nunber of points where powders join in the
el ectrode 5 decreases to nake el ectrode strength | ow.
On the other hand, when the gain diameter of powder
formng the electrode is smallg4the nunber of points
where powders join in the el ectrode increases to nmake
el ectrode strength high. As expl ai ned above, in the

t hhafd ewhedi t'ﬁ%nﬁmd'n‘i%bﬁ'eh%ﬁ'l@'kﬂutme pOwaerr ligl distHarged easily
material dense and t and forma coat having

su[){2 eqfeggg oé%lé@t‘?ﬂ:tah dkpgcr%%gor m ng wor ki ng under

i ng itions rmst suitable for a grain dianeter

ol eﬁ?ﬂﬁ@ﬁ%&@gr% D o7 TGRS e etp Ofpde is
ol LB oS R Se Peipts WRSTBLT ettt .88 efesiode
coat b ado tin condb_t ions tha

el 48¢ 08eStapgimn sOnhe: %W&fél@dorwhe”

| ess and a peak current value is about 10 anp ere?

adthe gai digmetesipfaqudehigmingdhesIRtiogs istiamal the number
inventors, it has been found that it is possible to

f oohpa:rttawcrker@omwaefs winyinNbe electptr inpregsas fomake

cont ai ni ng nol ybdenum (Mb) having a grain dianeter of

0. élettrdeetrength Bigilce Mo is a material that is likely

to formcarbide, it was effective for form ng a dense

coat to Aseplsped Abeve ! matheathirieatiodim@intditds pasgible to
pul se wwdth was relatively long at 60 m croseconds 25

OrpME % E%Zfbr[ﬂlcdé?‘l@ §ﬁ§ tRickl £58 fé SEORl Nadifg sufficient

el ectro mat er 1 al whi ch was not nelted conpletely

?%gﬁ’@g@h‘?ﬁ&r%o%@ﬁgﬁbﬁﬁng%ﬁﬁ \&8 I&n?‘W{Jﬂ?ﬂgn@rgi%dﬂ suitable
qu{pq gi%ini wa}ﬁ@ggtoﬁoﬁﬁi Ccﬁlmha aﬁygfgdt%é 8n# hardness of
the electrode.
When powder of Co, which is a material that is less likely to
form carbon, is used as an electrode material, it is possibie to form a
thick coat by adopting conditions that an electrical-discharge pulse
width is 50 micrometers or less and a peak current value Iis about 10
amperes. In addition, through experiments performed by the inventors,
it has been found that it is possible to form a thick coat (of only Mo)
with an electrode containing molybdenum (Mo) having a grain diameter
of 0.7 micrometers.
Since Mo is a material that is likely to form carbide, it was
effective for forming a dense coat to use a condition that an
electrical-discharge pulse width was relatively long at 60 microseconds

or more and 70 micrometers or less and supply an electrode material,
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the material is conpletely nelted by an el ectrical

di scharge pulse, the 5 material supplied to the

wor kpi ece is carbonized to be nol ybdenum carbide to
make it difficult to forma thiggk film However, it is
possible to forma dense coat by adjusting an

el ectrical -di scharge pulse wdth and supply the

nmakdrickiwasihot mdltedobminewig byl an e dtesddyiiggharge pulse, to a
el ectrical discharge pulse, to a workpiece as

des@rk prRE AP OeEthelfa s U Bhmatéesl theblis MR fy toaerﬁﬂbthlde such
enbodi nent of the present invention is explained wth

re 8"BS K Heh fﬁ@nﬁtﬁ}’}’gf‘ Lr@!%@?d 1d o wofkpieBE TR Qta‘é@rm which

ustrating a net acturing an electr
é‘iﬁﬁ%%%‘t%ria%é gﬁnfpaégéﬁtnﬁ%&%ﬁ Pty AR, e
I db
2 migee i SP%ﬁﬁeﬁHééﬁg Rier v Cataanizal o g BFigpAgyum
51 nol de th h 52
an&aftwseu&'@@ksmﬁ 89 ttB f°f f?n?fé!céf h g‘%ﬁ’ﬁ’&é’g?g? ig;possible
predeterm ned shape. In the electrical-discharge
sut9 &ewn @ debse foat by adigstieg avriRAticakdissbarae pubge width
the electrode. Note that, in the fourth enbodi nent, an
al koyg sﬁpﬁy(rbebaateriaiommmiimgotnompde(edx)melmeatlbeyl an electrical
(Ni), tungsten (W, and the like (C: 20 weight %

N diskhangeghlisé) tord wibrkpee pnasUleseribachaboeet) is used
as the Co alloy powder 51. An average grain dianeter

of Fohetrabirdadimenlpout 1 25 m croneter. 26 However,
the green conpact cannot be used as the electrode as

o ner PR B {ODBNRLSOUTARCL e FRELEHERG8on o exolined

POVRE retérdice to the drawings. Fig. 11 is a schematic for illustrating a
method of manufacturing an electrode according to the fourth
embodiment. A Co alloy powder 51 having a grain diameter of about 1
micrometer is filled in a space surrounded by a mold upper punch 52, a
mold lower punch 53, and mo!d dies 54. The Co alloy powder 51 is
compression-molded by the upper punch 52 and the lower punch 53 to
form a green compact of a predetermined shape. [n the
electrical-discharge surface treatment, this green compact is used as
the electrode.

Note that, in the fourth embodiment, an alloy of a Co base

containing chrome (Cr), nickel (Ni), tungsten (W), and the like (Cr: 20
weight %, Ni: 10 weight %, W: 15 weight %, Co: the rest) is used as the

Co alloy powder 51. An average grain diameter of the alloy is about 1

micrometer.



press because the Co alloy powder 51 is a hard all oy.
Therefore, it is 5 necessary to add wax such as
paraffin to the Co alloy powder 51 for inprovenent of
mol dabi lity. However, electricogonductivity at the
time of electrical-discharge surface treatnent falls
as a residual amount of the wax in an el ectrode

i ncr easetHowdesietios greeh dom paef camidiehd asetea®tiee electrode as
wax in a later process. 10 Thus, to renove the wax and

deqrigasifcé ehgs eChighCe leRbiis résistarile. the el ectrode,
the green conpact i's put in a vacuum furnace. After

tenper at Fru‘?‘(h;égtﬁ?oartEE"it i8 cﬂfﬂgg{ﬁﬁf fa thd®o 5"8%%{92@% 51 by

conpact is a pre erm ned tenperatur
on 3 ect no o
Do Preey hebRubInaY6 duolIssl a8, B35 d Haf Mgy o riEvefore, itis
m croneter as scri bed, in the third.enQodi nment 20

5 1 ioeBEs A Y aflfi i 30ShiAs hatafnor RGP A Rabowar g for
ot her hand, when | ectrode was | ded usi t he ,
al I'BPreRImeEnt o?mﬁﬁﬁgagy-i nTIWRVET B qtamﬁt&tw'%aﬁhe time
whi ch the electric resistance fell was high at 800C
t 0 Odetestricelvdisgharge suftace teetmest fallhasteesiguabamount of
800C at atinme, the wax is carbonized to remain in the
el the makinagn dlepliodeiincredres: ef therefore,iitisnprafesabrie to

to renove the wax at | ow tenperature once. Wen the

he a¢ moyet thepwartinrelates pedésssand 300C, the el ectrode
according to the third enbodi nent was in a coarse

10state, ZThushis hemmie the waReRR Bberdasd tHerehedtfidtresistance of
When the heating 27 tenperature was 1000C, hardness of

o SO0, R AR ot PRI p VadJRTBI R Gy PAter
‘ . ; g It possible
to1d ApT- G FERR f13 predetermined time, the green compact is kept at
a predetermined temperature for one hour to two hours.
When anlelectrode was molded using the Co powder having a
16 grain diameter of 1 micrometer as described in the third embodiment,
200°C to 250°C was optimum as the heating temperature. On the
other hand, when an electrode was molded using the Co alloy powder
51, an optimum heating temperature at which the electric resistance fell
was high at 800°C to 900°C. However, if the electrode is heated to
20 800°C at a time, the wax is carbonized to remain in the electrode as
impurities. Therefore, it is necessary fo remove the wax at low
temperature once.
When the heating temperature was 200°C and 300°C, the

electrode according to the third embodiment was in a coarse state,

25 which made it impossible to form a coat. When the heating
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were checked with an average grain dianeter of the Co
all oy powder 51 5 as a paraneter. A peak current

val ue was set to 10 anperes and a pul se wi dth was
changed variously. Electrodes pged in performng
electrical-discharge surface treatnment were nolded to
"appropriate hardness", which neans that the

el Rehpeaaard s ¢000°C| ﬁaﬁdrféﬁs obttiengledtiodwirirbhget pwhich
forma dense coat. 10 It is difficult to forma dense

t hingde itlimpeorkane tbaoamessoat. an el ectrode is not
appropriate. Wien hardness of the electrode is too

i gh, 2 RakekedrdiflbAgMPmking it gsﬁs;b\/agmmﬁ dgefis@looat

the electrodels t oo ow a ui I t-up

oWerf shECRRE whf Sy ehelch B’Eééﬁsqq%f"%“?wform D 5L Fowder 51

t th di
‘58&‘@@%@@@%‘&5 pz R I R S i,“?%’m%g%and a

t .

denuBeninth wan shanasaraip U koaE e Qrades isPHAD RRMENIng
(for exanple the coat is porous) overlap. This is
beelagédcalndischagee sgdmeﬁeeﬁventwes@r%oléﬁﬂem appropriate
dependi ng on hardness of an electrode or the |Iike.
Opbardnessir uhéels means thatdber elestrogeisdia e penditispsoteranaking
grain dianeter of powder of an el ectrode material.

Foit posailpleco fasmf ardemseheaak. el ect rode made of an
el ectrode material having an average grain 25 di aneter

of 2 m cragwfifficeltti® form &rderedeettdck filmiunmlpss $idrtres of an
forma 28 dense coat even at a pulse width of about 10

m éfé&ﬁﬁﬂé“%sno@ghl“tﬁ)né}bhe'vvhéﬂ%ar\dh%‘ésf‘cﬁrtﬂﬁeélécﬂ'f)déﬁs too
el ectrode 1s rat low, a coat is nmade porous even

A hRBPY Fckihein A oo d CUPRES AATEnedL0f thE'fectrode is
too low, although a built-up film can be formed, the film is made porous
and not dense.

Conditions for making it possible to form a dense coat with an
average grain diameter of the Co alloy p:')wder 21 as a parameter is
shown in Fig. 12. There are parts where a range in which a coat is
formed dense and a range in which a coat is not formed dense (for
example, the coat is porous) overlap. This is because the ranges
fluctuate to some extent depending on hardness of an electrode or the
like.

Optimum hardness of an electrode varies depending on a grain
diameter of powder of an electrode material. For example, as for a
hard electrode made of an electrode material having an average grain

diameter of 2 micrometers to 6 micrometers, it is possible to form a
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the conparison shown in Fig. 12 was perforned at

hardness at which a 5 dense coat can be forned for

each grain dianeter. A condition of a pulse width for

maki ng a coat dense differs d@gnding on a condition

of hardness of an electrode or the |like. However,

there are conditions for making it possible to forma
dedsaset¢patkevean at arpulse widtlyed abioaird O migiogecopds10 On the
In the fourth enbodi nent, the material obtained by

pulotleer hand, whied Ratdness dfhaareledtroge israthevfloWwCa: cédl is made
weight % N: 10 weight %9 W 15 weight % Co: the

r eplorou@evenest a IHoNey ¥idthrof abbay 40amhRopetyRds ZeTherefore,
may be an alloy with other formulations. For exanple,

i t thé c@ﬁw@écﬁw Eﬁom&sm Pi@ 81'2 @és%ér‘ﬁoﬁﬁe&'dt%rﬂﬁbb@ ffwhich a
Cr: 25 weight % Ni: ght % 7 wel ght %

hgehfh} datlcan bfelfb?mﬁldsl%r ngnlla?%f?gahﬁ%% Al | oys with

OWI ng oy ratios: num 28

t
wei ght % ( %
wei ght 9% %%ﬁ)‘g??n cg(r)% pug%eewm@té%r %5ﬁlrgo b%%:r?seléaffers
ht / |ron ckel i ). th .
regg R berpition ¢ hdrdpess I isstlintin onibe .
ht % tant aI um (Ta);: 4 weight % 20 nickel (N)
th Or‘%%‘fer there a%seﬁeltmformamgglﬁtp%s'wdreé‘prmm pense
53 wei % nol ybdenum (M) : 3 weight % cadm um
( Cthick ftmqtnathmrar(g@@ shewienghig. 92.ti tanium (Ti): 0.8
weight % alumnum (A): 0.6 weight % iron (Fe): the
rest". Howdlvefouith embadinognt, dheonaferial alithimed by pulverizing
differs, characteristics such as hardness of materials

di thenlloylwith a2bakkdy ghtio dif f"Cer ROcesight & cCRuUsHl welght %, W: 15
nol dability of an electrode and a state 29 of a coat.

| nwidighf %rCH: gredrsitmals us&e. CPioidwr, BAVEIRSY ﬁ)lbe pulverlzed

containing Co as a main constituent is used as

el prdy BeeadTBl6Y vith ofkéSfdrmulations. For example, |t is possible to
use an alloy with an alloy ratio of "Cr: 25 weight %, Ni: 10 weight %, W:
7 weight %, Co: the rest". Itis also possibie to use alloys with the
following alloy ratios: "molybdenum (Mo): 28 weight %, chrome (Cr): 17
weight %, silicon (Si): 3 weight %, cobalt (Co): the rest", " chrome (Cr):
15 weight %, iron (Fe): 8 weight %, nickel (Ni): the rest", "chrome (Cr):
21 weight %, molybdenum (Mo): 9 weight %, tantalum (Ta): 4 weight %,
nickel (Ni): the rest", and "chrome (Cr): 19 weight %, nickel (Ni): 53
weight %, molybdenum (Mo): 3 weight %, cadmium (Cd) + tantalum
(Ta): 5 weight %, titanium (Ti): 0.8 weight %, aluminum (Al): 0.6
weight %, iron (Fe): the rest". However, if an alloy ratio of an alloy

differs, characteristics such as hardness of materials differ. Thus,

slight differences are caused in moldability of an electrode and a state
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because, as described above, the Co alloy powder is
effective in 5 increasing thickness of a coat. In

el ectrical -di scharge surface treatnment using an

el ectrode containing only a na§§rial that is likely to
formcarbide, a forned coat is fornmed of a carbide
ceram cs. Thus, thermal conductivity is deteriorated
angf seygaral of the coat tends to advance through

el ectrical discharge. 10 Therefore, Co, which is a

mat er i al o fhd fd it %ﬁ%édthﬁir}t Et?e Y Hllo¢ PR 51 Tontaining Co

mxed as a constituent of the electrode material. This

ggf%%%.ﬁ%gh O},eqmg%gel E¥h8f {a@t‘??ﬁt@%afdri%m b&iHig is

eri orat poss 0 i Nncrease

ckness of th t, Vi.ng. ,
of PECIUSE %dE?ﬁaﬁéaaqbeow ”fﬁ%%%%@vtiﬂ@ igfis Qﬁséﬁ*ﬁg n
the fourth odlnen{ eak %ﬁ% %g%@ f
colEreRHRG thiFknessse ?|°<9 diR %‘83' r98 siglace
anperes. However, it is 033|ble to obtain qﬁ
th r@ﬂtmenhﬂgu&ﬁarﬁleatrpgieuqmtﬁ@I%@ﬁ@ly ad@@twalt @t;b%élkew to
current value is about 30 anperes or |ess. Wen the
petetntaarkide, aarmedi sratdsfesmed &foa gapeidesceiamisse, Thus,
probl enms occur. For exanple, 20 an electrode is

cotHeapsd  onthustierity ds idete sevated| yndyewnovahphithe aoat tends to
el ectrical discharge or hardness of the el ectrode

I ngdeases tieariseledheed| disphardgecr eases. According to
the fourth enbodinent, it is possible to build up a

et er i al THeRSBrandol Wik A4 hakenia Wense 164y fkelyitororm
having sufficient 25 strength by perform ng worKi ng

\(Agéﬁfduaécﬁa” mﬁ’*é&%@f?ggoﬁegfﬁﬁ dfft atd1BB gd%%a . This

I nNg conditions I scharge pul se conditions

i R R PO B e Bt n

makes it possible to increase thickness of the coat. As materials
having the same effect as Co, there are Ni, Fe, and the like.

In the fourth embodiment, a peak current value of conditions for
electrical discharge is set to 10 amperes. However, it is possible to
obtain a dense thick film substantially in the same range if the peak
current value is about 30 amperes or less. When the peak current
value increases to 30 amperes or more, probiems occur. For example,
an electrode is collapsed unnecessarily severely by an impact of
electrical discharge or hardness of the electrode increases because
heat input increases.

According to the fourth embodiment, it is possible to build up a
material dense and thick and form a dense thick film having sufficient

strength by performing working (electrical-discharge surface treatment)




5 I NDUSTRI AL APPLI CABI LI TY As descri bed above, the

el ectrical -di scharge surface-treatnent nethod
according to the present invention is useful in
industries in which a dense amg relatively thick coat
is required. Particularly, the nethod is useful in an
application in which strength and |ubricity under 10 a

hi ghdee Wakaid Een@MUnsOoisttia@ecplBeUtdmfitidhs ChrddYsuitable for
1. An electrical-discharge surface-treatnent nethod of

f OB fagh Jiameddr QPFéw%%"rfféﬁﬁin&‘.f afl MBEHBHE G d'hERdness of the
energy of a pulse-like electri'cal discharge caused
beteghA el ectrode and the workpiece in a working 5

flurd or 1'n an air, the el ectrode being a green

conpact obtained by conpression-nolding a netallic

powder or a netallic conpound powder, the coat being

fo ' a er tituting the electrode or a
subgﬁgﬁ%thD%Bfﬂﬁ%J§gﬂéu§?gz by a reaction of the

material due to the enerqy of the pulse-like

el ectri c&S ‘E‘P%“&Eﬁfbépo\%eﬂ& ﬁfel@”f:ﬁﬁéI@%‘@‘ifgﬂi%fﬁﬁ‘gﬁatme”t
a material containing netal as a main constituent is
pefethedacayOing thithe pcesentdnyBntipndd upefu ini mgugktides in
conpression-nolding a netallic powder or a netallic
combocma gemnsk: andhmlatiee lfrthiokee aafteisgreajuiredi. anRadicuwarly the
m croneters to 10 m cronmeters, under worKking

conththodris udedll i anlappliiatioh inswhizhngtee ngtcandsubrcity under
500 15 m croseconds and a peak current value is 30

10 anBeiigh-teinp @3urelentit8n /Rl tdreGalquirieschar ge

surface-treatment nmethod according to claiml,
wherein an el ectrode obtai ned by m xi ng and
conpression-nol ding the netallic powder of a material,
which is less 20 likely to form carbide, and the
netallic powder of a material, which is
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likely to formcarbide, is used as the el ectrode. 3.
The el ectrical -di scharge surface-treatnent nethod
according to claim2, wherein an el ectrode contai ni ng
40 volume % or nore of the 25 gegtallic powder is used
as the electrode. 32 4. The el ectrical -di scharge
surface-treatnent nethod according to any one of
claims | to 3, wherein an el@cAlM8e obtai ned by
conpression-nolding a material, which is obtained by

m xing tRA e':leﬁﬁlcﬂilld@cm@eéuﬁécé‘stf@étm@ft method of forming a

(chroms) 20 wei ght % (nickel): 10 weight % W
ot t
?%lsn%ﬁ@ %ﬂf %‘Sﬂgt@ (KE@?R.(‘@RQ%@ dng? g@féeo;lke @lectrical

E:Tg{%%ggﬁ% rg,aﬂs&@%\/\%tw%e{? @ﬁ%&é&ﬂ?é%te?nd ;HEXJ'?(?V\EIGCB M? working
S' il .3 [

IR F Bra:aiahR iGHrohe PGy g ééna?%&*i?é,ﬁf&a}a gt by

JUE O L N AT B ety g s
Ni (nickel): the rest", or hrone) . 19 wei

Ni tienreabbpinsBried withog m/éte(rr?m%@élﬁla 9 t@eﬁéf#%ﬁ?d ora

Cd (cadmum + Ta (tantalum): 5 weight % Ti

(t subsiangg: thait gs \geunghateyl; byla negaqtwinued enjnaterial duedaithe

% Fe (iron): the rest", or the netallic conpound

poedergy of the puesé-ﬁketmectr‘aiaé discherge, adhargin
el ectrode. 5. An electrical-discharge

sur f ace- tHier biRidingraiphetla dhaferraricontainivpaietah ag a main
surface of a workpiece with energy of a pul se-like

el Eﬁﬁéilﬁ@ntag pErff R dl U SiAY Rt e RAIIMRRN 0B ERIREE WY MAging and

and the vvorkplecelnav\orglng f|UId or in an air,

th@o Qggqule 4 5‘n9él‘°a‘ﬂ roﬁh?étﬁﬁ% @Umpound powder
in c po

orrpr SI on- a neta er or a netal

gy daﬁoa}fg%‘?%g td'%g ?EégﬁgPeq"c O&g%g?ﬂe%&htoaw micrometers,

under working conditions that a pulse width is 50 microseconds to 500

microseconds and a peak current value is 30 amperes or less.

2. The electrical-discharge surface-treatment method according to
claim 1, wherein an electrode obtained by mixing and
compression-molding the metallic powder of a material, which is less
likely to form carbide, and the metallic powder of a material, which is

likely to form carbide, is used as the electrode.

3. The electrical-discharge surface-treatment method according to
claim 2, wherein an electrode containing 40 volume % or more of the

metallic powder is used.as the electrode.



substance that is generated by a reaction of the
material due to the 25 energy of the pulse-like

el ectrical discharge, wherein 33 thick building-up of
a material containing nmetal as3a nmain constituent is
performed, using an el ectrode obtai ned by
conpression-nolding a netallic powder or a netallic
compound powder having an average grain diameter of 3
m croneters or |less, under 5 working conditions that a
pudse w The electfitardisosagensisriateltesstinaertt metihedlaccording to
current value is 30 anperes or less. 6. The

el gAY drenbf didimizar 46 35 WH erefn ancdledtidld eshtadtled b
according to claim5, wherein the electrode is forned

W EBmid rBBE idinl- h%l(ﬂ’i?n rmé’t“erl’%l LQnEH & bBlaindd m'nﬁngﬁtﬁé

likely to form car e, as an el ectrode nmate

5Thﬁmeﬁéﬁ@ﬁ{nﬁﬁkr?":%"ﬁé&%"%‘F AFGIE) 238 kil thF'(mckel) 10

accordi ng ere n an €el'ectrode conta

Vi [ rods_ u .ed.
¢ n ol i tulBE G s e igBF §P (GRBEN e &
su face tr rrent th a r 0 ny,,one_of
X Gl B nPin cé.aeii)c e & ?‘/gatwgsten) 7
conpreSS|on nDId ) whi ch i s obtaijned
wieight e C %%Wl%c tbem&t" 'MOa(maly@d@mund %&Wﬁdﬁm)% Cr
20 weight % N (nickel): 10 20 weight % W
(t (atyema) 1 71weightdht Sk(siicongobaraeipht t’/heCc:dspbalt):drhe rest”,
(chrome): 25 weight % N (nickel): 10 weight % W
10 (t Udgscrenome)7 15weidhit %, Feo(i(aobd weightHe, Nédhicke!vdhe rest”,
(rmol ybdenum): 28 weight % O (chrone): 17 weight %

Si "Ca(¢hronmg): 23 weightt %YM &omos fdm)i deveight %, T4 Cr
(chronme): 15 weight % Fe (iron): 8 weight % N

(n{takeallim)t BewbRjHL' % Kﬁ (n@keﬁ)chﬁéﬂ‘ﬁhi" &t "0?i(8RFortfe): M9
(nol ybdenum) : 9 wei ght %
weight %, Ni (nickel): 53 weight %, Mo (moiybdenum): 3 weight %, Cd
(cadmium) + Ta (tantalum): 5 weight %, Ti (titanium): 0.8 weight %, Al
15 (aluminum): 0.6 weight %, Fe (iron): the rest", or the metallic compound

powder formulated at the rate is used as the electrode.

5. An electrical-discharge surface-treatment method of forming a
coat on a surface of a workpiece with energy of a pulse-like electrical
20 discharge caused between an electrode and the workpiece in a working
fluid or in an air, the electrode being a green compact obtained by
compression-molding a metallic powder or a metallic compound powder,
the coat being formed with a material constituting the electrode or a
substance that is generated by a reaction of the material due to the

25 energy of the pulse-like electrical discharge, wherein
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34 (tantalum: 4 weight % N (nickel): the rest", or
"Cr (chronme): 19 weight % N (nickel): 53 weight %
Mo (nol ybdenunm): 3 weight % Cd (cadm um) + Ta
(tantalum: 5 weight % Ti (titzanium: 0.8 weight %

Al (alumnum: 0.6 weight % Fe (iron): the rest", or
the nmetallic conpound 5 powder fornulated at the rate
is used #sicklaieliegiupodta Matekinldornhiningimetia$ @sad geain
surface-treatnment nmethod of formng a coat on a

sugbasBt@ntas WIdnRe® Ydihg @Anelcdirdde abRithea-ty ke

el ectrical discharge caused between an el ectrode and

t heonﬁfrgels@?ﬁmdwﬁ merdfémnclgct x irchrok n‘ndélgﬂfb 8bfpolUh® powder

el ectro ng a reen conp taine

co [
colBYREe RSV e Wely TR Raloror? “hr‘@'%é,?@eﬁ@régﬁéﬁ%s e
coat_ bein onstitutin

o Bork 9%v3'&°§ﬁbt§“@£ﬁcréulﬁﬁaw*€ i 2R iroyeEpRds 'of fess and a
react |kon of the mgt 36 due to the energy of the
puP&ak|GUIEERY YRILE; 18 510 ampefrs Hd P§&; wherein thick

bui l di ng-up of a material containing netal as a nain
constituent is perforned, using an el ectrode obtai ned

by conpression-nolding a netal |ic powder or a

meﬁal | i c Thenplectricgiaiigehargeasurfgcarireatmenfemegthod according to
diameter of 2 mcronmeters to 6 mcroneters, 20 under
worclkaimg5 cwhereinote éleatroalepisl foemeiddivithi s netallic powder of a

m croseconds to 100 m croseconds and a peak current
vahisterial, 30hwhpieriess dikel\e &s forkd) .cafbide, as an electrode material.
el ectrical - di scharge surface-treat ment net hod

according to claim9, wherein the electrode is forned

vvith an alloy containing a 25 material, which is |ess

| lgel y t?ll'ugoélgbfrﬁfﬁéﬂ ?}é’@g&‘é‘@uﬁb?&tﬂé’éjﬁm Rkt Rdd a%%grdmg to

11 The electric surtace-treat ment net
aCEPaﬂ%' @,gwh%reln an electrode containing 40 volume % or more of the

metallic powder is used as the electrode.

8. The electrical-diécharge surface-treatment method according to
any one of claims 5 to 7, wherein an electrode obtained by
compression-molding a material, which is obtained by mixing the
metallic powder at a rate of "Cr (chrome): 20 weight %, Ni (nickel): 10
weight %, W (tungsten): 15 weight %, Co (cobalt): the rest", "Cr
(chrome): 25 weight %, Ni (nickel): 10 weight %, W (tungsten): 7
weight %, Co (cobalt): the rest", "Mo (molybdenum): 28 weight %, Cr
(chrome): 17 weight %, Si (silicon): 3 weight %, Co (cobalt): the rest”,
"Cr (chrome): 15 weight %, Fe (iron): 8 weight %, Ni (nickel): the rest",

"Cr (chrome): 21 weight %, Mo (molybdenum): 9 weight %, Ta



cl ai m 10, wherein an el ectrode containing 40 volunme %
or nore of the netallic powder is used as the

el ectrode. 5 12. The el ectrical -di scharge
surface-treatment nmethod accordggng to any one of
claims 9 to 11, wherein an el ectrode obtained by
conpression-nolding a material, which is obtained by
m iamda fulme): dreeighti %, Nividécked): therrase', afr "0 (cheomea)e) 9
20 weight % N (nickel): 10 10 weight % W

(t wedghew),: an@nummhss%e@m b olal (trholgbhen[lﬂﬁ)t: '3, wefght %, Cd
(chroms) 25 wei ght % (ni ckel) wei ght % W

7 | %
(nDI ybdgm}n; T2 E‘@”@’.@%‘ﬁ?y 50% E€Wb%hf%r§gtmﬂ@aguegwel}@m %, Al

S (AR bﬁﬂﬁ%ﬁ .6 Whﬁpﬁf% ; eg'f? R fost: t:ﬂeth Siitallic' ddmpound

I‘OYTE

. nhﬁ@a%ﬁahﬁ*ﬁ'%%f ﬁmje‘r’%tgﬁ(u%%d"%% %MWQ. aht %
N| (nickel): the rest”, or "Cr (chrone): 19 weight %
Ni (ni ckel): 53 wei ght % M (nol ybdenum: 3 weight %

(cadni u + Ta (taptalum: 5 weight % Ti )
(t Pt ani u%‘ r??cé"%ﬁah ﬁFh%Q%ﬁurf@&ﬁLﬁwgﬁﬁ?”t meghodiqffprming a
% Fe (iron): the rest", or the netallic conpound 20
pofaat onct surfacedia warkpieneswith erer@y-ef @ mallse-like electrical
el ectrode.
discharge caused between an electrode and the workpiece in a working

10  fluid or in an air, the electrode being a green compact obtained by
compression-molding a metallic powder or a metallic compound powder,
or by heating the green compact, the coat being formed with a material
constituting the electrode or a substance that is generated by a
reaction of the material due to the energy of the pulse-like electrical

15  discharge, wherein

thick building-up of a material containing metal as a main
constituent is performed, using an electrode obtained by
compression-molding a metallic powder or a metallic compound powder
having an average grain diameter of 2 micrometers to 6 micrometers,

20 under working conditions that a pQIse width is 5 microseconds to 100

microseconds and a peak current value is 30 amperes or less.

10. The electrical-discharge surface-treatment method according to

claim 9, wherein the electrode is formed with an alloy containing a

25 material, which is less likely to form carbide, as an electrode material.
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1. The electrical-discharge surface-treatment method according to
claim 10, wherein an electrode containing 40 volume % or more of the

metallic powder is used as the electrode.

12. The electrical-discharge surface-treatment method according to
any one of claims 9 to 11, wherein an electrode obtained by
compression-molding a material, which is obtained by mixing the
metallic powder at a rate of "Cr (chrome): 20 weight %, Ni (nickel): 10
weight %, W (tungsten): 15 weight %, Co (cobalt): the rest", "Cr
(chrome): 25 weight %, Ni (nickel): 10 weight %, W (tungsten): 7
weight %, Co (cobalt): the rest", "Mo (molybdenum): 28 weight %, Cr
(chrome): 17 weight %, Si (silicon): 3 weight %, Co (cobalt): the rest",
"Cr (chrome): 15 weight %, Fe (iron): 8 weight %, Ni (nickel): the rest",
"Cr (chrome): 21 weight %, Mo (molybdenum): 9 weight %, Ta
(tantalum): 4 weight %, Ni (nicke‘l): the rest", or "Cr (chrome): 19
weight %, Ni (nickel): 53 weight %, Mo (molybdenum): 3 weight %, Cd
(cadmium) + Ta (tantalum): 5 weight %, Ti (titanium): 0.8 weight %, Al

(aluminum): 0.6 weight %, Fe (iron): the rest", or the metallic compound

powder formulated at the rate is used as the electrode.




