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1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON Di schar ge
surface-treatnent nethod and di scharge 5
surface-treat ment apparatus TECHNI CAL Fl ELD The
present invention relates to a 1echnology for a

di scharge surface treatnent, and nore particularly,
to a discharge 10 surface-treatnent nethod and a

di scharge surface-treat MSREQPIQATION to form a
coating consisting of an electrode material or a
substance resulting froma reaction of an el ectrode
material to a discharge energy on a workpiece by

genert ioe THRUNSENTKeNdI schar ge bet ween an
el ectrode and the workpi ece using a green conpact

el ectr OdBién%ilagg%ﬁé@é’-éPébggﬁgﬁﬁgﬁad;ghﬁ diStRarge

powder, a conpoun ceram c

as_t he el.ectrode. BA ND ART In a conventional
o SRS T E L AP T et . & coating of & 20 hard
material, such as titaniumcarbide (TiC), is forned,

wWth a principle objective of achieving abrasion

resi stance at_roomtenperature. In recent years,
hohE&diNIGAbrRIBAY e been increasing demands for a

t echnol o% of densely applyi n? a thick nmetal materj al

on a wor éeemr@segltmmwet.lorzsem patk §riechaotagy frsa idischarge

i ncreasi ng demand for coatings with 2 abrasion

r esutfaaadesamenthiagid temp graationkErbn o rodisehiarge a

| ubrication property. By way of exanple, a case of a

t usbrfaeetreaienoht megasd and a discharge surface-treatment apparatus

er

to form a coating consisting of an electrode material or a substance
resulting from a reaction of an electrode material to a discharge energy
on a workpiece by generating a puise-like discharge between an
electrode and the workpiece using a green compact electrode
compressed and molded from a metal powder, a metal compound

powder, or a ceramic powder as the electrode.

BACKGROUND ART

In a conventional discharge surface treatment, a coating of a
hard material, such as titanium carbide (TiC), is formed, with a principle
objective of achieving abrasion resistance at room temperature. In
recent years, however, there have been increasing demands for a
technology of densely applying a thick metal material on a workpiece
surface.

A background of this is an increasing demand for coatings with
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turbi ne engine for aircraft shown in Fig. 10 is
descri bed. As shown in Fig. 10, a turbine blade 101
have a plurality of 5 blades contacted and fi xed
thereto, the bl ades being configured to rotate about
a shaft (not shown). Wen these bl ades rotate, a
contact portion anong the blades is subjected to

seyBrasibHhBERIanOE ab%ﬁhig!fgterﬂﬁéﬁﬁtuﬁe Ringhrohemgrer at arebrication
envi ronnment. Under such a high tenperature environnment

gg?ﬁfpgr@ﬁc) ByRRiEof &Ram Il BidisedbpEQuitsineseidde s aglas

i -abrasion coating or coating with a |ubrication

gLﬂHBHé/ebgfnééfcfre%i*rcfaqp%wlmﬁg@ig? "% dedithy

leve | t because t oating Is oxidized

monber & A8 INET o A6, fgHrSRTRbe, [ERELGF pidliyy of
BB Contatled ago et inSrip. s Baits Being Gantigured to

that exerts a lubrication property is f th h
schétﬁéé( abosh aa%#wé:(aphéhawﬁ)- QWE%/P ﬁ%?hgg%gé@fjg a Contact

schenes require skilled manual operations. i ,
CoRGENN amanhithe biagrs is subjested e severe spbiiapAg)beating
poses many 20 problens such that deformation,

cr aokeng, highdtenmee latkee angirpnorentt o occur. To get

around the problens, a coating formation technol ogy

serving @ndar sldhes magh temperahasessehenmaent ¢over 700°C) where
required. On the other hand, as a coating formation

t eghehipeyhlademBtiged, rdrmi Ar 4 tha blasioat totivg od coating with a
wor kpi ece surface with a pul se-1ike discharge 25

or P! : o
( ﬁrb%iésqurfgre@a&%ﬁ?&augs aiL#bBﬁP?eﬁbé?éﬂﬁ‘?étc)anhﬁérng?%hleve its

suggeste , 3 for exanple, Patent Literature

CoRIBLRRRLL K KL AR St
environment. Therefore, for members for use under a high
temperature environment, a coating (thick coating) made of an alloy
material including a metal for generating an oxide that exerts a
lubrication property is formed through a scheme, such as welding and
spray coating.

These schemes require skilled manual operations.
Concentrated heat input to a workpiece (for welding) poses many
problems such that deformation, cracking, and the like are prone to
occur. To get around the problems, a coating formation technology
serving as an alternative to these schemes is required.

On the other hand, as a coating formation technology, a method

of forming a coating on a workpiece surface with a pulse-like discharge

{hereinafter a discharge surface treatment) has been suggested (see,
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abrasi on resistance at roomtenperature, and a coating
of a hard material, such as TiC, is forned. 5 In
recent years, however, there have been increasing
demands for formation of not oply a hard ceramc
coating with a view to abrasion resistance at room
tenperature but also a thick coating with a coating

t higtkdesfip@) RARneLURTaRfrel00 oMY uStogventional
di scharge surface treatnent. However, when a

di 8%'&%%9?9 %‘dlrrfa%etrbéﬁﬁbﬂ?rﬁ p'rﬁlclpfﬂéfc%]g@ﬁvé-@s k& achieve

di el ectr urd, particularly oil, carbon in oil and

"358} gl&ﬁ‘?[as 1L Hc& 3 oo %ﬁp%ﬁtﬁj? n?;ufrg %’b@ﬁtmg of @ hard

Ther ore, |s extre orma

coati.n de of ne to form carbide, such
as”}qt?aﬂra ﬁ%ﬁ%‘?a di scharge surface

treat rrent I\/breover the 21 .coat i a d d
o1 dif g TbESRRToas. Rowaysriess an aras 'r'ﬁfeaafd g demands
at nospher e, have been suggested (see, for exa

Patas, Pr'E‘iatt’@r“a@fuP@%C’QWaﬂg‘aE CoIa{HG &oatingewith n@ﬁ%éo abrasion
are those of formng a coatl ng by manual |y appl yi ng
volesigtanse a@oramhitemperapoe bul aksovethiskrceating mﬂihng Coatlng
el ectrode and a workpiece to repeat discharge and
cotitiaknessTbartéeooreriaf 160 diitforoaterstly uskity § discharge surface
20 coating. Patent Literature 1 Japanese Patent No.

32#ré45henbPat Howevielr ewaenr £ disclangecsierfiiod ereatment is performed
Application Laid-Open Publication No. 25 6-269936 4

PaFrﬁBFelébt‘r%rﬁ’ﬁMr PaftiddRMYesSE Eabentin/GiPbndahie®dl react with each
d- Open Publicati on No.
other to form carbide. Therefore, it is extremely difficult to form a thick
coating made of material prone to form carbide, such as titanium (Ti),
by using a discharge surface treatment.

Moreover, other than the above, coating molding technologies
using a discharge in a gas atmosphere have been suggested (see, for
example, Patent Literatures 2 and 3). However, these methods are
those of forming a coating by manually applying a voltage of 80 volts to
200 volts between a rotating electrode and a workpiece to repeat
discharge and contact. Therefore, it is difficult to stably form a
coating.

Patent Literature 1

Japanese Patent No. 3227454

Patent Literature 2

Japanese Patent Application Laid-Open Publication No.

6-269936
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11- 264080 Based on the background descri bed above, in
recent years, 5 there have been desperate demands for
a technology of formng a hard ceramc coating with a
view to abrasion resistance at Jjoomtenperature but
also a thick coating with a coating thickness on the
order of 100 mcroneters by using a discharge surface
treat menpatdt Litsvathee gade on a |line basis w thout
requiring skilled manual operations. 10 However, in

the el ectrode yeuPasd W ApSIcBRt P att -Sxd a6 PdiblliRation No.

Patent Literature 1 nentioned above, a nmain subject is

toﬁ_c%’% dhin coating, and therefore it is
i mpossible to forma coating with abrasion resistance

at a hi t enpe ' . iGi

o oper t SBasSARE! B8 bEcRAMARFRALBea oY, ' rebent years,
formation of an electrode with,a,15 yniform hardness

| OHEE v bephlraiarals asmapaSiote dgch Bl ftiing a hard
therefore the hardness of the electrode itself nm

vaf§ramic ¢Rataavith aryiew ©oabrafion Kpsistance &t é@ﬂﬁbﬂéﬂperature
surface treatnment, supply of the el ectrode materi al

f r bt akee altbisk corting adthadcarding HickrespPndbenpidaricll 100
is nelted on the workpiece surface have the nost 20

i nflicenmoetererbycoainigng disclangessiedacd e oy tythat cahebe made
el ectrode material is influenced by the strength,

t hah d Snelmgisedthoutirelguiringlskilgdnmandal dperatiogsa
thin coating by using the technol ogy disclosed in

Pat ent LHogfaldH th the electidd s i@ssfaeturimg ntoiodngistiosed in
be forned is thin. Therefore, even if the hardness of

t th%éﬁtCEi&Qﬂa%FPé 1“r%nﬁp}nbef£%6\%,8é>ﬁ?ai%5mﬁﬂer;€% td f¥tm a thin

hardness has little influence on the coating

PLABARTSF Bel PR s oG bR LR 34158 win abrasion

ha\r/ésqgtaa}]créogf ngifgﬁrtg1 ms’pter r%ﬂ?rtehén'!ritroﬁr%ein%orsasiLFAr?ci{yo property.
Also, no consideration is given to formation of an electrode with a
uniform hardness at the time of compressing and molding a powder,
and therefore the hardness of the electrode itself may vary.

In forming a thick coating through a discharge surface treatment,
supply of the electrode material from the electrode side and how the
supplied material is melted on the workpiece surface have the most
influences on coating performance. The supply of the electrode
material is influenced by the strength, that is, hardness, of the
electrode. In forming a thin coating by using the technology disclosed
in Patent Literature 1, the thickness of the coating to be formed is thin.

Therefore, even if the hardness of the electrode is not uniform to some

degree, the hardness has little influence on the coating performance.
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forma coating with a uniformthickness. In formng a

thick coating through a discharge surface treatnent,

a coating with a uniformb5 thickness can be forned

only by uniformy supplying a Isrge anmount of the

el ectrode material to a process area of the workpiece

side. Therefore, if the electrode has a portion that

i s even Hlowghtdryif andisaharfersurfddeetreaymeoitvis pericoatddgy using
is formed at that portion is changed, thereby making

I t shomeFstlRlctrdde havingla He3t-URTohtdtréngthi, fitdisnim pddbsible to

t hi ckness. Moreover, depending on the portion of the

el ffihf @ dtHg With ATunifdif HhiERREEHE RUFdIARRgld BAER®Rlating
a coating formng speed and a coating propéerty vary,

fo ’. . a - . >
s SRS Biscirbe Ry TR Bhdind PRSIt WANPE LR
i nyention has been devised in vi of 0 I

o SEREH 8 SRR o e RN PV MY ity Y Targel Afount o
on_a rkpi ece surface by using a se di scharge, an
objite el S EatBEEh S 5 pradieareR St I nGl et Side’

di sch?éfge surface-treatnment nmethod and a di sc,harPe

sulhaeefore ctiitherfieaipdpdias ai RPeNCR a4 i3 exBNes!igid o0
high-quality coating is formed. Another object is to

pr BoNndeniforan sihigavgy haw fthe coatng weiormedeahtwtapertign is

di scharge surface treatnent in which a high-quality
coahénged stHerebydmakinpiitimpossiig ta fonmea icalatingawithsa uniform
prone to becone carbide to becone carbide in a

di gobrnges.surface treatnent using a 25 discharge of a
pulse in oil. 6 DI SCLOSURE OF THE | NVENTI ON A

glszgfgflr IfIoTRbLaF & d FAMIRBNEN BRé Pedtias Gt WekRoBBor use in

the discharge surface treatment, a coating forming speed and a coating
property vary, for example, thereby making it impossible to perform a
surface treatment with stable quality.

The present invention has been devised in view of the above.
In a discharge surface treatment where a coating is formed on a
workpiece surface by using a pulse discharge, an object of the present
invention is to provide a discharge surface-treatment method and a
discharge surface-treatment apparatus in which a stable and
high-quality coating is formed.

Another object is to provide a discharge surface-treatment
method and a discharge surface treatment in which a high-quality
coating is formed without causing a material that is prone to become

carbide to become carbide in a discharge surface treatment using a

discharge of a pulse in oil.
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of the present invention includes generating a

pul se-li ke discharge by 5 using a green conpact
conpressed and nol ded froma netal powder, a netal
conpound powder, or a ceram c ppwder as an el ectrode
and applying a voltage equal to or greater than 500
volts between the electrode and a workpiece in a gas
at nosphere; and formng a coating consisting of an
el ectrode material or a substance resulting froma 10

repeSCRO IO RO FEireE INVENTRIoNi al to the energy of
the pul se-1ike discharge on a surface of the

wor kpi ecg d\’b&lﬁ‘ﬁ@bp?ﬂﬁ’%% PEafliEnt Fhléltﬁs |dd&%r8’in§°fba698 aspect

According to t resent invention, |sc arg

zuéf:ﬂ": Béé%egﬁhg%gé'ﬂgﬁaﬁngq%rsnﬁgg&fétﬂ]@ ﬁiﬂ@@-ll x?lscharge by

ual to or an 500 volts bet en .t he
elqgaﬂgoa@rsﬁa Utiakhamarossed ghd BolfEd it  metal powder, a
Ther ef or e, i nt erel ectrode di,stanc that is,
i BVE3AbEOMAONEEHPEWEEE| SIch (GETRMiA P OW %ﬁwp?'éeém&&na"d
be kept appropriately. Wth this, a discharge ca
st aBPlying dceeltpge eaugééo A resephrs than Hhae efthawm%the

an excellent thick 20 coating to be fornmed even in a
gaslextrasphodes WRRK B COEBGRIGRT @ CFp e R; BRAWNGENEi 4 coating
1 is a section view depicting a concept of a process

of conmistingcdfuam rede etno et ecateoidd drar sdbstamege sultihgdmm a
treatnment; 25 Fig. 2 is a conceptual view of a state

of regnitic BT Mt alsbtpede nYLtefias vo fthe @ idrg@tdTafk; pise-IikdA
is a plot of a voltage waveform during a discharge

329&?@?% oA Qf‘éysriéaedg 6 gﬁ@w&ka.d@eow.tﬂfa@ewgwr the
pulse-like discharge.

According to the present invention, a discharge surface
treatment is performed with a pulse-like discharge being generated by
applying a voltage equal to or larger than 500 volts between the
electrode and a workpiece in a gas atmosphere. Therefore, an
interelectrode distance, that is, a distance between the electrode and
the workpiece can be kept appropriately. With this, a discharge can

stably proceed in a gas atmosphere, thereby allowing an excellent thick

coating to be formed even in a gas atmosphere.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a section view depicting a concept of a process of
manufacturing an electrode for discharge surface treatment;

Fig. 2 is a conceptual view of a state of performing a discharge
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5 vol tage waveformof Fig. 3B, Fig. 4 is a view of an
el ectric discharging state in dielectric fluid; Fig. 5
is a plot of a relation between a no-Ioad vol tage and
an interelectrode distance; Fig. 6 is a conceptual

view of a state of performng a discharge 10 surface
treatnent according to a second enbodinent; Fig. 7 is
a sorfaeptiredtnvertyy of a state of performng a discharge
surface treatnment according to a third enbodi nent;

Fig. 8 iFig 3ANsapiloabl b ewade waiedbamafurirey bodistharge
di scharge surface treatnent according to a fourth

enhoffadBteathemt: 9. 9 is a conceptual view of a state
of perform ng a discharge surface treatnent according

to afi fF!qu%ﬁ;"?gianﬁl'&& of AEufrbAt mﬂaQrfe'tférr@é%L#ﬁ ?/%%%egﬂd%dﬁe

of a gas ne engine for aircra

OAg%ig\’l %{I 20 Exenpl ary enbodi nents of

a |g‘é§§rg %f?nﬂgaé@@lega 'ment nethod and a di scharge
supface:treat nent apparatus. accor.di n 0.t he esgnt ..

bk inadewae s MEE M TisBharsiRaaale i PleteBE Bl

to the cconpanyi n raw ngs. te that the present

i nventi oﬁ'9-§ o p'PEQ??i r&‘%'go'ﬂ @&W@eﬂo? NGWCRG Vo'?age and an
description, but can be changed as 25 appropriate

wi terelaciedpedistanassvi ati ng from the gist of the

present 8 invention. Also, in the attached draw ngs, a
scal e of Fegpdhisramdmnceptagl dievf of af state ioé peufqrovegdf discharge
easy understandi ng. Functions required for a thick

coatirfagettoe dten é o aecb idim@ tgla secohd ensbadimsentf ace
treatnment according to the present invention include

S abrasi giy.resd atcoitee plodeviedv bf ahstat@o parforming a discharge
envi ronnment and a
surface treatment according to a third embodiment;
Fig. 8 is a conceptual view of a state of performing a discharge
surface treatment according to a fourth embodiment;
Fig. 9 is a conceptual view of a state of performing a discharge

surface treatment according to a fifth embodiment; and

Fig. 10 is a turbine blade of a gas turbine engine for aircraft.

BEST MODE FOR CARRYING OUT THE INVENTICN

Exemplary embodiments of a discharge surface-treatment
method and a discharge surface-treatment apparatus according to the
present invention are described in detail below with reference to the
accompanying drawings. Note that the present invention is not
restricted to the following description, but can be changed as

appropriate within a scope not deviating from the gist of the present



| ubrication property. Therefore, the present invention
is targeted for discharge surface-treatnent

technol ogy that can also be utilized for conponents

to be used under a high tenperagure environnent as

well. To forma thick coating, unlike a conventiona

el ectrode whose 10 main ingredient is ceramc to be
useveindionf, orAlsogiratiwmattackedndrawingsat arsgalawnf adaztt medeber
formed by conpressing and nol ding a powder whose main

| naTRdd#Rdr foB tiRe PRIrpbsé ¥MRNRSNUNn@edtangimgoer form ng a
heating process as required is used. Here, when a

thick coplihBflohs reQuITRE foRrOtHIbk @oﬁhﬁ@ﬁ%rtﬂ@forlfﬁed through a
surface treatnent, in order to suppl y a | arge anount

Ofdl%lcﬂ%?gg%ﬁxé%ﬁbhphew QHSFU gg% ;f’rf(?s%n‘i"lﬁ§@r?ﬁ include

Isre ectro have a

o ?gfésiﬁﬁ”gﬁgpﬁxéﬁé‘%ﬂ@ i il E%q“b??%@ég%i‘fﬁ*ﬁ*ﬁgﬂt g =

rode the el ectrode is,. decr ase

¢ of Eisirtipay P eTa Uﬁ%wei% BeTuERen AL Bted for

thro h a pulse di scharg as described abov
tstc%@cﬂee M@Qﬁ'“&aﬁ'ﬁﬁéﬁ tachnplogy thaf gan, ‘H@Pé?ﬁ BH{'Z?Q for

a metal conponent is used. However, studies by the
i noempeneMane treoused uneer a hightempecatuse@niinanast as well.
| arge anount of material prone to form carbide, the
mat er i al Tprforma a thitkranatangyiudikesa ceavestinngheteatbate whose
contained in oil, which is dielectric fluid, to becone

10 9 nmibiidgredibat Boyerakion® bé udidd fordbrmirng haiandace tansic
coating. That is, the studies by the inventors have

f ogpgtih§abn eibefode foedleldngy conipredethd M MBIding a powder
el ectrode manufactured by conpressing and nol ding a

po %rseorﬂa'iﬁ‘% e‘él‘?éntolfaé ?‘é@'com r%mtaﬁ{cfthér‘i pe¥forming a

i cul orm a stab and thick coating

unhgaﬁnﬁ ﬂ%tcggbaa]s l[bc&mpéd)ﬂ?uggd.

Here, when a thick coating is formed through a discharge

15 surface treatment, in order to supply a large amount of electrode
material through a pulse of a discharge, it is required that the electrode
should have a predetermined feature regarding the properties of the
material and hardness of the electrode, such that the electrode the
hardness of the electrode is decreased to some degree.

20 When a thick coating is formed through a pulse discharge, as
described above, an electrode made of a material whose main
ingredient is a metal component is used. However, studies by the
inventors have found that, if the electrode contains a large amount of
material prone to form carbide, the material prone to form carbide

25 reacts with carbon contained in oil, which is dieleciric fluid, to become



form carbide, such as Co (cobalt), N (nickel), and Fe
(iron), is <contained in the el ectrode. However, sone
demands in industry for formation of a thick coating
i nclude those for maintenance uging a material, such
as Ti 10 (titaniun), that is extrenely prone to

carbi de. The present invention provides a techni que

al tamiing, thatenbyembRirKitenHidungtd forbeasthadi yohtinged
with a pul se discharge even when such a materi al

extrenel yha{ @&hbSstudffPb{ehe fhvehtorsirie®iindlthat, when a
First, a discharge surface-treatnent nethod accordi ng

t océafiiggz.{; f%rﬁ'g?&?HFﬁrEn %feétl‘l?dé’h’?aﬁ%ﬁagitﬁ%%nﬁtg%gﬂp?essing and

descri 'S a section Vview depictl

co 0 c f L ng . r ﬁ
ai BEEIngEe sDPIEEST g ordRP O BehEra i dia et RIE clffbuit to
Fig. 1, gs,an  exanple of. the electrpde for_ use in.the

5 o sk B ISt otk Mgkt ting 9o raca Rialfial ndyetBne to
where a Co alloy power js used as an el ectyade, .
et gArbidg, pugh as Cion(ce N1 dnickslinadd '89 (R 1§ s
upper punch 2, a nold's |ower punch 3, and a nold's
di eontainedon foadectiofleving a particle diameter on
the order of 1 microneter is filled. Then, by
conpr essHogvewed, aohdi dgmarids jmoindkustryafogrfeem ationpelca thick
is formed. In 25 a discharge surface treatnent, this
gr eeatingripelcide thosecldrasamtéfadcs usange miaéetialpdechTae Ti
el ectrode manufacturing process shown in Fig. 1 is as

10 f ol titawsumF; thait is eikereGve RYdele th E&ridé. | Mhieheremendinvention
and a predeterm ned pressure is applied to the Co

oYl AR eI Bened I Sopigtorstst fomed
with a pulse discharge even when such a material extremely prone to
carbide.
First Embodiment

15 First, a discharge surface-treatment method according to a first
embodiment of the present invention is described. Fig. 1 is a section
view depicting a concept of a process of manufacturing an electrode for
discharge surface treatment. First, with reference to Fig. 1, as an
example of the electrode for use in the present invention, description is

20 made to the case where a Co alloy power is used as an electrode
material. In Fig. 1, in a space surrounded by a mold’s upper punch 2,
a mold’s lower punch 3, and a mold’s die 4, a Co powder 1 having a
particle diameter on the order of 1 micrometer is filled. Then, by

compressing and moiding this powder, a green compact is formed. In

25 a discharge surface treatment, this green compact is used as a



beconme a conpression. At the tine of pressing, to

i nprove transm ssion of a pressure of a press into

the inside of the Co powder 1, approximately 1 weight
percent to 10 wei ght percent ofigwax, such as paraffin,
is preferably 10 m xed in the Co powder 1 to inprove

nmol dability of the Co powder 1. However, as the

r edisthalrgaradectrooé. wax in the electrode is |arger

el ectric conductivity becones deteriorated at the tine
of a di sTRharglectrddel maaufacarimgnirocBeersticwe.in \Wign1vevas
is mxed in the Co powder 1, the wax is preferably

I efgINRfk.| N iRst, 2h8TC B RVATST 1 19 plibeh 9 & PROIBOAPRCA predetermined
formed through conpression nolding can be directly

US AL ,r81s YR PP O CADSRARE A5 ¥hE AP and the

ong as t green conp as a pre

hay dn LY LY Phavisde

5 CoERty At 3 ARBIISLEALAN DR EEFkUEr 138 ersulgie to
coB‘gressi on nol di n% does not have a predeterm ned 20
haPBRBYE AGPENRIGSSYTh, i.e., hardness, can be
i ncreased by heating, thereby reducing electric
resi st an®é INgdirge ofERSEING, P dBPrevelERNS M SSiRRgf gcpressure of
being heated, it is preferable, also in view of .
haAdireRg,intththe intddgraddheeapwderel happeaximade yal aveight
hardness simlar to that of chalk and then be used as
anpetcegitdot tO bt parcmitarfoeasusicl @st pasaffienis. praferably
addi tion, when wax is 11 m xed at the tinme of

10 conpxed $n nge Aol potdé my tasmoeses inbeld ablidy ef thbeCo powder 1.
el ectrode (green conpact) is required to be heated for

I epRWd\E:aX - thAtreshdwaltamBunt be wak PowEeelektictidRs Ritger,
in the nmold has an average particle systemequal to

Org HIE‘,)%rontd“u%rFivﬂ Herd Bt Yete Aorated & PiEEfi®eSof AQiScharge

preferably, approximately 1 mcroneter as
surface treatment. Therefore, when wax is mixed in the Co powder 1,
the wax is preferably removed in a later process.

15 The green compact formed through compression molding can
be directly used as an electrode for discharge surface treatment as
long as the green compact has a predetermined hardness and
conductivity provided through compression. If the green compact
obtained through compression molding does not have a predetermined

20 hardness, the strength, i.e., hardness, can be increased by heating,
thereby reducing electric resistance.

Here, when the green compact is used as being heated, it is
preferable, also in view of handling, that the green compact be heated

to have hardness similar to that of chalk and then be used as an

25 electrode for discharge surface treatment. In addition, when wax is
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described in the first enbodinent. Fig. 2 depicts a
conceptual view of a state of perform ng a discharge
surface treatnment by a di scharge surface-treatnment
apparatus using an el ectrode f@gq di scharge surface
treatnment 10 manufactured in the above process, the

el ectrode having a | ow hardness for formng a thick
Comiixe@ at lthe Rirgle of cdrhpredsat @ avfid motdingeas desofibad above, the
pul se-1i ke discharge is showmn. As shown in Fig. 2, the

di gRFdiRe Fgﬂefeﬁcéfoﬁfpgél)wéﬁteq@mﬁ b& hexreariar fﬂgmtcﬂnng wax.
the first enbodi nent includes an el ectrode for

di schar gg; 13 twaf #& A palvaRAL ﬁg()ﬁ'ﬂh&thmm r‘%sd has an

herei nafter sinply an e ctrode e el ectrode

R sgf%geé;:.é oL 45 5 ApERSB
Mo, SRR S

overing the 20 electrode 5

aeﬁﬁ%bﬁﬂﬁﬂﬁpﬂégshegﬁﬁﬂf Befdwer supply for discharge
surface treatnent 9 that causes_ a pul se-like discharge
(arc col bith %PGPWS@pBPQPﬁ@tL@F\Y&Wﬁ@ §Eﬁttﬁé€rpl?ﬂﬂ%rmln9 a
el ectrode 5 and the workpiece 6. Here, in Fig. 2,
sedischasga anirtand treatroent biyla dgsca\argﬁts;rréa@&:tﬁeadment
di stance, that is, a distance between the el ectrode 5
andppheat\mrquhgm ek dirode fmpdischhage sudiaes tréetraegbn
7, and others are not directly related to 12 the

pr geRNifacniMedtinafe Ahevd bes ©éy, eharedeotrodectaviaged row
To forma coating on the workpiece surface by this

di fgRf e fUorASg tarﬁﬁélﬂ%ﬁbtlﬁepa'lﬁ‘lﬂi'% 21 e stRetdfasteurrence
5 and the workpiece 6 are placed to be opp03|te to

eagn 208 NIgk-I argcﬂragga'@%ﬁewere Then, in 5 the

argon ‘at nosphere power supply for dlscharge

surface As shown in Fig. 2, the discharge surface-treatment apparatus

according to the first embodiment includes an electrode for discharge
surface treatment 5 (which may be hereinafter simply an electrode 5),
the electrode being the electrode for discharge surface treatment
described above and being formed of a green compact obtained by
compressing and molding the Co powder 1 or the green compact
subjected to a heating process; argon 7, which is a gas covering the
electrode 5 and the workpiece 6; and a power supply for discharge
surface treatment 9 that causes a pulse-like discharge (arc column 8)
by applying a voltage between the electrode 5 and the workpiece 6.
Here, in Fig. 2, a servo mechanism for controlling an interelectrode
distance, that is, a distance between the electrode 5 and the workpiece

6, a depot that stores the argon 7, and others are not directly related to
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treatment 9 is used to cause a pul se-like discharge
between the electrode 5 and the workpi ece 6.
Specifically, a voltage is applied between the

el ectrode 5 and the workpi ece gsto cause a pul se-1ike

di scharge. The discharge arc colum 8 occurs, as shown

in Fig. 2, 10 between the electrode 5 and the

wothe peese it inventionhandi thehefoye aecomytige heraired to

take place between the electrode 5 and the workpiece

6, a coafrbrigrieseocatinghen ehewdmpfecaBlFatalby this disesarge
on the workpi ece surface or a coating made of a

SUEﬁFf@%etréﬁﬁHéﬁi BEphFATs! 8RS kidttr&de BN #tRE WO UPiece 6 are
material to the 15 di scharge energy is formed on the

Ei‘a‘%e‘“‘tﬁ?o EH%@?@%&&%%EH&MP% ! én‘g‘%ﬁm é%ﬁé‘ﬁﬁeré heThen, in

ctrode as a m nus poI ari t

dohLeTaEn AutiesPyeRs. fif bihel b 8 ardpsithcs

ﬁ&.ﬂ?@ﬁ&?éhar@%#i@éfﬁﬁgaﬁiﬂ el Earciﬁ@arfg%ﬂe&é%émee

structure descri bed above. . 3A and 3B are i

i BlAGHHASRP AM (oR HAIKBIRAS Bul SBeCHSAIN PoYIREe happlied
di scharge at the tine of the discharge surface

t r Bgtweean theteleetradei andAhgewpotieae ota ggus o/ pilseniike
(interel ectrode vol tage waveforn) between the

el dtahadge 11 Theddisbbavge lapt eoturh® &bcclbs,tdeshowe iof Fig. 2,
di scharge and Fig. 3B depicts a current waveform of a

13betweentthtlelecirgde e addsthleawgekecé &ce- t r eat ment
apparatus at the tinme of discharge. The current val ue

i s posi tinien 'tlﬁ‘efdhﬁzlf’drb%céh@rrgyoge@é‘raﬁéﬂqw taRe Ha68 Wftween the
Figs. 3A and 3B, that in"the upper direction of

th@léﬁf&dé:%'an@’fhé drRP?éiga'eB' Qrboattz@ ﬁﬂd@BPtN@'eP@ctkéde

positive when th a m nus

PoL btk igd 'n?‘éd Bﬂeth‘é!"%%%@e%u%ad& bf a' @fith e of a

substance resulting from reaction of the electrode material to the
discharge energy is formed on the workpiece surface. Regarding
polarities for use, the electrode 5 side has a minus polarity, and the
workpiece 6 side has a plus polarity.

Figs. 3A and 3B depict an example of pulse conditions of a
discharge when a discharge surface treatment is performed in the
discharge surface-treatment apparatus having the structure described
above. Figs. 3A and 3B are drawings of the example of pulse
conditions of the discharge at the time of the discharge surface
treatment, wherein Fig. 3A depicts a voltage waveform (interelectrode
voltage waveform) between the electrode 11 and the workpiece 12 at

the time of discharge and Fig. 3B depicts a current waveform of a



plus-polarity electrode. As shown in Fig. 3A a

no-l oad voltage ui is applied between both poles at a

time t0. Acurrent | begins to flowat atinme tl after

an electric-discharge delay tiyage td has el apsed,

thereby starting discharge. 10 The voltage at this

time is an electric-discharge voltage ue, and the

cugq geht MlowiRgeheidiechargeepufacotiecatnyent peparatusratrthe time of
value ie. Wen the supply of the voltage between both

POhRHag8 ! OPRR FreAt VANR fsZpositie ihltRW difedtith of an arrow in
current stops A duration between t2 to tl is referred

voF Ehetﬁ F]1§ ehacifd %detﬁﬁh?é 9R tHE @f?m%é’\‘ &irdctién d?\the vertical

agevva formin a’'duration tOto t2is

T
DL UL B P e AR BRI 4

first enbodi ment are such that 20 the peak current
vaPU@'P@WﬁHﬂﬁEV@ge the el ectric-discharge durati on

(di schar pul se wi dt h) to=64 m croseconds, and th

qui escengsﬁwntl@:ﬁlgs Ai. & pedeadyoltagecu i %P%'&%P&éwee”
in a gas atnosphere (according to the first

enboth pefes aha timgdd. athrospeef épeiginsits flomeat aftimmtd after an
di scharge in 25 liquid (in dielectric fluid) in that

t helgbitstafisehbrjevdermyt timeetdbasoslapaed, flerely starting discharge.
wor kpi ece, that is, the interel ectrode distance, is

10 ShCF'hb vdifa a@ftﬁlgftﬂhﬁeislafh elgpitig-discieargas velte@geé rue; and the
fluid (oil as shown in Fig. 4, the discharge

Caea% g*zﬁ tﬁlseﬁhreoﬂere\'mbﬁéhfﬂd Sysacbéél%rférﬂmaﬂﬂe ie. When

el ectro or a po (process wast age)

SRS I 0T 5 B MOy e .
the flow of the current stops.
A duration between t2 to t1 is referred to as an
15 electric-discharge pulse width te. A voltage waveform in a duration
between t0 to t2 is repeatedly applied between both poles at intervals
of a quiescent time to. That is, as shown in Fig. 3A, a pulse-like
voltage is applied between the electrode 5 and the workpiece 6.
The pulse conditions used in the first embodiment are such that
20 the peak current value ie=10 amperes, the electric-discharge duration
(discharge pulse width) te=64 microseconds, and the quiescent time
to=128 microseconds.
Such a discharge in a gas atmosphere (according to the first

embodiment, an argon atmosphere) is different from a discharge in

25 liquid (in dielectric fluid) in that the distance between the electrode and




and the workpi ece 62), thereby inducing a discharge.
Therefore, the interelectrode distance is |ong. For
ref erence, under the conditions such that the peak
current value ie=10 anperes, tfge electric-discharge
duration (discharge pulse 10 width) to=64

m cr oseconds, the quiescent tine to=128 m croseconds,
anth8vorkbiecefthihés noel ipbereVobtrege distaace, is short. In a
interel ectrode di stance during discharge is

apRigoH argeahYitid T GER TR le%tri® flatd %E}F@ﬁé@fsﬁ-omh‘?m Fig. 4, the
the principle of the present nethod (discharge

sui@derhbedi®iY tHEE Yo 'é‘g‘ﬁqot%gél aldEegElSrom an electrode

(according to the first 1 Iment, 1H an argon

at pgs r | f_Ei [ ri
vnen o arihndsy broB8ss weiindes o oEhorster oA e kRho of o
8 _between e electro and .t he rkpi ece 6 .S

5 e PRER.b2arB T 5ae N SenyBBA thgpdlRs Barwoen th electrode 61
conductivity becau the electrode is copfigured b
coﬁﬁﬁe@@ if:} SPIGOP di2h Heerebyoingi\Ring agtischar -defh#efqre, the
m cronmeter, 20 and is partially heated to a such an
exidgfeleshiode distanes i NG vaporized. Wth an
expl osi ve power when the electrode material is
parti al | yorvefaenzed undes tee eonditien$ sushdiat the pieak current
wor kpi ece side to be transferred to the workpi ece
si dajud hleerEbanfpeneisn the etectricrdisohatdee duvatidpi(diseharge pulse
surface. 25 Since the discharge surface treatnent in a

10 gawidthjaepbarmidreseébndyCthaagpnidsteintltene to+128midh@séconds,
coating on the workpiece surface, the electrode is

pr ghar gk yitaadenefné PASItagRt ehé dhterblectrdlicS 8R4 gée during

surface treatnment is performéd by using an el ectrode

noyyid H4r5e iQfae@gpggﬂ?gé’I}fw ﬂié@;ng%l%éggﬁo‘gvl\frrﬂgrﬂbﬁﬁs.

havi ng | arge equire

el ectr odg Jiat f1d Blinkfbib 27 HE'HBEERE il By (VB Sge
surface-treatment method) in a gas atmosphere (according to the first

15 embodiment, in an argon atmosphere) with the structure of Fig. 2 is
described. When a discharge occurs, the portion of the arc column 8
between the electrode 5 and the workpiece 6 is heated. The electrode
5 has a low thermal conductivity because the electrode is configured by
compressing and forming a Co powder on the order of 1 micrometer,

20 and is partially heated to a such an extent that it is partially vaporized.
With an explosive power when the electrode material is partially
vaporized, the electrode is blown to the workpiece side to be
transferred to the workpiece side, thereby forming a coating on the

workpiece surface.

25 Since the discharge surface treatment in a gas atmosphere has
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| arge di scharge pul se causes the workpi ece side to be
renoved. That is, when a discharge surface treatnent

is perforned by using an el ectrode not nmade of a

powder material, it is difficulyg to nmelt the el ectrode
with a discharge pulse having small energy as in the
first enbodinment to blow 10 the material to the

woskph ecgriatife, 1ot fedfling ancodting be thieswbekrgece suafams the
atnosphere, unlike in dielectric fluid, a discharge

| NdGtRE O REp AdfePab Y iR aBeASES HoRRdraBate GANNYE alAscharge
expected. Therefore, the workpiece and the el ectrode

ha¥8rfab8&P§a 5 s Mo?rﬁquﬁ‘buﬁw an %tl?@trélﬁétrﬁﬁ%rmed of a

where a di scharge occurs y the applied voltage.

Ho o S a.s IS rge t: ;

o BBKEter iR Ea T Ebhafle Pulse APl af Rty S fpguired to
pol es, .that is, .the distan between the el gctrode

b b aaepTate Melri 38 e REFTE kS Ser P WeET, such a
swel |l of the discharge trace is |arger than the ,
i ntarae HEEhaEee AUl pRUSeD ?ﬂvqrﬁpsefcedékS{E b bRgemowed. That is,
gener at ed _between the pol es when the el ectrode .

mawdenad dischargesswifaes treatmantis mgsifeceed Py peing an electrode
di scharge. Irrespectively of in dielectric fluid or in

a gat madmophepewdehmatanalnit indiffineltdpsonlirthe eleatrode with a
based on the conditions is on the order of 10

m diszietrge pulse 2aving sonat ensrgydasdn the fishenteodiment to blow
of a not 25 so high response speed (response

fr gowiaineetiaPto RI9S vidPistk st rol 16 between the poles
(for exanple, on the order of several tens of hertz),

it will BeadiitidcuhithbdisaHaR@irPhafa$ afth8SPREEE unlike in
unl ess an interelectrode distance equal to or |arger

tshgfbléB{?Lcoﬁb f&ataehbégf‘\g 55’% m Qgﬁhﬁr@%éfn%tio%”-?i‘ér;?r%lcggg':\]vgstage

epl c a grap a WEEN a no-
Eﬁﬁgt be expected. Therefore, the workpiece and the electrode have

vok
to be made close to each other at a distance where a discharge occurs
by the applied voltage.

However, since a swell of a discharge trace by the discharge is
generated, if the distance between the poles, that is, the distance
between the electrode and the workpiece, is too narrowed, the amount
of swell of the discharge trace is larger than the interelectrode distance.
In this case, a short is generated between the poles when the electrode
material is transferred to the workpiece by the discharge.

Irrespectively of in dielectric fluid or in a gas atmosphere, the
amount of the discharge trance based on the conditions is on the order

of 10 micrometers to 20 micrometers. Also, in consideration of a not

so high response speed (response frequency) of positioning control



(interelectrode voltage) and an interel ectrode

di stance at the tinme of a discharge in a gas

at nrosphere (argon atnosphere). This graph represents
nmeasurenents obtained froma tqgt for neasuring a

position at the tinme of occurrence of a discharge

whil e an apparatus, such as a 10 | aser displ acenent
gabgbwveen dhe qodys ¢forredmptsen thd ordeeabsevearnittbas of hertz),
di stance between the poles is used to neasure the

| nitegigl e difpdalt tei cdaic 8- sthBleedisichiasg@uads P aavint@e éctrode
sunmary of the interelectrode distance and the

noy|38Acy iAo (d'rr]hﬁé@ m%tnlr gei?rdéamaas@)am%%%te@is

when a di scharge occ

vol,

co

S whi he 1 nterel ectrode
hggpeé no-| oad voltage) is changed under the process
nditi1ons such that the peak current value ie=10

Ul e wi lshyo BB ar L 88 RIS el 2TEE e voitage
F Dhereiection volBgsT b Risfelartoq ciange at e time of a
di stance has a correlation such that as the no-| oad

voPtseha@rgadn shgas atps ahare (@reen e senel ahc el WSReh

Th
St
l e
VO
th

erefore, to make a discharge in a gas atnosphere »
B REsents seeasweme ntagedtained fronmp aotest degmeaasuting a position
ast 500 volts is required. Preferably, a no-load 25

ht due tifi e DE Decacteneacofva discied rgequhile tan appbeatger such as a
an approximately 17 1000 volts is applied. This is

10 r efaderafispladepepnt dsugatera eddyadarenti s¢rsere fegmmasuing the

15

20

25

or
co
i f
co
no

| arger than approximately 30 m cronmeters. To

Bidt@hcé Rtiveledr leesblerds Wied adafe Hurddhe iatonEréctréde
the response frequency for interel ectrode distance

B’gtg cg&an be kept at 5 an extrenely high state, the
-l'oad voltage (interel ectrode voltage)

Here, this graph provides a summary of the interelectrode
distance and the no-load voltage (interelectrode voltage) measured
when a discharge occurs while the interelectrode voltage (no-load
voltage) is changed under the process conditions such that the peak
current value ie=10 amperes, the electric-discharge duration (discharge
pulse width) te=64 microseconds, and the quiescent time to=128
microseconds.

As can be known from Fig. 5, the no-load voltage and the
interelectrode distance has a correlation such that as the no-load
voltage increases, the interelectrode distance widens. Therefore, to
make a discharge in a gas atmosphere stably proceed, a voltage equal
to or large than at least 500 volts is required. Preferably, a no-load

voltage {interelectrode voltage) equal to or larger than approximately
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may be equal to or larger than approxi mately 300

volts. However, to <configure the actual processing
apparatus, the response frequency obtained is on the
order of 10 hertz to 20 hertz aty best. Therefore, a
sufficient interelectrode voltage equal to or |arger
than approximately 10 500 volts is required. A reason
f ot 008quoIts imgapplied) odtis/is texpardd ta &eepaberioterelectrode
voltage) equal to or larger than 500 volts,

pr afﬁaﬁbbmc’mualortmr@ér trefroapprdvamaté 80vnldremieters.

that the voltage is to cause a stable discharge, and
this dogg é&ﬁtr&t%%%t@félé@ﬁo&b%éfa@% P3G rhRkoMleté Re if the
|i ke. However, when 15 the |ntenS|ty of the el ectrode
S
Isup% [ eﬁg\% ﬂIe\l%ﬁ'leeﬁ.,CS’he g@fees &Fd grccgjzﬁ}q{?r@h be kept at
‘ %{rﬁp%)gtlr%a% %g}n ghqgg I}QE}&)—R}%% V@I&Jj@fgz@terelectrﬁge voltage)
cases

Exan'p ti processi t n
i SRk PESTIPI Boblaiast TisHb pRErEiAte P00, YuB Hoﬁevef to
Japanese Patent Application Laid- QOen Publ i cat i ?
6- 560590re jhpacddal pracessinggprrastiusn the ApaPepes requency
Publ i cati on No. 6-269939, and Japanese Pat ent
Appbitziaeidos omahtaomghomﬂlhe;réz itoZONoertg-atossd4. Thigsstore, a
i nventions use a discharge in a gas atnosphere, and
hasuffigienhuitprelectrodei whitag e 8qdias thar darges thenaappreximately
between a netal electrode rotating at high 18 speed
anégOtheoitwikppoeednd the el ectrode naterial nelt by
the discharge is made contact with the workpiece to

be adher edrddiRyretdt reqipMey &f not|b§aa,dlra\g@1(mm|§dtaode voltage)
di fferent fromtechnol ogi es in which, in the

P @3 Al th ré‘)\f?orqrcg“thaﬂ 566 YIS 'B‘ré‘iee‘i'abgé%%'a?% 'Rd§rger than

space IS bet ween t hé wor k e and

el 9¢00°d6itdYs HidtWeAbIBIGRE] srﬂijﬁause a stable discharge, and this

does not depend on the electrode material or the like. However, when
the intensity of the electrode is low and the electrode material is
excessively supplied between the poles by the discharge, for example,
a much higher no-load voitage (interelectrode voltage} may be required
in some cases.

Examples of a coating processing method using a discharge in
a gas atmosphere are disclosed in Japanese Patent Application
Laid-Open Publication No. 6-269936, Japanese Patent Application
L.aid-Open Publication No. 6-269939, and Japanese Patent Application
Laid-Open Publication No. 9-108834. These inventions use a
discharge in a gas atmosphere, and has a principle in which a

discharge is generated between a metal electrode rotating at high
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of a green conpact and, with a pul se discharge, the

el ectrode material 1is transferred to the workpiece
surface. Here, these conventional technol ogies require
manual operations, and it is dgfficult to stably form

a coating. Mreover, such 10 technol ogi es cannot

support automation. According to the first enbodi nent,

I nspegdsaral thes pligkpiece andlthagdeenode rhateriallmefdry the
than 500 volts is applied between the electrode and

t haisepialtge 66 enh@e CanmdSctowRHIthe-WoKidts ¢bdedadhered thereto.
performng a di scharge surface treatnent, thereby

f OHIBWD N tFa S i vitHtiohs AR BIffTRAt Fidin WEANO R FeHHF which, as
at nosphere. Therefore, instead of coating formation

e di I i ; . _
t oshlft BES A4t vehflon, predieBeuritec e ld BELpBE space is

Wth thi a_coatin an_be fornmed even wi.th

ai treisd betPebRhe Hoflet8 an S| RN LY 1o 29 glectrode
di sgcharge surface, nethod, according to a secon .
o een COmPeRL SBoddi: o erien! ades 68 Hipelfogy material
usi n Fi?. 6. Fig. 6 is_a conceptual view of a state

of '%&ﬁf‘@ effeg ta tg@é’&%@ﬂ@g@%%ff@@@-treat ment by a

di scharge surface-treatnent apparatus according to the
second Hesedthase convemignalktechinelegies g eguirecanudhce

of a pulse-like 25 discharge is shown. 19 In the

di spbaatiens wridddstdiffatuiett stapafatms acatingi niidreovbe such
second enbodi nent shown in Fig. 6, a chanber 21

actegirgaegies eannéd swppodeftomalicgtchar ge surface
treatment 23 (which may be hereinafter sinply an

el ectrod@cédlding tWorhienfiRE @ mMBod MENORY §as Bifosphere, a
electrode 23 5 is an electrode forned of a titanium

(TidI1tRQUAR ual tB%raLRgar A 5803%ks is applied between the

electrode and the workpiece to cause a pulse-like discharge for
performing a discharge surface treatment, thereby forming an excellent
thick coating even in a gas atmosphere. Therefore, instead of coating
formation in dielectric fluid, discharge surface treating technology in a
gas atmosphere can be established. With this, a coating can be
formed even without dielectric fluid, such as oil.
Second Embodiment

A discharge surface method according to a second embodiment
of the present invention is described by using Fig. 6. Fig. 6 is a
conceptual view of a state of performing a discharge surface treatment
by a discharge surface-treatment apparatus according to the second
embodiment. In Fig. 6, the state of occurrence of a pulse-like

discharge is shown.



t he wor kpi ece 25 are each connected to a power supply

for discharge surface treatnent 27 provided outside

of the chanber 21 for causing a pulse-like discharge

(arc colum 33) by applying a wgtage between the

el ectrode 23 and the workpiece 25. In this structure,

a current | at the 10 tinme of discharge flows toward a

di r ect i omn fthendis tieagjecstirfade-tAEathoenthepppanes azeppding to the
for discharge surface treatnment 27. In addition, the
chageehdZdmbsdihent deewn inhFrRy. $2sa EHBRIDEr DPPaBtomMEdates an
for supplying gas in the chamber 21. Through the gas

S UFéﬂ’édtré’@?ri‘bf‘als%%argé%dr?ac?‘f’r%\'trﬁ@ nk QtSO(rv@m%hqjﬁﬁ hereinafter
21 hi's

Therefore, 1n I scharge surface-treatnent

apé?‘ﬁ?ﬁéan élg(?trgggcﬂf) Aw Pﬁﬁl@ﬁ%ccdrag?dnmrs' S The elecérode 23

hnsp er'e g to the sec
nmbodi t t hat 3
.enﬁ" B EBhtroe eEre Bl A RehgRt Sffipidetiiode 23 and
hanb
"5 Mrkeiedh 2pre, 67 ﬁsran'f%tedlt%@r%W%ééHamsgfﬂrquﬁcharge
controllln i nterel ectrode di stance, that is,

di SUsiREE %@@MB@H" 2reprevidad guisids ofthe ehrmper |2|'3I f@(gézausmg a

25 and others are not directly related to the present

i nbetge-dine dinghargs Grereolamn i) byeab piying a.v  batween the
titanium (Ti) powder form ng the electrode 23 is

di electndde 236and the wolkpéece 8. Thuhis sitcohuteng dwremiel at the
second enbodi nent, titanium 20 hydride (TiH2) powder

101 s tienel ol ells sarge ﬂl@w@&omrﬂ kedpedtondford thel eleetreider 33 to the
to 3 microneters, and is then conpressed, nolded, and

heglofb it U SRy SO HYéHM@B 6 BlcRtinht A7her eby

manuf act uri ng the eleCtrode 23. 5 Next, a general

outline of Jdiftich SHPEASMDYIACR chﬁﬁH&E%tﬁ 3 §44 Supply
opening 29 for supplying gas in the chamber 21. Through the gas
supply opening 29, gas is supplied into the chamber 21. Therefore, in

15  this discharge surface-treatment apparatus, the discharge surface
treatment is performed in a gas atmosphere. According to the second
embodiment, it is assumed that argon (Ar) gas 31 is introduced in the
chamber 21 via the gas supply opening 29, and the chamber is in an
argon atmosphere.

20 Here, in Fig. 6, a servo mechanism for controlling an
interelectrode distance, that is, a distance between the electrode 23
and the workpiece 25 and others are not directly related to the present
invention, and therefore are omitted herein.

Here, a titanium (Ti) powder forming the electrode 23 is difficult

25 to be pulverized. Thus, according to the second embodiment, titanium



di scharge surface-treatnent apparatus is descri bed.
The principle of coating formation including process
conditions is simlar to that according to the first
enbodi nent descri bed above, inaghich a pulse-like

di scharge is generated between the el ectrode 23 and
the 10 workpiece 25 for making the el ectrode materi al
t r agdtider @dH: ppoveerisickps leee soi ale to Aecon dhegrder bfi@
second enbodi nment, the el ectrode 23 and the workpiece

25 nficfometsrind3reidromett &, ciminiiethedlcbinpekssed r eimlded, and
outside air. Into the chanber 21, argon (Ar) 31, which

| S haRtbdes lcalde: h)?'d?dg%nstlboﬁbi dcfeddomhe AhyoRfarffBBtuting the
opening 29. According to the first enbodi'nent, the

ca%epe&fr alec,iz@g a Co electrode has been described. Co
is a material resistant to oxidation. Therefore, even

by usi ng,t.h r f [ . :
5 gurt ace. N s <15k oBins. 8 e il ot SRR Broagpent in nis

coat i can b 20 fqrnmed on the workpi ece. However, .

oo UG cudTnel Inr S APPAIALH F HPSEHOPge i D6 Principle of

generated in aijr with the use of a npterial, such as

t i CoAtng fotTMationaipchding MOGRSE HORAHP NS é’%\étma?i {0 ﬂwt

i medi ately becones titaniumoxide (Ti(2). 25

Ti egaPItingxtiodd entirst eabadimee nkdeseribed aboveain whisl &

l ow 21 thermal conductivity, for exanple, which are

di pludsetikefdisohatgesis géneraded| betWesmethe eledttodes 23 and the

i mpossible to forma thick coating whose nain
101 ngvarttpisde 25 for heakingthy eleutiode mate sahtaagsfdrredito the

To get around this problem according to the second 5

enhstkpRite sife. Ar gas 31 is used to suppress such
chem cal reaction

According to the second embodiment, the electrode 23 and the
workpiece 25 are accommodated in the chamber 21 blocked from
outside air. Into the chamber 21, argon (Ar) 31, which is an inert gas,

15 is supplied from the gas supply opening 29.

According to the first embodiment, the case of using a Co
electrode has been described. Co is a material resistant to oxidation.
Therefore, even by using the Co electrode to perform a discharge
surface treatment and cause a discharge in air, a Co coating can be

20 formed on the workpiece.

However, as in the second embodiment, when a discharge is
generated in air with the use of a material, such as titanium (Ti), having
a high chemical reactivity, Ti immediately becomes titanium oxide
(TiOy).

25 Titanium oxide has characteristics of a ceramic and a low
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of the electrode material to the discharge. The inert
gas (noble gas), such as the Ar gas 31, suppresses a
change of the electrode to becone anther substance.
Wth this, by using the inert @gs (noble gas), such
as the Ar gas 31, even an electrode material, such as
Ti, prone to 10 cause chem cal reaction can be

t rﬁf@rﬁﬁlraﬂmdmtm@ YO K04 @98 SWHR:HASrd Biffdraat $ioth éhose of
the netal of Ti, thereby form ng a Ti coating on the

WORIERhECeT Serefafe it IRhpbSsib® IS fordiaStHIE S €Batieg whose main

sur face-treat ment appar atus perforns a discharge

Su]}rf@?%ﬂlér{tel ttHSHLI h by e aué‘iﬁbt%@?éc ggsiﬁrkﬂFe an 15

can e ac suc an €l ectrode

mat eri al oS I I tion

can be tTa e PRaly %"hﬁgﬁﬁbﬁk Rengiig B2 8 secSR

state o nmetal of .Ti, thereb orm ng a Ti , .

coffl "avm? NG 485 AleisStFe B SupE RN Pugh tharical reaction
E as . to be |ntroduced into t chanber aé‘ %

is° the leé%‘% Fedg Sptesiahto é'&% digenargot hé"fe frlf‘eﬁtﬂaé oble gas),

(nobl e gas), such as helium (He) gas or neon (Ne)

gasuchmasaiis Aegesgik supfTessenia fzbgegeﬁﬁhetﬁegb’eae to become

According to the second enbodi nent, a discharge

suahtoe subbstanhoent Wish pleist d»ryrm@lng/ithb inket gdelnobldegas), such

t he workpi ece 25, and 25 others being accommobdated in

t hasdhambegal B.1, dveavan elédteod@ nehectal oslecRas Tih@rone to

wor kpi ece 25, and others do not necessarily have to

becagse ememdicad rédctidie caRad erandierrafdoathe Wbpikse side as in

needed is that the environnent where a di scharge

OCHHH §t:—it§ At hRmleBe of ﬂl@hé?éﬂ%ﬁﬁ?ﬁ’ﬁﬁ a ?PEBaﬁﬁ?/%Jn tHeor

exanpl e, e structure and met’h may be such That
an upplied froma I ocation near the
o y@?ﬁ%&&%@if%ﬁ%m 2

That is, since this discharge surface-treatment apparatus
performs a discharge surface treatment in an inert gas atmosphere, an
effect can be achieved such that, even an electrode material, such as
Ti, prone to cause chemical reaction can be transferred to the
workpiece side as in the state of the metal of Ti, thereby forming a Ti
coating on the workpiece surface.

To achieve this object, a gas to be introduced into the chamber
21 is not restricted to Ar gas, but another inert gas (noble gas), such as
helium (He) gas or neon (Ne) gas, or an inert gas such as nitrogen can
be used.

According to the second embodiment, a discharge surface
treatment is performed with the electrode 23, the workpiece 25, and

others being accommodated in the chamber 21. However, the
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| ocati on near a discharge point. In addition, in this

case, an effect simlar to the above can be obtai ned.
Third Enbodi nent One problemin discharge in a gas
atnosphere is heating of the @ electrode by

di scharge. Wien a discharge is generated in |iquid,

even if the electrode is locally heated by discharge
enetaptrodé@3elties wortpiece 25 mandi gthery doondtedecessailgrhave to
when a discharge is generated in a gas atnosphere,

copkid¥tdmmdddteé g Uhtthe chameeed, dhdraf wnat igheRdad is that the
di scharge is generated in a gas atnosphere, the

t egReIrBhHéhidinEhea cﬁécﬁlaﬁfé besgrs rs |'nn§ﬁ ¢S GasiBtnbshere,

degree of hardness ardness) of the el ectrode 'S

'ng[u?ﬁ‘sa% rV\hI%‘r Q&m dt'ﬁ%ssc'tr Etutrgea ethg such that

I NCrease 't he e%ect I C Tesi sﬁance Orfa ect

BB abls subBublifer b R RaP e &iea&%&’%?%%ard a
SlotaiiRi e HE S R ERAIGRPORI: ad A48 HShe i AoERan SiToct

nornal val ue, phenonena, such as del ayed coating

f oFiRHALIP HTﬁJIaB@Hﬁ\Feﬁn be aaingst-kpi ece, occur. To get
around this, when a discharge is generated in a gas

at ibé&phempodimediti ng the el ectrode is required. 25
According to a third enbodi ment of the present

i nvent i o@neapidbiewt hodisshacgelinreygabateiesphesddsiteating of the
described by using Fig. 7. Fig. 7 is a conceptual

vi evectfode piyadischRargeer fWheinng dis ch srglaisgge iseratad én liquid, even
treatment by a di scharge surface-treatnent apparatus

acahei dyactrodelie Iobbii?%e%@@dﬂy"@@bhaf@b Eingrgy, thehglectrode is

state of occurrence of a pul se-like di schar'ge is

ShWhediately cooled. However, when a discharge is generated in a gas
atmosphere, cooling is difficult to proceed. Therefore, when a
discharge is generated in a gas atmosphere, the temperature of the
electrode is increased, and the degree of hardness (hardness) of the
electrode is increased. When the hardness of the electrode is
increased, the electric resistance of the electrode is decreased. Due
to this, the discharge voltage becomes a low voltage compared with a
normal value.

As such, when the hardness of the electrode is high, that is,
when the discharge voltage is lower than the normal value, phenomena,
such as delayed coating formation and removal of the workpiece, occur.
To get around this, when a discharge is generated in a gas atmosphere,

cooling the electrode is required.

According to a third embodiment of the present invention, a
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In the discharge surface-treatnent apparatus accordi ng

to the third enbodi nent shown in Fig. 7, a chanber 41
accommodat es an el ectrode for discharge surface

treatment 43 (which may be heregnafter sinply an

el ectrode 43), a workpiece 45, and others. The

el ectrode 43 10 and the workpi ece 45 are each
consthbdhftcoaimpitey eRmpde fodesdiibetidygesing Fiacd. Fig. 7 is
treatnment 47 provided outside of the chanber 41 for

cagsdditeptodl view bka sthse BRrpeefdraifgPHisOharge stirface
applying a voltage between the electrode 43 and the

W.Ofrbﬁitr?\%‘git g)? a 'dri‘sédéirgesédﬁ'&é%%atﬁ]erﬂlﬁd;fd%tds akchRhfin

time o har ge ws towa a direction fromthe 1

el 4 th far  di ut f ;

tr St B gdinteht " RET B Rlote, S ocbFRk 1 2 b0 REiKe

wi t.h as .suppl openi ng 49 for supplying gas in the
chgﬁﬁﬁﬁggﬁlﬁﬁ§°@%bling the electrode. Therefore, in

this discharge. syrface-treatnpent apparatus as i

suppl i ed Vi iReMAESSHITASP TSaTVRI AP RatatHS REcording to the
chanber 41. In 20 addition, the gas supplied via the
gathisdgpBedipantihawn iig Fdgt 7t 8 dembpphilaceammadates an

el ectrode 43 when introduced in the chanber 41. _
Acelgadiane far diseharge sudiasedireatmoent 43i(whagk mmey behbgreinafter
an argon (Ar) gas 51 is introduced in the chanber 41

vi aimply grazlscippiy 43)caiwarkBecadd, antectiteasbei hieseliestrode 43
an argon atnosphere. 25 Here, in Fig. 7, a servo

megharthenwb (kpiceat4sohtd BEchtoihdote@nel£pbwedaupply for

di stance, that is, a distance between the el ectrode 43

anaiédﬁ%r?@réfﬁfﬁfeetréétlﬁﬁﬁt Atherovidd @ otRéiddi 6fetld ¥hamber 41 for
related To the present invention, and therefore are

STEALEAG e e scRaBRT IS N 29) 8 Ao @ votage

SUREFE5 168" dIEoRB%S BhHre WHRGSELESS. Thitnis structure, a

current | at the time of discharge flows toward a direction from the

g to the

electrode 43 to the power supply for discharge surface treatment 47.

In addition, the chamber 41 is provided with a gas supply
opening 49 for supplying gas in the chamber 21 and cooling the
electrode. Therefore, in this discharge surface-treatment apparatus,
gas is supplied via the gas supply opening 49 into the chamber 41. In
addition, the gas supplied via the gas supply opening 49 is set to be
applied to the electrode 43 when introduced in the chamber 41.
According to the third embodiment, it is assumed that an argon (Ar) gas
51 is introduced in the chamber 41 via the gas supply opening 49, and
the chamber is in an argon atmosphere.

Here, in Fig. 7, a servo mechanism for controlling an
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coating formation including process conditions is

simlar to that according to the first enbodi nent

descri bed above, in which a pulse-like discharge is
gener ated between the el ectrodg443 and the workpiece

45 for making the electrode material transferred to

the 10 workpi ece side. The Ar gas 51 supplied via the
gamntsogipbirodpetistancd that fxta distanse thetveeapiple eldctmde 43
the electrode 43. Wth this, in this discharge
sughaahetwergIBOé 48PPAH Wthers hfe n@h@rﬁé@'ﬂs\ﬁblét@dﬂd iredpresent
wth the Ar gas 51, and the electrode 43 is cool ed,

thﬁfv%bﬁaow %‘fﬁf‘fﬁ&@f&r@ea@ Bafiftedeher3intd from bei ng
heated. As a result, the electrode 43 can be

2? Fect! Y Rioke B Ycbral BEFYof HEURIHPGEIAIHIE HagFRent n this
naletnaegh FUAR R RAT ArsRe 5 s B0RE @%édfséﬁéfﬁﬁﬁ%p'e of
ths?aﬁ’g)aie @Pﬂ&ﬁld‘éfﬁﬁ?&%@%ﬁ%@ﬂﬂf RSl far o et
st ab| ngorrred even 6proce33| ng. t

o} ARceHIINg KO PeITrah B oumeHIaa oA ab oY, & which a

enbodi nent descri bed above, an object of a fourth
enbolfierike dischargepscarnerated detweani theteleshiofe 43 and the
heating of the 25 electrode by a discharge, which is

a piookpiecei 45 fodimsdding dee ialectrgde MmstexiatdspiefeeredBto the
using Fig. 8, a nethod of cooling the el ectrode
ace@rkpiegetsidehe fourth enbodi nent is described. Fig.

8 is a conceptual view of a state of performng a

di schar gghsusf gas 51 ea@p pred wéJYh@g@lsSS?lhﬁﬂQQ)penmg 49 is set so
surface-treatment apparatus according to the fourth 5

Sgﬁgg?'ﬁ‘hpphad RbGheelekli®del &4 € WittPhas! B8 dAciRarge
surface-treatment apparatus, the chamber 41 is filled with the Ar gas 51,
and the electrode 43 is cooled, thereby preventing the electrode 43
from being heated.

As a result, the electrode 43 can be effectively cooled, thereby
preventing the hardness of the electrcde 43 from being increased.
Therefore, in this discharge surface-treatment apparatus, changes in
the state of the electrode 43 in the course of the discharge surface
treatment can be prevented, thereby achieving an effect such that a
coating can be stably formed even if a processing time has elapsed.
Fourth Embodiment

As with the third embodiment described above, an object of a

fourth embodiment of the present invention is to solve heating of the

electrode by a discharge, which is a problem in a discharge in a gas



di scharge is shown. In the discharge surface-treatnent
apparatus according to the fourth enbodi nent shown in
Fig. 8 a chanber 61 accommbdates an el ectrode for

di scharge surface treatnent 63 2&which may be
hereinafter 10 sinply an el ectrode 63), a workpiece
65, and others. The electrode 63 is an el ectrode

f oetmadspheeet i Bgnising FTg) 8pawmiethodlbé cebéingrthdecié8tradéd
t he wor kpi ece 65 are each connected to a power supply
f oacdoedingrtoethesfoiirrc eniborAtmeentis @éserieeddedigus 95 ¢e

of the chanber 61 for causing a pulse-like discharge

(ageneeptE] vidk dfa abReYoMBedoMAliPaaliBeh RN sif8cédRreatment
el ectrode 63 and the workpiece 65." In this structure,

3ir6 La{ Iﬁ(f)hﬁ}cf#arrg%nst.t Eac T8t R nf h Ekeﬁ‘ﬁjiﬁﬁ%rtgra?ourth

el ectrode to the power~sup

fo ' e . ac e 67 Ftion, t

5 cnens RS IERFaE M B Y Sl hF S puitag 0B
for.s [ yi.n as in the chanber 61 and cooling the 20
el gbstqlf%(%gg '%%@%é(‘frbre, in this discharge
surface-treatnent apparatus, . gas is supplied via the
gas supp”yt%@r'ﬁ(‘rfﬁ"ég ffW%%CQT‘iré?aéH‘ﬁPde"rp atyg,according to the
addi tion, the gas supplied via the gas supply opening
sofeurts @mbedimentagippwadntfigt Re acthanben 8 163Ceppmodates an
i ntroduced in the chanber 61. According to the fourth
enbtatitrta fori disichanges soefhcehtieatmgoh68Amhighsnap belhéreinafter
i ntroduced in the chanber 61 via the gas supply

10 opsimply &9 elecito@é 83)eackarkeece@ B, andotherar gdihe electrode 63
at nrosphere. Here, in Fig. 8, a servo mechani smfor

cory aAldiebgoas formiedr 6 £¢eitanden gTﬁt;ﬁ)’W@er.t Mete efactPode 63 and
di stance between the el ectrode 63 and the workpiece

SRR BSRrRShach EARALLIFI DA, LIEOH B kcharge
surface treatment 67 provided outside of the chamber 61 for causing a
puise-like discharge (arc column 73) by applying a voltage between the

15 electrode 63 and the workpiece 65. In this structure, a current | at the
time of discharge flows toward a direction from the electrode 63 to the
power supply for discharge surface treatment 67.

In addition, the chamber 61 is provided with a gas supply
opening 69 for supplying gas in the chamber 61 and cooling the

20 electrode. Therefore, in this discharge surface-treatment apparatus,
gas is supplied via the gas supply opening 69 into the chamber 61. In
addition, the gas supplied via the gas supply opening 69 is set to be
applied to the electrode 63 when introduced in the chamber 61.

According to the fourth embodiment, it is assumed that argon (Ar) gas

25 71 is introduced in the chamber 61 via the gas supply opening 69, and



Next, a general outline of the discharge surface
treatnent in this discharge surface-treatnent
apparatus is described. The principle of coating
formati on including process corgtions is simlar to
that according to the first enbodi nent descri bed
above, in which a 10 pul se-li ke discharge is generated
bethe ehanteereb ¢dt inde 8Qandtrmbsphars.kpi ece 65 for

maki ng the electrode material transferred to the

wor kpi ec@iereden FAGCS! disegve mnébRahiew fdv eamiedilimgnan
the Ar gas 71 is supplied to the gas supply opening

69 infeherc@Pode @Rt yn s (e i4V a WStahtebatwdth e electrode 63
el ectrode 63 into the chanber 61. The el ectrode 63 has

a por r
£ o SPCH nBHMELYE ALTR gPetRtRlectd IAMQEIEHR. present
Suk -tre Lk he er 61 is filled
5wi t”{w é&%%ﬁﬁ‘%ﬁ?gﬁeﬁé% #@'gltegjc'?é%gﬂb% is cool ed,
t her eby eventing the electrode 63 from bei.ng heated. .. .
20 At nRER adTiksal BuTE R BN dTsendRe EiREn dRAGient in this
the el ectrode 63 is covered by a menber nmde of a | .
maOé3GhArIRGUAR S iar Mpnd %RP%&%%«‘? is drerdBgd malthggprinciple of
possible to introducing the Ar gas to a portion where
a @patingrigemadion: Bchidisgdimicess mangditiqns és sinilaeto that
achi eved by, for exanple, as shown in Fig. 8, having
t hacebetingoethaciitstresnbodunént des@ibey laiboder; in Whibh a
this, the chanber 61 is filled with the Ar gas 71, and
10 27 palls®-likbadistkatgeodegéBerateddnd tedert thay elmctiydey 68tamy the
the electrode 63 frombeing heated. As a result, the

el drkpiR:eb85Fan nekiAg A ecdiberbideemuts08l ®dnsidried ebyhe
preventing the hardness of the electrode 63 from being

5 iWwrkeasgdsigherefore, in this discharge
surface-treatment apparatus,
According to the fourth embodiment, the Ar gas 71 is supplied to
the gas supply opening 69, thereby supplying the Ar gas 71 via the

15 electrode 63 into the chamber 61. The electrode 63 has a porous
structure formed of a powder, allowing gas to pass therethrough. With
this, in this discharge surface-treatment apparatus, the chamber 61 is
filled with the Ar gas 71, and the electrode 63 is cooled, thereby
preventing the electrode 63 from being heated.

20 At this time, as shown in Fig. 8, the periphery of the electrode
63 is covered by a member made of a material not allowing gas to pass,
thereby making it possible to introducing the Ar gas to a portion where
a discharge occurs more efficiently. This can be achieved by, for

example, as shown in Fig. 8, having the electrode accommodated in a

25 cylinder. With this, the chamber 61 is filled with the Ar gas 71, and



changes in the state of the electrode 63 in the course

of the discharge surface treatnent can be prevented,

t hereby achieving an effect such that a coating can

be stably forned even if a proegssing tine has

el apsed. 10 According to the fourth enbodi nent, since
the el ectrode can be nore efficiently cooled to a
degd[seettRAdietMRIY 680s tdtrfted NtHrEbY AT VBAENRE thehlectrode 63
el ectrode is cooled by dielectric fluid at the tine of

a foschate hbatedi el ectric fluid. As a result, the
tenperature of the electrode is always kept in a good

state. TH%L%F%%L‘@L&@ A0ART I f;@%a%?ﬂ@‘?ﬁéﬁéﬁeﬁfivé@fﬁtged,

el ectrode ect the electric-discharge co
formation chatacteristi th ' j '
t oIy PrsSeRLRG. B FavgfHess 61 LaBRHclE 65 (ARG
di scharge surface:treatent nethod according to

5 11 FIOHSBERBoa RERRICsE: ThivipLSHA G4 SURPBrirsaimert apparatus,
descri bed by using Figﬁ 9. Fig. 2091is a conce&t ual
vi ehapges iRithe stafe pefoelacipde §F3S'BHHﬁg@%rl§Pf%\fc e discharge
treatment by a discharge surface-treatnent apparatus
acBurfacadgreatmernt can behprevssdedetnereby auhieving ameffect such
state of occurrence of a pulse-like discharge is
shtivat.a Asathgwear heFRtgblyforniex diventihageocessing time has
surface-treatment apparatus 25 according to the fifth

enbigent i ncludes an el ectrode for discharge 28
surface treatnment 83 (which may be hereinafter sinply

i0 an el ect pederdhyg tol th@Uictire BRbdifimetl] §ihdeSthd leetiddeccan be
fluid covering the electrode 83 and a workpi ece 85;

anﬁ](ﬂ’ep@f‘fﬁferﬁ%p@{)é'lefdotro gioﬁggﬁgeﬁb@%fe@ﬁ%ttpﬁﬂ | céée where

that causes a ‘pulse-like arc colum

aPB bt YELLARS Y LUHERRHIORR BE1KE g B disthSrge in
dielectric fluid. As a result, the temperature of the electrode is always
kept in a good state. Therefore, changes in the temperature of the

15 electrode do not affect the electric-discharge coating formation
characteristic, thereby making it possible to form a better coating.
Fifth Embodiment

A discharge surface-treatment method according to a fifth

embodiment of the present invention is described by using Fig. 9. Fig.

20 9 is a conceptual view of a state of performing a discharge surface
treatment by a discharge surface-treatment apparatus according to the
fifth embodiment. In Fig. 9, the state of occurrence of a pulse-like
discharge is shown.

As shown in Fig. 9, the discharge surface-treatment apparatus

25 according to the fifth embodiment includes an electrode for discharge
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9, a servo nechanismfor controlling an interel ectrode
di stance, that is, a distance between the el ectrode
83 and the workpiece 85, a depot that stores the
l'iquid argon 89, and others aregnot directly rel ated
to the present invention, and therefore are omtted
herein. 10 Next, a general outline of the discharge

Sugﬂﬁﬁcettfﬁh@rﬂt% twhidts mali Behagreemafusd sieeplyraanthtode 5);
apparatus is described. The principle of coating

f Ortﬁﬁ"fd' SFydMebudinién i asaastrionNdid tevsrihg thé dIk&iTode 83 and a
according to the first enbodi nent descri bed

C L r
?'&E*én%ﬁ“e@% and 2 BEBE SRy ﬂ‘*ﬁ%@“gﬁ%.@gﬁ@%ﬁ%g%ent 7
n

mﬁé&?ce%%%sﬁ a8 UsETheMiEhefoe AR B ERLA B AR ing, 2

di sc urfac tre i nert gas N

ot o tgad Betiaehibe e BEDTR 8y dhe the, Bickaltg85. Here, in Fig
revent| ng the electrode material nelt b : ,

i gcﬁa‘?%j&géﬁgp 9nm#@QQOBHPH@MPuatﬁrs&f%qda%ﬁmﬁaeaa that is,

Wth Iiquefied inert gas being used as dielectric

f | aidistanceobetwre tme l@éettto@%%?q and tharwerkpiees B8 a depot that

that in the discharge surface treatnent in |iquid.

Hostores,thedidudtargohed® amd athieswbeec hot Hirectiyaelated to the

have to be taken against an extrenely | ow tenperature

of ptésertiinebatigrn, ahdttetelioee tareadmitted appainat us. 29 As
for a process in a gas atnosphere, the process can be

per f or meflexe| algevriryl Qaﬁlde\/oﬁt’rﬂ?di%wrgé%ﬁmc{b’i&eatment in this
However, there’is a problemin which nitriding of the

CO@Fédﬁ%r&@%drVadU~%%%¢l%n‘t aPHALERSdbderibadlui ﬂr&e principle of

ni trogen: Even with awbacks as describ

ab%ﬁtmb%ﬁﬂbﬁoﬁllﬁﬁ Jo‘?ﬁi& process conditions is similar to that
according to the first embodiment described above, in which a
pulse-like discharge is generated between the electrode 63 and the
workpiece 65 for making the electrode material transferred to the
workpiece side.

According to the fifth embodiment, the discharge surface
treatment in an inert gas atmosphere has been described as a scheme
of preventing the electrode material melted by a discharge energy from
being carbonized or oxidized. With liquefied inert gas being used as
dielectric fluid, a coating can be formed in a manner similar to that in
the discharge surface treatment in liquid.

However, in fact, there is a drawback that measures have to be
taken against an extremely low temperature of the discharge

surface-treatment apparatus.
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for discharge surface treatnment, the el ectrode for

di scharge surface treatnent is perforned in |liquid,

and therefore, excellent stability in discharge and
coating formati on can be achievgd. In addition, there

are advant ages that cannot be achi eved by a di scharge

in a gas 10 atnosphere, such that a stable discharge

i s possi BWseforid boatesnior agmngtmaspbetaydtievaoiceags can be
(interel ectrode voltage) to 500 volts, thereby

si peirfdrredrélatively easily wvearihirgtrogenogas. Thebwiever) there is a
the di scharge surface treatnent in |iquid argon,
unbirgleln ¢n FNBHI ATRHiIng TahieRashtrP¥asilR pPEOEESS in a process in
condition of 500 15 volts does not have to be

Sa%hﬁ&iﬁﬂr | the process can be perforned at a

no-l'oad voltage (interel ectrode voltage) |ower than

500 volt [ .S - | .9ad. vl t ( el ect

vol t age) %I\%\M;wﬁgrtﬁgl d%l\@g%é{:l g%s G%rsc??@gg)égi é'e' stmé \%ﬁeﬁctrode
the ng-1oad voltage (intere trode, vol tage). can 20

o oot iseRaces aefits GpalmaRl dhe FPaimb e B dinfithas Surface
performed in Iiguid obtained by Iiqguefying inert gas, .
istrtq?émeé‘tﬁ@@é&g%ﬂ%ﬁ'q@%é’r Hber%m diicy i”§6‘ﬁ§|t%é'ﬁty'“
stay in liquid, thereby inducing a discharge. Sixth
Emdotihasae aed spating foometieonf ¢ars et achigpeed; f {m addition, there
enbodi ments, an electrode for 25 discharge surface

t r ase rastvianftag e dhalf canpoeradhie vad by disci@oge in a gas

el ectrode for discharge surface treatnent. Studies of

t hatmogpheoe ssuttateatl @stablehdischafgd e pobsibie adthdutrincreasing
di scharge surface treatnent is easily consuned,

si &l hevlo&d fvelttagec@mdrel iy 9d1tayeNtovsol ¥dits, thereby
el ectrode being in a netal state w thout being

gglsgr'ﬁeir%ﬁﬁﬁgmtﬁe RfcuPFERnfigurhenal um num (100 percent

That is, in the discharge surface treatment in liquid argon,
unlike the embodiment described above, a process condition of 500
volts does not have to be satisfied, and the process can be performed
at a no-load voltage (interelectrode voltage) lower than 500 volts (which
is a no-load voltage (interelectrode voltage) in a normal discharge
process).

A reason why the no-load voltage (interelectrode voltage) can
be decreased when a discharge surface treatment is performed in liquid
obtained by liquefying inert gas is that a process powder generated by
the discharge stay in liquid, thereby inducing a discharge.

Sixth Embodiment

According to the first to the fifth embodiments, an electrode for

discharge surface treatment formed of a powder is used as an
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alum num al loy) is used as the el ectrode for discharge
surface treatnent, the electrode for discharge

surface treatnment is easily consuned due to a

di scharge pulse to be transfermgd to the workpi ece

side. Here, as for the alum num el ectrode, el ectrode
consunption by 10 discharge is so large that the

el edotashe fort dischbrgs sovialtease hinee powdStudied et th@dreventors
made of another material is dispersed toward the

WoR Kk §68ndXhEE. if THe Bledthede b HISHWArge SREfFRAtreaMEAL is
the workpiece side covers the workpiece, the alum num

5%5@9 cbﬁsgm S |férﬂqé?fecﬂsh:‘ag1hb%§acth¢é¢€d§9léh%lth the

envi ro mant ereby preventing the workpiece from

cup b Befftin, 8 hBid AR O R e METBOTE. |
s o g'a%t%gac Ui 0 g gyents omggeggg& SPatuminum,

Convent i onal an al um s forne n
woP LT 6% i a&sﬁu%s @bﬁaﬁ@ RTEOAL Sé‘r‘i ate
al um ni zi ng process. pul se d| schar ge,

a
al tisAhTHeNE oS ﬂ@%@r@%fﬂﬁ qbécbam §UffépﬁéaeaW1%'ht ig easily
process of form ng such a participation coating in

di ebesumied dueitd,a dischaage giulse datisotrasatarred taghe workpiece
coating, which may be undesirable in sone cases. Wen
casiden di¢er,ad for tbeadungnuoaetentrods etegtriode consumption by
precipitated to decrease the coating strength after a

3ldoteeyerigisterge 1TRapiss efactiide aidtedial asymbehfay thedpowder
in the coating. To avoid this, the discharge surface

tr gfddiRite hfady of anabher ﬁﬁtéﬂéﬂ@disp@r@é&@@wa%&h@%kp|ece
with oil, generally speaking, a sufficient effect can

begiqchi eved in sone case. 5 In addition, when a
dISC arge surface treatnent is perfornmed in

Then, when aluminum dispersed toward the workpiece side
covers the workpiece, the aluminum surface is oxidized under a high
temperature environment, thereby preventing the workpiece from being
oxidized. This is because aluminum on the surface is oxidized to form
an oxidized coating and this oxidized coating prevents oxidation from
proceeding to the inside of the workpiece.

Conventionally, an aluminum coating is formed on the workpiece
through a complex process called an aluminizing process. With a
pulse discharge, an aluminum coating can now be easily formed.

When a process of forming such a participation coating in
dielectric fluid, such as oil, carbon enters the coating, which may be
undesirable in some cases. When carbon enters the coating, carbon

may be precipitated to decrease the coating strength after a



a gas atnosphere, as with the enbodi nents descri bed

above, a voltage equal to or larger than 500 volts is
preferably applied between the electrode and the

wor kpi ece to cause a pul se-likegqdi scharge for

perform ng an el ectrode for discharge surface

treatnment. Wth this, an 10 excellent coating can be

f opredeteymineddime pdssesnomcareicde mds by dormed ia thascoating.
at nosphere. According to the a sixth enbodi nent of the

pr apedfoiti e tthedisclharyd Buffaeanrdftmeeisasreddrably performed
el ectrode for discharge surface treatnent w thout

beinargshVent §6en vt oﬂf‘lgéln!éﬁlwg‘)ﬁﬁﬂriﬁ%% §aflicdként effect can be
easily" 15 torned on a wolrkpi ece. | NDUSTRI AL

APglch%%d_th A gg é,“ri bed above, the el ectrode for
di sc ? ? |

arge surtace reat mnent according to the present

i nvention_i Wit ab for.use in 20.i ndustri r.el at .
510 a sur IheD it Wakn'§ GistiGrke A RN BN if pBiEtmed in
surface of a rkpi ece pj.ece, .and is payticul arl

suPe s atnoReliSes oS bl Pl mentBdassiped pbaye.  votage
treatnment for formng_ a thick coating on the surface

of eﬂu\ﬁbﬁ‘kﬁiréﬁg%i 8@ 5&% velta izmreferaRlypgelige fretween the
surface-treatnent nmethod conprising: generating a
puktecirode amidsthieawgek g cadorep ngaemﬂseduqea@itscga rge for

netal powder, a netal conpound powder, or a ceramc
popecioresngran 8lexltmxte tatediantaeppbyifagedreainage affital this, an
to or greater than 500 volts between the el ectrode and

10 a ‘emckperteoating canshatfonapldie usimedan fadumimgmeelectrode even
coating consisting of an electrode material or a

supshagee at@sybherd froma reaction of the el ectrode
material to the
According to the a sixth embodiment of the present invention,
aluminum can be used as an electrode for discharge surface treatment

without being pulverized, and an aluminum coating can be easily

15 formed on a workpiece.

INDUSTRIAL APPLICABILITY
As described above, the electrode for discharge surface
treatment according to the present invention is suitable for use in
20 industries related to a surface treatment for forming a coating on the
surface of a workpiece piece, and is particularly suitable for use in
industries related to a surface treatment for forming a thick coating on

the surface of a workpiece piece.
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energy of the pulse-like discharge on a surface of the
wor kpi ece with 10 an energy of the pulse-Ilike

di scharge. 2. The di scharge surface-treatnment nethod
according to claim1, wherein gke gas atnosphere is an
inert gas atnosphere. 15 3. The discharge
surface-treatnent nethod according to claiml or 2,
wherein the discharge is geneLAIM&® while the el ectrode
is cooled. 4. The discharge surface-treatnent nethod

acgor di ng diecRhrjdsdrfacehteé gimenhmelhsgmgprising:
generated while the electrode is cooled by 20 passing

a gas t h?@HGF‘atﬁ aSpPIskLpdedisehalge i §§i|h§r£4?reen compact of

surface-treatnent nethod according to claim 4,

mﬁfe%ﬂg&%e‘?' 5%5@%83??@%@@?%?%@0&3@0 powder as an

gas- | nper neabl e cy e gas Is

suppl i.ed, intqg t cylinder. to t I ,

S BRLC sl A8 401 R B R a8 e B oL AR s o
di scharge.,js generated., K 6. A di.scharge

SuPRREESE a8 STENFOB i A O WRISSS 2 Aoos atmospheriaad
formed of a green conpact of nmetal powder, a neta
conpoundfgsBlifgra ceatingLansisting ahder elestigsgemalghpl gr a
that applies a voltage equal to or greater than 500
vosnbs&mnemqlh@g érarata rrctiam oh the ekgsteede mpaterial to the
generate a pulse-like discharge; and 10 a gas
suppeygnof tine pulsedike ufipthageaopas sudfackeofdhecwoddeece with
and the workpiece, wherein a coating consisting of an
el anterasrgyneft el plilserlile disedtaagee resulting froma

reaction of the electrode nmaterial to the energy of
t he

2. The discharge surface-treatment method according to claim 1,

wherein the gas atmosphere is an inert gas atmosphere.

3. The discharge surface-treatment method according to claim 1 or

2, wherein the discharge is generated while the electrode is cooled.

4, The discharge surface-treatment method according to claim 3,
wherein the discharge is generated while the electrode is cooled by

passing a gas through the electrode.

5. The discharge surface-treatment method according to claim 4,
wherein
the electrode is accommodated in a gas-impermeable cylinder,

and
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pul se-1i ke discharge is formed on a surface of the

wor kpi ece with an 15 energy of the pul se-like

di scharge. 7. The di scharge surface-treatnment
apparatus according to claim6gg wherein the gas
supplied by the gas supplying unit is an inert gas. 20
8. The di scharge surface-treatnent apparatus according

to clai mys ¢ak i€, stm%e.rnt@@W@rdyﬁhaar@omﬂﬁe@@lm&m@e and at
the el ectrode and the workpiece, wherein the air

ang{é tléhﬂfb HHd, si}que'da&) éﬂearbﬁe\ﬁlﬁegé‘%é Hﬁs‘bﬁé‘r@qusg%nerated

e coati'ng I's formed in an Inert gas atihosphere.
25 34 9. The discharge surface-treatnent apparatus
according to any one of clains 6 to 8, wherein the

ctrod oo ed suppl ying, the gas
subol yi nd iR f8Res SyrPhchiPRatbRt: bBParPS Ao FPLAIRL:
appar at us accordln% 0 ané one of clai P q P
wherein ARIBPEEdRJoEMEs GEe JiREaAAMPRAL ol metal powder, a
gas- |nFerneabIe cylinder, and the gas is supplied into
t heatal Fag@ouns! pawiderner a GIaMiaeoMeer 1. A di schar ge
surface-treatment method conpri si generating a
pul se-| i RepaivecBapply thatwappipsaa gnogmecmlcﬁo of greater than
netal powder, a netal conpound powder, or a ceramc
pobdérvals betwetredche edectrode apyl wiwgripiect tagenegatd a
to or greater than 500 volts 15 between the el ectrode

anguasémr(gm,gggag@ &hd nert-gas atnosphere in a
liquid state;
a gas supplying unit that supplies a gas to the electrode and the
workpiece, wherein
a coating consisting of an electrode material or a substance
resulting from a reaction of the electrode material to the energy of the

pulse-like discharge is formed on a surface of the workpiece with an

energy of the pulse-like discharge.

7. The discharge surface-treatment apparatus according to claim 6,

wherein the gas supplied by the gas supplying unit is an inert gas.

8. The discharge surface-treatment apparatus according to claim 6
or 7, further comprising a case enclosing the electrode and the
workpiece, wherein

the air supplying unit supplies the inert gas into the case, and

the coating is formed in an inert gas atmosphere.
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form ng a coating consisting of an el ectrode materi al
or a substance resulting froma reaction of the

el ectrode material to the energy of the pul se-like
di scharge on a surface of the wgrkpiece with 20 an
energy of the pulse-like discharge. 12. A discharge
surface-treatnent apparatus conprising: an el ectrode

fogmed offhe gikenargosnakicecfreBhaht APPERdtusdacdtdlg to any
conmpound powder, or a ceram c powder; 25 a storing

Unphetdrediafh8réfo BNWHEREIN 875 eldbtfodd fE8oRIPHE sudMying the

35 a power supply that generates a pul se-11ke

%ggngﬁ m%tei\gﬁguggggpglm{‘r ode and a workpi ece;

rein a coatli ting of an el ectrode materi al
or a substance resulting froma reaction of the
el ectrode material to the energy of the 5 pulse-Ilike
di scharge i s forned on surface of the rkpi ece.wth
an 1 oner gpectisehargn Suefepiefienbagaaralys gecoraing to any
dischaﬁge surface-treatnent nethod conpri sing:
geRBRRT ¢Hgims fules 8. Whede scharge by using a netal
mai nly 10 consisting of an alum num as an el ectrode .
and appl $heglectiede syacequunodaiedin graas-brperaaabiocylinder,
volts between the el ectrode and a workpiece in a gas
at abdphere, or in a working liquid; and forming a
coating consisting of an electrode material or a

subst ancthe gaslisisup pliedninio teaclylindeoto iche| the&lsctiede.
material to the 15 energy of the pulse-like discharge
on a surface of the workpiece with an energy of the
pul se-1i ke discharge. 14. The di scharge

a2 Mg mane Smed sesmrahtiRon dmidog,
generating a pulse-like discharge by using a green compact of
metal powder, a metal compound powder, or a ceramic powder as an
electrode and applying a voltage equal to or greater than 500 volts
between the electrode and a workpiece in an inert-gas atmosphere in a
liquid state; and
forming a coating consisting of an electrode material or a
substance resulting from a reaction of the electrode material to the

energy of the pulse-like discharge on a surface of the workpiece with

an energy of the pulse-like discharge.

12. A discharge surface-treatment apparatus comprising:
an electrode formed of a green compact of metal powder, a
metal compound powder, or a ceramic powder;

a storing unit that stores an inert gas in a liquid state; and
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a power supply that generates a pulse-like discharge between
the electrode and a workpiece; wherein

a coating consisting of an electrode material or a substance
resulting from a reaction of the electrode material to the energy of the
pulse-like discharge is formed on a surface of the workpiece with an

energy of the pulse-like discharge.

13. A discharge surface-treatment method comprising:

generating a pulse-like discharge by using a metal mainly
consisting of an aluminum as an electrode and applying a voltage equal
to or greater than 500 volts between the electrode and a workpiece in a
gas atmosphere, or in a working liquid; and

forming a coating consisting of an electrode material or a
substance resulting from a reaction of the electrode material to the
energy of the pulse-like discharge on a surface of the workpiece with

an energy of the pulse-like discharge.

14. The discharge surface-treatment method according to claim 13,

wherein the gas atmosphere is an inert gas atmosphere.



