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1 SPECIFICATION TITLE OF THE | NVENTI ON Di schar ge
surface-treatnent nethod and di scharge 5
surface-treat ment apparatus TECHNI CAL FlI ELD The
present invention relates to a fechnology for a

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

di scharge surface-treat mSREGHI&ARICN to forma
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

gemeriat ion THRYNVENTKENd scharge between an
el ectrode and the workpi ece using a green conpact

el ect r odpidh ARSI RHInER ReldPENE dTECHArge

povvder a netal” conpound powd ceramc vvder

i el B B PaR e RTE L & Cont'ing of a 20 hard

material, such as titaniumcarbide (TIC), is forned,
wth a pri nci pl e objective of achieving abrasion

resj.st t_roomtenperature. In recent years,

homf&\gr@ e been increasing demands for a

t echnol O_E of densely applyi n? a thick nmetal mater,|al

on a wor Epar@segm\@mlomaeln Ptk grtgghaolgy farsa discdyarge

i ncreasing demand for coatings with 2 abrasion

r esudanadeeatmenthiagd mene eaiticularynto aotissharge a

| ubrication
surface-treatment method and a discharge surface-treatment apparatus
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 pulse-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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property. By way of exanple, a case of a turbine bl ade

of a gas turbine engine for aircraft shown in Fig. 10

is described. As shown in Fig. 10, a turbine blade 101
have a plurality of 5 blades ¢gontacted and fi xed

thereto, the blades being configured to rotate about

a shaft (not shown). Wen these bl ades rotate, a

coab exgion pesistamce @ agh igihctam pexture eanbpaotesd aroa lubrication
severe rubbing and beating under a high tenperature

enpropEMENtBy Wirleof enample ha Waskeesatatbine dade rafrargas
(over 7000C)yv\,here 10 a turbine blade is used, nornal

anfuirbfy ahgiie Rﬂ@éiiré’r@fpéhﬁ\ﬁ)ﬁtihrFQ?\.NHDhsadeéd#hJ”dd?.at i on
property for use at roomtenperature can hardly

achi eve ﬁ%;ﬁqhﬂﬁ %‘fh@.e?eyﬁﬁme%apb 1 Ra@¥idlp glrity of

under a tenperature environnent. ererore,

me : i t r | )

. B Eohaiey 4Rty hefse. B Eleia Bpaeo Mgl to

mat erial i ncl udi a mretal for,.,.generating, an oxid

* histalg apolt 2 Shalf (ol Fadvp) o puiHe I s Biellbs Fithfryrm gontact
scheme, such as di ng, and. , spr coati ng.. These .
scRBFHAN ARANG @éﬁadee%%%%c?%@gv $6V8FR Tubbing and beating
Concentrated heat input to a workpiece (for welding)
podBederaighAe mpeyateresesvicanmemt. def or mat i on,

cracking, and the like are prone to occur. To get

around t adershichna high tempienaturerematitanmeet fondrot§0°C) where
serving as an alternative to these schenes is

r eguuriside Kdadelie uxetkmdraral ardbabrasiehi cupting ortoating with a
technol ogy, a nmethod of formng a coating on a

o e e st opotart samaap soneve s

sugfiget BEcASEE thé coating is oxidized under a high temperature
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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for exanple, Japanese Patent No. 3227454).
Conventionally, in a conventional discharge surface
treatment, a principle objective is to achieve
abrasi on resistance at roomtenperature, and a coating
of a hard material, such as3TiC, is forned. 5 In
recent years, however, there have been increasing
demands for formation of not only a hard ceramc
coating with a view to abrasion resistance at room

tfenprantple )apaness PatentNok 32071549, vm(tdnnwemhmtalhg ina
t hi ckness on the order of 100 m croneters by using
@Osw&ﬁntl@aaé dischesgesustagetieatmpnbapringinie ocbjecttve s to

char %E’ surface, t,r eat erforne

IR APEAFIPD; r&’S’%QPF?ﬁlrgpht%’ppgr%tgr%ﬂng a %thrég] gf a
[F}‘:até'r Eaf‘é?fét W:Itlhcl i@ |Qtf8ﬁﬁe§jo f orm car bi de.

ore I's ex rénely ficult to forma thick

coating r@@éﬁt ?éafﬁitlﬁiw@erpltr@@m havé besrcinceédsingsdeiands
as titanium by using a discharge surface

tforfarmation dbneboaly adstaﬁdrcaraanc matla.dméh 8c‘d§tN teyabrasion
nDIdlng technolo ng, a dl Char
Torites & aow weperlype bubgisha ting, wikrea coating

AFERAESE o) &s%?%ié@aéﬁiﬁpﬁ%rﬁiﬂ%'ﬁ? p§Elgfle Surtace

ﬁ’#&ﬁthﬁéﬁt' o evet lwhBALS Blschiarys \sirfaddpeatriighprals

are ose ormng a coating ~by manual |y applying a
arfergredin 8ilectricsluid, gadicutdrtysoihetarben in oﬂoandmwtahgaact
el ectrode and a morkplece to repeat discharge an

&9dith gech otes te foima carbides J heretare: itis exteangly %la‘fiﬁtﬂt to
&oatln

S B Bt B B A BB DA Bt B
YREORM 28, Bl UG GisBhaRi surface treatment.

Moreover, other than the above, coating molding technologies
using a discharge in a gas atmosphere have been suggested (see, for
example, Japanese Patent Application Laid-Open Publication No.
6-269936 and Japanese Patent Application Laid-Open Publication No.
11-264080). 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.
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ceram c coating with a view to abrasion resistance at
roomtenperature but also a thick coating with a
coating thickness on the order of 100 5 microneters by
using a di scharge surface treatnment that can be made
on a line basis w thout requiging skilled manual

oper ati ons. However, in the el ectrode manufacturing
met hod disclosed in Japanese Patent No. 3227454

nmenti oned above, a main subject is to forma thin

coat i rigased o they bhckground descnilned aboeet m fenenteyears
coat i ng wth 1o abrasion resistance at a

ttbepe haverkeerndesparatatdenands dor aée@lynolﬁgapa‘rfwmng a hard
Al so nocnS|dﬁéat|oni ventof rmation of

SLEMIEFo3 ANieroloatrasipl LesisfnGeAt ogmn setperature
523 e g o 3 0
antd“rb%tée@bw%m@ rpdisehargé soffacearsathi@stthat aineeimade

15 supply of "the électrode material fromthe el ectrode
sinla limedbasis witboub rexquiring skiltext manual oparationsn t he

E'SH( b IHaeverTRdna cyode MRBLEASr nEqBetid disdpsed
e JAnAtEPatnt U, 3277284 InehtBhehiand & 4 ffdin Spistts to
%né’ltﬁ’iﬁy c‘é‘éttﬁﬁ (ﬁ?ﬁgthéie E‘ﬁssi‘?n BOs$IBlee foh a coating with

27454 SS O he coating to be forned is

taibrasroﬁr I'ﬁlsfame akadrigh fteniperaanérmmrarfmehbor a lubricity
el ectrode is not uniformto sone degree, the hardness

Heropierty. 1Adso nno gonsidenationds given 49 f@@natwmﬂc,a@ elgctrode
PR R R M R
SO0 AR of A R
3n:j:‘ 2 ?ﬁ%ﬁtﬁﬁ@hﬁﬁm cogidreough & aiddhzageidurface 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 Japanese
Patent No. 3227454, 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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5 thickness can be formed only by uniformy supplying
a large anount of the electrode material to a process
area of the workpiece side. Therefore, if the

el ectrode has a portion that i even slightly

non-uni form the way how the coating is fornmed at that
portion is changed, thereby making it inpossible to

form a cHawewgrwiftahdischargersurfak® trbatrkentis pbitfoemed by using
depending on the portion of the electrode for use in

t heueh aphelederotiel havingtd panteRform st@gtRgitlisrimpassible to
speed and a coating property vary, for exanple,

therRPy d”ﬂﬂéiirfwmn %th{_rﬁcme@s%r fIarfSriing &' &€ coating
treatnment wth stable quality. 15 The present

in [ [ d : a
o {RLbRcR BENAAG8 SR GL freafinent s Soatith BHR & pniioR
on,a rkpiege surfa us| I [.SC ,

objr ki Ba s RIS Sl Dbyl Syhgh B Hrge afBunt o
di gcha sprfage-.treat nent nethod a I schar

e Eltirads mitsriahRadiosess AlRRc Hecwatkmieda ride

hi gh-quality coating is formed. Another object is to

or BDPERIORe cif 460 RIBEreds fasea mastiondhat isrevhp Slishdlya

di scharge surface treatnment in which a high-quality
coaohryifarnt,dhesdayihaw the coatinggsfonmedrataihat rartipp is
prone to becone carbide to beconme carbide in a

di skanged, therehyenakingt itémpossibig ta folh aliceatinggeitibvfa aniform
pulse in oil. 6 DI SCLOSURE OF THE | NVENTI ON A

di #dblkigess.surface-treat nent net hod according to one
aspect of the present invention includes generating a

pul se- i iRyrédbFehaleperiing on the portion of the electrode for 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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5 using a green conpact conpressed and nol ded froma
nmetal powder, a netal conpound powder, or a ceramc
powder as an el ectrode and applying a voltage equa
to or greater than 500 volts begween the el ectrode
and a workpiece in a gas atnosphere; and formng a
coating consisting of an electrode material or a
substance resulting froma 10 reaction of the

el ectrode material to the energy of the pulse-like

di BtSSLIS YRECRTHE INVENTIONWr kpi ece with an ener gy
of the pulse-like discharge. According to the present

i nventi on,diécw'é@@é\a%céuréaﬁ%nﬂmgﬁw@abcbﬁdingrﬁfg@ﬁ@@spect

with a pul se-11Ke discharge bei ng generated by
' I .

2081 WeBy ol hBAUSHALI RS o ey 4 s M htharge by

t h ' I [
2 (RS oo AR 8 oo ABeab 4 EEBHEPIHE i o B powaer,
A R S
th by al | ow i Il ent thick 20 [ to b
 heb g aalide SRuSLESo Sheels! Fir S0 BBlibiet
THE DRAWNGS Fig. 1 is a section view depicting a )
conlesitodss and i woskpiese i gasRIMASMEreh asddermigg a coating
for discharge surface treatnment; 25 Fig. 2 is a
coagrpisting ofi awetdctrode mateoial peef substagca réissdting freny a

surface treatnment; Fig. 3Ais a plot of a voltage
wanredation dfithenelectebde hedteeial soltheenerge af tratpuléedike

3Bis a plot of a current waveformw th respect to the
discharge on a surface of the workpiece with an energy of 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 wofkpiece in a gas atmosphere. Therefore, an
interelectrode distance, that is, a distance between fhe 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 cancept 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. 3A; 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 performgng a discharge 10 surface
treatnent according to a second enbodinent; Fig. 7 is
a conceptual view of a state of perform ng a discharge

sg&,ffg%etrééﬁﬁéﬂent according to a third enbodi nent;
Frg.

'S a Ccohceptual view of a state of performng a

di schaFige 3Asigrd plotot & valtage ivageformdduring & déschawge h
enbodi ment; 15 Fig. 9 is a conceptual view of a state
ofurfss GeaimeMta di scharge surface treatnment according

" o . _ . : : bl ad
of & g SETERLRER cufpht wafktotilolit fegplhiiRe” 2
CatttageNGa@formidE Rig\GANTI ON 20 Exenpl ary enbodi nents of
a_di scharge suyrface-treatnent, thod and .a di scharge
2Fior 408 2o fieuiten oisgie incperdips STatP iy e Tubh coen

I nvent gpN538 @ $leesH 4 F%Qtidri‘ bef¥etn a Hﬁllﬂé\d %{t]ﬁgé ahg'pnce
to the Tacconpanying drawi ngs. Note that the present

i interetactrodedlistancerestricted to the foll owing
descriptian, but ca e. changed .as .25 appropri,at

w thi nf g 8% gebtnseplial Vel At Flaud Ry RrGRE RSt bBfarce
PSR tréatmeht SiebbRiing B 8Rechid Bhborfirhasfied drawi ngs,
a scal e of each menber may differ for the purpose of

easy uhiger ds aretinegptualimiew oha stase of pedorraingza discharge
Rt che s oHE R M R8TB EneReRFRIERT on 1 ol ude
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 INVENTION

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
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5 abrasion resistance under a high tenperature
environnent and a lubrication property. Therefore, the
present invention is targeted for discharge
surface-treatnent technology thgt can also be utilized
for conmponents to be used under a high tenperature
environnent as well. To forma thick coating, unlike a
coimwentioonalAleb eirt thedattabhed draWings na isegiedf eachimember
ceramic to be used for formng a hard ceramc

copigyngifferTo £ kRS puPPSsé of B yoyndérspdmdingny and
nol diing a powder ose main'ingredient is a netal

CO”p_O”enFuﬁ@ﬁoﬁ&“?éﬂgﬁéﬁ%%%iﬁ( cBSﬁhgﬁg Uy forRved #frough a

required I's used. when a thick CToating is fornme

re,
thy %‘éﬂ'&gé‘? Ry QSa}rﬁgpFEFE@ﬁﬁn gSQEEEﬂ}telsg}‘\f‘{'rﬁfrég%%ﬁ gwiude

supply arge anoun ectro mat'er

pu Q i okt 1S T '

b\ aBfa<ihn Yol lsianEE Rivera bt EtbRfHuE RhylrRment and 2
regarding the properties . of the material and hardness

o Moo adHrtl s cknerpigte. hE abgent ikertim R targsted for
hardness of the electrode is decreased to sone degree
20digcdAree swirtacecaatmgnt teshnaleay thabean alsehesutilized for

di scharge, as described above, an el ectrode nmade of a
nacempanents te beaused ungesd bigh lemperature eowireoment as well.
is used. However, studies by the inventors have found

that, ifToliermlatiickdoatiog, ainfikeca cangentionahelectrode whose
material prone to formcarbide, the material prone to

f omaie dngietite AGis edveinsicvot ihe waekdfior foriignachard ceramic
which is dielectric fluid, to becone 9 carbide,

t hgsgtig "Bl igi8cirédgifbfmed! By Eanfiessing € insldidid A%owder
That is, the studies by the inventors have found that,

e, A0 ot E LM e drhen porforming
heating process as required is used.

Here, when a thick coating is formed through a discharge
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.

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. Howaever, 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

reacts with carbon contained in oil, which is dielectric fluid, to become
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nol di ng a powder on the order of several mcroneters,
it isdifficult to 5 forma stable, dense, and thick
coating unless a material not prone to form carbide,
such as Co (cobalt), Ni (nickel), and Fe (iron), is
contained in the el ectrode. Bgowever, sonme denmands in

i ndustry for formation of a thick coating include
those for nmmi ntenance using a material, such as Ti 10
(titanium, that is extrenely prone to carbide. The

RebiRIY, themstsy ivraking dvdifficulietd feehmadbickatdatimgig a
dense thick coating to be stabl&jforned with a pul se
r

di scharhat isvthe shusies bytthe indestarahaye fasinsl thal, wihen a
carbhjde. First, a discharge, surface-t{reatnent nethod
0B T dorDed oM CIEHERHR HaRacHIreaHy BPRTERESINg and
[ - n rahe i . : N

ety Rpandsh S raet of seker Bl PigErhe B, i diffcult to
FbAfAtd Sfhlé Clendb SERAERkSHtRRFUhIESR aWidterial hdt prone to
wth reference to Fig. 1, as an exanple of the
dbemtagarbidd, suaisas iGo (dubalt)e b ifnickel)eanddre (iron), is

description is nade to the case where a Co all oy
soRdaines insbe eleciRdel ect rode 20 material. In Fig. 1,

0 5 RGBS o B
RBEACRAQHAIR ARRTERBRos g il sl as T

lahing)! that i9@Mtieimely propentocoambidé. | Thé presednt inverdion
i scharge surface treatnent, this Ereen_ conpact is
ysouices atachniguediiavgpg ¢l dense thick teatisgdethe gtably formed

L5 e BoBE e W BUch < nheb B el B to
RifAffeSr m ned

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
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 filed. Then, by
compressing and molding this powder, a green compact is formed. In

a discharge surface treatment, this green compact is used as a
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pressure is applied to the Co powder 1 by the upper
punch 2 and the 5 | ower punch 3, thereby causing the
Co powder 1 to coagulate to beconme a conpression. At
the tinme of pressing, to inprot@ transm ssion of a
pressure of a press into the inside of the Co powder
1, approximately 1 weight percent to 10 wei ght
pedisehargé elestrodech as paraffin, is preferably 10

m xed in the Co powder | to inprove noldability of the

Co powdeThé.eletivodeaenanatadtbenygaiodess showmin &lg.whis as
in the electrode is larger, electric conductivity

berMgnes. detiest, ehates! ﬁ@ﬁmdéﬂﬂ id pat of tive didi@hahdea predetermined
surface treatnent. Therefore, when wax is mxed I n the

Cop Rk i%’a r?gi% feethd EoPp&vEERR! by Er?é‘"&bﬁgrr]iﬁﬂm%h' 2190d the

process. 1 green conpact torned throu

co [ Lol : i.r et

c RS AR B it by FBRusilS e €5 gl t8xHhulate to
thﬁ géﬁen conpact has a predeterm ned hardness and
coRd ev?tcf? S t hrough conpression. |If the

green co ct .. obtained through conpression poldjn

does not AhLR e 0L AECEFandd DRI A fagsanispion of d pressure of
strength, i.e., hardness, can be increased, by heatin?,
t hareB§s netputhenipside of the Gepowdaich. appioximataly 1 weight
green conpact is used as being heated, it is

pr peeddite, 1 wedghhperaantsf waxdsuchyastparaffimdsgireéerably
conpact be heated to have hardness simlar to that of
chalikedinl théé3o pewdeed ts imprate sialdabiity of dhe Co powder 1.
di scharge surface treatnent. In addition, when wax is

tenes, 2 eeamisnsomobugics Mwmoisarer

r egldotRe coRduetiVRpREoPEs detdnbrdedat the time of a discharge
surface treatment. Therefore, when wax is mixed in the Co powder 1,
the wax is preferably removed in a later process.

The green compact fofmed 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 moiding does not have a predetermined
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

electrode for discharge surface treatment. In addition, when wax is
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At this time, the Co powder 1 to be put in the nold

has an average particle systemequal to or snaller

than approximately 3 5 mcronmeters, nore preferably,
approximately 1 microneter as d¢scribed in the first

enbodi nent. Fig. 2 depicts a conceptual view of a

state of performng a discharge surface treatnent by

a nhixad at gee <im ¢ af com paetssing andppeldingsasudescribed above, the
el ectrode for discharge surface treatnment 10

magiglchide Gfteien ddrApabt)Vis reqairedsto Ibélfhe@tedtfopd@movmg wax.
having a | ow hardness for formng a thick coating.

Fig. 2, Ahﬁu§ttﬁhs fHe ), CHHOWRRFA tc tcPbe pUUhIRe! MbRY has an
di scharge i's shown. own in Fig. 2, the discharge

arBL R ERICTE Hysf e d o AERANEF haf deplokingdlely 3

armifelhe e B, s*%ﬂgi\? %ﬂérym%@rﬁgé ?ﬁ”ﬂ&%?‘gﬁ‘%@ or

charge surface fre descrlbed above and bei ng

?d lgdéné'f’%i'ﬁst:% a‘() §5tai ned by conpressing and
nol di ng

owder 1 or the gree
Subj ect ok @ deRieis aneonserual by gos StEtaR Aearming a
gas  covering the 20 electrode 5 and the workpi ece 6;
andisghgsge susiass treatinent by adipshasae ﬁakf@qerg'&ﬁtmﬁﬂt 9
that causes a pul se-like discharge (arc colum 8) by
apppparatus using ageelectrosenfarrdiseharge sddase dreptmant

wor kpi ece 6. Here, in Fig. 2, a servo nmechani smfor
comanalifactugednnithtestedvecproxkss, dhetedackkodé hving a low

di stance between the electrode 5 and the workpi ece 25

6, hardiid fdrifarmiiPachidkgoatiogn I Fad2 othkestatéiof oeeurrence
directly related to 12 the present invention, and
thef Sfﬁlfl§eﬂfk% @idchbfge REEROWN.

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 voitage 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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To forma coating on the workpi ece surface by this

di scharge surface-treatnent apparatus, the el ectrode
5 and the workpiece 6 are placed to be opposite to
each other in an argon atnosphere. Then, in 5 the
argon at nosphere, the poweryosupply for discharge
surface treatnment 9 is used to cause a pul se-like

di scharge between the electrode 5 and the workpi ece

tfs oI ERfn, At Thp it BrE ORMER NEBINTET eV e
di schar@gm 4 %a@ime%\a'w@ mﬁfrkpréaeug@ﬁc@m disehahgan

in Fig. 2, 1o be en the electrode 5 a

surfakpeeatnteniVip pataies dihecélectredent gy theneoskpieced® are
t ake &I)ace between the electrode 5 and the workpiece |,
peced obeioppasiigtotachetherdatan asgonatmosphere. 1 Hhgaadin

h kpi f ' de of
i LS, EEnosehere e PfveF Subefiofr ASehB Surfca.
e e R T T R

eRictider8aarid el wotkRpiezend NuSpeifidally a woltadd és applied
wor kpi ece 6 side has a ﬁl us polarity. Figs. 3A and 3B
bebpeen the elecinpde Soang dhe avarkpitae 6rie aguse aquisedikge

e b5 i i 5 R
' . ' A 3B
o5 B R ol 209 S5 0TE
di SCWEW%@Hié&%rﬁb@g&bg}f&éwéﬂ%@é@% 45k pldRC Between the

treatment, wherel epi cts a voltage waveform

eleiottoeieeb @rid trewarkpiege Bvey ebatiny rhateesitherelectrode
el ectrode 5 and the workpiece 6 at the 25 tine of
matetabisfermed en jhe yworkpirca sudasarehcoativgmiagedf &

s&gstance 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 5 and the workpiece 6 at the

time of discharge and Fig. 3B depicts a current waveform of a
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current flow ng the discharge surface-treatnent
apparatus at the tine of discharge. The current val ue
is positive in the direction of an arrow in each of
Figs. 3A and 3B, that is, in thg upper direction of
the vertical axis. In addition, the voltage value is
positive when the electrode 5 5 side has a m nus

pot@irehy flowWihd he tdiScvéxigePs @Facé-traditmdrit d@ratds at the time of
plus-polarity electrode. As shown in Fig. 3A a

Nog|seRery®! t REE dirrdt DL I8 IILVE N thd HfifddbiRINeST ah arow in

time tO."A current | begins to flowat atine tl after

SRapShaF ILE, naHroge AL BB vortca

cufFien: BREE: iR PbAsIE YRR bASRY B InE pstpe 5

value ie. Wien th uppl t he vol t age bet we bot h
pob e hEs & Wiusbalrivy Finlsf thé WarkBlac 57% I ket aS o
current stops. A duration between t2 to tl is referred

t oPlis-RAlariy @leelrede. di scharge pul se width te. A

vol tage waveformin a duration between tOto t2 is

r epeat edAg shypwn &l Figt 38ea ivioagypBageatuiiia@ppligdsbetyreen

a quiescent time to. That is, as shown in Fig. 3A a
pubsth poles at/altigd0i s Aappirertl] beginseto flow af adimedt after an
and the workpi ece 6. The pul se conditions used in the

fi edctdohistivange deaystime tdhas eldpsdd, therkby starting discharge.
val ue i e=10 anperes, the electric-discharge duration

(dTrRehalgRyePHt &fis Mrlé lis ancetedtric-dissirirgedioitajyluehand the

qui escent tine to0=128 m croseconds. Such a di scharge

Lﬂ%@ﬁ?% aftHRSHhe s rbgfénﬁrﬁhﬁ%)g Qi %é‘%( ;‘Pﬁ‘%‘ht va#ue ie. When

i ment, an argon Dspher e _ erent froma
CLERLRURE. 5 Wb B BN SR ibokd dime o2,
the flow of the current stops.

A duration between t2 to t1 is referred to as an
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
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

liquid (in dielectric fluid) in that the distance befween the electrode and
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14 the workpiece, that is, the interel ectrode

di stance, is short. In a discharge in liquid, such as
electric fluid (oil) 63, as shown in Fig. 4, the

di scharge causes the el ectrodeqgaterial discharged
froman electrode 61 or a powder (process wastage) 64
generated fromthe nelting of a 5 workpi ece 62 are

pr #reworkgieves thatie, Hieé GstetdlRictRe distamtedsrahiat.6lin a
and the workpi ece 62), thereby inducing a discharge.

ThGFs%h@'i‘@e i MQuid, Y RIFhE EI6OHR MRt ﬁﬂl?%ﬂ,sad &RewnAA'Fig. 4, the
reference, under the conditions suc hat the pea

k
e arod oSk A RS el Sl e

et L

ApHPLERIBGR A S5 PR T P 1S i gL Bfidn tnq glectrode 6

the prjnciple, of t resent, thod (di scharge

suandche rarmiern bak sisby indUgY atitiATgre. Therefore, the
(according to the first 15 enbodinent, in an argon

at mgwéﬁgpdmdlﬁt&ﬂﬁ?@ P0Gt ure of Fig. 2 is described.
When a di scharge occurs, the portion of the arc col umm

8 bet weEar réferences under theagdndiionsosigh that the peak current
heated. The electrode 5 has a | ow thernal

c ovaluet iew10yaimpeses cthehelextdcidiscteange doratioyu(discharge pulse
conpressing and formng a Co powder on the order of 1

M widtAT 16«64 RicrosecendEirthieadigsbent Bithe to-a1 28iaficRiseconds,
extent that it is partially vaporized. Wth an

exﬂha%iﬂl’@oﬁé"b?rthé“?ﬁm& vsgﬁgéfﬂf@iﬂ@?&éi&:ﬁbdbsdisttance during

partirally vaporized, the ctrode 1s blown to the

o HSehErge i SBpldufately ANTMRTERI(ER, I SO ICIBLRErs.

surface. next, the principle of the present method (discharge

surface-treatment method) in a gas atmosphere (according to the first
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,
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.

Since the discharge surface treatment in a gas atmosphere has
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25 Since the discharge surface treatnent in a gas

at nosphere has 15 such a principle, for formng a
coating on the workpiece surface, the electrode is
preferably made of a powder nafgrial. If a discharge
surface treatnment is perfornmed by using an el ectrode

not fornmed of a powder material, a discharge pul se
hagsucly d prigeipbecfogorminggwoatihg on3hblwerkpiece surface, the
el ectrode material to the workpi ece side. However,

suglectroderis0prete Pt I8 d B Wi poder mbtdialor kiba eischarge
side to be renoved. That is, when a discharge surface

t r§§FfH§8ttréa3tni€r'itf Qrﬂ%m{e&‘ g”@sn?\ & %%dt%’d?e n%?'fomigé of a

of a powder materla fficult to nelt the

el E%Vrdt%ﬂZn&eﬁlsﬁl a rpgé((%l‘fér‘r@ S%lf%‘él ﬁ&vn%"la%?ﬁ@rﬂ%%%@%red to

bl ow

{B1hp zﬁéaﬁ%&@%amw@ﬁﬁg thi SParkeledd BiH. S HghBRek b don o
%B?fcﬂsc@%%:eiba CBELALL B0 Vi BleaSe 3R 85 808 mayed. That s,

eI ectrode have to be made close to each ot her at a

di Whance digrhares sirdesrimataentiis pertorpied R¥ usipgiasyelectrode
voI tage. However, since a swell of a discharge trace _
byneh@atiesof arppwder matadahtibis difficulhéo melt she electrode with a
bet ween the poles, that is, the distance between the
el dischadge gruds¢ having Epiadcenergy asadn ihe firsedmbddiment to blow
amount of swell of the discharge trace is |larger than
t hthe nriateriabtd tioslevatkpietecside?0 | n this case, a short
i's generated between the poles when the el ectrode

mat eri al |4 adHitAEfiRthedisOhafif Woa kRiscaendyphé®, unlike in
dlscharge Irrespectively of 1n dielectric fluid or in

bas %eéﬁrf@ﬁ@l@e 'aCq LSEHSr mﬁun?fog JGPS\HBEHr%eEé Wdtage

on the condltlon 'S on
cannot be expected. Therefore, the workpiece and the electrode have

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 dista.nce 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 contro!
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of 10 microneters to 20 mcroneters. Also, in

consi deration of a not 25 so high response speed

(response frequency) of positioning control 16

bet ween the poles (for exanpl ejgon the order of

several tens of hertz), it will be difficult to cause

a stabl e discharge unless an interel ectrode distance
eqbatwaeen dhe Ipaies (for exanple;, @n thet etder3of severaibers of hertz),
is ensured. 5 Fig. 5 depicts a graph of a relation
beitwadrbeadifficlitad causieagataliliendischaryd untessvahtingaplectrode
and an interelectrode distance at the tine of a

di geltan &8 elgliaf td dF 13¢JEIIRBAT FpprdxiaBtaly BIS RiieFcmeteliis
graph represents neasurenents obtained froma test

fopn8B@sd!ring a position at the time of occurrence of
a discharge while an apparatus, such as a 10 | aser

di spl acega]hsegégﬁg?%; @%@ﬁ%'r@iﬁ@‘%eﬁﬁ&éﬂra nBQéaFOvoltage

measurin ween oles’I's use

measure,the interelectrode .di . i

or BotdrB L clfaddvalB8f ahrcen iftePhEafis Bistaned ah 416 Hilie of o
thg, nB-I oad volta i nterel ectrode vol [‘a?él) asuredh
159{356A 98 in &8935 SEMBSPheLe (Arden AHBOSRNEFR: o B &LaP

vol tage (no-load voltage) is changed under the process .
cofRRTESBAts Measuramenthotained tram artest tprymeasuting a position
anperes, the electric-di scharge duration (discharge
puatthatitehpf poearrencerafsa disthgrgandhilé@ngapparedus, such as a
time to=128 m croseconds. 20 As can be known from

Fi tases,displacementaghvgd bagn eddycuerentrgenssrefonrmeasuring the
di stance has a correlation such that as the no-I|oad

¥ﬁ2?§?§?% fb@{t\gééﬁ&hetphﬂehﬁﬁ iseidel) meds ude tharinterelabtrade
distance.

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



make a di scharge in a gas atnosphere stably proceed, a
voltage equal to or large than at |east 500 volts is
required. Preferably, a no-load 25 voltage

(interel ectrode vol tage) equal 1vo or | arger than
approximately 17 1000 volts is applied. This is
required to keep the interelectrode distance equal to
or 1080 yaitst iscappljed. oXT matie Ireq8Uredi torlorap the integelectrode
control the interelectrode distance of 30 mcroneters,
| f dish@nce eguahte of lamerthanf approximatelg 30 nderameteasce
control can be kept at 5 an extrenely high state, the

no- | oad v®lcoad®| thetifte?bRGtFoUte dithh 88 dF JBibRdNeaiers, if the
to or larger than approximately 300 volts. However, to

CORdd fBHs® FrBSuéﬁEg%%g‘{t@Félé irBEeaﬂEﬁ]rﬂéJéonfrBP?aricl))e kept at

response fredquenc alned i's on e order o
h ; bgst Is Gl

5 [ nph Rty s dle M notORy ol Guietblectfd¥ boltage)

i mat el Q,500 volts_j [ f

DR DG 10 0 8RGe Blabco SRR ES S o EES lihfbver, o
" E3inaieine SRR priBRssR St R issasShoncy
to cause a stable discharge, and this does not depend
onobiained dsonoie ekdarofal 0 bertznio 20 hertz gheest. ipfore, a

15 the intensity of the electrode is |ow and the .
el eufficient interelectrode voiagesequall tp ellasgeethanappepximately
t he poles by the discharge, for exanple, a nuch

10 hi §0ervalts-iscadquireld. age (i nterel ectrode voltage) may be
required in sonme cases. Exanples of a coating

processi Ageaebhddr weqoging dirrstoad) eoltage {ihtergjestrode voltage)
at nosphere are disclosed i n Japanese Patent

Apgqu&aPid 8P largel dhER T VbIts Cotdferatip, e§uaSR9eblarger than
Japanese Patent Application
1000 volts is that the voltage is to cause a stable discharge, and this
does not depend on the electrode material or the like. However, when
15 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 voltage (interelectrode voltage) may be required
in some cases.
Examples of a coating processing metnod using a discharge in
20 a gas atmosphere are disclosed in Japanese Patent Application
L.aid-Open Publication No. 6-269936, Japanese Patent Application
Laid-Open Publication No. 6-269939, and Japanese Patent Appiicaiion

Laid-Open Publication No. 9-108834. These inventions use a

discharge in a gas atmosphere, and has a principle in which a

25 discharge is generated between a metal electrode rotating at high
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Lai d- Open Publication No. 6-269939, and Japanese

Pat ent Application Laid-Open Publication No.
9-108834. These inventions use a discharge in a gas
at nosphere, and has a principle in which a 25

di scharge is generated betwegn a netal el ectrode
rotating at high 18 speed and the workpi ece and the
el ectrode material nelt by the discharge is nade
contact with the workpi ece to be adhered thereto.

Hpeadand theseorkpiecs andsthereledirbterraaterialanelt by the
technologies in which, as in the present invention,éﬁO
slischargenisivadercaitactwithdhe wpekiiere te bepadbarest ihersto-

S54SR SRR et AR . o
Sk BEP e o, s e e

TBfHal betarier tHeWworkysidcktaridsthd éldctrdde by usiraphy dlecimode
a coating. Mreover, such 1o technol ogi es cannot

ofmgreermcompadtand, Avith adpulgetdischargs, tbe eleetsadedmaterial
i.n a gas atnDsRhere, a voltage equal to or |arger
tis dransderred todhpavariniees sy en the electrode and

bort ottty 18P EarEpBolal et fidiodfesieruh faripd
deéFaﬂEn@Paﬁﬁﬁ?is' culbtd Siably FO aGoHRd | Mére@der, such

atmospnere. Therefore, instead of coating formation
itecHhelogiés icanhbtisdppdrisaltangationur f ace treating

technology in a gas atnosphere can be established.
Wth tAcegrding tathefrefembedimenbdna gas atiasgpnere, a

P RIEE 3 I
fgsisgﬁ%eidﬁ’c?mé Workpicdester sAfsk Bpuiss ke dischirgd fér 6
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.

A discharge surface method according to a second embodiment
of the present invention is described by using Fig. 6. Fig.6is 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.
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conceptual view of a state of perform ng a discharge
surface treatnment by a discharge surface-treatnent
apparatus according to the second enbodinent. In Fig.

6, the state of occurrence of 4a89pul se-like discharge

is showmn. 19 In the discharge surface-treatnent

appar atus according to the second enbodi nent shown in

Fig. 6, I tHeadisehazge suctaoesttattmeah appacatusoaiecdrding to the
di scharge surface treatnent 23 (which nmay be

hesecowad embodimaitysteowelie ®igoecaizhambenn kygsoomemdidates an
and others. The electrode 23 5 is an el ectrode forned

of e cttddfdndicEhargiovlface theattd &t 29 dwhich ai, béhrereinafter

wor kpi ece 25 are each connected to a power supply for

di §ﬁ2ﬂgﬁe re?éétfltﬂ?%érj 2?2\,‘32}\{%&?&;%Fgg?b?ﬁghgh"&si ¥Relectrode 23

t he . I schar ge
criscef 3etBaddtofind R o it OL) PR 4 STER, SfeBtroge 23 and

a r 1 at [ i,schar I [

ai e bRgkpiec8 29 Ale Bcl (Ruteosduns  p8har o kfiEfscharge
for discharge suyrface treatnment, 27, ,.ln additio the .
craniers JR iRt Beavidedi Susis OL bR amiar o peausing a
for supplying gas in the chanber 21. Through the gqaes -
suBNSF'@'EﬁHi'S@aZQF (@& coduranphi) ey appiYing e veliage hietween the
21. Therefore, in 15 this discharge surface-treatnent
apptacitade 28 randithe wargpieser25celn thisstiusture,a current i at the
performed in a gas atnosphere. According to the second
enbm@ ofdischiarge lowss toveard hadirestipmfrom theete@tode 23 to the
i ntroduced in the chanber 21 via the gas supply

g?ﬁgggﬁgﬁgp%&rﬁ?ghamsgaﬁ ﬂrgagg??/tgz?rgghani sm for

control | jmgdaiion, the chamber 21 is provided with a gas supply
opening 29 for supplying gas in the chamber 21. T_hrough the gas
supply opening 29, gas is supplied into the chamber 21. Therefore, in
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.

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

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



i nterel ectrode distance, that is, a distance between

the el ectrode 23 and the workpiece 25 and others are

not directly related to the present invention, and
therefore are omtted herein. Bere, a titanium (Ti)

powder formng the electrode 23 is difficult 25 to be

pul veri zed. Thus, according to the second enbodi nent,

ti hydriden(TiH2)hgowdde i Truthedsods ta bearuthedrder a2t o

be on the order of 2 mcronmeters to 3 mcroneters,
anthicsorhatersdorpnessaretars| dad, is¢hdn dmnprssdenl, aokied, and
hydrogen to be ejected, thereby manufacturing the

el pehtafen ddusk Heitbge e epdcted! theyebyf mahefacturing the
di scharge surface treatnent in this discharge

sUpfergrydd 9?§ ment apparatus is described. The
principle o coating formation including process

conditio b Sq S . [ e hul : :
5 enbod noneXrea Jefiscd affils 3 in REFEIE siftdcFirphtribnt in this
di I [ ener at t e._electrod N
¢ nareR e i b Ra TR BRIt HERIEEE (ThEPpcive of
transf.erred tq the rkpi ece side..,Accordi,ng, to the
s cE8RUNG 1BEmAHeRNCNG PEEEPHRH LORYIIATS 1sntimias to et
25 are accommpdated in the chanber 21 bl ocked from
oudsrerding to thaifirst pmbhodimayt descriheshabeye) imwhigthach
is an inert gas, 15 is supplied fromthe gas supply
opeHlseylike digehargei isgenerated hertweertboo&lastrp,detgﬁe and the
case of using a Co electrode has been described. Co
10 i swarkpieeei 25 foemakirg the @lectrdde innateridl imansforred tovive
by using the Co electrode to perform a discharge

suwioakpielceegitteent and cause a discharge in air, a Co
coating can be

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,

16 is supplied from the gas supply opening 29.

According to the first embodiment, the case of using a Co
electrode has been described. Cois a materiél 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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20 fornmed on the workpi ece. However, as in the second
enbodi nent, when a discharge is generated in air with
the use of a material, such as titanium (Ti), having

a high chemcal reactivity, Ti 2inmedi ately becones
titaniumoxide (T102). 25 Titani um oxi de has
characteristics of a ceramic and a |ow 21 thernal
cothiermaivéandudtivitye fampkampidi whiclr ereddiffereahfrom dhose of
those of netal. Therefore, it is inpossible to forma

t hipdtat oaT hev@folmsieisTipossibly eslfem a thitk coatingvwlyose main
causing a discharge in air. To get around this

pr r@ﬂ]erﬂ%q{tdhﬂﬂntw EQ6siPgCP dischargBafdigient, an Ar
gas 31 is used to suppress such chemcal reaction of

the el ectrhopg é%hﬁﬁ;@'ist hg"""l\'r%’g%é%‘%}?‘ﬁm K& selBBhl 9as

(nobl e gas)”, suc ppresses a

ch e_gel ] ' ,

o Bl ofLATRA0 S P BupEATIERSHRHIER roaction

as e Ar gas,31, .even.an el gctrode erial. suc

T of Bie Sl a®lEl 1§ dng iftiaR. e by 634 (hobe gas),

transferred to the rkpi ece side as in he state of

t heURRES e AR gasa, suRpregeas A changs GiAhe jS6R0RRdo become

wor kpi ece surface. That is, since this discharge

suPPthersyhkstaneat Mpipathisuoy ydngdhadnartigas (aekje gas), such

surface treatnent in an inert gas atnosphere, an 15

ef Aedhedtimgas 34¢ levevcan sledctrodamaterian, suckeiasclic pdene to

material, such as Ti, prone to cause chenical reaction

capabse tchemnsicat reaction tha bevnansfecred dodheagorkpieébe side as in

state of the metal of Ti, thereby formng a Ti

cottie afaterofithe wetdlpdfeTic tberebacrming a Ti coating on the
workpiece surface.'

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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To achieve this object, a gas to be introduced into
the chanmber 20 21 is not restricted to Ar gas, but
anot her 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 tfe second embodinent, a

di scharge surface treatnent 1s perforned with the

el ectrode 23, the workpiece 25, and 25 others being
accommodated in the chanber 21. However, the 22
eilmitcrdni%?; ,2Be vidrkpisce A, aod cﬂlﬁersadujnm rrenessdolyri@ve to

ecgg‘%ﬂl ha e i@%gﬁar@ g? wga” the chal'rbere 1 the

%rﬂlsréﬁhférn@em@f@ 'ércﬁsérﬁar 8 oRBursN8 i aﬁ@ﬁe@bﬁ@%ﬁh@éﬁher@um
as Ar. For exanple, structure and nethod may be

such asht. Eoraexam;det trmﬁrucﬁuramm rr@(thdid oaybe @@@h that
n ar the el ectr

23 d
rcibatis T GHAPReY fromya AN hesr D1 tletloBs % Buare
SoBtloW ndat 4 BIRCREYEDSRN 1R RlefitRin) ﬂdthléﬁess@rawému n
di scharge in a gas atnosphere is heat i ng of the

sirpiiantodbetapoypsandigebtalinsh a discharge is generat ed

by o NP gyR el i BB Bk et Henlind P e

edtrstie bipdRERarger§Vhen dlmrg ﬁrg?atydamed]uldj even
0

gas atnosphere, cooling is dif roceed

m&%f%e@rodmm I@caihysbﬁatesebvsdlg@mrgat 8RpDl, dngalectrode is
coﬁlga e@e\” h gif‘sch%}ﬁa Qﬁel‘fed in a gas

I ncr ease t he egr ee’ O ness ness

td‘nmosibﬁelfel eoblingl difficultds pecosed. \Wiherdfore, Ivmadmss of
the electrode is increased, the electrlc reS|sta

_ f@r@%tlﬁoaenﬁ@t%dneassas #imespherehithe tempera s & the
gallé&FBHeg‘?s ViREeaE8d Pera iR Yegruk V¢t haeMese M 8Redd)t Bf 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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normal val ue. As such, when the hardness of the

el ectrode is high, that is, 20 when the di scharge
voltage is lower than the normal val ue, phenonena,
such as del ayed coating formati on and renoval of the
wor kpi ece, occur. To get ,ground this, when a discharge
is generated in a gas atnosphere, cooling the

el ectrode is required. According to a third enbodi nent

nindd 6t ARG el PMARIIER weBofied 7RG B, POOEIQY D
aconcepluahliew cfva sfat@oﬁpe:tf@rnmhg raedlédnargegswfadeschar ge
surface treatnent by a di schargg> surface-treat

tragtsagniiysa g@eﬁaww asertreatment agparaigs Areerding fﬂﬂﬁg
tthrg J,érﬂgo&h?e} Ofn F'QC‘# Bt br ?aRer?%eJ dfkae @sdikehar ge

n the s¢har ge surface- treatme t apparat us
diacbang@ileg;hbwnt he third enbodi nent shown in Fi g. 7, a

h 4 e f
oo bt s dran coracp rsatnenL g hA oS afbonero s
trﬁ‘rﬁl %Sﬁéimﬁ shdvn it FAQT KR S}‘Fa?mﬂér 4ﬁ%€c&hhﬁfo%te§' BR

el ectrode 43 1o and the workpi ece 45 are each
electinde fardlischarge @ue‘ace treptmentA3 (vehigk maygkee bereinafter

SEIRE PR e AeRdel p Rt ELR 4Pgatt ahiie o Tk Slasfidqs 93
afd e/ Wotkpe P45 286 eabR icvRAECtEH 20 @ wéuosiﬁ;pﬂﬁfoind t he
wor kpi ece 45. In this_structure, current at the

dischergefsufaseriseaiment drevdead @uwdﬁ pbthe @amb%rrm fg 15
of 58 R icd OisRRGIRERG sORL Yl B pBbS IS 881805 523
b&twidenathgasdestrifd 43 anpene m@)rlé;ﬂeé@%sumpltm‘s Bsrugsejan t he
chanmber 41 and cooling th
current | at the time of discharge flows toward a direction from 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 41 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



10

15

20

el ectrode. Therefore, in this discharge
surface-treatnent apparatus, gas is supplied via the
gas supply opening 49 into the chanber 41. In 20
addition, the gas supplied via the gas supply opening
49 is set to be applied to jhe el ectrode 43 when

i ntroduced in the chanber 41 According to the third
enbodi ment, it is assunmed that an argon (Ar) gas 51
is introduced in the chanber 41 via the gas supply

Onenreletrékie disdan(tél,ethahm‘@sdlstanm@ batweepdhe electrode 43
at nosphere. 25 Here, in Fig. 7, a servo nechani smfor

et thﬂ wm@plep;ezﬁw andt@there are oo dinestlyretatedrs: thespregent
di st qb{g(aiﬁen t he el ect{‘t 8 and the workpi ece
ARy eforeare PMite j'"?r@frht ed to the present
|nvent Ueaégéé%foﬁftlﬂ{eeoﬁf BIECWa‘?Qeace 2 tr ﬁhen?m this

genera the drscharge su rea

td"$éhar§edeéﬁﬁé'é-ﬂﬁaaﬁmélﬂ%ﬁér%ﬁﬁmﬂeééﬂaédt ug heSprlnmpIe of
descri The principle of coating formation

icoatingi fogm@tioneissidingiprooass iconslitionsis simitatdo that

accordlng to the first enbodi nent ri bed above, in
RGcoRdiag mheegnstle@lm@m@? f’rcd"t{%ﬁ@fgﬁt’@d'rb\é/ A the

B FREDIAChH A FondRieh ERReRN, 0¥ </§BHRR 43Bna the

Wi léréé*gérfogﬁ%laﬁ H@F&Ieéﬁ‘ dé%néfé?@étﬁarﬁét#ﬁighﬂ to the

openlng 49 |Is set s to e appl i

evekpiestesige, Wth thIS in this discharge
surface-treatnent apparatus, the chanber 41 is filled
with tThe Ar ggad Bsupplied visntbhegas supgly apeningdfdissst so as

e Becaprlied 16 as ectrods 43 o WG 405, v i Pheltan

Ut #E¥mMERPLFPardtls! #RY 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 electrode 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.

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
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preventing the hardness of the electrode 43 from being
i ncreased. Therefore, in this discharge
surface-treat ment apparatus, changes in the state of
the electrode 43 in the course2gf the discharge
surface 20 treatnment can be prevented, thereby
achieving an effect such that a coating can be stably
f catredsphere.i 1By using E&xi 81ga metiboldasf edalispthe elactrnddé
the third enbodi nent descri bed above, an object of a

f ogetdrdimdp edithefourth érmeodimentis desenbedn Fiy.tdisal ve
heating of the electrode by a discharge, which is a

Pr ebh &6 tual %ié%%‘fraaéﬁﬁe'df perisinidg a WidarErgersuridde treatment

using Fig. 8, a met hod of cooling the el ectrode
acsgfadaf&hw rfa%f frEaFrﬂ‘EﬂE’h HPat‘u§ é’@cﬁﬁﬂir&eﬂ) tid fourth
conce ptual view o perfor

rf r

ﬁéb%roq'%@it hE s th?%‘ét%ccor ST ¥ mtsies
n'aodlhrrent F‘?Wg 8, the state of occurrence of a
pu \$& P.'Q%'Sa 9 rge is shown. In the di scharge
surface-tr ara rding to t fourth
enbod el (hEh B RENARDE Sy - eaNmenl APparalERTRRIANRE to the
an el ectrode for di schar e surface treatnment 63

wiawth smbaimantshawn én Fig. 8 amhamberfiagcommedntes an
a wor kpi ece 65, and others. The electrode 63 is an
el electindtie fmrdredhafgaasurfaamtmﬂt(meot ®d\wbich may be hereinafter
el ectrode 63 and the workpiece 65 are each connected

t osian plyvear etagipdde 68), divearkpiese 65yahdosthersat hatelégtrode 63
provi ded outside of the chanber 61 for causing a

puissgn ldi&stréd e doanae dfad t—‘itaﬂﬂhuﬂtfrﬂgbmmempmhﬂ eectrode 63 and
vol t age between the 15 el ectrode 63 and the workpi ece

65¢hd Wotrk‘bﬁc%tﬁﬁl%’ré”e%chac&hﬁé&% to @lpoWet sdppy f6f discharge

dlscharge llows toward a direction fromthe ‘el ectrode
63slfat8%reatment 67 provided outside of the chamber 61 for causing a
pulse-like discharge (arc column 73) by applying a voltage between the
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
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 68 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

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



power supply for discharge surface treatnent 67. In
addition, the chanber 61 is provided with a gas supply
openi ng 69 for supplying gas in the chanber 61 and
cooling the 20 electrode. Therggore, in this discharge
surface-treatnment apparatus, gas is supplied via the
gas supply opening 69 into the chanber 61. In

- adthe chambened Yissinsap@rged atmosphergas supply openi ng
69 is set to be applied to the el ectrode 63 when

i ntr oducHére hint Rgy. & arbervdine chindsmdion gondrallireg aour t h
enbodi nent, it is assuned that argon (Ar) gas 25 71 is
| NinteflieettotiB dibganeanharl isth distanée bedwesnthbyelectrode 63
opening 69, and 26 the chanber 61 is in an argon

at §Rg ﬁlﬂ@?\ﬁork??é@e 6i5r‘ar’fu]jl @thérs 3reSRbY AirgRAYaBIREBUIE the present
n that is, a

controlling Intere [

ectrode di stance, .
mrﬁ?r%nb%ﬁw‘éﬁﬁ%rhﬂfreeé&%mﬁéd reﬁ‘-ﬂd the workpi ece

di
65 and others are not directly related to the present

5 i nvent j,Qn t f or o i1 . .
gener al g%ﬁ'i %@%&Ppﬁéu@'i@c%&’&e%ﬁ‘%g%g%@?{@rz}terrﬁgé{mﬁﬁt in this
thi,s  discharge surface-t{reatnment apparatus,i I
deSBONBEGE Stithasr{TRelpPat 3PPacaits RS IRRY-onThe principle of
i ncluding process conditions is simlar to that
aceeatingdormating incluging preer s PNERIANS iscHMilas e, thak
whi ch a 10 pul se-1ike discharge i's generated between
t haceowsiing dddhedirshembadimentidasssibesbaboye nixwhich Ae
el ectrode material transferred to the workpiece side.

10 Acpulsai-like tdis¢Hargbdargenerabed betweentthe electrade73 iasd the
supplied to the gas supply opening 69, thereby
supirkpieget 6% fér making the iete ¢thed d matesial treatesf6freidntoothe

the chanber 61. The el ectrode 63 has a porous
workpiece side.
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. Thé 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 ina

25 cylinder. With this, the chamber 61 is filled with the Ar gas 71, and
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structure fornmed of a powder, allow ng gas to pass
therethrough. Wth this, in this discharge
surface-treat ment apparatus, the chanber 61 is filled
with the Ar gas 71, and the electrode 63 is cool ed,

t hereby preventing the electﬁgde 63 from bei ng heat ed.
20 At this tine, as shown in Fig. 8, the periphery of
the electrode 63 is covered by a nenber made of a
material not allowi ng gas to pass, thereby nmaking it

rissithéeléotrodégalisccoalet thevebyareventingdhti electrbdeds 3
a discharge occurs nore efficiently. This can be

aguyeatee: exanple, as shown in Fig. 8, having

e e RS TSERSEAS el et el i

Sherdhy Preveni e Rfiehs o o LRerad RS om being,
rAgkddsed. NET IR raféren ¢ L8 disehaRYeBlfaté trsdthvétapparatus,
cool ed, thereby preventing the hardness of the
atharngesiin e statendf ¢he gléctrode E3siadtheTtrursecdiethe discharge
this discharge surface-treatnent apparat.us, chaqpe

istrface treataept cande peeyenigd, thenaby: aghigyingan & ﬁéuch

A0af Aifing:Lan Bt o LT 1OMDed EVanT el RLERARIL uerhEr)

Qgégggdgven if a processing tine has elapsed. 10
According to the fourth enbodi nent, since the

el ect rAceording be therfoerteidmibodimént, sindeethe electraty ean be
equivalent to that in the case where the electrode is

Jvoreeffisientlsicoctad to aldegreatequivalantdo shakindhecersgwhere
he dlpElrBfisds oole hiyydRighers Tk at bStnie B 8 BisERarde in
TIENHAE Auid NN ES st B LETPEIAUYE D the diéctrode is always
kept in a good state. Therefore, changes in the temperature of the
electrode do not affect the electric-discharge coating formation
characteristic, thereby making it possible to form a better coating.

A discharge surface-treatment method according to a fifth
embodiment of the present invention is described by using Fig. 9. Fig.
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. 8, the discharge surface-treatment apparatus

according to the fifth embodiment includes an electrode for discharge
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15 el ectrode do not affect the electric-discharge
coating formation <characteristic, thereby naking it
possible to forma better coating. A discharge
surface-treatnment nmethod according to a fifth

enbodi ment of the present igyention is described by
using Fig. 9. Fig. 9 is a conceptual view of a state
of perform ng a discharge surface 20 treatnent by a

sfhaER Mt CoblcPEray e RERBRERLT sRAPY dhicRold 3a)

|i<gjidt rgkb'nS@g | \Which @& ﬁgt&:’tﬂe flutd %B%ﬂngftﬁe%éwoaé g3 8nda

di scharge surface-treatment apparatus

waekgsieder8h;tand hepdwét bupplydidir dischargel sutésceitreatment 87
el ectrode for discharge 28 surface treatnment 83

thalisacisessd phisenikeidisghargediang cplumnd tidey apeldng a
vall P BEh R8RS le e G B 018 P
9SH38o PG GEREIAS ARG oty ke e diahotciings,

a Uithnee butiverenthiehsleetroakrddiand Ihe workhieowss pa eepd Bhat
Here, in Fig. 9, a servo nechanismfor controlllng an

stoneg tiee diquichaegah 80amoe, othiens are not dirgictlynetatel
the el ectrode 83 and the morkﬁhﬁcg 85, . a depot that
prasend dnvention.;and thergderesare grittediareinir e not

* her et BeBeG Qube bt Be RS g S eg rliffent in this
digkéhbhc_gcf sBffacBetrehfReAf Qﬁgé#ﬁtﬁé% deiseAbBRNt The p k|)|i(1eé(§]|iple of

I'scarge surface-treatnent apparatus is descri )

cdéating formsatidre indluditepprowe ssocoreditionsiissimidanty thraicess
conditions is simlar to that according to the first

aceardingrio thel fisstrembodipent desaribad @baye, pavdiichiae

o 2S1AY 888G S LA a2l b A RS SS 83% R the
workpiece 85 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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15 wor kpi ece 85 for making the el ectrode nmateri al
transferred to the workpiece side. According to the
fifth enbodi ment, the discharge surface treatnent in
an inert gas atnosphere has been described as a schene
of preventing the electrode pggterial nmelted by a

di scharge energy from 20 bei ng carboni zed or oxidi zed.
Wth liquefied inert gas being used as dielectric
fluid, a coating can be formed in a manner simlar to
t hat iAs féihe plosessiya gas Atresphers, thetprocesspanbe
However, in fact, there is a drawback that neasures

reréonaed selativeineagiy syendn nikkogenwas. | olfoweansas; Hefieds a
Rroplmdn yiebdStiding 41188 SoruERiaraly PRE s Ba blagess i
q§u§§?ﬁﬁ6gﬁﬁ.relatively easily even in nitrogen gas.

ver,

\ ere is a problemin which nitriding of the
coat i rEvERWilh/tHY afRpPacks as duRedR Above,| iauhis electrode
nitrogen. 5 Even with the drawbacks as descri bed
doodischargetswfadectreatrdent,fthe elestrbdedor disgharge surface

Hé%t%ﬂ%i’siégr&yﬁéé ﬁé i _.%rrlﬂﬂtihsﬁﬁ'ggf ?pﬁgrﬁ&gﬁfgt,ability in
SRS BRR b G AH 08 g, o

aé?éaéﬂ\?é}ﬁggbg%at: BQH%LBS a%‘i‘l?é\?é@%gbé’ dﬁsdl"iazgg%%egbﬁ a

gas 1o atnbsphere, such that a stable discharge 15
aterdphere| shobthaha stalblerdischange isqeossible without increasing
(interei ectrode voltage) to 500 volts, thereby

& nptlpagivajtages(intereigatiode valtage) ta HOA vottsatherebyi n

t he ﬁsch%ge.sunface %.reat ment in liquid argon,

simplifying circuitry configuration.

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 (intereiectrode voltage) lower than 500 volts (which
is a no-load voltage (intereiectrode voltage) in a normal discharge
process).

A reason why the no-load voltage (intereiectrode 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.

According to the first to the fifth embodiments, an electrode for
discharge surface treatment formed of a powder is used as an



10

15

20

25

unl i ke the enbodi nent descri bed above, a process
condition of 500 15 volts does not have to be
satisfied, and the process can be perforned at a

no-| oad vol tage (intereiectrodggvol tage) |ower than
500 volts (which 1is a no-load voltage (intereiectrode
voltage) in a nornmal discharge process). A reason why

t helectrddeafbrvdisthamge sotfaceiteeatnuelet. v Studips) octhre Bveimtors
decreased when a discharge surface treatnent is

Per&eé T8dnd Nhht, afitite efdStrode foddischargd ¥umacenipeatraent is
is that a process powder generated by the discharge

St @ysil dﬁcbhgufrﬁad RiIaP et ehRDh e ahRAAY §%en with the
According to the first to the fifth embodi nents, an

el d of a

° SRR biing 8 TBASSH bFGUL bBTHd Bilve izl
surface i .
found ¢ HEPT SKATHIE @théﬁ$®a§fwhf%?@X)%Z%%@%L%iﬁlgum-
treatnent | asi | con ume ar effects c be
ncAMRE . ADAvE Hobd s BB leciRds et S 659%93‘309
state wi thout being puI ver. i zed 5 Faor exanp
al tieatDANL the plectede for dd$‘éﬂﬁ"|9t9n§w'fﬂ13%ﬁf9rﬁ}meéltl'6)935'%{
used as the electrode for dischar %e surface .
t r eanswmed due telacdiscbacge pulsr teberigansierred to the workpiece
treatnment is easily consuned due to a discharge pul se
t oside. t iHeref, @sr fod the albminomkelestrmdesielectrode esonssiniption by
the al um num el ectrode, el ectrode consunption by 10

di dislchagge iis sedatge deat that eldutroelecniaterlal astneuchrlasathe powder
much as the powder el ectrode made of another nateri al

oA R VR LS MBS ePnd g Wiboripico
side.

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 enteré 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



covers the workpiece, the alum num surface is oxidized
under a high 15 tenperature .environnent, thereby
preventing the workpi ece frombeing oxidized. This is
because al um num on the surfacgiis oxidized to form

an oxi di zed coating and this oxidized coating prevents

oxi dation from proceeding to the inside of the

wop lgtleteemir@xhtiore passés yor eartiemay becimatredyin the coating.
formed on the workpiece 20 through a conplex process

cald edrodd tieis| thé didorargeaiafsce thelatment jisipseferably performed
di scharge, an al um num coati ng can now be easily

f ofBehon iR vl AFRSSIl o?erﬁ@:Irarrllyr&{oéau@lfig aasffitiein® ¥ffeet can be
coating in dielectric fluid, Such as oll, carbon

enjehiey %\Eqn%g geMich may be undesi rabl e in sone
cases. en car bon enters the coating, carbon 25 may

5 02 prect ol LahRfhe QuiGe boASEnbfe SQFREEd SN 1 BSit6Hmed in

a 31 pr rmn ass or ca

forned ipn the coatin Q av | e

b s PrbEFheR dwihahg, ABsAunPRE: Hbaeifed #}a&; a voltage
but even with ral ly, speaking, a sufficient

oreaual B [rosscheS Bl yaltd inbretecablyshrieqibahvaan the

when a discharﬁe surface treatnment is perforned in
gaslestiasiraad dhenorspiece ke cansem RElReslike sischarge for

above, a voltage equal to or larger than 500 volts is

pr pedoamiqg appeleetrodet fae elischargel swfacel éreatmente With this, an
wor kpi ece to cause a pul se-1ike discharge for

10 peexoeltentocaatirg eah rbmdforimed dysusiagan aluminwen electrode even
treatment. Wth this, an 10 excellent coating can be

f ofng Gy atisbsshéve. aI um num el ectrode even in a gas

at nosphere. According to the a sixth enbodi nent of the

present nB¥SfiihgMo the a sixth embodiment of the present invention,
aluminum can be used as an electrode for discharge surface treatment
without being pulvérized, and an aluminum coating can be easily

15 formed on a workpiece.

INDUSTRIAL APPLICABILITY
As described above, the electrode for di.scharge surface
treatment according to the present invention is suitable for use in
20 industries related to a surface treatmeni 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.




al um num can be used as an el ectrode for discharge
surface treatnent w thout being pul verized, and an

al um num coating can be easily 15 formed on a

wor kpi ece. | NDUSTRI AL APPLI CABPLI TY As descri bed
above, the electrode for discharge surface treatnent
according to the present invention is suitable for use
in 20 industries related to GLAIMSace treatnment for
formng a coating on the surface of a workpiece

pi ¢ce, aAdisshpaye sarfhoeityestmémtonetiod coseprising:
industries related to a surface treatnment for formng

a thick gepgidtthPh pulse-Ike dizehafde ByWNikgi £6Pedn eofmpact of
32 CLAI%/E . Ag(:j)l spcharge surfacgétrg\ggnegt get hod P

COMthPbBE deP S Phéal %"Qf de@? Qfﬁ Qﬁc W'&élngs an

a green conpact o ta
5 28%%&??&%8@8%9@2?"@ W’t?geor @#‘etgt %f %*5"*"5%@%@& Yts
¥en dhe BIEEHEF G 1P ie Rt LB gk ArlgSapers; and
?LZEI onfasmioac epafhg %@@%?EB e JeElodsanatenaor a
theﬁgulse l'i ke discharge on a surface of the workpiece -

al@ngs reseiting fom gereaation of the al@émeg@aterlaﬂ%the

d| scharge surface-treatnent nmethod according to claim
1, energy ef the pelsgabkatdiechargecon @ surfageof thagvorkpiece with
at nosphere. 15 3. The di scharge surface-treatnent
10 mreah@hergy wfdhegpulsediks distharge2, wherein the
di scharge is generated while the el ectrode is cool ed.
2. The discharge surface-treatment method according to claim 1,

wherein the gas atmosphere is an inert gas atmaosphere.

15 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

20 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,
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4. The di scharge surface-treatnment nmethod according to
claim3, wherein the discharge is generated while the

el ectrode is cooled by 20 passing a gas through the

el ectrode. 5. The discharge sugface-treatnent net hod
according to claim4, wherein the electrode is
accommodated in a gas-inperneable cylinder, 25 and 33

the gas i gapns ise@plietddntd ehe tylinder td 6o6bthe eltatrode, and at
el ectrode, and at the sanme tine, supplied to an area
WhitleeshiR Bine RipPptiedStoden irah Seherebthe ddichahgé 9€ generated.
surface-treatnent apparatus conprising: 5 an el ectrode
formed of a green conpact of nmetal powder, a netal
conmpound powder, or a ceram c powder; a power supply

t hat appki C 0 rw}m-oo
vo?ts be}t\v\ogé%ﬁ?ﬁ? %ﬁﬂ%g?%ﬁ%ﬁtﬂ%%ﬁ%&é%ﬁ%g& ok mB.
generate_a ul se-1.i ke 8i charge; and 1 a
Suppl vi rBh BPEtroafolhgR Ted B:88n SAMpa TSI ARl Rpyder, a
and the workpiece, wherein a coati S%ch!pnsi sting of an
el BEtRLERMPRUBT RPWEERT, LI IS8 AMUG PO fting froma
reaction of the electrode material to the energy of
the pul 8RAWKesSURRIYHAREaPPYepd ellagn agualte ffgreater than
the workpi ece with an 15 energy of the pulse-like
di 880 arodts. batwerethl etacirage aodf aworkpiementengenerate a
apparatus according to claim®6, wherein the gas
supplsieclikddisdhmrges aadppl ying unit is an inert gas. 20
8. The discharge surface-treatment apparatus according
to cl ai naas 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 info the case, and

the coating is formed in an inert gas atmosphere.
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or 7, further conprising a case enclosing the

el ectrode and the workpiece, wherein the air

supplying unit supplies the inert gas into the case,
and the coating is formed in an inert gas atnosphere.
25 34 9. The discharge surf3ke-treatnent apparatus
according to any one of clains 6 to 8, wherein the _
el ectrode is cool ed by supplying the gas fromthe gas
supplying unit. 5 10. The di scharge surface-treat nent

apgar at w?gavdigéﬁé.g% d&@ﬁaea.n&m tt@ﬁ@%é acBoPding to any

wherein the el ect € IS acconmmobda

gase cyli . n e._gas s .supplied

e BT Sdor¥ WRERn wRSIetlobdsdoed B:8bbing the
di scharge ,surface-treat ment, nmet hod conpri sing:

g9} gﬂgﬂéﬁﬁ%ﬁ@éppﬁyﬂ&g HMdchar ge by using a green
conpact of netal powder, a nmetal conpound powder, or

a ceram c powder as an 15 el ectrode and applying a

vol tage equal to or greater than 500 volts between the

el H&t r odEhegldschavgeksidace-treaimeniappayatusagosrdingdo any
ina liquid state; and form ng a coating consisting
oforen of ictimsoBdortwhermdinor a substance resul ting
froma reaction of the electrode material to the 20

ener gy chet dlechroldeeis! adcoriimizéed in engassmperfedtile idyfinder,
wor kpi ece with an energy of the pulse-like discharge.
and

the gas is supplied into the cylinder to cool the electrode.

11. A discharge surface-treatment method comprising:

generating a puise-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,;



12. A discharge surface-treatnent apparatus
conprising: an electrode forned of a green conpact of
netal powder, a 25 netal conmpound powder, or a
ceram c powder; 35 a storing unit that stores an
inert gas in a liquid statedband a power supply that
generates a pul se-li ke discharge between the

el ectrodg sﬁﬁﬂng lWﬂf H%teé%ﬁreg\’%ﬁrlﬁbf‘t §as ¥4l ILid state; ;and

consi sting of an electrode material“or a substance

:ﬁzugagrgw SuPB et Horhls,FYAPAA S RIS pusen
Sl Bl G i © 1

surface treatnment net 0 rating a

pul se- | i REOFGGRRYS 9915§ %SBL?“T?E?% F% or a substance
conS|st|n? of an al um num as an el ectrode and appl yin

a RRSUR@ fram wreadias oftheetectiode msgeriabte dhe enasgi of the
the electrode and a workpiece in a gas atnosphere, or

i npriseoike disdhaggeds farmetl omiarsurfacmaf tme workpiexta with an
of an electrode nmaterial or a 15 substance resulting

f remegy ebthie polse-ikdeisdhengeode material to the

energy of the pulse-like discharge on a surface of the
wor kpi ece with an energy of the pul se-1ike discharge,
wherein the electrode is a first electrode and the

wofkpi ecg c!@ct?arﬁt U c@'ti%%t(h)ﬂ%ﬂ méﬁ‘no]cflf:olﬁm?ilsihﬁf‘:harge

surface-treat od acc ng to ¢

10 Wherein Lhe Aamg?h TRIPLTKE diScRirdd 6y iRy aAmBsPRaif

15

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, wherein

the electrode is a first electrode and the workpiece is a second

electrode.,

20 -

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

wherein the gas atmosphere is an inert gas atmosphere.



