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El ectrical -di scharge surface-treatnent nethod 5
*@00002* TECHNI CAL FI ELD The present invention rel ates

{reatmont using a green compact obtalned. Z;r f aC?IIIIIMIIIWIIiIWIWlIII
conpression-nolding a netallic powder o
conmpound 10 powder as anSPEQIFICAF]OANd a puI se Ilke *191s90

el ectrical discharge caused between the el ectrode
a wor kpi ece. BACKGROUND ART In a surface treatnentnmm ulmmmumm“
technol ogy for formng a coat on a 15 wo

thr queh oF ITWEQENVIEwrmﬁct rical di scharge from an *G00002*
el ectrode, which is a green conpact obtained by

conpt eSSEfé'&tr‘?P%ldéth%hQr %ﬁ%ce”ﬁ‘é&frhéhhm%tﬁ&&hno' 09y

for formng, errper ture close to the nornal
tenperature, a thin hard coat containing ceramcs as a
mai n constituent is established (see, for exanple,

p l 1). 20 In the technique disclosed in
aféﬁ“'ﬂﬁ&?‘ﬁ@ ) a hard ceramc cgat is formed on

a surface of a vvork i ece by control u of an

el ect r odEN@Rreseal '"d?"é'loé‘c ates) t°d?§%ﬁ'g’r‘ Q%%F

keepi ng an el ectrode hard to sone extent and neltin

t helestiigal-digchatge purfasaftreatiment ysingpaesen compact obtained
t hi ckness of a coat, which can be forned by the
nebymdmpressﬁm-mﬁld'mg aonetallihipowaieraroametallic compound
m croneters. 25

10 powder as an electrode, and a pulse-like electrical discharge caused

between the electrode and a workpiece.

BACKGROUND ART
In a surface treatment technology for forming a coat on a

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

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

25 limited to as thin as about 10 micrometers.
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whi ch was not nelted conpletely by an el ectrode

di scharge pulse, to a workpiece. In the case of a

material that is likely to form carbide, such as M,

when the material is supplied pg a workpiece in a

state in which the material is conpletely nelted by

an el ectrical discharge pulse, the 5 material supplied

t owhich waiskpo teme ltes! campteteheby tam dkectddbdisetiarge pulse, to a
carbide to make it difficult to forma thick film

Howeviesiece! iln thesriskl 6f ateaferiantRatiRNicel§A8ifoPM carbide, such
adj usting an el ectrical -di scharge pulse wdth and

SUQQ'I\XOI\Wﬁeﬁ&hﬁrﬂnﬁkerimg%qpﬂid@k SQ/V@Hk‘?ﬁe‘%é’mTE'étSEb B which

an electrical discharge pul'se, to a workpi ece as

de j : v ' t t .

g SHrRRRrEE R Combllte tdhelBY AT Rct e disBafd hllise. the
ref er rawmngs. . Fig. 11.is.a hemati c for
RIS Ao e 1B IR W RPI e oigR S 76 BEctETfEnum
according to the fourt nbodi t o A al | oy powder
ST Ao dhaka ot FORR S50k Tiyhs 5 Hedp R ek Fassible
filled in sgoace surrounded by a nol d upper punch 52,

a larp ﬁdf@é} & 6ABhby Rdjuslingnsinelgctiicaldisgharagy pHlsepyidth
powder 51 is conpression-nolded by the uppegmfunch 52
andnd isa/ppdywthe mateniabawhich isonet eompéaiely orglted byfanaelectrical
predeterm ned shape. In the electrical-discharge
sudisabarge patsmrto, a workpigoecas desgaibedi sbased as 20

the electrode. Note that, in the fourth enbodi nent, an

al Foyrtoferab6dirheat contai ning chrone (Cr), nickel
(Ni), tungsten (W, and the like (Cr: 20 weight %

Ni: 10 wRedtta fourth ehebd@inddWt G theOprddemtliféntios is/8RpIained

as the Co alloy powder 51. An average grain dianeter

of witherefétehte fo HXPHEawing8® 'Rigl 9788 & scifematic for illustrating a
method of manufacturing an electrode according to the fourth
embodiment. A Co alloy powder 51 having a grain diameter of about 1
micrometer is filled in a space surrounded by a mold upper punch 52, a
mold lower punch 53, and mold dies 54. The Co alloy powder 51 is
compression-molded by the upper punch 52 and the lower punch 53 to
form a green compact of a predetermined shape. In the
electrical-discharge surface treatment, this green compact is used as
the electrode.

Note that, in the fourth embodiment, an alloy of a Co base
containing chrome (Cr), nickel (Ni), tungsten (W), and the like (Cr: 20
weight %, Ni: 10 weight %, W: 15 weight %, Co: the rest) is used as the
Co alloy powder 51. An average grain diameter of the alloy is about 1

micrometer.
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Exanpl es of a technology for formng a thick film
through the electrical-discharge surface treatnent

i nclude a technology for formng a coat containing
carbide as a nain constituent @n a surface of

al um num (see, for exanple, patent literature 2), a
technology for 5 form ng a coat containing carbide as

a mai n cBxamiplesof a(teednofagy fandamplirg aphicofilm through the
literature 3), and a technology for formng a thick

fi élgctieatdigchiigk sarfaceftredimantlinelude aasehroB dgyyfor forming
extending an electrical-discharge pulse width to

abgybad 2omAihffEeansiae (L8, mhR coRiRtiiehe onPaistifface of
literature 4). 10 Patent literature 1. International

Pub i-c:at.i 9/ [ i

re ALl o el pakit refiure a), o' BRhglRy for
Coeifligh  Foat eyl BARERE 2B iy APl i bce, for
LEREREHTe FoRE 9B GEH, b BubREaas iR i
above patent literatures, although a thick filmis

f oh@diag thirknagsnoicabrwt 0@ micsemeters by exfengingiann i s
carbide. In other words, according to the above

t eelestiicrjrdischargrepylse width 1o aboukdd dicreseeandsi(see, for

Therefore, in the technol ogies disclosed in patent
| | example epatenhtiterdatuie 4).s necessary to performa
remel ting process using an electrode with | ess wear
after fPatentditergtareus |htaraktibhahPubBlication danpee WON
the technol ogy disclosed in patent literature 3, 3
99/58744)
Patent literature 2: Japanese Patent Application Laid-Open No.
H7-70761
Patent literature 3: Japanese Patent Application Laid-Open No.
H7-197275
Patent literature 4: Japanese Patent Application Laid-Open No.
H11-827
However, in all the technologies disclosed in the above patent
literatures, although a thick film is formed, the main constituent of the
thick film is carbide. In other words, according to the above
technologies, a dense thick film cannot be formed. Therefore, in the
technologies disclosed in patent literatures 2 and 3, it is necessary to
perform a remelting process using an electrode with less wear after

forming a porous thick film.

For example, in the technology disclosed in patent literature 3,
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even when a coat that | ooks dense is successfully

formed at first glance, the coat is porous when the

coat is checked fully. In the technology disclosed in
patent literature 4, a thick figdl mcan also be forned

when an electrode of hydride is used for formng a

coat. However, the coat is 5 dense only near a surface

of evemantien aadatithaticoksodémpsete suatessfally fanted atdast glance,
material are nelted. A part A of a coat formed thick

aStheﬁ&@dﬁsOFbHau% whénithe RUAUS - ch'e%ké@qaﬂ? yaRtise tédteiclogy
is a demand for a dense and rel atively hi ck coat (a

thﬂl%lcf%eldnn"‘b% ntthité?llﬁiﬁﬁes4 pp@m@fllnlr%n%l%bqf@?@rrnﬁ'e@hhen an

nor e or exanmpl e icatrons in which

St&eRgfie h*d’ﬁ&é%h%eg%gzonﬁ\rgjsg fota?npﬂoﬁmo bthe coat is

enV|ronne e require

t HengE GuiP ngak &ydhe b1 a”%e@?rﬁ g a4 %orﬁﬁﬁfdp%“&eaete"a'
through electric dIS ge, bet e t he rkpi ece

i RoCSR Batey R Lere B SH ngb BT Al BpAbIOTAARA thick as
thermal spraying for spraying a nelted netallic
negewaIin Fdg. A3 16 RApUECe. However, since both the

met hods require manual skilled operatlons it is

di ffi cul lin tecendnyears: thesedper demand tar aadpneauand telatively
line, disadvantageously leading to an increase in

cotm'ck toapéa thicklfidm withethidasseofrebauh$00 whiccomieders or
met hod in which heat enters a workpiece intensively,

i smape) irgdot @xaniglenapptieafiahs dn whi€h agidngthenat Iwdricity under
like a wunidirectionally-solidified alloy such as a

rm@cmgu&é dpeﬁfbhﬂ')é @idréenmeht aeé ireqairbdl: C EXanplestof a
oy, crack is prone to occur, thereby

been ear nest orI?ehs'{] (%36?%9@3{?@&) [ sﬁéa\{o—éﬁ}ewgj f’éreweidinaeié
deposit a matenal of a welding rod on a workpiece through electrical
discharge between the workpiece and the welding rod (building-up
welding) and thermal spraying for spraying a melted metallic material
on a workpiece.

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

disadvantageously reducing yield.

Therefore, it has been earnestly desired to establish a
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technology for formng a thick film having strength

and lubricity under a high-tenperature environnent

using an electrical -di scharge surface-treatnent

technol ogy that can perform opqgrations on a

production line while elimnating manual operations as

much as 5 possi ble and prevents intensive heat input

i ntezhwotdgy Bareformiing apthésie fitmihasdng isbre gl drekhubricity under a
devised in view of the circunstances and it is an
obfighttedhpéfiau s AQITbNIMBMNISIAG droeRiceNEdiedidBharge

el ectrical -di scharge surface-treatnent nethod for

f og it age ArdthiehtitBEAKoldgy tRREah POFTERhasFeratibR8Wn a
ch ?\g

usi ng the technologies s as wel ding and 10 thermal

o B0 oy it i i, AN Ak rBiions ap much as
o1 R4 bREAhd nrbEp L FUERF e ERLLBILIT aPoripiers, i ng

a coat op, a surface of a rkpi ece,wi.th ener f. a

pul se- | | KaS ArEReRT tyengiondhas eel-dRuser dp ek ahine

el ectrode and the workpiece in a working fluid or in
anciggymsiances agd ibigean §bdie‘§tr%fetrﬁ'eclé'iﬁ§§@lt YR ationdo p59vnde an
conpression-nolding a netallic powder or a netallic
coetestiienl-gisabarge suefacedreatment medhog far formingra dense thick
constituting the electrode 20 or a substance that is

gefilen aneal workpieaeawithont asindtherte g elbgisesych alsewelding and
energy of the pulse-like electrical discharge. In the-

el ;rmataprdyighar ge surface-treatment nethod, thick

buil ding-up of a material containing netal as a main
constituent is perfornmed, using an el ectrode obtained

by m xi ng and conpression-nolding a netallic 25 powder

ornis AR URE OFPARANYENIGDNavi ng an average grain

5 BI anmet er OF 6 mcronmeters to 10 m croneters, under

wor ki ng gANbE{rS-discharge surface-treatment method according to
the present invention is an electrical-discharge surface-treatment of
forming a coat on a surface of a workpiece with energy of a pulse-like
electrical discharge caused between an electrode and the workpiece in
a working fluid or in an air. The electrode is a green compact obtained
by compression-molding a metallic powder or a metallic compound
powder. The coat is formed with a material constituting the electrode
or a substance that is generated by a reaction of the material due to the
energy of the pulse-like electrical discharge. In the
electrical-discharge surface-treatment method, thick building-up of a
material containing metal as a main constituent isl performed, using an

electrode obtained by mixing and compression-molding a metallic

powder or a metallic compound powder having an average grain
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that a pulse width is 50 m croseconds to 500

m croseconds and a peak current value is 30 anperes

or less. It has been found by researches perforned by

the inventors that, 5 in formsng a dense thick film

t hrough the el ectrical -di scharge surface treatnent,

there is a strong correlation anong a grain di aneter

of diapuetee rof & macroah etetrs ddel hratierdmeétersy ondgr smorking conditions
el ectrode, a peak current value, and a pul se w dth.

Thigvatfeop elseawidihds 59 mocrosecphesent500weotdsetonds asd a peak
possible to 10 forma dense thick film by perform ng

t heurbAEVaILRAls- 310 3Phee @S 6uldsace treatment under
appropriate electrical -di scharge surface treatnment

condi ti pNRa§ YlePSRRING P r&@eé&%@ﬁéﬁ&rrﬁéai%y tHeiRieitors that,
| f n el ectrod

of an electrode materia ormng a e for the

el i - dj I reat . 154

e Bl REA AT Buoly 3’ SeBlricaluithatoe syrface
il ' et h ri a T

r oreaighl Bafe B eHEp 0 cOTAYaREh Arhdlg.ardredn 2R BRRE of
to a first enpodi nent of .t resent jnyention; Fjg.

> pSwglet o ancs Btiae Mate uRLIrTiNG A platads vnpepk turrent
easiness to forma thick filmchanges as a content of
Covaliea@nd 2 PulsRIWidth.changed; Fig. 3Ais a
characteristic chart of a voltage waveform when '

el ect ri chhetifortaacrording te the preseninventiopeitiisrpassible to
Fig. 3Bis a characteristic chart of a current
wakogfroardarse Heplofidnnoy perfoinming the gde etaicati-disnhargEisurface
3A; Fig. 4 is a 25 characteristic chart of a formation

of treatraght whtibr apppegtiateoeldctat edischatdareurface tadatment

el ectrode contains no material that is less likely to
f og#hditions corresponding to an average grain diameter of an electrode
material forming an electrode for the electrical-discharge surface

freatment.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic for illustrating a method of manufacturing
an electrode for electrical-discharge surface treatment according to a
first embodiment of the present invention; Fig. 2 is a characteristic
chart of a state in which easiness to form a thick film changes as a
content of Co in an electrode is changed; Fig. 3A is a characteristic
chart of a voltage waveform when electrical-discharge surface
treatment is performed; Fig. 3B is a characteristic chart of a current
waveform corresponding to the voltage waveform in Fig. 3A; Fig. 4 is a

characteristic chart of a formation of a coat with respect to treatment
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carbide; Fig. 5 is a photograph of a coat that is

formed when the electrode contains 70 volunme % of Co;
Fig. 6 is a schematic for illustrating a nethod of

manuf acturing an el ectrode accgrding to a third 5

enbodi nent of the present invention; Fig. 7Ais a
schematic for illustrating a nethod of neasuring an

el imerwhenex stentrdetontains elcemiatedal that\ishesntikgly to form
Fig. 7B is a schematic for illustrating a nethod of
mecsbid e gFigh S sl @ phiotegraati 6f arsatahat efarhend wdds the
nore conveniently; Fig. 8 is a characteristic chart

of g ctrRIdR! ¢ ORtates MeS/bIamEeH bﬂ@)olq:lgeﬁﬁ@raaééﬁ@rnéﬂ@ fan
el ectric resistance; Fig. 9 is a schematic of a state

' nlllygiéhgﬁle??ﬁéth?)ﬂl ofdfn??\ﬁ?éd&%'gﬂg éri‘%?e(t,th? %rdhﬁg to a third

wor Ki'n phot o

?f“&@é@“éﬂ@%@&m%%e%ﬁﬂvﬁsﬁu@gi?hs? T2 tflemat or

f a resu b erfarmng
co@fwélra#'nat? e ’Pﬁ&ﬁ{jr'ﬁg in e G aPa Rt R the
of an ele terial and ul se w dt h;

o aleetgde a0 R e Rfiv: BLE AR &S BreRnsinan o IRSudina s method
formed by the conventional electrode. BEST MODE FOR

eqsudng theeelextimresistance=eb g glsctead maretenvgniently;
the present invention are explained in detail bel ow
wi Fig. Beisca ehagacteristic cvard op ankelation betvegs. a Tieating
present invention is not limted to the foll ow ng
detempetdataore aaddanrejediec resilithnhes; Bigordoisr a aichleynatic of a state
wi t hout departing froma scope of the present

I nivewhiohelddbri€aivéischiafgd Barfaceonpaityée ngisdpenbrgsad i working
scal e of each 25 nenber may differ for a purpose of

eafyidu g’ $0 0@ Blgetoérgbﬁsdf e?fﬂ}%’éd@%t /FigonqeBta E6Rematic
formng a dense thick fil hr ough
for illustrating a method of manufacturing an electrode; Fig. 12 is a
table of a result obtained by performing coat formation while changing
an average grain diameter of an electrode material and a pulse width;

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

conventional electrode.

BEST MODE FOR CARRYING OUT THE INVENTION

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

member may differ for a purpose of easy understanding.



el ectrical -di scharge surface treatnent according to
the present invention is explained. In the
conventional electrical-discharge 5 surface treatnent,

an electrode material like titgnium (Ti) is chemcally
reacted in oil through electrical discharge to forma
hard carbide coat |like titaniumcarbide (TiC).

Theirsf embodimene! ect rode used for the
el ectrical -di scharge surface treatnent includes a

| ar ge quﬂ%n&p??oﬁforﬁﬁh@@ ébnEBQFndksflI'm Woﬁx’.lg‘ho form
carbide. 10 As a result, for exanple, when the

el él%‘cﬁﬁ&éﬂ'dlgbﬁﬁf%{:lﬁrf%ﬁft ér‘ite@ééﬂ-’rﬂg adc§o ﬁﬁ’é" r&8bA0

steel, as t trica |sc arge sur at ment
gfh.ggggganf.goéﬁn e, %fﬂe%ﬁﬁ}@e‘?ﬁioqalgeé%‘g%@'l SHécnarge
Accor.di n ti,cs I

h
5 CoRUIGRET SRR, AP ET Yo BRI Rl En T isgphemically
F oApAsORde %llpﬁrréﬁéﬁeﬁee%gt@?ﬁé AT BBrofogEea darg parbide coat

adding a material less I|ikely to be carbonized to
coiea Ltaninms carbignd TiG ket FheEsiaga, ethieaglectrodesused for the
possible to forma coat containing netal as a main
coelectrcalrdisahdrgeosurfagettnéatimentaincludesailargequastity of a
addition of the nmaterial less likely to be 20
camateriakthdtds tikelyetefdrnodarbider ease an anount of
materials that remain on the coat keeping a netal

10 state w Abatediat; dor exanadle] when fhe slelthdcalrdisehardeaslirface
significance in f or ni ng a coat thick. A process for

neREhBABHE iNGpplegtetéONasl thie SleRfiddICdibcRaRgd 3l ace
surface treatnent is explained with reference to Fig.

25tréatrﬁ? t plodeeds %@%}Phb ?esp a8t Witkpidte! &%8hges

manu urlng an
ﬁ%gisfeaeéftg pich *ﬁg*aiyrgfﬁi%“a%%i)Ag@@*f’ﬂé@'ﬁggbgﬂét?ﬁ?g?s ke 2

erma condfucttlvety andsa melting point change.

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

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

A process for manufacturing an electrode for
electrical-discharge surface treatment is explained with reference to Fig.

25 1. Fig. 1is a schematic for illustrating a method of manufacturing an
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invention. First, a chrome (Cr) powder 1, a naterial

that is likely to formcarbide, and a cobalt (Co)

powder 2, a material that is less likely 5 to form
carbide, are mxed at a predetgrmned ratio (e.g., Cr:

25 weight % Co: 75 weight %9 . The m xed powder of

the & powder 1 and the Co powder 2 is filled in a

s pelectddier fowrsledtrival-ali §Eh argepnafadel tidathent (FetsinbfteRsimply
punch 4, and nold dies 5. Then, the m xed powder is 10

CorgteAedl PNagrelsitfody) 4EEordimeto RUMSH etn BHEIN d1t SR present

punch 4 to forma green conpact of a predeterm ned

h bR t ' ' f t t
tshlﬁ’@%ntlbﬂ. rﬁrst?he&{rbh?@gcdﬂ;éwt@EQQ, 2naféfial trh%tl;g‘ﬁ%ly to

I'S green conpact 1S us e el ectrode.

¢ . . . . q .
t noTe, b8, 2b8 e BBRR T Boydelf a3 RHE shaf¥less tikely
about 6 15 m.croneters . .tq 10 mcroneters. Wax |ike
paPafarMhoafIdg. are PHéeﬂiaje%Pb determingd f %Eﬁ\’/\ﬁﬁt%t @r. 25
transm ssion qf_a pressyre to the inside of the m xed
po‘O(B@GrRtioz-t%r% 75{:26’1?;!)9@362% on mol di ng, and can i nprove

nol dability of the m xed powder. However, if a large .
amount  of he meixgaxpewaar af the Greowdet { rad theyGoppowder 2 is
el ectric resistance of the electrode increases since

t hidlledin asspace suyouadeddysabvokkhuppet ponehy3,cegaidilayer
an electrical discharge property. Thus, when wax is

m pexich 4, anel moleédigod®derThen, the mheddepabiderti® renove

t he wax. Wax can be renoved by putting the green

cogpmpresgionahetded 8¢ the fyeacmmrf Bravet eh@lslwveeplihes 4 to
t he g?een conpact . Ig 9 addition, by heating the green

CoRAER MR COact Sy BRI Al L e For
electrical-discharge surface treatment, this green gompact is used as
the electrode. Note that, in the first embodiment, the Cr powder 1 and
the Co powder 2 have an average grain diameter of about 6
micrometers to 10 micrometers.

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

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

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

electrode in a vacuum furnace and heating the green compact. In
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resi stance of the green conpact electrode and to

i ncrease strength of the green conpact el ectrode.
Therefore, even when wax is not mxed, 5 heating after
conpression nolding is nmeaningful. Incidentally, the
el ectrical -di scharge surface treatnent was perforned
using the el ectrode manufactured in the manner

desdditioad byaheating thd greem conmpactAsieptrbde, otivet éffects are
for electrical discharge, a peak current value ie was

sepblathdd. arBeleRamMmB, ftlisPddsiiile-tdi §&61@a88 arl Blectric
duration (an electrical -discharge pulse width) to was

Sefadl ' d | I
 pifeRte ORISR oL Y SR R RIS Bnam o

ormng a

d j i h h ' - dli ,
CRCotSH Lol e "IneFth hFBY B VAR pog minec
an_el ectr?@?, a geak.c_urrelat val ue, and 3 pul se wi dth

_hak‘/ aténqe CEPIESSIRT Gretaine b%ﬂ%ﬁ‘é"%ff“ the relation

sur face VCGRTMEN. e BECtUHEISCO8Tar SuFi 2P deeq Bant was

formed of a powder havi ng a certain average grain .

di pedeenediysing the sleelrede anasufaciutachfethenmanrar dgscribed
when the electrical-discharge surface treatnent is
peaboventel farm @ doaly tAs pwis® cendiiarisclar eJeattical slis¢harge, a
an appropriate pul se wi dth. However, when a pul se

wi pléak icaremivadue idavad et app0@mpeates,rangedridalmiischarge
pulse wdth is longer than the appropriate range, a

f oduedioro@dn efedidcaMdischibge puese wibit) te was set W éih
is short, although an electrode material deposits on

a MREroRieeBRds! ARdALHARSCRMt ¢Ines WISe R §0Bahict8Sedéhds. It
25 strength to nmake the coat coarse. 10 It is

FMSBIBLE PS5l BT RGBT ByBUbAT ol

deglie%méaltcﬁigghérbee surface treatment, a grain diameter of powder
forming an electrode, a peak current value, and a pulse width have a
strong relation. An outline of the relation is described below.

When the electrical-discharge surface treatment is performed
using an electrode formed of a powder having a certain average grain
diameter, it is possible to form a dense thick film when the
electrical-discharge surface treatment is performed according to an
electrical condition in an appropriate pulse width. However, when a
pulse width is shorter than the appropriate range and when a pulse
width is longer than the appropriate range, a formed coat is porous.
Moreover, when a pulse width is short, although an electrode material

deposits on a workpiece, the deposited electrode material has no

strength to make the coat coarse.
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appropriate pulse width and decreases, this makes

el ectrical discharge energy insufficient and nakes it

i npossible to nelt the powder of the 5 grain dianeter,

t hereby maki ng the coat porousqglt is considered that

this is also because, when a pulse wdth at the tine

of electrical-discharge surface treatnent deviates

from t heltappgoapidertd thatitisie inibdicaused wherr agafse width at the
conversely, this nmakes el ectrical discharge energy

exgnesoivelectricdlldisBrardd18uFaeettrexten & todé Via fed frovh el
supplies a 10 | arge quantity of powder between pol es,

t hé'ﬁpﬁoi)ridqgtﬁ’tﬁ%‘ v&iglﬁ} ?hg&ﬁ&@%seénﬂwié '?ﬁak‘é’év\ggcﬁ%al discharge

t hereby maki'ng 1t to melt the po

ont | Ve ‘ Ceale di o

reheDy iy ibiEht BhEakES I PG ab RSP NG L der ¥ the
by the j.nventors that a.range of the appropr.iate | se

w ol EEEAR tfefely riiAE I e Foal BBsFRENo M i iMsRlRY that
current value and ingreases as a grain dianeter of

PSS Blstbecause » Bien rpEISeN U A cthecimaplen

conditions of a certain pulse width are used as ]

el electiiealrdisghatampyEfaga|tseatoenti deyates from thegpprepdate
to forma dense coat if the electrical-discharge
suptiiseewidtb &nteincreasewnr cavargelysithig makesaleetseal discharge
formed of powder in an appropriate grain dianeter

r agergyoexesysivelitogollapsethepibstrodedignifidantlyeand supplies a
if a condition of a certain pulse wdth is used, when

t hiargé epiantitplof Powder Betwalr pored, rthat Eietveen the electrode
performed using an el ectrode torm of powder having a

#hd tHe WFkpiecd, aheféby RrdkihGat AIREPR 6 &It tRE PovAdkt

gr
when the el ectrical-discharge 25 surface treatnent is

PRSP SRR ponce 1

havi n grain an the appropriate

0%, PR R 5 SR Hnd bfSoxporiments portormed
by the inventors that a range of the appropriate pulse width changes to
some extent according to a peak current value and increases as a grain
diameter of powder of en electrode material increases.

When conditions of a certain pulse width are used as electrical
discharge pulse conditions, it is possible to form a dense coat if the
electrical-discharge surface treatment is performed using an electrode
formed of powder in an appropriate grain diameter range corresponding
to the pulse width. However, even if a condition of a certain pulse
width is used, when the electrical-discharge surface treatment is
performed using an electrode form of powder having a grain diameter

larger than the appropriate range and when the electrical-discharge

surface treatment is performed using an electrode formed of powder
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performed using an el ectrode fornmed of powder with a

| arger grain dianmeter, although an el ectrode materi al
deposits on a workpiece, the 5 electrode material has

no strength to make the coat c¢prse. Note that a

rel ati on between powder form ng an el ectrode and a

pulse wwdth is affected by hardness of the el ectrode

t hiadving agrainndiaetetelp\s nialédn thant thepapptopriatendngee a formed
i ke of the electrode. The higher the hardness of the

el 64t i@dsoriotis. t WheangereleBericdildischadfd saiatenrédthtent is
for 10 the el ectrical-discharge surface treatnent

begeBEmedfsih§ eféé@ro&éafd}ﬁ% onoWb%rQM‘?ﬁtar I%‘i'@ef grain

the shorter the pul se W|dth appropriate for

el geiéted! a ﬁh%&é‘ﬁ”a%ee I%% emtartéﬁ% I”?ﬁbo&f‘sc Bﬁeé onl?ﬁnéece the

correl at1'on ween a ness o] e electrode a

f h
peresius BtEha Fan R %?§”9%P°cﬁ%£& R v
23{ el &%ﬁhé’%é&%t@h?6%&%%@%@«%35&5*rigJSEeé'ecProde and a
breakage. of .an el ectrical discharge and cannot nel
poRMise Widthis affecied bychanrdness Lt thesglestiode jhas is ﬁi@termmed
peak current value is equal to or |ower than 30

anpy heating: temperadyiepeditberlikenphthaaelepteader yThedtigher the
the 20 appropriate pulse width is selected. According

t ohatdnasspef thecalectiode is; teel Ibygehthd pulse: width appropriate for
peak current value of 2 anperes or nore is required to

precalechricsledisbhasgergarfaCe tréatnoé mebetomes. Widre tdwer the
peak current value exceeds 30 anperes, the el ectrode

| ShaRIRGR00 Oth efe It eRY €h 6 JWDREE rit e J5u 8B &LidYN gfppaapnate for
el ectrical discharge pulse and col | apses locally t

Zgggséle\%ﬂgalp%wgégg ﬁFFa@bhttéQ%%Q?nﬁl"gég&hggeng e correlatlon
POL8HFeen a hardness of the electrode and the coat formation has been
found through experiments performed by the inventors.

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

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

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

energy of an electrical discharge pulse and collapses locally to supply a
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According to the first enbodi nent, a dense thick film

was successfully fornmed by using the el ectrode forned

of the & powder 1 5 and the Co powder 2 having a

grain dianeter of about 6 mcrepeters to 10

m croneters and using an el ectrical discharge pul se

having a pulse wdth of 5 mcroseconds to 500

m powdec amateriaThaishe workpigoesektéssively. blAd d resudt, the coat is
materi al dense and thick, and forma dense thick film
haylsegnadefgereiuent strength even under a

hi gh-tenperature environnent by 10 perform ng wor ki ng

(el ectrigatording ienBe fst &ABRDdiIMRM: B Hensedfek film was
wor ki ng condi ti ons (discharge pul se conditions) nost

S U &kl fﬁWA@%é’ﬂng{ygfﬂhgWﬁb%leﬁfroﬂ@%%e{d"émh’é@d r;‘)?)gfder 1

el ect rode. subst ances, s a nmate

that .f [ ' t :

B B o S bVl SRRELRER N N g svigrometers to
thick filmhaving, lubricity under i gh-t enperat ure -
ot risreMetes £ nig By dipElidl fisidlide, STRBIFUAG  puise
surface treatnment usjn el ectrode, co ining Cr. .
ThtdR Bl TpraRacands Doa00 BhSTOsEGANdRa T AUEAILRS Pssible to
havi n strength and | ubri Ci'ti; under a o

hi Build epp material densectnd thicksaRg farmoa deaspribidgliim having
for electrical-discharge surface treatnent that is

c aputiicéendfstpengtor ewery uoder at highstesnperasutaiaovironmeantdy

whil e elimnating manual operations as nuch as

popsrfbmiran e opkiegefdlsctricadass ctaarigead u fageaitreatmant) under

wor kpi ece. Note that, "dense" in "dense thick filnt

deﬁ@fkih?d:d?ﬁiiﬁoﬁ_@@dl‘scﬁar@éfp&ﬂ@é eohditidris)mastoakablecfor a
not peel off easily even if the coat is filed 13

e B T h pol | < n.
_Among metallic substances, Cr is a material that forms oxide at
high temperature and shows lubricity. Therefore, it is possible to form
a thick film having lubricity under a high-temperature environment by
performing the electrical-discharge surface treatment using an
electrode containing Cr.

Therefore, it becomes possible to form a thick film having
strength and lubricity under a high-temperature environment using a
technology for electrical-discharge surface treatment that is capable of
performing operations on a production line while eliminating manual
operations as much as possible and prevents intensive heat input in a
workpiece.

Note that, "dense" in "dense thick film" described here means a

state in which a coat does not peel off easily even if the coat is filed
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In addition, the electrical-discharge surface

treatnment may be perforned in a working fluid or in

the air. 5 Second enbodi nent Next, a second enbodi nent

of the present invention is explained with reference

to the drawings. Fig. 2 illustrates a state in which,

when el ectrical -di scharge surface treatnent is

pefivonegh, wsitogllyathelceat o ditg iy né muivedebly B¥ing) and acquires
conpr essi on-nol ding and heating a 10 mi xed powder of

Cr 3ede ot Bioys H%Ggg\tb&ﬁshlﬂ ain diameter 3
mcrometers) and (cobalt: grain dianeter

mi cr orretmréa%m%gsws%%ecmfcai QidBHArRR Qfrided ﬂb%'fmfeh't May be

changes by changing a content of ase materia

°fpé”8"ﬁ5?ﬁé{a°9'%aﬁ9q? B MBS0 Torm carbide. is

40,15 v 0 nore and a heating tenperature after
th%eff% n@?‘g Id| ng of the m xed powder is about

900C. Th ectrical charge surface treatnen

per f or ne@ezsL|%aecan AR el oasit ToHERIo

area of 15 mllinmeters x 15 mllineters) nanufactured
unepladiehwithhafereiee tothe drawingsat . Fig: @s'”uéﬁaﬁ argfate in
3B illustrates exan‘gl es of electrical discharge fpul se
cowbiah, onisen iete gieichodisahproaes usfans treadineot éx harfigemed using
surface treatnment. Fig. 3A illustrates a voltage

waa e fede cbrage Im axlufact iveehb g coeh pretssaare neoldirg andrigatenea

at the tine of electrical discharge and Fig. 3B

| | niédd poerier ofcDrGNlchvamid r carbidéngelieciametsudr ent
flowng at the tine of electrical 25 discharge. As

sheweronfle fer §) aﬁé\ C@(a@bé|¢>agira\mldua|%tém 2iicremetert)18asiness
bet ween both poles at tinme t0. An electric current

S LSTR85 RSCAAR che ey PRRRRIY o Cotor oo
The base material of the electrode is Cr;C;. A content of the
Co, which is a material that is less likely to form carbide, is 40
volume % or more and a heating temperature after the compression
molding of the mixed powder is about 900°C.
The electrical-discharge surface treatment was performed using
a green compact electrode (having an area of 15 millimeters x 15
millimeters) manufactured under such conditions to form a coat. Figs.
3A and 3B illustrates examples of electrical discharge pulse conditions
in performing the electrical-discharge surface treatment. Fig. 3A
illustrates a voltage waveform applied between an electrode and a
workpiece at the time of electrical discharge and Fig. 3B illustrates a

current waveform of an electric current flowing at the time of electrical

discharge. As shown in Fig. 3A, a no-load voltage ui is applied
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td and electrical discharge starts. A voltage at this
point is a discharge voltage ue and an electric

current flowng at this point is a peak current 5

val ue ie. Then, when the supply4of a voltage between

both the poles is stopped at tinme t2, the electric
current stops flowing. The tine period between t1 and

t 2betwBerabeth pofad attimedtth tAn elevtric ageenbstHris flowing
between tinme tOand t2 is applied between both the '
pob@ﬁvéeﬂpaatredw gates at 6meat s after @lapse endigdnmge delap time
ot her words, pul se-li ke voltage as shown in Fig.

3Atd' §né‘@l’é¢tﬁ@apﬁté’€%rﬂgé ka5 eCiy PSleagerdd thidepoint js a discharge
wor kpi ece. In the second enbodi nent,” as the ‘el ectrical

di %%@ﬁe%ﬂégn SeRHHd Eﬁﬂ%nt?ﬂ&%ﬁgﬂi tgl A i'?\tt Ié’%l p&ak Surrent

is set"to anper es, el ectr

duvéh’\ékeqﬁo e‘ﬂ %t&éﬁ?@é gqj'p?)i%gf ?he b b\Q’hﬁ%Q% both! tﬁe poles

t
WICT sec escen i me

|s s§ 1 r at treat ment

bob8 dhtimPu2: He Sifidns dittenteps T
content o in the electro 0% .t i's,
Che. cont the Te @eses battarn &1 and Gabticales ApUistMdth te.
10 mcroneters is a limt of thickness of a coat that
cafy viedtager wareforgn hatweeaitime th@and & isaapplied bgtween both the
containing Cr3C2 as a main constituent and a base
mepeleisaiepelitgdlydati intersalsavé quiefeentdimeto of Im otlert words, a
with respect to treatnment tine when the el ectrode
coptiizienitkenvoltagerasathowatinifigl 8asislapqeled betweemthe electrode
carbide. As shown in Fig. 4, in an initial period of

t h@nashglmﬂ@u@@l di scharge surface treatnent, the
coat grows as tine passes 15 and thickness of the coat
sat ur at e, {He Se&6rd @mbddifferdtaB8UtheXeleBritH| /S SHErge pulse
conditions, the peak current value ie is set to 10 amperes, the
electrical-discharge duration (an electrical-discharge pulse width) te is
set to 64 microseconds, and the quiescent time to is set to 128
microseconds. Note that a treatment time is 15 minutes.
As shown in Fig. 2, when the content of Co in the electrode is
0%, that is, when the content of Cr3C; in the electrode is 100%, about
10 micrometers is a limit of thickness of a coat that can be formed.
The coat is made of a material containing Cr;C, as a main constituent
and a base material.
Fig. 4 illustrates a formation of a coat with respect to treatment
time when the electrode contains no material that is less likely to form

carbide. As shown in Fig. 4, in an initial period of the

electrical-discharge surface treatment, the coat grows as time passes
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Thereafter, the coat does not grow for a while. Wen
the electrical-discharge surface treatnent is
continued for nore than a 5 certain tinme (about 20

m nut es/cnR), the thickness of14he coat starts
decreasing. Finally, the thickness changes to m nus,
that is, the workpiece is dug. However, the coat is
stand thickaess of\the doattdaturhigs istaatertaimdtimee(dboutidess
thereof is about 10 microneters. This is alnost the
samin@esfdekness of the coat formed in an appropriate
time. 10 Referring back to Fig. 2, it has been found

t hat t heTgomdafteadNte cohPtbRE ridti growafortdvHirent fWhe@nfthe
Co, which is less likely to be carbonized, in the

g'f&%g:hﬁ’ﬁél cﬁgh& @@ﬁf)fgcestpéﬂrﬁémé' %}Jﬁnﬁ%%ﬁé‘ﬁ a

ctrode exceeds 2

t hj S f f t I

T NS R R W T

bilizes to f rn1a thick fil

> risereasiig ”Emﬁﬂﬁrt the Bikngls o glngeﬁew;mm#g gt f,dhe
coat as, nEtaI is possible to t he
CoNoefIeRE 18 dust 1 HoWRYBRJRe caih i SHILRIeRan s Bcthesdug
carbide, making it easy to forma thick filmstab

Costate @mesingethackness H]Qs[?oél&‘r abeubfl Oamigrameaters tFé'S is
coat. 20 Note that volune %in this context neans a
r agimosiftheasaree asthiakness bf thie cioat figrmed gmian apprapciate time.
powders by densities of the respective materials and

i ndi cat eReterrinigecbadk o Fid .u2eit hasuipeed foynd thabthe caat can be
in a volune of materials of all powders. For exanpl e,

I nfdrifedCtifiek @ls thel comtet of Go,Whizbvdeaess dkely & beecaftbonized,
of Co powder = volune of Co povvder/(vol ume of Cr3C2 16

pOWjﬂ\re é|erH@IthC@aMdeSPeélfl%%Qy, wheXoheoment of Co in

powd i's not an apparent vo (a”vol ume as
the electrode exceeds 20 volume %, the thickness of the formed coat

starts increasing, and when the content exceeds 40 volume %, the
thickness stabilizes, making it easy to form a thick film. By increasing
a quantity of materials remaining in the coat as metal, it is possible to
form the coat containing a metal component, which has not changed to
carbide, making it easy to form a thick film stably. Co is considered to
play a role of a binder in the coat.

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

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

"volume % of Co powder = volume of Co powder/(volume of CrsC,
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powder) but a substantial volunme of the powder

material. For exanple, "volunme of Co powder = wei ght

of Co powder/density of Co powder". 5 It is preferable
that a rate of the material, whgch is less likely to

be carboni zed, contained in the electrode is equal to

or higher than 40 volune % As shown in Fig. 2, when

t heowdek +cwoluard of &locupowdersxsk0".t o 10A, the

el ectrical -di scharge duration (the

el ect ri calvotlimehsf pewpel f&enowvadtdypdrent sohahet(a vislume as
m cr oseconds, and the quiescent tine tois set to 10

12§0WUEF)0§@FQ@1%5Q§nﬁ§IGV&hﬁfé bf &7 p@Mﬁfé?&hﬁ@etﬁ’él' S€or example,
conditions, it is possible to forma coat with

thi ol ﬁ\%soioﬁs ap\%\%%nl S@@;g%fcﬁ%iow ddnsity6f B3 FoRber.

the materi 'y to eca boni zed,

i s equal l,g@%qg%fer%@@@ fﬁfpaté otV ile tté@f’%}ﬂ}‘.ﬁrls o fikely to

conditio ppr pr| orma

d t k fi E [ t,h h t

CoB8 Eartofisep Patﬂﬁgaeﬁéﬁéﬁsﬁﬁasﬁﬁg e thronigher than 40
f th f th h I I .
bVl B eBs STWATRER: 2 WHED @eeéé“’%ﬁﬁ‘?’re@'tmﬁe igyis set
volume % a range of the conditions is extrenel

nalor HQA, Hg e@&éﬁﬁﬁbdlﬁm@ﬁgﬂrﬂi%ﬁ&@@éi%ﬁiﬁqtapabd'%hafge pulse

quantity of a material, 20 which fornms carbide, is
cowidthh el is set e 64| nainroedeondh,eaunéltleetqweswrtdiimednsis set to
are not appropriate, or when a state of the el ectrode
i s1D&dmcr%éd‘m@abuhb@leotrm‘altdl'rsachasrgerplﬂbeicmrfdrbﬁum, it is

is easily renmoved or a netal gloss is not acquired

e\nfgessnblé b fdrinh @ ¢SatPith TARknelSevEVatiouti T0 niiBroraetemsceven if
di mrent, the working (electrical-discharge surface

25tHd RALIBHhS matéeall WHIBH sy k81§ to0B&kicAgbonized, is equal to
conditions (electrical 17 di scharge pulse cond|t|ons)

NDgf | Ctroé\%ﬁ%llfi‘m@ i n I‘ib@/@%?r e tdgﬁmﬁ{)r&é ‘lijilrgwg% be set

the e S nakes it p033|
appropriately to form a dense thick film. For example, although it is

possible to build up a material dense and thick even if the rate of the
material, which is less likely to be carbonized, contained in the
electrode is about 30 volume %, a range of the conditions is extremely
narrow.

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

treatment) is performed under the working conditions (electrical
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materi al dense and thick because netal in the forned
coat functions as binding and form a coat having
sufficient strength. 5 A photograph of a coat, which
is formed when a content of Coqyn an electrode is 70
volume % is shown in Fig. 5. In the photograph shown
in Fig. 5 a thick filmhaving a thickness of about 2

mi dischatgs puise codHnditiechs) Phost suitdblesof ar grxin wiammeter of
treatment tine of 15 m nutes under the conditions

degéwt BE foahipgetheHoNR YD de. | LTHiS RakREs W Bossibietabaildp a
thi cker coat by increasing the treatnent tinme. Thus,

t hﬁla?éﬁflt&é’ﬁ@e %?l@ltt?'a'lél{ Bgcéﬁe?!%é’m inaRé fRhEd c?:fo.entthﬁnctlons as

na eriral, which is |ess y to be carbonized, such

R AT BT A B

dectrh % dsur is perforned

t t 5 dis

B& ce conaMAtSEPhAEE et Hyneh Mg?%#av]mera'ﬁacrpﬂﬁsﬁ?ofCo n
wd f th trod

2R P EiTed 16 Solugtese. Ty énci*“ ﬁ%ﬁ%@ Phpiodraph

thick, on a surface of a workpiece by

o showndaIFa; BeR.iril Bl hang pahisigiass Ghabeut 2 millimeters is

enmbodi ment 20 Next, a third enbodi nent of the present

i nfogmedon Whisl caat isénpmarime'dhvtmatmmtehimﬁc@f t»mingtes under
drawings. Fig. 6 is a schematic for illustrating a
metheodonditivasud esdribechgbane el ¢aweder, dicisqyaksiblet to fdren a
third embodi ment. A Co powder 11 having a grain

di gigkeé coat pmdredsmg thertleatmedbtinsefilled in a
space surrounded by a nold upper punch 12, a nold

| ower 18TRYECthel8ieclitslidBOAtaINiRG 49 volilRe B POMBRE cfkhe

is conpression-nolded by the upper punch 12 and the

| OMRIte RHNGANiER i§Jess likely to be carbonized, such as Co in the
electrode is used and the working (electrical-discharge surface
treatment) is performed under the working conditions (electrical
discharge pulse conditions) most suitable for a grain diameter of -
powder forming the electrode. Consequently, it is possible to form a
coat, which is stably dense and thick, on a surface of a workpiece by
the electrical-discharge surface treatment.
Third embodiment

Next, a third embodiment of the present invention will be

explained with reference to the drawings. Fig. 6 is a schematic for
illustrating a method of manufacturing an electrode according to the
third embodiment.

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

is filled in a space surrounded by a mold upper punch 12, a mold lower
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forma green conpact of a predeterm ned shape. In the
el ectrical -di scharge surface treatnent, this green
conpact is used as 5 the electrode. A predeterm ned
press pressure is applied to t4@® powder to harden the
powder and change the powder to a green conpact.
However, the green conpact cannot be used as the

el pethetodg, and moid dies nde iMheh€o powdgh 1dlisctric

resi stance. The electric resistance of the 10

el eghpegissienmbriedbghhl WBdrmirech 12andxedrdwer panch 13 to
shown in Fig. 7A, Dby nipping an electrode 21 with

”EFO?H b ebﬂtcﬁﬁngactﬂafiatﬁrbaatmmebqﬁd;@e tretne nal s
4 of a ester 23 into contact with the netallic

pI Sleetricdl- dlé‘l:ﬁﬁgq;%%ﬁ%& tr @&gﬁhls@@g%b Jﬁpabb?sl used as

electrlc resi can be

hod, of b |ng| ng electrode termnals 34 of a tester
33 en?lgcér €act with both ends of an electrode 31. In
the thir as
mt e i al ARIBASIERENEH R85 RTESBES BurRGTaB g e powder to
However, the researches of the inyventor nade it clear
t haardemhthe RAwsles @ndakanae theRawaRr to.fig9feeq oainparst:
of the material (Co) nelted even at tenperature of
abbowexerGheogreeiwepmigcsicaanot ber used asribe elecinede as it is
el ectrode. Wien the Co powder having a grain diameter
of simiseLit has arhigroetaatric sheistance Fi jheceleatrictssistancst of the
a green conpact having a dianeter of about 18

m gldotidey saab@ rUghygidstiniatedofior 8kamiplé,| asshown POFig. 7A,
an electric resistance neasured by the neasuring

TESR ARG e 3 VALMEIGS phss a2 ahgchmano
ggt&@recgﬁo?deofbrﬁnh%dm % tébtbt LAShtEBRtat VARt O Metallic
plates 22.

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

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

When the Co powder having a grain diameter of about 1
micrometer shown in Fig. 6 was molded into-a green compact having a

diameter of about 18 millimeters and a length of about 30 millimeters,

an electric resistance measured by the measuring method shown in Fig.
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an electric resistance and a heating tenperature when
the green conpact was heated in a predetermned tine
in a vacuum furnace and 5 then held at a predeterm ned
tenperature for one hour to twpghours. \Wen the
heating tenperature for the green conpact was | ow
(100C or less), the electric resistance of the green

corrasdicadédisBvemlll ochmbQvais/eralMiais bhmsaatctie goimpadien the
was heated in a tenperature range T of about 2000C

;S’depvﬂsgc?l%’pré.fs‘ﬁ?ﬁl-lﬁ%ﬁ%é& IR 6 ANGeralbs hRigtiSRbetween

;B conpact fell "to al nost ohm “For the green conpact

t he. , ,
or S e s 8 s RO A RAE R BRrGre vATRELR Ucen
t it . N RAY
- Conpac Was EFREe T2 PR ueterbulBl Bkl 4 Batuifh fulhe and
LR oL Bt Biob iR TR bBhe SRR s
Fig. 9 illustrates a state in which
el ect ri cihen %BPQB”QJﬁmatqrﬁef&’trﬁ’@ﬂtgr%nrﬁ?mB?Fﬁawas low
by an el ectrical -di scharge surface-treatnent
appaeCuer isss)gthe eladtgciresisdéanee of dbe greeniqompact hardly fell.
process described above. In the state shown in Fig.
9, Hawrvesewhiebhethel greteni caninpaict evesr lpeatzd imca dempesature range

phot ograph of a coat formed by the

el Tafrabalt-200° 8hgwn iBUFIga®s the edéoritt rasistahesrofithe green
Fig. 10. In the photograph shown in Fig. 10, a thick

fi Eomipact rall tdiatkBsse cHmab®er themgreleinn®dmpact fdraidEdf the
The el ectrical -di scharge surface treatnent apparatus

showieti8 dE&ribd 'aboved eSmPRrelf6 Idreifodt900°C to 250°C was
fe NS 5541

el ectrical-di scharge sur t reat ment

(OSRATGRD: SITah g R AR G HE stbC,Hwas

o BREURE R PR 458 PR SBATRb BThes o s anc

of th%rgf’c?r%nan amount of the electrode material supplied between poles
by electrical discharge decreased.-

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

The electrical-discharge surface treatment apparatus shown in
Fig. 9 includes an electrode for electrical-discharge surface treatment

41 (hereinafter simply referred to as electrode 41), a working fluid 43,
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conpact obtai ned by conpression-nol ding and heati ng

the Co powder 11 having a grain dianeter of about 1

m croneter. The power supply 5 for

el ectrical -di scharge surface tpgatnment 45 applies a

vol tage between the electrode 41 and a workpi ece 42

to generate a pulse-like electrical discharge (an arc
CoAnNa) pder Aupply fornslebaidalrdisoha@sudhte neatment 45. The
|nterpole di stance (that is, a distance between the

el slctodR 41 i90Ke Eiectra®s léjI%'s%ﬂBefPébO\?’e éﬁa%éebfoﬂé‘@keen
for storing the working fluid 43, and the 10 |li ke are

dléc&@??%orbg? Etbg yYco ?éé‘él%ntR\%?cﬂngoémﬂ%hﬁgatpgrd%e owder

to the present enti on.

o1 Bt vy goéf%me%be?ﬂ% Bo§F i&ﬁﬁéﬁﬁei%ﬁarw%£°wesuPp'v
o Ha ac ikl tharadrsyiRAcR beRimidy a‘\rﬁ‘iappfﬁ?% Jostdgq Between

the working fluid 43, a pulse-like electrica
di henalegrade 44 anshamerfisce e 1o ek19ate %Ru'a?ﬁd"‘fﬁhélewlcal

wor kpi ece 42 using the power supply for

el dischacge {(an S6pHofemadddac oA seewe meghargsm for controlling an
Specifically, a voltage is applied between the

el mderpmde dddtamce (that isywer distance hetweendbhs eletttadeiddaaind the
di scharge. As shown in Fig. 9, the 20 ark colum 44 of

el wotkpieak 4i1)s ahassgevois tankisedsimeingethe Woekiglgettidodl®, and the
41 and the workpiece 42. A coat is forned on a surface

of ik ardeot Rihdwh Y FRjes, Beddudd thest €6 {idh@nts are not directly
di schar ge caused bet ween t he el ectrode 4

mllrégﬁtéqpeoﬂ?e ﬁ;tgﬁ%)ﬁﬁb“_ a coat of a substance,

'S gene 5 by a reaction of an el ectrode

mat eri al T‘Sj:" rrﬁ% E$§t 85%&{1“595 dt 2 WoRke I%_Fé ﬁgrtﬁr ode

f ormed on e sur wor Kpiece

;%g\eF ?ﬁ(égl %lggﬁ%{@ee sBPfIa%re t"é’at%q«glntI QSpX\ParthQ fie efé%tltbadse #1 and

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

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

by a reaction of an electrode material due to the electrical discharge
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An electric current | at the tine of electrical

di scharge flows in a direction fromthe el ectrode 41

to the power supply for 5 electrical-discharge

surface treatnent 45. As condi2fions for an electrica

di scharge pulse in the electrical-discharge surface
treatnent, a peak current value is set to 10 anperes,
aner¢rgy is faimed sohthegeurdacetof dhe (workpiece. The electrode 41
el ectrical -di scharge pulse wdth) is set to 8

m 549 2ecegaliive pothrity Hid st Morkpittel 42 $als & pok@ividdpolarity.
m croseconds. In the third enbodi nent, a coat having

t hARkEEFiIOEurraRPVat thdrtiné GPlefsctrical GI9Bh@r§¥ flows in a
treatment for five mnutes. In the first enbodi nent

degirettisn fﬂﬁﬁ\fﬁetﬂg&gdé*ﬁ & fitd gggfetrhsgmgy gbr t he

m xed powder o powder powder

nayleghi @ O3k Ra iR TEHEGe o diARkh S5 m cToMELEr'S tO 10

m Cro ers rs used, or ne ick filmis

di storted and jrregular. In the first nbqdi nen a

dense cois SendiffRlpran afelts didcHarap RifSe fthe

pul se. having a pulse width of 50 m croseconds to 500

P e BEyier st AR Bate da e & BeK £ N HalTa dn St to 10
coat by reducing a grain dianeter of powder to reduce

t heMpeires, an alectricgl-tischargeyiiration (amelecirigalsdigcharge pulse
di aneter of powder of an electrode material form ng
anwidtb}is satto 8 minrosedonds, ard pogdiesicent simeig set t216
powder of the electrode material sufficiently even

unodcrosecondsondn thadhird grnbediment, ra ceathavingatiickness of
energy is small and forma coat by stacking craters

W 4o rhilliheedr iscfalrméidsey areg@meMMysr five mhuessi bl e
to 25 forma dense coat. 22 In the third enbodi nent,

when theipfd firgl GHBbAIMEKt HBScibed RPINR! sircefifd/bleetrode

m croneter, a dense coat was successfully fornmed
made of the mixed powder of the Cr powder 1 and the Co powder
having a grain diameter of about 6 micrometers to 10 micrometers is
used, a formed thick film is distorted and irregular. In the first
embodiment, a dense coat is formed using an electrical discharge pulse
having a pulse width of 50 microseconds to 500 microseconds.
However, it is possible to form a dense coat by reducing a grain
diameter of powder to reduce the pulse width.

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

stacking craters with small electrical discharge. Thus, it is possible to

form a dense coat.
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with a pulse width of 50 m croseconds or |ess. Wen

the pulse width exceeds 50 m croseconds, a coat is

made porous because an electrode 5 is coll apsed
significantly because of elect22cal discharge. Harness

of an el ectrode is explained. Wen the grain dianeter

was small and the el ectrode was hard, hardness of the

el ect r od@ thesthirdesbostimenit nyhRoctheegdaimaliamessr of theh€o
i ke. When a grain dianmeter was large and the

el powdetlés aboabfitmidronthtessa densbecodtands sdeceasfully formed
nmeasured using the pencil scratch test for film

CO@lthd paRRCWid thdof 50 rdisPesEschdNr fdgd. al WHeanghd fulse width
(JI'S) K 5600-5-4. Although the standard is originally

US@Qcéﬁs Sb%habseeo@as a5 ¢oat esdn{aa@bowu@%ca@se an electrode

f ound andar'd i s sultab for eval uation of

ot Ldrp@eqwsnabfs‘of’a nE}'a 46838 of o “%(?%@é@é‘éecvsﬂéi Con 15

v R g ggaeis%t Bl Mo gl amote
co\g@swah@%ﬁ&e alipdsetes e Barinass oh the esiiade was

when hardness of the electrode is about 4B to 7B.
HoMeasured wsing Raqkwvelhharinessor the likees VY hema grajn diameter
range slightly, a thick filmcan be still formed. Wen

t hwardatgr asdi thei electradeds saft,i kardpessmfdheelpetrade was
thick filmuntil the electrode becones as hard as B.

Where asiuee  arsiimg $lse ipe nddcsaratahdtestifor fismmposating specified in
forma thick filmuntil the el ectrode becones as soft
as)§Fan@se Hoyesteial Standatd 1S KeEE00£5-4. coRithé@gitthé standard

fall as hardness of 23 an el ectrode increases. Wth
t hl% oag m%ﬂ?ﬁxééfd PJ%Oé‘\Falﬁatlbh dea c6hdd ﬁﬁhylt H“ds‘ b&eHlfbund that
forma thick f When t he hardness

eI fifd 5RHfiard is smtable for evaluation of a matenal wnth low hardness.
This pencil scratch test for film coating and other hardness evaluation
methods are convertible to each other. Therefore, the other methods
may be used as indices.

When the grain diameter is about 5 to 6 micrometers, a state of

a coat is the best and a dense thick film can be formed when hardness
of the electrode is about 4B to 7B. However, even if the hardness
deviates from this range slightly, a thick film can be still formed. When
the hardness is increased, it is possible to form a thick film until the
electrode becomes as hard as B. When the hardness is decreased, it
is possible to form a thick film until the electrode becomes as soft as
8B.

However, formation speed of a coat tends to fall as hardness of
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further increases, a thick filmcannot be formed. As
the hardness of the electrode even nore increases, a
wor kpi ece is renoved 5 undesirably. Wen hardness of
an electrode is decreased, it g possible to forma
thick filmuntil the el ectrode becones as soft as 8B.
However, an analysis of a construction of a forned

t hagloléttroubascreasesl edvithahe Werlde sgraftuso tyB| nds eeBrively
in the thick film Wen the el ectrode 10 becones

SO ffeéult Be o @R AUEhiABSi AN %ﬁ@hﬁﬁ@%&@]'ﬁ%&btdﬁﬁb electrode
deposits on the workpiece while not nelting

S“fJéh‘Férel%ké/asé\?taetti Eﬁ‘tfllrtnhé ﬁcﬂ' l?éa'fé’ﬁ‘n &€t ¥&eMhe hardness of

hardness of an él ectrode a a coat al so

ﬁeocﬁ@%eggxé“ r@ﬁ%ﬁ”‘%g%%?%% F Ak eteifiomeac

dlscg ul se conditions are used, it is also 15

po48 5 expand a range of hardness of an el ectrode

in mhich rel ativel satlsfactor coat can .

f or ned. ﬂwBaffiﬂfPScﬁ fBBalreked aéém%@as%o&és‘ possihle to

t he povvder havi r;\g a grain dianmeter of about 5
mi trenettbick file undic dhe etectredeibesomes agsafl agBfbdeHowever,

descri bed above was an opti num val ue. However, the 20
opanranalysisuaf @ sopstynctionarftd forimed ltieinkefiirrblyaa rgvedled that
di aneter of powder form ng the electrode. A reason

f oholdsi graduadly ideseasdardtheethick filmi. ndiVing nsthecealgiclroalie
powder form ng the el ectrode determ nes whether an

el petomes softar ihaln abodi SBhanosldcirode d¢drstrlient degesity on the
el ectrical discharge. Wien the bi ndi ng strength i1s

hi %rkﬁ@%eﬁﬁﬁ‘ﬂ’@ho‘t%@l@ng' ﬁﬁh@f&ﬁ&' NSttt tMisOdelation

energy of electrical char ge the ot her 24 hand,

mBQRﬁQ@n Wa‘?&'hé‘?s of ra?\ngltelatﬂo%e ?r% d g‘tt%té)%\f%eéoétsﬁlspg%hanges

di Schar ged e electrical disc
slightly depending on electrlcal dlscharge pulse conditions. When

appropriate electrical discharge pulse conditions are used, it is also
possible to expand a range of hardness of an electrode in which a
relatively satisfactory coat can be formed.

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

discharged less easily by energy of electrical discharge. On the other
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When the grain dianmeter of powder formng the

el ectrode is large, the nunber of points where

powders join in the electrode 5 decreases to make

el ectrode strength low. On the2gther hand, when the

gain di anmeter of powder formng the electrode is

smal |, the nunber of points where powders join in the

el kanhd owh ennthechinding strenigth ieloet thedpowteeigtisdhaghed easily
As expl ai ned above, in the third enbodinent, it is

poby iehleegy of elécthicial distthargent eri al dense and thi ck

and form a coat having suf?icient strength by

per f or m wahetPiHd Geaidiiamerer bf powditdotinth§ th®@lectrode is
suitable for a grain dianeter of powder form ng an

el 0 r I :

of BEaEffe ANt SR Winer g BAWEEREF n I B10ANSEE
form.car o S n rode ia it is
AR Yo e TR OR R dte! RS o fP G gt el when
that an, el.ectrjcal.-di schayge .pul,se wdth i.s 50

i e ARIrcH Eraeter A Ponde nlARuR0 Lhe lRETode U STRalktg number
10 anperes. In addition, .through experinents

pepk Bgﬁ?éﬁ VErerROWAG ERHIQIP 4N theelggltode dRcreases tonBaker

I's possible to forma thick coat (of only M) 20 with
ane&céradreoa@eagth Righ-ng nol ybdenum (M) having a grain
dianeter of 0.7 mcroneters. Since Mo is a materi al

that is Ablexpjained above,dntthecthind embodimehécit is possible to
form ng a dense coat to use a condition that an

el bpaild iupad miateciz deh seudse thiicitdn dvierm @l edatviedyingangficient
at 60 m croseconds 25 or nore and 70 microneters or

| estrength By riordfingl wEEKIRG QintRirayb&ling 20ndftidneE most Reitable
green conpact cannot be used as the electrode as it
| Sfot 4 gRaint diBATetdr bf Powrd &¥Cfolrintn g @ &le@foRe and hardness of
the electrode.
When powder of Co, which is a material that is less likely to
form carbon, is used as an electrode material, it is possible to form a
thick coat by adopting conditions that an electrical-discharge pulse
width is 50 micrometers or less and a peak current value is about 10
amperes. In addition, through experiments performed by the inventors,
it has been found that it is possible to form a thick coat (of only Mo)
with an electrode containing molybdenum (Mo) having a grain diameter
of 0.7 micrometers.
Since Mo is a material that is likely to form carbide, it was
effective for forming a dense coat to use a condition that an

electrical-discharge pulse width was relatively long at 60 microseconds

or more and 70 micrometers or less and supply an electrode material,
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Furthernore, it is difficult to harden the Co all oy
powder 51 by press because the Co alloy powder 51 is
a hard alloy. Therefore, it is 5 necessary to add wax
such as paraffin to the Co allpy powder 51 for

i mprovenent of noldability. However, electric
conductivity at the tinme of electrical-discharge

surface Howivernthef gtdeh asmpactsiadnat benmsed asfthetdlectrode as
wax in an el ectrode increases. Therefore, it is

Prigiesafdetitiias & HIGN @1éEWicVy@sidtAnde! ater process. 10
Thus, to renove thé wax and decrease the electric

resi stane@rfbrmbhs, #iealtiedR to'fideHARG CHIRE pbRdBHE1 by

I n a vacuum %UI‘ nace. ter tenperature rise

ale r t P

é%eiseéé‘n&f‘n‘i% e éP8¥ AL hard SR Dihedbfore, itis
V\hen an eI e was | ded. usd. n he er
haieeEssaty 18 408 M RudR o8 BayAt At 10 (o a8 Fwdter 51 for
descri bed in t 0C t0,250C, wa
op T PAOEmER ! ROIRHIE o rHEWEVEHeIeBHTG ﬁendaewﬁy af’the time
hand, when an el ectrode was nol ded using the Co
poekielectraal-dischpraeshifasatreatrentialistas a r@ﬁl%ﬁ'&mount of
the electric resistance fell was high at 800C to
9othe wiavie\an eledtrade ingreesesde Therateeit ispreferabdeto
at atine, the wax is carbonized to remain in the
el mrhovedhasvax irparlatereprocelssrefore, it i s necessary

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

heati ng Thupetatremeveadhe RO andddEO@Eset the elecertd resistance of
according to the third enbodi nent was in a coarse

st HePelectrodd) IthB %ﬁéﬁ ¢dmpEBPRSHIY M A ValcRUM fuGRRle.  After
When the heat'ing 27 tenperature was 1000C, hardness of
! o bR Fisk Yok P RSte ¥Rk FRAS the griAsedmbact & kept at
forma coat.

a predetermined temperature for one hour to two hours.

When an electrode was molded using the Co powder having a
grain diameter of 1 micrometer as described in the third embodiment,
200°C to 250°C was optimum as the heating temperature. On the
other hand, when an electrode was molded using the Co alloy powder
51, an optimum heating temperature at which the electric resistance fell
was high at 800°C to 900°C. However, if the electrode is heated to
800°C at a time, the wax is carbonized to remain in the electrode as
impurities. Therefore, it is necessary to remove the wax at low
temperature once.

When the heating temperature was 200°C and 300°C, the

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

which made it impossible to form a coat. When the heating
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Next, conditions for making it possible to forma
dense coat were checked with an average grain

di aneter of the Co alloy powder 51 5 as a paraneter.
A peak current value was set t9710 anperes and a pul se
wi dt h was changed variously. Electrodes used in
perform ng electrical-discharge surface treatnent

Vefeinpetatate was' 4pp0TD) haidhedwasiitiesslectmec horeased, which
that the el ectrodes have conditions for making it

PomAdy # lh‘bofs@fb’lbftocf@ﬁﬁ&a geat. 10 It is difficult to
forma dense thick fil munl ess hardness of an

el ect r odgek &md.ﬁﬁ RS 98f hﬁélﬁn%\ﬂ‘@?aﬁf@&??&n@f

electrode 'S too m cannot be éorne
B 345, By e AL Aoy b AR 1
not dens ossible to

f o?%aapams{seaoa?\ ok C&ﬁf’e”@wﬁgw@% agh‘%ﬂﬁme%ﬁ and a
he Co
H BulSS Wit Es Bhgngai Erigdlg o %ﬁr@%d%umﬁdﬂ efréwmmg

is forned dense and a range in which a coat is

f oﬂ%‘é”@i%‘n@'écbﬁ[ﬂe sgrfasgl téea&rh@nt:wsf e |r%°|§§ﬂoth)aPPT0P”ate
over | ap. Th| S i s because the ranges 20 fluctuate to
soherdnassit wiigh means thatHhedelestrodiesdrava eendibipssoior making
the 1like. Optinmum hardness of an el ectrode varies
dephqudisitgecto fargr aidensei coatt er of powder of an

el ectrode material. For exanple, as for a hard

el ect r odr iswifficalt tenformeatderde tR¢iefilraluriass haraness of an
average grain 25 di aneter of 2 microneters to 6

M gAY & nbf apprdttibb! vheniirdnds3ddbidaBsaettdte |s too
even at a pulse wdth of about 10 m croseconds. On t

Ot Hpgr f?ﬂﬂ«:k%ﬂ%é&ﬁ&ﬁ?@%ﬁ%@” NEEN hAPEns Ss bRENE e Iectrode is

a coat

8oat

too low, although a built-up film can be formed, the film is made porous
and not dense.

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

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

diameter of 2 micrometers to 6 micrometers, it is possible to form a




porous even at a pulse width of about 40 m croseconds.
Therefore, the conparison shown in Fig. 12 was

performed at hardness at which a 5 dense coat can be
formed for each grain dianeterggA condition of a pulse

wi dth for making a coat dense differs depending on a
condi tion of hardness of an electrode or the |iKke.

Hodeivse cobhenvenadtea palst widthsoff about k0 myicréseossdsl eOn the
to forma dense thick filmin the ranges shown in

Fi 8thethand) wieh haringss lof a@mbedictdle ist f2@h&RIcW, @&lcoat is made
obt ai ned by pulverizing the alloy with an alloy ratio

Ofpor‘%us éve it ehpulée \Mdthjcﬂ Ao %ichse]e%ndée' SMer¥fore,

e rest” was used. However, an al
{h"e§g@§%ns%ﬂysm~ﬁ“?nﬁ‘i é]‘“e(2¥\‘ﬂ6§§8§§éfb§tﬁ1 ﬁoémé?ﬂr#%?at which a

| S pOSS|
| | ) 0,
5 =06t gt o8 b fomigd fiLBatn @ralrgdmlrﬁs“eﬁbggf o o

use al | oys

with th f I |l o ti
" 1ol ybd mn@mn i@ aﬁsgﬁ\m fehnﬁ@{*%‘@ goat gense diffprs

% silicon (Si): 3 weight % cobalt (Co): the rest”, "
chegnenqmon alsomngntofvearwS(qfeqn eeciengmordhe like.
nickel (Ni): the rest", "chrome (C): 21 weight %

noHpmanmf(ewa)aregcmdlghns%r maahlag utrpegsiple 10 feinyia dense
% 20 nickel (Ni): the rest", and "chrone (Cr): 19
wethgtk fittn initblealan@sis) shé@n imﬁighﬂ2% mol ybdenum ( M) :

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

10 ti tani umr(the foutti® enst @i nt, eheimMaterial Sbtain@dty Fulverlzmg
weight % iron (Fe): the rest". However, if an al

rafnepan&yantrahhoammﬁrd‘tf&bﬁ"cpfm Highi % 133 wwa.@ﬂ %, W: 15
hardness of materials differ. Thus, 25 slight

! d
Qfe FIRRET &I theCr¥steHalsy ah'o év%roén%lggg t%;ltr)é fb‘ﬂx‘?verlzed

a state 29 of a coat. ‘th ourth e

t hﬁ\a%é'énoé(u&wﬁﬁ{ oﬁﬂer%'%%'lé‘l’nf‘rgs.coFor example, it is possible to

use an alloy with an alloy ratio of "Cr: 25 weight %, Ni: 10 weight %, W
15 7 weight %, Co: the rest". It is also possible to use alloys with the
following alloy ratios: "molybdenum (Mo): 28 weight %, chrome (Cr): 17
weight %, silicon (Si): 3 weight %, cobalt (Co): the rest", " chrome (Cr):
15 weight %, iron (Fe): 8 weight %, nickel (Ni): the rest", "chrome (Cr):
21 weight %, molybdenum (Mo): 9 weight %, tantalum (Ta): 4 weight %,
20 nickel (Ni): the rest", and "chrome (Cr): 19 weight %, nickel (Ni): 53
weight %, molybdenum (Mo): 3 weight %, cadmium (Cd) + tantalum
(Ta): 5 weight %, titanium (Ti): 0.8 weight %, aluminum (Al): 0.6
weight %, iron (Fe): the rest". However, if an alloy ratio of an alloy
differs, characteristics such as hardness of materials differ. Thus,

25 slight differences are caused in moldability of an electrode and a state



as a main constituent is used as the el ectrode
material. This is because, as described above, the Co
all oy powder is effective in 5 increasing thickness of
a coat. In electrical-dischargggsurface treatnent
using an electrode containing only a material that is
likely to formcarbide, a forned coat is forned of a
captba d@ater am cs. Thus, thermal conductivity is
deteriorated and renoval of the coat tends to advance

through g @@ fdureH eflifcdIRiedr; tHd Coaney ponder® 1 vbhedining Co

is a mterial that is |ess I|kely to form carbide, is

m X§% ﬁ%lﬁcsﬂgﬁfdérﬂqgtus@d 5@%@'&&%?6’&1@ ni&{edidl al Thidlis

prevents thermal conductivit e coat from bei ng

deﬁ&iét%@t%fd?ﬁgnbgﬁka%%\)e tﬂgséb l%III%ytp?:':oa\l\//&'&r l%aﬁﬁecszté\ﬁeem

t hi ckness
ef fect as re Ni

th
5 ¢ HEeTbe DA DIRRReReR @ Coabeal’ Bl e 5 i Sar e
A FES RGO S et v
thick filmsubstantially in the sarre range if the peak
cuWEhPaVHF'@ea|f9"886Lﬁ°3§OSafﬁfJEP€s° o? CAEkide egramicpe Thus,
peak current value increases to 30 anperes or nore,

priisiraal concluctivityris eledeqipeatedandh remeyel afithe soat tends to

col | apsed unnecessarily severely by an inpact of
el advancathmivghhelegérical diacbaeges of the el ectrode
i ncreases because heat input increases. According to

10 the fourThemstoesl Cenwhich is a rpassiidll that ¢s s kkelp te form
mat eri al dense and thick and forma dense thick film

hayhiide Ulsf inbtédbs 2eoRsfiRigit bftieRAEERDARNHaNRIHI NT his
(electri cal -di scharge surface treat rrent) 30 under

{: tQQHQr‘rthEénéﬁ*ét?sﬂgﬁbgﬂw@H §Ffr‘6 ; Qelei®Sted and

ble for a grain di ter o mng an

eI ﬁl%tﬂe%di? p%'gg ﬂ?@rtgriﬁérsea%f ﬁn@kness of the coat. As materials

having the same effect as Co, there are Ni, Fe, and the like.

15 In the fourth embodiment, a peak current value of conditions for
electrical discharge is set to 10 amperes. However, it is possible to
obtain a dense thick film substantially in the same range if the peak
current value is about 30 amperes or less. When the peak current
value increases to 30 amperes or more, problems occur. For example,

20 an electrode is collapsed unnecessarily severely by an impact of
electrical discharge or hardness of the electrode increases because
heat input increases.

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

25 strength by performing working (electrical-discharge surface treatment)




10

el ectrode. 5 | NDUSTRI AL APPLI CABI LI TY As descri bed

above, the electrical-discharge surface-treatnent

nmet hod according to the present invention is useful in
industries in which a dense apd relatively thick coat

is required. Particularly, the nethod is useful in an
application in which strength and |ubricity under 10 a

hi ghdéewoekimigue en ditions qdisoitarge epuled wonelitiGis )GnblsMsuitable for
1. An electrical-discharge surface-treatnent nethod of

f oargrath diarmeRsr simpewasr faresingfam etddtiod e addhatiiness of the
energy of a pulse-like electrical discharge caused
betRefbga) el ectrode and the workpiece in a working 5
fluid or in an air, the el ectrode being a green

conpact obtained by conpression-nolding a netallic
powder or a netallic conpound powder, the coat being

oLNnﬁgg*ém AWqu'A%IL?fVSt ituting the electrode or a

ance i s generated by a reacti on of the

mat eri al t ener
el ectri cé? ﬁ’zﬁ‘ﬁ@bom'e 'Wlll @'QCEHFS%FHH%E tgpatment
a materi al contalnlng nmet al as a min constltuent is
pePaSRaE RCCosding tonthe BEasastdnyeRuPR s usHu iRiiRGualies in
conpre33|on mol ding a metallic powder or a netallic

itha gveeeandiglativelnthigkegaaids geauited afargicutdrlys the
n1croneters to 10 microneters, under worKking
conmdithodris usieful ia pulpplication in whiohreteengtbcandi subiricity under
500 15 m croseconds and a peak current value is 30
anpdrigh-temperature2envinen mieat are cefjuitedchar ge
surface-treatment nmethod according to claiml,
wherein an el ectrode obtai ned by m xi ng and
conpression-nol ding the netallic powder of a material,
which is | ess
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20 likely to formcarbide, and the netallic powder of
a mterial, whichis I|ikely to formcarbide, is used
as the electrode. 3. The el ectrical-di scharge
surface-treatment nmethod accorging to claim?2
wherein an el ectrode containing 40 vol une % or nore of
the 25 netallic powder is used as the el ectrode. 32 4.
The el ectrical -di scharge surGlaABSr eat nent net hod
according to any one of clains 1 to 3, wherein an

el ect r odanadlesiried-disch £eps @Fat ereathtiitomatied ef Féming a
which is obtained by mxing the 5 netallic powler at a

r ag&abn 'dBukfsbé YR wo?@pl\é%bgmth %n%éo(dﬂacbﬁls)e yﬂ@ electrical

wei ght % W (tungsten): 15 wei ght cobal

re&fschag/& W}J%EH%@LV%&#%WIQ%R% é}lld fHH %?iq% céqP working

tungsten Co (cob
&Sﬁ%ﬁ%%ﬁ% | coﬁ??rogagoé“ﬁhg*bm%o%&%:%{% ingti by

rest", 10 "Cr %
?@Wr@ss'ﬂr-m@m Métali BEWsr of(q Methllgmeynd powder,

ht ht % Ta (tantalum:
el bgina formedca  rwater @y onssiut*r@ffz%ﬁwsa é or a

19 wei ght % N (nickel): 53 weight %

( ndvhsiaacarthat & @@ngrﬁte% bya re@shion antyweunaaerlal due to the

(tantalum: 5 weight % Ti (titanium: 0.8 weight %

Al energyablithenpojse-bke eledtyical discharger whereinhe rest”,

or the netallic conpound powder fornulated at the

rate is tdekl bafidingeupl afcd nuateriabcoAtaining metal as a main

el ectrical -di scharge. surface-treatnment nethod of

f o& oh Stituent ¢ performa ds Wsing anoéleatrv@iekdh efe dvblyhnixing and
energy of a pulse-like electrical 20 di scharge caused

be&&ﬁ%‘?e@éﬁoﬁ'—rﬁ%ﬁdlﬁa% ﬁ'ﬂéj(a’l gbpb‘?%enie‘?aﬁicWHﬁbBQnd powder
|UI in an air, ectrode being a green
ﬁggﬁboé’rpta%?fg? l@;\‘al @%ﬁ%ﬁ'&%\l\gﬂhmrﬂgte@s B! Mi€rometers,

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

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

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

likely to form carbide, is used as the electrode.

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

metallic powder is used as the electrode.
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the coat being formed with a material constituting the

el ectrode or a substance that is generated by a

reaction of the material due to the 25 energy of the

pul se-1ike electrical discharggg wherein 33 thick

bui l di ng-up of a material containing netal as a main
constituent is perfornmed, using an el ectrode obtained

by conpression-nolding a netallic powder or a

metal i c conpound powder having an average grain

di anet er TRé eledirifaPméctidrger srfase-trgiRTert MefHdd 8ccording to
conditions that a pulse wdth is 70 m croseconds or

! e§_ﬁr¥1®% 6f cRERS T BEWherdin'an! SledtodBRItE MY b&,ess.

e el ectrical -di scharge surface-treatnent nethod
acgﬁﬁwgr%%ubﬂl ms'mh@jagm ?Eﬁ'l\gh nc&?ngeétﬂ% ﬁejﬁﬁg'rﬁ,igﬁ%ﬁ g@g‘
i kel

kAR i R e i 'le%? ﬁﬁ”gﬁﬁét Hrfeken: 10
R g T I LI

the el ectrode. 15 8. The electrical -di sc

& DfatToma): 25 Welant ti R dn iRkel: diogeidht g dhenasten): 7
claims 5 to 7, wherein an el ectrode obtained by
cowgighisYoCarisahall): shemest'i Mo (melyhdesuant aﬁanalgﬁx %, Cr

mxing the netallic powder at a rate of "Cr (chrone):
20(chapgte): %7 Weighti%k 8ii XsilitonP03 waight %%;CW(cobalt): the rest",
(tungsten): 15 weight % Co (cobalt): the rest”, "Cr

( cHCo(ahronid): i wbightt % NF o (ifarkei8) weiltht Wi Mt(n%kew the rest",
(tungsten): 7 weight % Co (cobalt): the rest", "M

t
<.'"¢z RN 220wl Mo Golfefemir): o Weight BT4Y

1 tos % (o] e
péﬁ@b tﬁe@w"@, Ni fRickelo®he rést*ebgREr (Q:hMme). 19
weight %, Ni (nickel): 53 weight %, Mo (molybdenum): 3 weight %, Cd
(cadmium) + Ta (tantalum): 5 weight %, Ti (titanium): 0.8 weight %, Al
(aluminum): 0.6 weight %, Fe (iron): the rest", or the metallic compound

powder formulated at the rate is used as the electrode.

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

energy of the pulse-like electrical discharge, wherein
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25 "Cr (chrone): 21 weight % M (nol ybdenum: 9
weight % Ta 34 (tantalum: 4 weight % N (nickel):
the rest", or "Cr (chronme): 19 weight % N (nickel):
53 weight % M (nolybdenum): ggzweight % Cd

(cadmum) + Ta (tantalum: 5 weight % Ti (titanium:
0.8 weight % Al (alumnum: 0.6 weight % Fe (iron):
the restthiclobuilithgrapadfl a enteriad eddtainimyRItal as a main
fornul ated at the rate is used as the electrode. 9. An

el gehstittaint i pePRIrER oS WsiRg amt é RatHRY o R Med b9
formng a coat on a surface of a workpiece with

enggy r8§si6an|oT’cﬁhgié‘%neghﬁﬁéﬁ%rﬁkr .oqiasm?e‘i‘éﬁ’i‘ém%\cﬁ'ﬂﬁﬁgnq(?owder

]?letyvena_n el ectrode a piece in a
o o RyRadé ol Bgfh EBL 8 lFigHged @ Bp, uncer

owder. or a netalljc, conmpound powdep, . or by heatin

t neogking cahsiifa thehd ibse Wt fBimisioagdonds of fess and a
materjal cqnstituyti rbg the el ectrode or a substance
th@?ak§u§@r{8rvﬁl%ﬁ 1% P U22MPLERS G 189St he material due to

the energy of the pulse-like electrical 15 discharge,
wherein thick building-up of a material containing

metal as a main constituent is perfornmed, using an

el eéct r od€helslaciriz djschanger ssfacertradtoiend metteachhbcarding to
powder or a netallic conmpound powder having an

avelatges owhereiditheedlectrotieds foemedevith a etallic powder of a
m croneters, 20 under working conditions that a pul se

W getisl, whichrigIesondely @ dith catsitesasaifelevifode material.
peak current value is 30 anperes or less. 10. The

el ectrical -di scharge surface-treatnent nethod
according to claim9, wherein the electrode is forned

w #h an | i i ' :
D) 5" Shb e aRR O u RL Ll limel i bESraing to
claim 6, wherein an electrode containing 40 volume % or more of the

metallic powder is used as the electrode.

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

"Cr (chrome): 21 weight %, Mo (molybdenum): 9 weight %, Ta
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11. The el ectrical -di scharge surface-treatnent nethod
according to claim 10, wherein an el ectrode

contai ning 40 volune % or nore of the netallic powder
is used as the electrode. 5 12g34The

el ectrical -di scharge surface-treatnent nethod
according to any one of clains 9 to 11, wherein an

el ¢antalden)oldt welgt %y Nignrakets therest| drMgrachrdme):al 9
which is obtained by mxing the netallic powder at a

00 t o0
&grgﬁgﬁt%/ovwg(?mg?)esn% %.gmmg{w M%(ml&aeggﬁia) )] 3 vl&gla@ %, Cd

eIy g@HﬁS?VW\Ag}H%/% ‘&%’“’ E-a?-t%?’g_gn“e‘%"*'
Sy SR, A0, 4 o
b Bhiveer fetmpfated %’thsw 8% §8eg4s [ Sldotfods” oot

% M (nol ybdenum): 9 weight % Ta (tantal um: 4
wei ght 9% Ni (nickel): the rest", or "Cr (chroms) 19

wei ght 0/ (nickel): 53 wei ybdenun): 3
wePght ¢ ectr&eﬁirﬁlaﬁl?am%uﬂaaﬂttwa}mentmw%pf dgrming a
Ti (tltanlun): 0.8 wei ght % (alumnum: 0.6

wefgat oma surface mf)a Mdﬁbplﬁ@gtwlth @aneargy ofea pulseclike electrical

compound 20 powder formulated at the rate is used as

t hdisehacge ca@sed between an electrode and the workpiece in a working
fluid or in an air, the electrode being a green compact obtained by
compression-molding a metallic powder or a metallic compound powder,
or by heating the green compact, the coat being formed with a material
constituting the electrode or a substance that is generated by a
reaction of the material due to the energy of the pulse-like electrical
discharge, wherein

thick building-up of a material containing metal as a main

constituent is performed, using an electrode obtained by
compression-molding a metallic powder or a metallic compound powder
having an average grain diameter of 2 micrometers to 6 micrometers,

under working conditions that a pulse width is 5 microseconds to 100

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

10. The electrical-discharge surface-treatment method according to
claim 9, wherein the electrode is formed with an alloy containing a

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

metallic powder is used as the electrode.

12. The electrical-discharge surface-treatment method according to
any one of claims 9 to 11, wherein an electrode obtained by
compression-molding a material, which is obtained by mixing the
metallic powder at a rate of "Cr (chrome): 20 weight %, Ni (nickel): 10
weight %, W (tungsten): 15 weight %, Co (cobalt): the rest", "Cr
(chrome): 25 weight %, Ni (nickel): 10 weight %, W (tungsten): 7
weight %, Co (cobalt): the rest", "Mo (molybdenum): 28 weight %, Cr
(chrome): 17 weight %, Si (silicon): 3 weight %, Co (cobalt): the rest",
"Cr (chrome): 15 weight %., Fe (iron): 8 weight %, Ni (nickel): the rest",
"Cr (chrome): 21 weight %, Mo (molybdenum): 9 weight %, Ta
(tantalum): 4 weight %, Ni (nickel): the rest", or "Cr (chrome): 19
weight %, Ni (nickel): 53 weight %, Mo (molybdenum): 3 weight %, Cd
(cadmium) + Ta (tantalum): 5 weight %, Ti (titanium): 0.8 weight %, Al
(aluminum): 0.6 weight %, Fe (iron): the rest", or the metallic compound

powder formulated at the rate is used as the electrode.



