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1 SPECI FI CATION TITLE OF THE | NVENTI ON
El ectrical -di scharge surface-treatnment nethod 5
TECHNI CAL FI ELD The present Inveqti-on relates to a
technol ogy for electrical-discharge surface treatnent
usi ng a green conpact obtained by conpression-nolding
a netallic powder or a net@PECIFFOAPRONI 10 powder as
an el ectrode, and a pul se-like electrical discharge
caused between the el ectrode and a workpl ace.
BACKGROUND ART In a surface treatment technol ogy for
for 'T‘WﬂEa? Eﬁm@ |d/|\@r kpl ace through-a pul se-1ike
di sC

arge from an electrode which is a

green co % clr%rl [%é n- nol di powder
mat eri al még téﬁ 24'8@55 a enolerﬂﬁg?"ﬁu

l'ose to the nor nal tenperature a thin hard coat -
ontaining ceramcs as a main constituent is

fest sh see for exanple, patent literature 1).
o EGANTEALHE

di sclosed In patent literature 1,

a hard ceranic_ coat is forned on a surface of a
wor kpl ace The pesaenslinvention pelatesfto anteckinadogy der

material by electrical discharge while keeping. an

el eeleatdeal-tisoharge surfa e treatmand using angreenecompact obtained
supplied material sufficiently. However, thickness of

- a chytcompressicambRriihg e mbtalictyewdst bPd: mletal% compound

limted to as thin as about 10 m croneters.

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

20

25

between the electrode and a workpiece.

BACKGROUND ART |

Ina surface treatment technology for formmg a coaton a

| 15 -workpiece through a pulse lrke electrlcal discharge from an electrode

which is a-gre.en compact obtarned by compression-moldlng a powder

| matertal a technology for formrng, at temperature close to the normal

temperature a thin hard coat containing ceramics as a main constituent

is established (ses, for example patent literature 1). |

“in the technique drsclosed in patent literature 1, a hard ceramrc

8 coat is formed on a surface of a workprece by controlling supply of an-

electrode material by electrical discharge while keeping an electrode
hard to some extent and melting the supplie'd material sufficlently.

However, thickness of a coat, which can be formed by the methed, is

limited to as thin as about 10 micrometers. -



Exanpl es of a technology for formng a thick film

- through the electrical -di scharge surface treatnent
include a technology for form ng, a coat containing
carbide as a main constituent on~a surface of .
al umi num (see, for exanple, patent literature 2), a

t echnol og)eidhphed ef HltBEhﬁodevfd‘r% rﬂiﬁ%thﬁﬂ(hirﬁ’%ﬂﬁigh the

a mai n constituent see exanpl e

| t%léﬁﬁfc%i %is%ﬁéi%easﬁﬁﬁpe“tt Ehéf@dnéﬂfd@ a9 @hnglow for forming

film avi n ness 0 mcrorre ers

Zééffi"géipﬁ?ﬁ%@-@%ﬁ@é a 3 g geeriiiirﬁéni“gﬂtiﬁy?face of
s ol i I s B ey ror
pgnese Pat ent Application Lai d-Cpen_ No. H7 70761

Pat dAtming acealconaining sashideras @nmaarpppnéatuqm (see, for

Lai d- Open No. 15 H7-197275 Patent literature 4:

Jap&xemplpapatentditeratiuei 3in ang a tepkmolagy forfarraing a thrck film
However, In all the technol ogies disclosed in the

aboxh:avmag thicknbss of atboutsi 0(ahibromgbterstby ektendingian
formed, the main constituent of the 20 thick filmis

car hl@t&rrchh—disdiﬂr geosise Wit teidhd Ut B2 fcRi¥®tdNds (ses, for
t echnol ogi es, a dense thick filmcannot be forned. .

Theggbfifle, bﬁtémltei'ﬁﬁﬂaqig?g' es di sclosed in patent
literatures and 3, necessary to perform a

16 enel ti ”gP%rtQHFﬁi"erHﬁir‘égtaﬁitStrﬁ’ﬁcf Ij_:!’ati  Nuthwier wo

. after formng a porous t
' |.n bb%éffﬂnm.qu di scl osed in- patent Ilterature 3

Patent literature 2: Japanese Patent Applicetion Laid-Open N,oi
 H7-70761 | | _' |
| 7 Patent literature 3: Japanese Patent Application Laid-Open No.
15 H7-197275 N
Patent Iiterature 4: Japanese Patent Application Laid- Open No.
H11-827 |
~ However, in sil t'he t‘e.chnologie's disclosed in the above patent
) I:teratures although a thick fiim is formed the main constituent of the
20 thick film is carblde In other words, aocordrng to the above
| technologres,’ a dense thick filrn cannot be formed. Therefore, in the
technologies disoiosed in patent literatures 2 and 3, it Is necessary to
perform a're’m'elting prooess using an electrode with less wear after
forming a porous thick frlm |

25 For example, in the technology drsclosed in patent literature 3
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3 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 filmcan 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 a workpi ece where a mor%piece material and a coat
material are nelted. A part A of a coat formed thick

¥verSWREN d Bodl that l@oksSdéﬁééh@sutébsﬁGﬂ?fouﬁed at firdteglance,
is a demand for a dense and relatively thick coat

the poat i pprous lwhfm the noat tshchédlosah fully. of Iratlrtmtecmmlogy
nj,crometers or in,  for exanple, chltrlrr(l:eaé

|d+|SQ|ﬁ$@ﬁ I3 Padeint Iﬂeaawre&ma thiclg film gan algo be en an

AR R Bised Eﬁ’r%i'z@{iﬁ A S| PRI et s

‘;:fér\pns\réﬁ%ﬁl‘gc'}ge thr gg‘gﬁ‘&: rc a?‘é% V“P{?grégéé\wt?g't(e%g% qﬁﬁgéhal

\arickaictet rmatérid @arwhdlted r ¢ pabluA | ofi angoab formee thick @s
and t her nal :graylng for spraying a nelted netallic
isown i Fignl Sisnporisce. However, since both the

T e e TRl 8 L Sk RS SHOSES ey thick

lg:'gg? (eﬁé%%ﬂy@{;ﬁg?ﬁtfﬁwutﬁ %Egﬁasé f%’ﬂ)du“ﬂ ﬁ@h‘hﬁﬁﬁcﬂo?neters or
mﬁér;egdnl fbr‘@ka?ﬁpiée%bpﬁﬂhﬁbﬁs n WK Bﬁ‘éﬁgth %hmabvelty under

plied to a thin material or a fragile materi al
la highatempérituse envirohhyestoaiedigquiredal | BExasnplesat a
nonocrystal alloy and a directionally-controlled

éec;lwolow far &araemg a cgaémlalckdn%@@rw dieg derwelding to
ddes %%Ytaan H"&%?#é?w arv%gyac %& 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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25 Therefore, it has been earnestly desired to
establish a 4 technology for formng a thick film
having strength and | ubricity under a

hi gh-t enperat ure environnment using an

el ectrical -di scharge surface-treatnent technol ogy
that can perform operations on a production |ine
whil e elininating manual 4operations as nuch as 5
possi bl e and prevents intensive heat input in a

WBEKROIRES: for TORMPILE TRick MHERAVIPR éﬁén@ﬁﬁandfrubﬁ@i@&{ 'Hgdera

view of “The circdnstances and It 1s an object of
rigis¢emperature emvirenmeot udingan elbetrioal-cischiirgehar ge
surface-treatnent nmethod for form ng a dense thick
surfacentraatmenp technalpgy doat can merioen opeRalipRY, Pasa

S5 ol A P B s B RER 4T
ESHTE AT SO TR AR s gt

of 1¥Hepresehtdneentionhas beeh Avigdd in vigvpftise W th
energy of a pulse-like electrical discharge caused

loiowerstances|and itds @aneobjech of the ppesent inventiondoiproyide an
fﬁhgéh?iﬁ:éll;q'iq%haa@gamaq' istasHeAbnenL grathiel Tl foENisgL A Eiense thick
TR 5 W EcORPR e AL the dFeidoingics SEERh.Vellng and
:tﬁgpmhpsgga}mg@t ed by a reaction of the material due to

ene the pulse-like electrical discharge. In
the electrical-discharge surface-treatnent nethod,

B BRURE QR LB ANENTIEN " ol'ectrode ot ar ned

by M4 e e SLaR AR SutR Y-8 afimBRt Aldthbd 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 orin an air. The electrode is a green compact obtained
by compression-molding a metallic powder or a metallic compound
powder. The coatis formed with a material constituting the electrode
or a substance that is generated by a reaction of the material due to the
energy of the pulse-like electrical discharge. In the
electrical-discharge surface-treatment method, building-up of a material
containing metal as a main constituent is performed, using an electrode
obtained by mixing and compression-molding a metallic

powder or a metallic compound powder having an average grain



25 powder or a netallic conmpound powder having an
average grain 5 dianmeter of 6 mcronmeters to 10

m croneters, under working conditions that a pul se
width is 50 microseconds to 500 i croseconds and a
peak current value is 30-anperes or less. It has been

T oUnglo B FBF B HLBRREHOIEAY AlcrRfoleR ST 8P woRRing conditions

ormng a dense fi'l mthrough

ol e . T ‘
St onBt B3hu1Ep 3108 ¥ p8 I A65pcoh a5 RI0. piiEBs8shiaR and @ peak
of "an el ect rlode %eri al for%ng an el ectrode, a peak
cur reAfteNtalye 1s aﬁ‘pﬁf9§é)r &Fh. j Therefore, :

~according,.to the present invention, it _is sible to
10 form a!td@%ee@ﬁifeunﬁibwqgﬁqfsﬁﬁérnﬁrﬁ@rmgg yt*ﬂe inventors that,
el ectrical -di scharge surface  treatnment under

- Bpprofgerming aldense thick filmdhaedgh dhereleetricat-siseharge surface
conditions corresponding to an average grain dianeter -

- of dreatmanty thiere isea strionig correlatipraamsing-argrdin tiametar of
el ectrical -di scharge surface treatnent. 15 BRI EF -

DES@wderQdf &4 oléttroté\Wh &esidtiforming ancelectrode! acpéak current
illustrating a nethod of manufacturing an electrode

for valgstdn@ @ pdiseoligtge surface treatment according
to a first err%odi ment of the present invention; Fig. .

~21s a chWrﬁgbf‘d&?hbec@pp@r@wggr&aﬁ%@eﬁﬁbm%1pgfssimem

easiness to forma'thic ges -as a content

162, Y8 84 YRR A B Bl T gghorge surfece
R S et Ferl T e argh, 7408 Wment
' conditionscorrespondin'g to an average grain diameter of an .electrode
material formiﬁg an ellectrbde for the electrical-discharge surface
treatment. ‘-
16
'BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1isa sdhe_matic for ilI_uétrating a metho‘d of manufacturing
an electrqde for'electrical-diécharge surface {reatment according to a
| first embodiment of the preseﬁt in\)ehtioh; Fig. 2 Is a characteristic
_'2‘0 chart of a staté in which éasineSS to form a thick filﬁ\ changes asa
| "conte‘nt,of Co in an elelcfrOde s changed; Fig.ASA is a ch_arécterlstic |
" - chartofa voltage waveform when electrical-diécharge surfaée
tréatment is perforfned; Fig. 3B isa Ch{a"racteristi‘c chart of é'curreht
- waveform corresponding to the voltage-wavefbrm in Fig. SA; Fig. 4 is a

25 charactérist_ic chart of a formation of a coat with respect to treatment



wavef orm corresponding to the vol tage waveformin Fig.
"3A; Fig. 4 is a 25 characteristic chart of a formation
of a coat with respect to treat t 6 time when an
~electrode contains no material tffat is less likely to
form carbide; Fig. 5 is a photograph of a coat that

o ftﬁ{‘w%%??’a%&m% FeRh @ SR indtoRahal % R k@ to form

o of man ct ctro ccor athjirdb5
B A D K A Rt 5" rSFme breh the
schematjc for |IIus ratin thod of neasurin
ol ocIpElodecrantains 7 alMBS % ECOoHOCE s & feiamatc for
Fig. 7B is a schematic for Illustrating a nmethod - of
neadlivstigtingea meathodiof mapufactutisgain efacteoda aceaeding to a third -
nore conveniently; 1 Fig. 8 is a characteristic chart

~ 6f @mbbdirment bbthe presertdavention) Fig.ipRisaschematiafor
electric resistance; Fig. 9 is a schematic of a state

i n \ihistratthga niethbd bfanbasgringurrd electtic eesistance of the
performed in working fluid;, Fig. 10 W phot ograph of

a f@ié&ﬁoﬂéadon@rﬁen%)l Fig. ?Bﬂ&‘ﬁ@iﬂﬁe@naﬁ‘@for illustrating a method
illustrating a method of nanufacturing an el ectrode;

Fi 9.0t 14eh8ufin ttwﬁ'ﬁe% Arddistéric goanﬂie‘@%c'?ﬁbdéeﬁ{o%'ﬁd?ﬂlemently,‘

coat fornatio ang| ng average grain

bt i81p PRaFdABHEREEARR 6 Rloifidh ReBybaf L hfhling
1@2&&5&@@&#&1’@3%&% FRroB sEaikie i, SR APHEMALIC,pf @ state
wi ¢ 18 VEIER leElr e e iarasnpartarn raatn dgap'e'rﬁquveévm working
present |nvent|on is not [imted to the foll ow

deséigh Figh, 1Qiisoa mhptearaptiv of g feamasheenki iFigel{ s a schematic

wi t hout departl ng froma scope of the present
for illustratmg a method of manufacturing an electrode; Fig. 12 is a

table of a result‘obtamed by performing coat formation while 'changlng
15  an average grain diameter of an electrode material. and a pulse width;
alnd Fig. 13 is a micr_osco'pic photbgraph of a coat formed by the

conventional electrode.

- BEST MODE FOR CARRYING OUT THE INVENTION

200 E‘xemplary‘embodlme‘nts of the pres"e-int Invention are éxplaihed
in detail below with reference to the accompanying drawings.; Thg

- present invention is not limited to the foilowing ;dasc_:ription._and_r'hay be
modified apprbpriately without departing from a scope of the prese‘nt
invention. Moreover, in the at_:c_drﬁpanylng drawings, a scale of each

25 member may differ for a purpose of easy understanding.



i nvention. Mreover, In the acconpanyi ng drawi ngs, a

scal e of each 25 nenber may differ for a purpose of

easy understanding. 7 ‘First enbqgdi ment A concept for
formng a dense thick filmthrough

el ectrical -di scharge surface treatnent according to

t he tion is explained. In the :
c:onvrjénr:ﬁq %ﬁgf)dgﬂégﬂl cal -di scharge 5 surface treatnent,
an electrode material.like titaniu i gyl hewi cal | 'y
reacted i H&iSPPC?H tﬂfgfﬁr@'@taré%ﬁ?egbé‘gh@%@"?’bﬁworm a

har d t like titani ‘ bi de, (T] Q),.
eSS noate MR AT airg Kb present
el ectrical -di scharge surface treatnent includes.

| ar Javeutioniis gxplainednatletha camwantional |G,l%¢tyicﬁb'di$§rhﬂf93
carbide. 10 As a result, for exanple, when the

8| ecturface tréiatmieat gan aledtsode matsriatdive titaniypl (Tédist chemically
- steel, as the electrical-discharge surface treatnent

pr ocreadﬁed in ottthrowgh electrisal Hivhavgedoviorpd haed carbide coat
changes fromsteel to TIC, which is ceramcs.

- Accqikdl fainYumCerbidé €TIG)L | CEhérdfere: thehslegBode used for the

conductivity and a nelting point change. 15 Through

ex p%ﬂé@ﬁf@aﬁ«d‘?@éﬁ Lg::éegu micé Wredthéritlinbfuddsia Wé‘@od)&ﬁﬁnhty of a

~ foun I'n such a coat formation process,
“CondlteAlEEL I kR ot GtbiB o™ T e

fonsti t uere anaeud (5P oxsRAIG, Whaf B fecficddRbfarge surface
S RN TN R ol charag surtace
materials that remain on the coat keeping a net

st ateealmeniproseeds agnaienalen a suifgce o aawqul@f:@aqhanges

significance in formng a coat thick.
from steel to TiC, which is ceramics. Accordingly, characteristlcs like a

ihermal conductiviiy and a meltihg point change.
15 ‘Through experiments perfofmed by the inventors, it has been
found that, in shcﬁ a coat férmation process, by adding a material less
| likely to be carbonized tblconstituents of the electrode material, it is |
.'p.ossib!e.'t'o form a_coéf contaiﬁ‘ing ‘me-tal'-j'as a main constituent and ‘forml
a thick coat. This is:. because addition of the material less likely to be
- 20 cér_bonized ‘to'th_e'élecfro'de' increaée an amount of‘m.ate_ria'ls that
| remain on the coat keeping a metal 'state without beqoming carbide.
This has an important sig’hifiéahcé in forming a coat thick.
'A prdcess 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



A process for manufacturing an. el ectrode for

el ectrical -di scharge surface treatnent is explained
with reference to Fig. 25 1. Fi 8 | is a schematic
for illustrating a nethod of manlif acturing an 8

el ectrode for electrical-discharge surface treatnent

(hereinafter, sinply referred to as e ) - ;
ScoSiariatE sof sifstipalAisiiardn suufod biakp8Rfkhereinatter simply
‘invention. First, a chrone 0 r.1, a omater,i

{ harofarred thias lpctrana aanasiing fS Adirst spuspdingiof the present
powder 2, a material that is less likely 5 to form °

car inventiene Kirséda shrame (errowdered. azmaterial that iglikely to
25 weight % Co: 75 weight % . The m xed powder of )

t he farmmanbide, lantha cokalCiCpdpowder 2,sa material that is less likely
space surrounded by a nold upper punch 3, a nold | ower

pundb férmacarbiteé dami rexéd at Bhpredetermimad eatip ¢eugsy Cirs25
10 conpression-nol ded by the upper punch 3 and the

| oneveighpsh, Eot 75 \fvﬁfqhta% reen conpact of a
. predeterm ned shape. In the electrical-discharge

surface tr ' ' CP P ¢ § difiPthéCo powder 2 is
el ectrode.%@ﬁéﬂgﬁﬁg?ﬁgﬁi rst en%,odi ment , thepCr

oo i gt o @RYE " SR G BLAGS S ower
{ aciineh B e BB hEn, orah The SpeR UOPREF s 0e
1§an comPiRRs omTRadid By 1oF uppBT U davirLine Rafhpen 4 o
if a large anbunt of the wax renmmins.in the el ectrode,
~an Jormigreer compagtoice pedetarmined shane. n{ﬂf es
| 328%&2;%&&:&1& %l;nrf];é!e zgag?rﬁut?%ﬁign;rgbntéfglggzt is used as
| the electrode. Note that, in the first embodihent. the Cr powder 1 and
| the Co pbwd'e.r 2 have an average Qraln diameter of about 6
- 15 micrometers to 10 micrometers.

Wax like paraffin mixed in the mixed powder can facilitate
transmission 6f a pressure to the' inside of the. mixed powder in the
combreésion molding, and can improve moldability of the mixed pOWder.
However, if a large amount of the wax‘ remains in the elect'rode. an
20 electric resistance of the electrode increases since fhe wax is an

inéu-lating sﬁbstnce. thereby degrading an eiectr{cél discharge
- property. | |
‘Thus, when wax is mixeld in the mixed powder, It is preferable to

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

25 electrbde in a vacuum furnace and heating the green compact. In



property. Thus, when wax is m xed In the nixed ‘powder ,

it is preferable to. renove the wax. Wax can be

renoved by putting the green compgact 25 electrode in-

a vacuum furnace and heating the green conpact. In 9

addi tion, by heating the green conpact el ectrode,

ot N ffibRChY HYatingd e cb efodb! other effects are

‘possi%(fe to gecreasdé ange ectrﬁ{cpa%;é?s?lpstgﬂcé 0 t?]é

gre ct , n IS T ;
IbtSRIBRACL Gt Fﬁé{@gﬁ ) ég _pb%ﬁllﬂg A6 e rahkg %Ehﬁ&ﬂﬁ

t he green conpac erefore, éven

is . eal. C [ €SS] | :

rean PRFRNES of InaRba btk EREBARR AR sFdnfidkte Strength of

surface treat nent wa erforped ysing the el ectrode .

randhS ArEPEFIMPRRLo aGtade. debapralate. YR when Waxs ot mixed,

coat. As pulse conditions for electrical discharge, a
 pealheatingeafter gpmpressipasmaddingds meaninagfel, an

el ectrical -di scharge 10 duration (an :

el ect ri callncidentally;dhp gleetridaddigchargeasudace tresdment was

m croseconds, and a. quiescent tinme was set to 128

m cpesforovets using theeledtrodul midrifacturetidnntheonandensescribed

thick filmthrough the electrical-discharge surface

t r eabovetto foram aidball ARl palsef cawditions fopeléctticandischarge, a
el ectrode, a peak current value, and a pulse wdth

hav peaklfyrré ﬁpﬁ?ldeeﬂe%/bg et t6 PHMdelBsOEnt S8 ctftaALdisEharge
| s descri bed bel ow. en the electrical-discharge
_ . , Bd . ,
1§ur d&t@ﬁiﬁh%é}rl@l%&éﬁér‘ﬁ% puldd WiHAY ége%gr%?ﬂ& 64

rnmed o aving a“certaln ave

O bRisedsinds, AR Gabdp (B B4Rt AE bt Boonas. 1
e R BT oo Aongehle A R b 1
. . electrical-discharge surface treafmént, a _grain.dlameter of powder
| forming an-electréde, a peak current value, and a pulse width have a
-15 | :strong refation.__ An outline of the r'e]ation is de_scribed below.
- | When the electrical-dis-ch'a_l"ge surface treatment is parformed -
'using an el'ectrod_e formed of a powder having a‘ certain average grain
S diameter. ;it'i's'possible to form a dense thick film when the
. eIeétricaI-diScharge sdrface tre‘atment'is pe'rformed-according'to an |
20 éleétrical condition In an appropffate pulse width. However, when a
puise Width is éhortér than the ap’prdpriate range. and when a pulse
width is longer than thé app'ropria.te range, a formed coat ié porous.
| Moreerr, when a pulse width is Short, although an electrode material
deposits on a workpiece. the deposited electrode material has no

25 strength to make the coat coarse.



pul se wdth is shorter than the appropriate range and
when a .pulse wdth is |onger than the appropriate
range, a formed coat is porous. “Pbreover, when a
pul se wdth is short, although arr el ectrode nateri al
deposits on a workplace, the deposited electrode

To 1t i s IEBnEneRens TFE i & PREGuRETWhER o BIMS Biatn at the

| h f el
Eﬂrfm (alairical ke aradLs firges ted me&&%@?ﬁ%%f@m the
i s ARRTgRriataBuIRS MUY #04 degrSase.dISEIakes Agstisa) discharge

~to nelt the powder of the 5 grain diameter, there
mekiengropdnseificiontr and makes B impessitiede makt hecpawdes of the
al so because, when a pulse width at the tinme of -
8l ecgralmdlardetmhme}eb;yunhkm theeaoatporais:i atds considered that
the appropriate pulse width and increases,

conRissiel sisotbhecaussagheh acpuiseakidth Sad:hhegia'nemfergy
excessive to collapse the electrode significantly and

SUPRI&6Fical-HisddrgR sivdace tbalindi Winiatest inemntheoappropriate
that is, between the electrode and the workpl ace,

t hereh eﬁmﬁ nHth zi“ élﬁfon'g%r@gt tﬁl??n R¥S 8lectrical discharge

entlre y MA an e rge pu se. Note t

by | 29@&3%9?%?&% RLBBUAPAE 66 aPeFOSBIITIBRR PR suppes a
18lr i GaAaaLLAEPP &gé@@f&?”éoléﬁgﬁ?ﬁdﬁ " br¥eff dfie electrode
 Donand thesworkeieges faere By making LRl [omeloe powder
el ectrical dischar %e puI se conditions, it is possible
to femtirely withsan eleatrical digghasge Pwiseal - di schar ge

surface treatnment is perforned using an electrode
‘ Note that it has also been found through experiments performed

by the inventors that a range of the appropriate puls,e width changes to
15 some extent according to a peak current value and increases as a grain
diameter of powder of en elactrode ,matérial increases.

When conditions of a cert_a'in pulse width are used as electrical
discharge puise conditions, it is possible to form a dense coat if the
electric_al—d_iSchargé surface tréétme.nt is- performed using an electrode
- 20 - formed of powder in an appropriate grain diameter range corfespon‘ding

to the pdlsq width.  However, even if a condition of a certain pulse |
 width is us“ed, when the élebtricai-discharge surface treatment is

pérforrhed usir’ig an electrode form of powder having a grain diameter

larger than the appropriate range and when the electrlcal-dischafge

25 surface treatment is performed using an eléctrode formed of powder




20 fornmed of powder in an appropriate grain dianeter
‘range corresponding to the pulse wi dth. However, even
if a condition of a certain puls width I's used, when
the electrical-discharge surface treatnent is |
performed using an el ectrode form of powder having a

gr aifhihg @%ﬁn dlé‘ érbﬁ‘@ilggqggﬁﬁﬂégﬁf(%rﬁ fidt@aRod ”Qfofhed

when the“e trica I SC sur reatnen

Pavidh @Qg%i#ﬂg M%'Z‘fﬁé%iﬁ?tit&aﬁ'ﬁisna{ﬂrrggﬁ%%?%%%ﬁgﬁatment s

ran fo coat orous. Wien t he

ol cdiariEm et aine, G PlegielBJd ed fERpwAST it Pd?ﬁ%%’ grain
usi ng an el ectrode formed of powder with a

gr aidlamgtanatiniough ﬁﬂ&]gﬁtfaﬁeén@tqfﬁid@%&ilﬁ 9a|a workpiece the
deposits on a workplace, the 5 electrode material has

Ro #leeligde matemwasr]eo sdeangibdosvakadhe caattcaarse.

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

pul se wi diNotesthat faerstiatioh betwesnepswder forminigean edeietrode and a
that is determned by heating tenperature and the

i kepuwde Widttelseaffeotbal by imardhgssof the elbetrddethabls determined
el ectrode is, the longer the pulse width appropriate

~for byohéﬂmﬂ@ﬁlfp@réﬁlredaﬁd?h% fiRe Of'thacslettrode®The higher the

beconmes. The | ower the hardness of the el ectrode is,

the h%?’ﬂh&fé Wﬁ NEEFEaYiS! the [ g%?rthﬁt;guiﬁerwid‘tl'i‘%ﬁgropriate for

el ectrica |sc arge surface tre econes

ﬁé;*@%ﬁ'éé’%'%i ittoR ARAEETR 3@* *ﬂrouﬁééﬁgﬁ‘h%gﬁwe”"e
Cor PRGeF e EF ARiFahELE, 1" PREF Uik Bidd BB dppropriate for
o cARA e cah TP Tare iealg %ii&ec@ﬁ%%fe;vmcorrelatwn

powder of an electrode nmateri al . whe
pealbetwepart hagdness of thp glestrode and the coat formatron has been

found through experiments performed by’ the inventors.
| ,1:5 | . ‘Concerning the péak éurrent value of the electric pulse
l conditiéns. an extrem.ely small peak current value causes pulse
‘breakage 6f an electrical dis.c-h'arge and cannot melt powder of an
electrode material. . However.when the peak‘cu-rrént value is equal to
or lower than 30 amperes. itis pq»ssible to form a satisfactory coat if the
20 éppropriate pulse width is selected. | | |

Acco'rding to the experiments perfoi'med by the inventors, the.
pé_ak c.ﬁrrent'_va'lue of 2 amperés or more is required to prevent puise
breakage. On the 'other hand, when the pleak current value exceeds
30 amperes, the electrode is damaged by a shock wave caused by

25 energy of an electrical discharge pulse and collapses locally to supply a
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or lower than 30 anperes, it is possible to forma
satisfactory coat if the 20 appropriate pulse width is
sel ected. According to the experinments perforned by
the inventors, the. peak current value of 2 anperes
or nore is required to prevent pulse breakage. On the
ot her hand, when the peak current val ue exceeds 30
anperes, the el ectrode i stdamaged by a shock wave
caused by 25 energy of an electrical discharge pul se

ﬂ@lL hﬁﬁéﬁél tPfie Work |e%%°é&éés%|\?égsp‘¥(§’9rre§ﬁltefhé‘boat is

€ WOr Kpl ece excess vel As ar t he coat

ailsomade [or008s. According to the first enbodi ment, a
dense thick filmwas successfully formed by using t he

el \%t rmrdmgrw the firsicerobodiwest, af_dsgaedhtql@ﬁm was
censfuhCrorgiod afl g Has ectiode 13THEd At tae &% powger 1
%’i&ﬂ'@é ?@n@@l@gr ?S%éﬂﬂg lé%:@ﬁd am#ﬁpof’gb?ut 6 micron}ﬁters to

15 ) nﬂérdrﬁetéi'saaﬁ@lsmq\bndél@éﬁidal cﬁé&ér@@p@ls@qmng a pulse

thick filmhaving suftficient strength even under a
hivigith ©f i iatosecomdsi 100H0@ michgseeonds.ni Adus, itisr possjble to

o Efé{a'@n?fi‘uzeéﬁéici“é{%yéanﬁé%&ak&éﬁ&?”ﬂc%@“ Wﬁé@u&ﬁcient
ltsriotficBln, WhdEE o i BHlEau g %P&Pﬁﬁrerft 'pffming
% Hﬁ?@ eﬁ\éc%lﬁ E@ﬁg aﬂ?Iorm a th 'Xffld?r working

hevtditiohs b(dischargendnilse bogmttmmemstr esmue ofpreat grain
diatnatenof powdsrdaming.the SIRCEATRAl ning O -

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



Therefore, it becomes possible to forma thick film

for electrical-discharge surface

having strength and lubricity under a :

hi gh-t enperature envi ronnent usi?? a 20 technol ogy
reatnment that is

capabl e of perform ng operations on a production |ine

whi | @Itplolugihh Mdtdeki ﬂi’é"coa‘t’@@‘sﬁbhﬂg?el oV %ﬁﬁng) and acquires

- possi bl e and prevents i ntensive

- wor kpi M’gset”fgaéha"ﬂ%@ﬁﬁgat n "dense thick filnt

descri ere mean n which a coat does

B o B o B G hmony mov o

fil d | oss;_t hrough pol i shi
| od WAoo IR g, o 2o S o

tre ment may be perfornmed in a working fluid or in
he 586C

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

to the dr &Nexlge. sesand embhadimeanitafthe presest inventiorc s
when el ectrical -di scharge surface treatnent is

per fexpidid edswith referemicector thied rewinigact Figd2tiljlustrates a state in
conpressi on-nol di ng and heating a 10. m xed powder of

Cr 3@hichhwiveruslactridalddischarge s@rﬁmétl@éaﬁnent is performed using

m croneters) and Co (cobalt: grain dianeter

M craenBledtfode ﬁﬁiid]&éﬁ;reefbejn bQQioﬂtnﬁléihg%é lh'e_@tilng a

changes by changi ng a cont The base materi a

1t§"c ke ﬁ&peﬂg @’2 f&?rorﬁi%l%‘??fde @rréfhedla@%tew ch

a mat Fess

: heﬁﬁs‘n‘%ﬁmﬁ‘”ﬂn@a@ﬁéﬁﬁr ﬁrﬁﬁﬁahia'?ﬂa*e‘é%?"qﬁsﬁatf Tesines

900%‘f formation of a thICk film changes by changing a content of Co.
The base materlal of the electrode is CrsCa. A content of the

Co whlch is a material that is less likely to form carbide, is 40

15 volume % or more and a heating temperature after the compression

moldlng of the mixed powder is about 900°C.
~ The electrical-discharge surface treatment was performed using
a green compact electr_ode (haVing an area of 15 millimeters x 15

millimeters) manufactured under such conditions to form a coat. Figs.

20 3Aand 3B illustrates examples of electrical discharge pulse conditions

25

in perfofrr_:ing the olectricai-discharg-e. .su'rfac_e treatment. Fig. 3A -~
illustratos a voltage wav.eform applied between an electrode and .av
‘w.orkpiece 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



The. el ectrical -di scharge surface treatnent was
performed using a green conpact electrode (having an

area of 15 millineters x 15 ml}jneters) manufactured
~under such conditions to forma coat. Figs. 20 3A and
313 Il lustrates exanples of electrical discharge pul se

g{jr”;ﬂae{:gv%t%ﬁeb? gg&gm.mg fohe &h %qéafr&aéuﬁeﬁfeﬁr&eﬂowmg

ilTustrates a voltage

at t e t,e?,ﬁgéqsheg]eb AOIECE: el Cﬁgi’cggg& n@g}é%of‘dis‘:g%ralfﬁlaEhctiﬁay time
1 ol sredtigdt HiERardE et & vIledh eﬁﬁ*&%é%‘%k[;segtd'schafge

shovvnln Fi 3A, a . no-|oad vo ge u a
bet Wodag8oHe a5l an 9ctrncn%urtr9ntilﬁwm@tt#h@ ﬁ&mm peak current

starts rovmn bet ween both the poles at ti

&f t valee ipse Thendvdemthg: supphy of prvoltage aﬁtween both the poles
el ectrical discharge starts. A voltage at this point

i s ds dtopped @t timelt2 athe elwcirid currentestops dlowingent

flowng at this point is a peak current 5 value ie.

Then, wheTHetinm ppligd Betweer thagadittindivatestehpulse width te.
poles is stopped at tine t2, the electric current

st opsvbltayb viavefoemt beRvarat tifth B ander2 islagplied Between both the
| nd| cates a pulse width te. A voltage waveform between

difs ?Qﬂeé?edl er @Rl{dg@%lfsbﬂ YGivcent fintd'fo. IO!H 8ther words a

rep atedly quirescent tine to. In othe

SO A1 3 A oo

t he se @.@g i ment, as the electrical di scharge
pul &0 H’otng ‘the peak current value ie is set to

ol ect 1 cantdhScesond Sbodimentngs s saEical disiage pulse
m Crc%%%(i:t?gr?ss thaenge;p guﬁrlgnisvg?gé |é I|sm;ett ?o I1?) asr%tpetrgs 1t ¥
, electrical-dlscharge duratlon (an electrical-discharge pulse width) te is
15  set to 64 microéec_onds; and the quiescent time to is set to 128
microseconds. Note that a freatmént time is 15 mi‘nutes..‘
As 'sholwn in Fig. 2, when the content of Co in {he e!ectrode is
. 0%.- that is, when the content of Cracz in the electrode is 100%, about
10 micrometers is a limit of thickness of a coat that can be fofm‘ed.
20 The céét is made of a material cbnta‘InIng CryC; as a main constituent
and a base material. |
Fig. 4 -iIIustra‘t'es a forrﬁation of a coat with respect to treatment |
- time when the e!ectrode contains no-material t.hat is less likely to form

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

25 .electrica!-discharge surface treatment, the coat grows as time passes



m croseconds. Note that a treatnent tinme Is 15

m nutes. As shown.-In Fig. 2, when the content of Co In
the electrode is 0% that is, mﬁin t he content of
Cr3C2 in the electrode Is 100% dbout 10 mi croneters
|s alimt of thickness of a coat that can be forned.

‘ ] 0 [

2 Y B8knods BPHS Ebaf sERlrEtaSy LM e (pbott &

il formati on of a coat V\nthrespect to

treiﬁm%gw when the el ectrode contains no '
mat eri al at is less likely to form arb

shown in tﬂq'bereg?tef.n #qg “ﬁéﬁfsw Wg‘eIQSAiNhen the
el ectrical -di scharge urface treatnent, theef;:

gr ovelegksicaldisehargessuriace freatment is condinuegfog mpre than a

saturates in a certain tine }abgut 5 mnutes/cnR).

Fherceataintime Habout20dninutasicratlothe dhicknags|of. thwmt starts -

the electrical-discharge surface treatnent is

contdenwedsing. nEinallyhthe thickness changesite mﬂum.lttﬁabis the
m nutes/cnR), the thickness of the coat starts '

dec vasrkipiece 8 dagl Y Howevéitioé oasat is Btiligeesbat evensin the dug
that is, the workplace is dug.. However, the coat is

st 's't:ail%r 878 the WMRknies therébis shEhEe @ﬁﬁaci'@mewﬁsc KIEpig is

thereof 1s about 10 mcroneters. This is alnbst the

Sa”%lﬁ%& @%ﬁ!‘fﬁ ga%fthfcﬂﬁe%%%?f t‘rfé’ EBQt fﬁn%ubggﬁh%@@bﬁate time.
B e S PR A A, i o can o
o1 BhPRLS i 85168 26ee AL L FHl s JEP 4185, 68 Shroonizec,
: ‘mﬂ'eﬁn“l?ﬁéseaéévé% & Saaassdo. varenbbay aeA thE%orteRt of co i
the electrode exceeds 20 volume %, the thickness of the formed coat
starts increasing, and when the content exceeds 40 volume %, the
15 thickness stabilizes, making it easy to form o thick film. By increasing
a quantity of matenals 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 consadered to
play arole of a blnder in the coat
| 20 : Note that volume % in this context means a ratio of values
obtained by dividing weights of mixed powders by densities of the
respectlve matenals and mdlcates a rate of a volume occupied. by a
materlal ina volume of materials of all powders.
For example, in the case of volume % of a Co powder,

25 “"volume % of Co powder = volume of Co powder/(volume of Cr3C;



15 thickness stabilizes, making it easy to forma
thick film By increasing. a quantity of materials
remaining in the coat as netal, it is possible to
formthe coat containing a nmetal conponent, which has
not changed to carbide, making it easy to forma
thick filmstably. Co is nsidered to play a role of
a binder in the coat. 20 Note that volune %in this

conpewdiereansiume of Co pdéwder) s 000bt ai ned by di vi di ng
wei ghts of m xed powders by densities of the

r espect iAyolumerofgpawededis nat antapparenhvelwnedavlume as
occu terial |navo of rraterlaj
o oSk Bt B olume SAEREWEAT peplafialoc Sor pxample,

povbl s dre AEFE et 8 NG orHEh I of G Bowder.

spowder ) Il<|slﬁﬂeferébléq}1§fr§ r‘éfte W‘fﬁérméférmtwﬁibl'ﬁm%‘sﬁrlkely to

vol une (a volune as powder) but a substantial vol ume

of b&eamxyNEednaontalaed ifrthe electpdde is equahtmonhlghzer than 40
powder - i ght of Co powder/density of Co powder”
It wc&umee%raeqSeshown ua Fig: 8 whendbenpeak purrenxma&me .lcg is set

3&@53‘1 kSiBstritahded] arﬂ%ﬁﬂw@?ﬂ%@ﬁa@ e%'Pa isghasge pulse

Wté:’ﬁgs%tﬁtgc ri caf&% SC afgﬁ%ﬁga AMSH %tnk?rﬁété?é setto
mel €28 nfletostcntiRy &€ the! bﬁé’ctnwﬁai@bhbﬁ?e pusss cbadftibns, it is

m cr oseconds, and the quiescent time Tois set to 10 '
123)0as¢blesiecfonmsa goat wdthethickmess bf abouh 4 Ognigrometers even if

C°R€%&'@€é‘3tath eBisleriah WhiEh s kel dn b Carbraized.ds gaual to
5 A 2. i e Eof BB e e s
CO@BﬁrbBﬁﬁtél?"cS fbFmB$ d&fse thick film. For example, although it is
15  possible to build up a material densely 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
20 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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appropriately to forma dense thick film For exanple,
al though it is 15 possible to build up a materi al
densely even if the rate of the material, which is
less Iikely to be carbonized, contained in the

el ectrode is about 30 volune % a range of the
conditions is extrenely narrow. For exanple, when an
excessively large quantity of a material, which forns
carblde is contained in the el ectrode, when electric

sl b amghsT LIRS (2 At f

powderforingtherslectrodes  €Hsisimakest/possibleato beildiup a
gl oss |s not acqw red even_ if the filmis poljshed.
moaterial densel y h@cgvsame@mmmmed seahingligns as binding

Gﬁhﬁ trlcal schar urfﬁ ? 9ilgatment) is perforned
I orfm,a %Eﬁ %‘ﬂng ?'95] s r(ag trical 17 discharge
g“ S &M @%%m] ;?3321”‘3@??‘ Wh%'kma %o"i‘ﬁ@ﬁ?éf Coin

m&léﬁtmd@@ﬂ@ I\@Iwmea% @Bhbwﬂ lrﬂP 6 y h‘ﬁﬂtwphotﬁgrabh
in the formed coat functions as bin Ing and forma

chowh i Figr 5.4 thick dim Isavuagga thickness bbabgubgrmilimeters is

IPBnedoqcThis Gantis Tartenwith t@ANTeNt fihe of 15 miRUigs.under

R cHHedhs S80S0 v e MY ii5 siETe form,

|thicker Tt 'Y lhctéf!élhg‘iﬂb trédnént tifae nutes under  the

condi ti ons descri bed”above. However, it is possible to

f or m al Higs,tthecdectrodetcantaining d&volglmdac%toreabmnf the
time. Thus, the electrode containing 40 volune % or

rfbatertal wiich ilessi Imelytmb@hcarbqr&%dt such gstleo ufa;the

FecliBnfin e aad e rorting feleGlr G tharhe SGftal”
treatment) is performed under the working conditions (electrical
discharge pulse conditions) most suitable for a grain diameter of
powder forming the electrode. Consequently, itis 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 iower



treatnment) is perforned under the working conditions
(el ectrical 15 di scharge pul se conditions) nost
suitable for a grain diameter of .qpowder formng the
el ectrode. Consequently, it is p&gsible to forma
coat, which is stably dense and thick, on a surface of

ook RIS, dha AR 1U SRR PR s
nmbogl t [ t] bl b | aj
oo eBhER o G PHERS el Y bR 42 RE BN Bien 1310
f illustrati t hod of factyri
ol eclerid UreBh, Angaptol Arapaleaioadctianm: s,
powder 11 r]a()éi ng a grain dianeter of about 1 )
mi cr@lfetrisal-gischargy pugace freatmante this greenieempach is used as
nol d. upper punch 12, a nold |lower 18 punch 13, and
ol dthgi @lectrpdeThe Co powder 11 is conpressi on- ol ded
by the upper punch 12 and the | ower punch 13 to form

-a green cohpaedetsrminpdqiess preasdre isappplieéd to the powder to -
el ectrical -di scharge surface:treatnent, this green

conpleardeinsthespdwasr and tieasyethe pdevdek tor @ dpboniompact.
press pressure is applied to the powder to harden the

 powdgswaner,thengradreoMPwee cahfof b ¥t 88 tRa%lectrode as it is

However, the green conpact cannot be used as the

el ecdihed %t Ras iat-h@eel%icﬂ?@ régis%&’.‘ h'i'?é‘ ﬁiée@qg tefsistance of the

resi stance. The ctric resistance o

18wl e BB e 8GR BT thr X Spoffh in Fig. 74
7= S g o o B sl G842 S 5T
) electrod'e terminals 24 of a tester 23 into contact with the metallic -
plates 22. |
| Alternatively, és shown ih Fig. 7B, the eleétric resistance can be
15 estimated by a simpler method of bringing electrode terminéls 34 0ofa
te‘ster'33 into contact with both ends of an ‘eiectrode 31.
In the third embodlment, Co used as the electrode material has
a melting point exce_eding 1000°C. HoWé\ier, the researches of the
inventor mad.e jt clear that, when an electrode was 6bseNed ful’ly,é _
.720 'part of the niatarial (Co) melted even at temperature of aboui 200°C to
I.ower an electric rééistancé of the electrode. -
Whén the Co poWde‘r having a-grain diameter of about 1
micrometer shown in Fig. 6 waé molded into-a gkeen compact— having a
diameter of about 18 millimeters and a length of about 30 millimeters,

25 - an electric resistance measured by the measuring method shown in Fig.



e

plates 22. Alternatively, as shown in Fig. 7B, the

el ectric resistance can be 15 estimated by a sinpler
nmet hod of bringing electrode terminals 34 of a tester
33 into contact with both ends of%an el ectrode 31. In
the third enbodi nent, Co used as the el ectrode

rowotA haisaled BelBran MimBolinyBH ARG Bhriscdhta peint ghen the

that, when an el ectrode wa bser yed ly, .a .20 rt
of LPRWHRE B SOmBsSHEN BRIGREn Bio-1& Hiustiatds 2 (IR0 between

about 200C to |ower an electric resistance of the
el ecan @lrctrigiresistapcednbadigating tergparatuse whamthe green
~of about 1 mcroneter shown in Fig. 6 was nolded into
a gresmpachpasthéateidin a predetermineditimednta v@cuum furnace and
‘mllinmeters and a | ength of about 30 millinmeters, 25
&n cthent held dtes ipsbdaterminaduteathdrtafecforens hbagto two hours.
met hod shown in Fig. 19 7A indicated several ohns to

- several teyhedMie Rbating tBmpyratirenforiRe grevHatompact was low

conpression-nolded. Fig. 8 illustrates a relation

bet. o t fH £ af L5t ; ' ¢
B9D-C2r %ﬂs?ﬁ {méefeeéthé r8Bta Rty o?tﬁ‘@%ﬁég?g (fompaact hardly fell.

t enper-at ur e e green conpact was

pr e%&%ggﬁeﬂhéh eit@r?%g;’%ﬁgb; Wa@aﬁga%'ﬂdinS? gglt?l\'koe?ﬁhﬁa range

at a predet’erm ne or ~one hour

“hours. en the heating tenpgrature for the gr

comphe! AUt AP $GouRd MEEE, T deqils iadfatBhB8 bt the green

resi stance, of the gree onpact rdly fell. ver

herPamBact BH siviast 0 aEdmhekosdhe arbendisapasEREed of the

range T of about 200C shown in Fig. 8, the electric

r esimatefial dgsarihed;abone ] tempepatyre ofaboud 20076sto 850°C was

ohm For the green conpact forned of the material

desaptinadmabohen the beatingdeoipearatute @gceeded 300¢Cudiswas
difficult to form a thick film since the electrode becomes too hard and

therefore an amount of the electrode material supplied between poles

15 - by electrical discharge decreased.“

Fig. 9 iilustrates a state in which elebtrical—discharge surface
Vtreatrﬁeht is performed byA an ele_ctrical-discharge surface—tréatment
apparatus t;sing the electrode manufactured in the;.proces's deécribed
a'bove; In the state shown in Fig. 9, a p'ulse-like electrical discharge
20 oécurs. A photograbh of a coat formed by the electrical-discharge
surface treatment is shown in Fig. 10. in the photograph shdwn in Fig.
10, a thick film havinQ fhickness of about 1“milli‘meter is formed.
Tﬁe electrical-discharge surféc_e treatment apparétus shown in
. Fig. 9includes an electrode for electrical-discharge surface treatment

26 41 (hereinafter sim'ply referred to as elsctrode 41), a working fluid 43,



opti mum Wen the heating tenperature exceeded 300C,
it was difficult to forma thick filmsince the

el ectrode becones too hard and g@erefore an amount of
the el ectrode material supplied t ween pol es 15 by

el ectrical discharge decreased. Fig. 9 illustrates a .

st at £n§ %r ﬁgigﬁg ;/s%'gﬁﬁérr%f octics g@%gﬁg%ée kBfface tr68tMERL 45, The

is perfo ctrica

surf rea ' | [ - t,r

an FSEHDEA TTE the YRBIEHE Ut R Aol Bl Rife gh.a green
stat e _shov Fig., 9, a pulse-like,electrical, .

i ccrePRaebablunaloy sofwlessamaliing Trdhemtintha,Go powder
t he ﬁctri cal -di scharge surface treatnment is_shown

in Fﬂg aymg Prgrﬁﬂbdlﬁm%ﬁjr%fpﬁbgﬂbmlcﬁomeéﬁﬁ 1bhe power supply
thick filmhaving thickness of about 1 mllineter is

for fe8 elaetsicai-sisgharge- surface trgatment Adcapplies mevoltage between
apparatus shown in Fig. 9 includes an el ectrode for

el edhei elactrodechhiand 8 workpéece d2ttoegenerdbe 4lpulse-like electrical
(hereinafter sinply referred to as electrode 41), a

wor kiisghafdes{ah 48c c&lhmn?ﬂd.-a ARGeRvo PVeEHanisMT for controlling an
el ectrical -di scharge surtace treatnent 45. The

el eghtelpolet didtantoqHIAtaS! bAdi8tARSC hbbResef tRY B %gadﬁ and the

of a green conpact obtal ned by conpression-nol di
o s 4%, £3088HRGE ard SRR AL AOBLAEPATIELS, and to
184 i 50 L SHORHE £, 5 e S pBBebEE ol ot crecty
1O, SEIEoR8 BRSBTS, o7 o e g (an arc
el et ode TPOTHEARAL GbAGHTEERS Rb WATkRISEs MBIRG dan
for storinng the working fluid 43, and the 10 |ike are
‘not edeRkiiealdischarge, swiaee tatmand anpasetusittbeelectrode 41 and
@ r?ﬁé I?l\)!/orkpitezce 42 are arranged fo be opposed to each other in the
15 working fluid 43. In the working fluid 43, a pulse-like electrical
discharge Is gaUSed between the éleqtrodé 41 and the workpiece 42
using thé power supply for electrigal-discharge surface treatment 45.
Specifically, a volfage Is apbliéd between the electrode 41 and the
'workpiece.42 to causé electrical diScharge. ~ As shown in Fig. 9, the
20 ark column 44 of electrical discharge is caused between the slectrode
41 and the workpiece 42.
A cbat is formed oh a 'sﬁrface of the workpiece by energy of the
electrical discharge caused between the electrode 41 and the -
workpi.ece 42. Alternatively, a coat of é substance, which is generated

25 bya reaction of an electrode material due to the electrical discharge



related to the present invention. To forma coat on a
surface of a -workplace using the electrical-discharge
surface treatnent apparatus, thegel ectrode 41 and the

wor kpi ece 42 are arranged to be opposed to each other

in the 15 working fluid 43. In the working fluid 43, a

pul seneéigy iefemed onl thedsefhes af the workpiskdret Theralebiode 41
el ectrode 41 and the workpi ece 42 wusing the power

supphas aoiega thed bbFa?rityCBIfd?h?é %rﬁHféc%CEZ trfa%aiﬁéitl\f’épolanty

Specifically, a voltage |Is applied between

ol ccAR ot aiohiPat s KHEEE oot BarBIRaFhETIHE )

di schar ge. As shown

el e h rode
a1 Speiin B Eﬁé%Zeé@o&% ofb Ui BBRR el baly 47T ace
€ of the ectri cal

|SC@§F@@J%%]§§ &ﬁg¥ﬁ$ﬂmt ‘g%e 41 and the
wor kpi ece 42. Alterna vel y t.. of a substance,
whi ch is dHEPROLIPNES %yﬂraeleﬁs abdisohasge aulsq I dae

material due to the electrical discharge 21 ener? ]
is feeaticaddiseharger sudacetraatmant; eppealecumeat value is set to 10
el ectrode 41 has a negative polarity and the _
wor lgihperes| ametedripakiitschargelduratipn (aAnelectricalidischarge pulse
current | at the tinme of electrical discharge flows in
a dvidte) iscsetf tooBnnitrosdcondndmdia duiebben Mm@ isssetiioy16

for 5 electrical-discharge surface treatnment 45. As

100ndhicrogecdivds.aniretias tHird @miSo gigtento ébétsf?a\hﬁgtthﬁzkness of
el ectrical -di scharge surface treatnment, a peak current

val yhdut BRiillinvetd? is Wﬁﬁé&%ghﬂﬁaﬁhﬁﬁ fdrcﬁ\!ve g'l ﬁ;ifb?s’.ge

duration (an el ectrical -discharge pu I's set

to. 8 m cr 95 %A8 S e b ANTEH Fsthibed Qﬁo{/é. Siite'the'Qectrode

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

‘16 ﬁs'ed a formed thick film is distorted and irregular. in the first.

embodlment a dense coat is formed using an electrical discharge pulse
havmg a pulse width of 50 m:croseconds to 500 microseconds.
However, it is possible to form a dense coat by reducing a grain

diameter of powder to reduce the pulse width.

20 This is because, when a grain diameter of powder of an

 electrode material forming an electrode is reduced, it is possible to melt
the powder of the _eleetro‘de material sufficiently even under conditions
that a pulse width is small and energy is small and form a coat by
stacking craters with small electrical discharge. Thus, it is possible to

25 form a dense coat.



10 m croseconds. In the third enbodi nent, a coat
havi ng thickness of about 1 mllineter is forned by
treatnment for five mnutes. In the first enbodi nent
descri bed above, since the electrode nade of the

m xed powder of the Cr powder | and the Co powder

havi ng a gimthe thiedretrbodimertipwhen thecgrimtdiameter Pthe Co
mcroneters is 15 used, a forned thick filmis

di stpoweer #&dbout G%i@bmét@rt@%efdsbséeat Wﬂ?%‘ﬂl‘cﬁﬁgéfull@ formed
dense coat is formed using an electrical discharge

pul sgithhRpune @didPt‘H' éﬁsmnﬁb'fbé’écé% f'ié)assecoﬂfi’x%nt fﬁ@lse width

m cr oseconds. However, I'S pPOSSI e to forma

the B oo S Sydhaiy, £ BATlE e B&ﬁ@ﬁé hefip LR i electrace
81 TBa L ORingihny b?‘?éa?%rggi?éi?ga[s S

powder  of the el ec{rod grl aI fficiently even
under condi@MERS of aRele: §é3\ﬂ Hained. s plhenthg grain diameter

energg is small and forn1a coat by stacking craters

wi t Wassmaltpadithecelpctiodenuagharihhardness of the slegteode was
‘to 25 forma dense coat. 22 |In the third enbodi nent,
whermepsutpciusing RoskwelldiandnesSoopthadtike sWibena g:ain diameter
m croneter, a dense coat was successfully fornmed wth

a puwaes lavget andfths ®letirode ds sadi; hardhess of \theeiétizode was
pul se width exceeds 50 m croseconds, a coat is nade

1por aneabers} asingnthl pehcidéeratehi tost fb! ARG @ating speclﬂed in
significantly because of electrical discharge. "Harness

of WapAnesl ﬁﬂ%s&ﬂa%ﬁﬁﬁ&%ﬁﬁ%é@@ L5342 @gﬂ‘%@{ﬂ% standard

was small and the el ectrode ard, hardn

°! 298 ofifindfP usERTRHEIAINEIAN oFA°EYREL A IPRSS tler fnd that

i ke
the standard is suitable for evaluation of a material with low hardness.

This pencil scratch test for film cloating and other hardness evaluation
15 methods are convertible to each other. Therefore, the other methods
may be used as in.dices.
| 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 fermed when hardness
of the electrode is about 4B to 7B. However, e#en if the hardness
20  deviates from this range slightly, a thick fiim 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 fllm until the electrode becomes as soft as
8B.

25 However, formation speed of a coat tends to fall as hardness of



,
" i
Qo

was | arge and the electrode is soft, hardness of the
el ectrode was 10 neasured using the pencil scratch
test for filmcoating specified 2 Japanese :
‘I'ndustrial Standard (JIS) K 5600-5-4. Although the
standard is originally used for evaluation of a

d:
STt ah ledtRdl inGidBsBlCn WK el RidndsdoRatfeli it relatively
har dayissut 1o Wi BEIER 1IRA! VG Reh b ffaresb BrAR3 4iBBtrode

and ot her ness eva uati on

ﬁg? \é g@fet? Hﬁ%}F eq}sgdﬁggl? h”a?%a?@% ¥ %rﬂéd;ﬁ 213 the hardness of

di anet er bout 5to6mcromaters a,sta
coat'"Ps® 'Pﬁé’@@s‘?v%a‘%{ed@%%aﬁﬁ-& “f?flkl?f%%'%f@mw%d
when hardness of the electrode is about 4B to 76.

esieahly. i f the hardness 20 deviates fromthis
range sli ly, a thick filmcan be still fornmed. Wen
t he har-dngé’mnshameéas@foan iedectsogeds ideicceased dit is possible to
thick filmuntil the electrode becones as hard as B. ‘
Wherformea blicéfdes until thece leatrotie becoimesas siofl #s 88. However,
forma thick filmuntil the el ectrode becones as soft

as - fibandlysi®ofeetonstoucion of ssirarbdthiok dMnthd$ revedied that
fall as hardness of 23 an electrode increases. Wth

t he Hinedpagually ?ﬁ’f’r@%s@ .ini thel fhi @hgfnﬂ. V‘Wﬁ?n‘ihﬁfélﬁlﬂirbde |

to forma thick When t he ess o

; 1?'(” ne(fb@liﬁs Isﬁgtteﬁa h'%ﬁfo‘?ﬁsﬁ ﬁ’ét? {5 goWsﬁmmtdgﬁosus on the

ness of even
v TR R, i i
softb rm a < f' I f'an e ectrogg aenI gt gtde OPSCC% also changes
slightly depending on electrical discharge pulse conditions. When
appropriate electrical discﬁargé pulse conditions are used, it is also |
15  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 thq powder
o halvirng é' grain diameter‘of about 5 micrometers was used, the hardness

~ of an electrode described above was an optimum value. However, the

- 20 o‘ptimdm value is significantly influenced by a grain diameter of powder

»forming the electrode. A reason for this is as described beldw.
Bindihg stferigth of powder forming the electrode determines wh.et‘rher
an elecfrode _rriaterial is discharged from the electrode by electrical
discharge. When the binding strength is high, the powder is

25 discharged less easily by energy of electrical discharge. On the other
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an analysis of a construction of a fornmed thick film
has reveal ed that holes gradually increase In the
thick film. Wen the el ectrode 10 becones softer than
about 9B, an el ectrode constituent deposits on the

wor kpl ace while not nelting sufficiently. Note that
this relation between hardn%§§ of an el ectrode and a
state of a coat al so changes ““slightly dependi ng on

el ectrical discharge pulse conditions. Wen

%@,%héhqhslmﬁaygﬁ%@ﬁ@%wmgggwﬁéioqéafh;rg@aeeasny

used, It Is also e to exp a range o

hoy enesgy of etectrtatdisctarge. which a relatively
satlsfactorﬁéoat can be forned. In the third

enbodi Vihan the graibatiameies of powmgerfioemingithe electode is:
rai n di amet er of, ahout m croneters. was_used, .th
HaramdBis Mgmbas of Rt WBerk foMaRS i Tutssayote
. ) . :

SRA4BASb ok BN GEge i Ipl. e hand, when
APedesin dianBtas of BewrleTbieiiy te BRAGIAUE By siallS thé natnber
descTi bed bel ow. "Binding strength of powder form ng
tdfepaints whade powders joirs intlee blectrade areaseddo make

material is discharged fromthe el ectrode by
lestrodestrergtichghge. Wien the binding strength is

hi gh, th wd i,s. .25 .di d i, by .

ener gy P ERIBEH Ve B ahg Bl mbBAlnERT it s ssibleto

P ' eEh A eIy g foPm 2 topl Ry I Rcleit srength by
irhingowarkingi e reworKing @utriitibns maost Suitable for a grain

electrode is l|arge, the nunber of points where

rdiameter ob powden fosming arr electodecand hardness wikhe

eIecErade strength low. On the other hand, when the
JPRU@A8net er of powder forming the el ectrode is

smal | \wi¥h BOWRET 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. [n 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,



of points where powders join in the el ectrode
increases to nake electrode strength high. As
expl ai ned above, in the third eng diment, it is
possible to 1o build up a materi densely and forma
coat having sufficient strength by perform ng working

Hfiﬁgp‘ew 9%%?@'?'%%5@ %t%'séﬁfgtﬁ%ﬁa 0 i BcFelag putse, to @
-t éwsskﬁfeﬁé "1 ne bk RERYREtsTay TRat i ikely o By 3 carbide, such
used a | ectrode material, jt. Js possible to faor
a t@y E bt;nea@@lgquﬂlglsmltqdowsatvmqkpﬁpe in a state in which
el ectr| cal -di scharge pulse wdth is 50 mcroneters or

| essthenmaieriahis eempistely mealted by asoateciticaldisehatge pulse, the

addi tion, through experinents perforned by the

iSnv ematerial suppliad todee warkpibaehist catbanszend ¢ biel motybdenum
forma thick coat (of only M) 20 with an el ectrode

_cont canbide towh gke ¢ndiffi¢uNblo Fern aothack fithn However, it 8fpossible
0.7 mcroneters. Since Mo is a material that is I|kely

to frorforensdglse tbavpy adzuémfg hheeria@tnéalrdibena elp0is® width
coat to use a condition that an electrical-discharge

pul S@nd"'sﬁggl hredt8iaY SvMichoRthét i mtﬁgpﬁ%qﬁbdﬁy%ﬁ electrical

or nore a m cronet'ers or | ess an

ey '5?ﬂﬁyd%bﬁgénea'gpe%@rosg@ie&%s%@egghsgﬁséf& s
- 10r PG iemBobaff3c o, “when the material is
| ﬁ;lto g“ Z|d trﬁe&@pfqéf yen n?gqq g}psr{;;agfgtnlegpr\éhélpp,t&\rentlon is explained

di schar ge pul se, the 5 material_ Egl iled to
mrlé’ﬂi”é 8 qrgnggrtgdﬁl,ezwwaagge ,lr'ﬁ,gy &]anschematlc for |Ilustrat|ng a

method of manufacturing an electrode according to the fourth
embodiment. A Co alloy powder 51 havinga grain diameter of about 1
15 .micrometer_is filled in é space surrounded by a mold upper punch 52, a
mold lower punch 53, énd mdl_d dies 54. The Co alloy powder 51 is
compression-molded py the ;Jpper punch 52 _and the Ibwer punch 53 to
form a green compact of a predetermined shape. In the |
electrical-discharge surface.treatment, this green .com_pact‘ls used as
20  the electrode. | |
N‘ote,that, in the fourth embodiment, an alloy of a Co base
containing chfome (Cr), nickel (Ni), tungsten (W), and the like (Cr: 20
weight % Ni: 10 weight %, W: 15'.wei'ght%, Co: the rest) is used as the
Co alloy powder 51. An average grain diameter of the alloy is ébout 1

25 micrometer.



carbide to make it difficult to forma thick film
However, it is possible to forma dense coat by

adj usting an eIectrical-dischargﬁspulse width and
supply the material, which is not conpletely nelted by
an electrical ) discharge pulse, to a workpiece as

descri bed ﬁg%ﬁ’ﬁ&%&g&}% Boﬁ@é‘&?’ HRRbt 'ﬂ%’({:se&‘ a%ot%\';e‘.t %‘Iﬁctrode as

enbodi ment Fnvention i's exprlalne

ref e O; b N3y Fig .1l is a schematic for

i1 u'gﬁgﬁctneg'ta %ngtrﬁ%%g?c%ﬁ%rs&%@ﬂp%hg an el ectrode
according to.the fourth - odi.nent .. A [ 1 owder

51 havi ng éauraf]ﬁf’ﬁoﬁqi ‘ﬁnﬁ g&ﬁgpﬁgg‘j\ﬁrdpnltggnégﬁgwngf@r 51 by
filled in a sLPace surrounded by a nold upper punch 52, .
a M%Sﬂt%ﬂ Conalley, gomded & issashardmailoyso Enekgfore, itis.
powder 51 is conpression-nolded by the upper punch 52

&nd nq@amﬁomﬂ)wmm as qrarafligtethe &nploy powder 51 for
-predeterm ned shape. In the electrical-discharge

~ sur fimprove pwnteoftmotddbility echowevppalettricicendastivigoat the time
the electrode. Note that, in the fourth enmbodi ment, an

al | of elbctrical-disskargeosudaok i athiarntfallSras amesldtlal amount of
(Ni), tungsten (W, and the like (Cr: 20 weight %

N : the wek ahtan’eleblrotfe MRréhdes? TRerdfofe, R34 brbferdbffito
as the Co alloy powder 51. An average gral n di aneter

of tBfhcld e WaxiO4 lathr pﬁ-ﬁc%&.rom?ter'- 26 However,

the green conpact cannot "'be used as the el ectrode as

B 2o, BBl il ReSCh ol g g 38 e, rositance of
goﬁgﬁé ei%et%éqeghgqs gfg?eeti?:%ﬁepqtéﬁs %%t%laoxag&%e{urg%ce.s After
‘temperature riee forr a_predetermined time, the green compact is kept at
‘a predetermined temperature for one hour to two hours.
| W'hen an electrode was molded using the Co powdef having a
1.5 grain diameter of 1 micromefer as described in the third embodiment,
2._00°C to 250°C was optimum as the heating temperature. On the
" other h’and,Awhen an electrode was molded using the Co alloy powder
51, an optimum heeting temperetere at which the electric resistance feII'
was high at 800°C to 900°C. However, if the electrode is heated to
20 800°C at a time, the wax Is carbonized to remain in the electrode as
impurities.. Therefere, it is necessary to remove the wax at low
temperature ‘ence.
When the heating temperature was 200°C and 300“0, the
electrode according to the third embodiment was in a coarse state,

25 which made it impossible to form a coat. When the heating
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5 necessary to add wax such as paraffin to the Co

al l oy powder 51 for inprovenent of noldability.
However, electric conductivity at the time of

el ectrical -di scharge surface treatnent falls as a

resi dual amount of the wax in an el ectrode increases.
Therefore, it is preferablesto renove the wax in a

| ater process. 10 Thus, to renove the wax and decrease
the electric resistance of the electrode, the green

qerFertatle was 1006°Q AsardRdsy ofRgR electrode inerd@sed UvRich

rise for a.predetermned time, the green conpact i s

kepdedt mpossM@t@fmmaﬂcmm:rperature for one hour to
t wo hours VWhen  an eI ect rode, was nol ded using, the Co

powderNextsicenditions fojrmaking i Rassiblgrtoiformca slanser cqat

RIS B0 d Wittah ARG BRI iRt e Cogaly PBider 51
o patafere. o béRQﬁﬂY@ﬂxFﬁ]hé‘%ﬁag%i‘%%eaﬁ% bk and a

an op eati ng tenperature at

tﬂlﬂselmdth wayg esangedcarictisly. Wiledtrgflesius@ddn performing
900C. However, If the electrode Is heated to 20 800C

aeleatrtda#@hschwgaasurface freatmend wvere melded to fappeopriate

er@ect rode ? ich ol i mpur i tthéaﬁh‘% ﬁ%’?{f @%Egndqm?ﬁékmg
e L

st at e, |t i HiffikIE fo KPS d dehs@ BsiekHlIm @ﬁlefs@.rrmr@n@%gtof an

When the heating 27 tenperature was C, hardness of
tdlectrbdetis ontdt dppropeiatel, Wiheh harddesstoflthpceiecﬁnbdetls too

faorma coat., Next, conditions for making it possible .
thighoa thickddmseaaaat be formed. When hardriess oP the electrode is
too low, although a built-up film can be formed, the film is made porous
and not dense.

Conditions for making it possible to form a dense coat with an
average grain diameter of the Co alloy powder 51 as a parameter is
shown in Fig. 12. There are parts where a range in which a coat is
formed dense and a range in which a coat is not formed dense (for
example, the coat is porous) overlap. This is because the ranges
fluctuate to some extent depending on hardness of an electrode or the
like.

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

diameter of 2 micrometers to 6 micrometers, it is possible to form a
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were checked with an average grain dianeter of the Co
all oy powder 51 5 as a paraneter. A peak current

val ue was set to 10 anperes and a pul se wi dth was
changed variously. Electrodes used in perform ng

el ectrical -di scharge surface treatnent were nolded to
"appropriate hardness", whigh nmeans that the

el ectrodes have conditions for naking it possible to
forma dense coat. 10 It is difficult to forma dense

tdersde CohieVBhaRS PAlERIRhQSF aoutt] G phichsEedond®t On the
appropriate. Wien hardness of the electrode is too

rothier hand)wherf hardnessof ah eldctrodelis rdtber low dmeeat isfmade
e St sk i Y dosscmt thetore
e fibatERR stBwFEFRE 42 waS TR 4t eRifess %Zﬁvh'ch a

RRYRISS coat EanbePfITHEd for é&ch gﬁﬂﬁwwbméﬂeﬂ- 12. There

are parts ere a range in a coat 1s forned
dense Andrditiemof al pulski widtl feoataking @otodtodense differs

(for exanple, the coat is porous) overlap. This is
meperdingen asandition afihardnese of @anelestwdear the like.

CoPYRYAT - edRade Gindiions Bor Fakng dhessibls AT A siense
%h?dl{lmn‘f“i ?én§é§ Qﬂ%lnop- | ectrode material .

exa ‘rode made of an

el ect flﬁ%e'ﬁlﬁﬂ'l éh‘lﬂwmtafheﬁméﬂﬁl @bfﬁlﬂe@%yjp@%hﬂng
of 2 mcrometers to 6 mcroneters, I's possible to

ftheralh)yZ\snthcmnaHoywahoeféﬁ)raﬂOanghd;%V\th‘ro wieigihbs, W: 15
10 mi cr.oseconds. “ the other hand, when hardness of
ameiahd % 6@: the rest Wéas used. o Heweves amalloy to be pulverized

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

slight differences are caused in moldability of an electrode and a state
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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
fornmed for each grain dianmeter. A condition of a pulse
width for making a coat dense differs depending on a
condi tion of hardness of an eﬂ ectrode or the like.
However, there are conditions for making it possible
to forma dense thick filmin the ranges shown in
Ryfoa cdat. 10 In the fourth enbodi nent, the materi al
obtal ned by pulverizing the alloy vvlth an alloy ratio

of " Crin the faurtjhen%odlm:arﬁpthsngmuwﬁ powdes 5Wweontaining Co
Co: the rest” was used. However Il oy to, be
pﬁﬁ aénaublaonﬁnwtﬁugedﬁs ha lestrade matariah ; Bhis is
t
oS dplrpsd BV s Co iy sohder Bgteivih
kg of s sldcEombapnanyeshmcs

“tred trivsieinusng\an elé’tﬁrm gbhtdininghonlyea alerial thatisi likety to
% silicon (Si): ng%ht % cobalt (Co): the rest”

d‘bn?(jlrﬁear(omle,afmsnadu at isformed O(flaegzarmde\@egamm Thus,
By FORHRbY Ry & eterinraled as ?Qﬁé rgrﬁﬂw@) the. SRt s to
ﬁ?‘éﬂ]ﬁﬁ“ﬁhgb'\%'&hﬁ%ﬁ iGN, o6 ol ybdenum (Vo) :

3 wei %e?éfo@'@ﬁbwm&r( K2 mafefr‘ial Hatis lé§§)||keﬁ; t@ﬁfdrhﬁ

% titanium (1i) .8 weight % alumnum (Al

vearpide, t%rmxedrasé Eec)onsthaenbsf the etegtrodle mafteaal aI This
ratio of an alloy differs, characteristics suc

Mﬁ&ﬁ@iﬁstmrmdt@n@@vwofethe qoatg‘fomsb@lnggweﬂoratsed and
O kL S SsiBler S A3 85t TnRhdaRidr'th at®” A F4teRdfs
havmg the same effect as Co, there are Ni, Fe, and the like.

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

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

by performing working (electrical-discharge surface freatment)



In the fourth enbodi nent, the Co alloy powder 51
containing Co as a main constituent is used as the
el ectrode material. This is bec$§ as descri bed
above, the Co alloy powder is ef ectlve inb

I ncreasing thickness of a coat. In

el eqindeewoflking irihtiSNS ?Gi‘s%ha?é@?{ﬁ??é‘bohaitgﬁi]sﬁ)%ost suitable for

el ectrode containing only a mater hat I"kel

(o8 SR et O Bohiorin W Bciodh, S8 MeBnage of o

and % ? of the coat tends to advance through

el ectrical "di scharge. 10 Therefore, Co, which is a
material that is less likely to form carbide, is

m xed as a constituent of the electrode material. This

rev |V|ty of the coat from being
éﬁﬁﬁjﬁﬁgﬁAgﬁbbﬁﬁgﬂgg itﬂbossmle to increase
thlckness of the coat. As materials having the sane
ef fect as Ashdesadbed ahove, thesleehicaltdischarge s_tB'faﬁe-treatment
.the fourth enbodi nent, a peak current val ue of
condnethatsacoording datthe qabsdnt rardion is sseful én idustries in
anperes. However, it is possible to obtain a dense

t hi akhithlardenbe tamd redbtiyelynthidic coatis reqired. Paetiogiakly, the
current value is about 30 anperes or |ess. Wen the

pealmethodeist usefal He ah e FiRsRford M ﬂr@uéﬁfﬁ%ﬁgﬂi’hnmhbnmty under
probl ems occur. For exanple 20 an electrode is

160! lARmpckeiperatans enliropfigHitcate Rguifed TPact of
el ectrical scharge or ness 0 e el ectrode
i ncreases because heat |nput i ncreases. . According to
the fourth enbodinent, it is possible to build up a
mat eri al densely and forma dense thick filmhaving .
sufficient strength 25 by perform ng working
(electrlcal-d|scharge surface treatnment) 30



10

15

20

25

under wor ki ng conditions (discharge pul se conditions)
nost suitable for a grain dianeter of powder form ng
an el ectrode and hardness of the electrode. 5

| NDUSTRI AL APPLI CABI LI TY As descri bed -above, -t he

el ectrical -di scharge surface-treatnent _nethod
according to the present inverdtion is useful in

i ndustries in which a dens el atively thick coat
is required. Particularly, ?ﬁgﬂﬂﬁ%thod is useful in an

l'i catiion i tren th and |u t nder a,
AToh ¢ clpepiaclishligeRarde suriate- regimpal Mathog by ferming a
1. An electrlcal-dlscharge surface-treat rent nmet hod by
f 6Pt AP A SUHase ofrd Warkpiegeusingdha msHES1l d‘@eel@gitm@aladlscharge
pul se-1i ke electrical dischar caused between an
etaused hetwaent ar elecikpie and &@mbpie@ei, tiye fcoatdwing formed
with a material constituting the el ectrode or a

switht s intasteriz iconstigstiveg the éldgtrade ercd sabstindenthat is
material due to the pulse-like electrical discharge,

venefdtel. by Berealctiohr oiithd ma&@nﬁpduwtbhhe pEsallikecelectrical
powder or a netallic conpound powder having an

aYiecAg @r@hgr%hamster of 6 mcroneters 10 to 10
m croneters and containing a rretal less likely to be

32&32?'@%“ IosHle (1T BN B b id POy g fnetaiic
constltu under condltlons

sotpebifcewdar Beving BpiaVesaoscdiain digieter oflg micrometers

9 Sf 6] mi t?cn!nre]etgrs and containing a metal less likely to be carbonized,
and

the coat containing the metallic powder or the metallic
compound powder as a main constituent is built up under conditions of
a width of a current pulse for the pulse-li‘ke electrical discharge in a
range of 50 microseconds to 500 microseconds and a peak of the

current pulse in a range of 2 amperes to 30 amperes.

2. An electrical-discharge surface-treatment method by forming a
coat on a surface of a workpiece using a pulse-like electrica! discharge
caused between an electrode and the workpiece, 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 pulse-like electrical
discharge, wherein

the electrode is formed with a metallic powder or a metallic

compound powder having an average grain diameter of 3 micrometers
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15 range of 50 m croseconds to 500 m croseconds and a
peak of the <current pulse in a range of 2 anperes to

30 anperes. 2. An electrical-discharge

surface-treatnment nmethod by formng a coat-on-a- -
surface of a workpiece using a pulse-like electrical .
discharge 20 caused between el ectrode and the

o8P0 E SRR ORRAER AT VBHuh 3 3 mblee i FH(E] 19k tikely to be

gener ated b reaction of the material due to the
EPQQOHVQQ épgctrical di scharge, wherein the

electrode is formed with a netallic powder or

met al | i &h@mé\bﬁeatmalrlﬂamm#aUqueowdea\%rtagem@tehllﬁ

di ameter of 3 mcroneters 32 or |ess and containing

Agotpausl povider@scadnain aensiituent 4s bulléup ywodeeconditions of
carboni zed, and the coat containing the netallic

pawdigith @f & berreat pulse forctveppulsd-likevabzcteisah digtharge less
constituent is built up under conditions of 5 a width

ofhan BH el t@lﬂosmrér@%ebbﬁdﬁtér&ﬁacpé@k ef &%é Cuerdnt pulse ina
di scharge |l ess than or equal to 70 m croseconds and

DR br DAmpUrEE T RHbAdrdsa range of 2 anperes to

anper es el ectrica char ge
surface-treatnent nethod by formng a 10 coat on a
surface of a vvorkpi ece using a pulse-like electrical

di, schar S etween an_.el e rode n
W ko ch8 elBRHREAISHIRRE SrAes reqtmenl Metld by forming a
constitutin the el ectrode or a subst ance that is
el @R &uswyage of - woskpigce: yainga prlsa-like eleetrigal discharge
pul se-like electrical discharge, wherein 15 the
etauged between @melgoiade anddhel wonkmeoel,emeocoat being formed
netallic
with a material constituting the electrode or a substance that is
generated by a reaction of the material due to the pulse-like electrical
discharge, wherein |

the electrode is formed with a metallic powder or a metallic
compound powder having an average grain diameter of 1 micrometer or
less and containing a metal less likely to be carbonized, and

the coat containing the metallic powder or the metallic
compound powder as a main constituent is built up under conditions of
a width of a current pulse for the pulse-like electrical discharge in a
range of 8 microseconds to 50 microseconds and a peak of the current

pulse in a range of 2 amperes to 30 amperes.

4. An electrical-discharge surface-treatment method by forming a

coat on a surface of a workpiece using a pulse-like electrical discharge
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conmpound powder having an average grain dianmeter of 1
mcronmeter or |ess and containing a netal less |likely

to be carboni zed, and the coat containing the netallic
powder or the netallic conmpound powder as a main
constituent is built up under conditions of 20 a

width of a current pulse for t¥e pul se-l1ike electrical
dicaGRBHI etk eh éﬂ@@cﬁéd@ %%ﬁﬁémﬁfeéeo tﬁg coat being formed
m croseconds and a peak of the curre pul'se’Tn a

ran

e_of anper es..t amperes.. 4. An )
o PfT A hafe AR gk BogAnB B8R RBde . SHbsiace hat is
form ng a ., 25 coat . on surface, of a workpi ece using a |,
pGeDerftedb i Auaation of the matsat dueds thetpulseriks elactrical
el ectrode and the workplace, the coat being fornmed
wdischarga: whegeinconstituting the el ectrode or a
substance that is generated by a reaction of the

mat er i athaletettoodd és potmed Iwikle acinetallic pawdeli o bhametailic
wherein 5 the electrode is forned with a nmetallic

pevffpourd powkierl Having anMaouruy e graiardibmetes of'2 micrometers
average grain diameter of 2 mcroneters

to 6
¢ BARRirBhfetans aﬁ@”&&ﬁt@iﬁiﬁtgaa ratal Ié@sﬁk%l'z%%g{% l*cﬁr%@nized,

carboni zed, o and the coal containing t
p er or the netallic 10 conpound powder as a nain
constituent is built up under conditions of a wdth

of a cuprent pulse.for the Lse-like electrical ..

G senor 8 BhabBoRib o IS ith o ag of the sstauic

m cr oseconds and a peak, of the cytrgnt ulse.ina . .

r GARPOYNdPAEEF @5 2 naln eonstituent issbyilt Eﬁélnde!' conditions of
el ectrical -di scharge surface-treatnment nethod i

a8 Wath af aeurrant pblee far theapulsetlikerelectiipal diseherge in a

el ectrode contains the netal,

range of 5 microseconds to 100 microseconds and a peak of the

current pulse in a range of 2 amperes to 30 amperes.

5. The electrical-discharge surface-treatment method according to
any one of claims 1 to 4, wherein the electrode contains the metal,
which is any one of cobalt, nickel, and iron, and another metal that is

harder than the metal.

6. The electrical-discharge surface-treatment method according to
any one of claims 1 to 4, wherein the metallic powder or the metallic
compound powder have any one of compositions of

20 weight % of chrome, 10 weight % of nickel, 15 weight % of
tungsten, and rest of cobalt;

25 weight % of chrome, 10 weight % of nickel, 7 weight % of



)

whi ch is any one of cobalt, nickel, and iron, and
anot her netal that is harder than the netal. 20 6.
The el ectrical -di scharge surface-treatnment nethod
according to any one of clains 1 to 4, wherein-the
metal lic powder or the netallic conpound powder have
any one of conpositions of 20 3ki ght % of chrone, 10

ight %of tungsten, and rest
'gﬁg%tgﬁf %f"?n'le}gedf Cé‘%{'y@, of chronme, 10 wei ght % of

O
Qbﬁgﬂ 2§3~ % of Mﬁwﬁﬁﬁsﬁﬁlw Btehgah haspe. 3

chro wej ht %of silicon, and cobalt; 15 weight
W@FQ'&%V‘D%S'l@%l%QCQP% .iron, and rest of nickel; 5

21 weight % of chronme, 9 weight % of nol ybdenum 4

wei ght 96 weighd % ofichroamel 8 aeaight Y% of linein, andirast of nickel;
wei ght % of chrome, 53 weight % of nickel, 3 weight %

of nol 2bdeeigmt % otﬂecitgbmé{o@ﬁtve]'ghvﬂbbﬂmdiybd&halmm weight %
0.8 weight %of titanium 0.6 weight % of al um num

agfltdraaturdf ahdad@st of nickel; and
19 weight % of chrome, 53 weight % of nickel, 3 weight % of

molybdenum, 5 weight % of columbium + tantalum, 0.8 weight % of

titanium, 0.6 weight % of aluminum, and rest of iron.



