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1 DESCRI PTI ON PRODUCTI ON METHOD OF METAL PRODUCT
METAL PRODUCT, CONNECTI ON METHOD OF METAL COVPONENT
AND CONNECTI ON STRUCTURE 5 TECHNI CAL FI ELD The present
invention relates to a production nethod of a netal
product, a netal product, a connection nmethod of netal
conponent s and a connection structure. 10 BACKGROUND
ART A series of steps for prodGC|ng a metal product
such as a cylinder and a series of steps for joining
a pair of netal conponent PESCRIFILOM ey havi ng
beveling portions respectively i ncl ude a step 15 of

A ﬂ;%x—ﬂo&? A Wy %@gﬁ?ﬁ Cheiad) ItP¥\ODbET (CONNECTION

mai N bYEFHOS ﬁEIMEEADyﬁ@MH@NbNTChﬁbl¢@NNE¢TEQQuﬁﬂR¥CTURE
Then, a defect caused by nolding is generated on a
surface to be treated of the product nmain body. Next,
FIEI& tion of 20 the defect including the
def ect 1he p@&@\éﬁd bﬁv@ﬁfﬂdﬂl N Ixdhao aapredession method of a

portlon is.f ortion to d e
S S ocﬁ/ Reeat HRFSaUsTE & Sgg%é%??%ﬁ ngtnbCor metal
fmnmnnh@ntsaamkessmn@@mﬁu@n g&ruphery. |nclud|ng t he

recess portion by neansof wel ding. Mreover, in a case

of joining the pair of the netal conponents, 25
FPF%??“&”&%&E@% portion is defined by a beveling

porti o gkraee o8fstées nEdalpreapeanegntsmanadl apoddert such as a
bevel | ortion .of the ot e I

bcg/y]r?gécﬂeq: %.?d SLﬁeﬁJhegs ?ﬁgtsgs?or 3 t%JhIglj}l ggta% OCPHEQQf%torchponents
THeanect iws Iy apbsd biese Liio ofmeriwicb e rasp@@‘ésge brlﬂcéhlde a step

Q?flmﬁhgdo@clmcﬂgi it8ERSS portl on by means of
wel di n DI SCLOSURE OF | NVENTI In_the

becaus&131FeSRRF 4~ Hepbky ¢ 18 PéSP&%ﬁaC’%Cl%&% Bftal product,
vel B 1 0a plrﬂadﬁbhet[a Mol Sigy i Beedde bhne unk o fdeposintg for example.

Thefo g PEYREE e LSBT HoTThal P | derddk dlbd DR 8Mufface to be

ess
perdatieet yof t:he pmpbmiamm bodyhe Ner?etoeéspfp@mh%hal portion of

petd Fmﬁrébtdrl%%tl'u@@nlgyth@CE@§§§§ i dhes®bYed te'gMInding so that
&F;%cnegstrﬁlj%glgngﬁsr efgg%gdpg{lt {:1(1)2 c?rrtl: ct)]ner o ec%reated of the
product mainbody. Further, awelddepositionis formedat arecess
portionperiphery including the recess portionbymeans of welding.

Moreover, inacaseof joiningthepair of themetal components,
first, a recess portion is defined by a beveling portion of one
of the metal components and another beveling portion of the other
of the metal components by means of butting the pair of the metal
components. Then, a weld deposition is formed at a recess portion

periphery including the recess portion by means of welding.

DISCLOSURE OF INVENTION

In the meantime, because the weld depositicn is formed by
means of welding, in other words, because the weld deposition in
an elevated temperature state is in an instant or in a short time
formed at the recess portion periphery, the temperature of the
recessportionperipherydrastically increases. Thereby, thermal
deformationat the recessportionperipherybecomes great and there
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are problens that it gives rise to poor quality in

production of the netal product or poor quality in

joining of the pair of the nmetal conponents. For

solving the aforenentioned problens, a first feature

5 of the present invention is a nethod for production

of the netal conponent and praovision with a nol ding

step of nolding a product mai # body; a defect renoval

step of renoving a defect periphery including, a )

et Propdrasat Bat ot F1xwer A&t P BOAT Gapedtyf 1R Foduction of

il wEt bR obody by p®beliqglafderinf joiahhggof hehe pair of the
nnldln%fste 10 that a recess portion is forned on

& QﬂR§Q%? ¢ treated of the product main body;

and a dEp0$wﬂwangstbp sfogemeubidyed @rdieny 2 first feature

dePQFd h?@s%htaldﬂ PArlst LOoRe PE5d RREN Yrafhetion of the metal
fini's ef ect

renpval step, by enpl oyi %@
rmwee'lfe@moaéosb%%éﬂtt& a Bohei e FBRPTBPIRLNg @ product
f:ﬁ@iﬁ ) gr défearmedmdvdl dthe ol detlobddy A Flefect periphery

y oces heat tre a rafi
p’(ﬂ%]r neq eact 9 @Ctduggélﬁﬁ?g% {'vvee Jfﬁégfetg%sh%gé%retated of the
pErogier yaiimcbadi oy mmddn@gesgtEpo"rlth(ﬂhlmm theempdiiteg step so
l?é:t%]raO%de%sa o?ltgehrigaféﬁnéd"%ﬁ %h'engurkéawﬂocﬁe G3%eated of

at a of thenol ded el ectrode or

e PrGRUCE BB ROENGT 20RE HRDEPL BLOB TR Ol fadually Forming
d&ﬂﬂﬁiddlﬂﬂorﬂlaﬁ @SIr@&eaedbartiﬂnV\ﬁéﬂipﬁgeﬁj dfheer edesshing the

I ener e r
0‘?%%% gtp Kpail If)%at?m %ang{ P\ mgpgéén cla%%reode composed of
|3 f@lmdlb@dﬁfomolsi@d nfrep & BQWﬁeéfOfre?t Aetednponehe gnolded body

£ PL OV 1,98 KW ﬁga@ tt}lgatt'rdéglt Sir?tPg@faeQSf;h.ﬂgQQp@lsz.ng electric
recess portion by a beveling portion of one, 25 0

B S EBABHES AR THRGTTET BV PTG U SIS bFAHHE the recess
opdsu.etlozofa:iche:nmhﬁild@eummaentsdbylneamsexﬁcﬂnmam timsulating

o? %?Ja%ut&qeafnﬁet ?}ﬁ?}‘ﬁ Oq:%.%tl @Hgm tlﬁ%&%ﬁetdt(}rbd%tc?mpa reaction

ep OSI a recess por t1on
perh pherge afttdre maheshahgau:h@eémh d@@%:et'plorbydlffus:mn and/or

eﬂgimggtatﬁ@lmg BELE 908 AR BY éhdmyed beglelectric

O froma powder of a netal or the nolded body
pAbeERIEIF wi th a heat treatment, and generating a
pul si nga eleasind Eedrtsebabgetlbaetpmaanti Iiaveea:ess psra inethod for

periphery incl udin he rece Ss
?%%$+%% Pﬁléhoglg%%r?ca 5irmu PGl gn ﬁ?%ﬁ%gbUttlng
setep haf defiamiord & r@fcetsrsepmsltél@d bYe%tl?%‘d%lJeT?g eportlon of one

r@PCttHeofﬂeﬁﬂﬁ?sé i Lhnbihen dBiar bébe@@h@lgﬁﬁr@iﬁn of the other
EOSItlon di ffusi on and/or meu%égg e r8GeSS . 1. metal
o (hiGh TS A HERO ST Gh BHGD= 8PS (1 PGNP £ FERTarbet
3c bt e DESCRhBH &b &k TRAENSS of gradually forming a deposition
at a recess portion periphery after finishing the butting step
by employing a molded electrode composed of a molded body molded
from a powder of a metal or the molded body processed with a heat
treatment, and generating a pulsing electric discharge between
the recess portion periphery including the recess portion and the
molded electrode in an electrically insulating liquid or gas so
that a material of the molded electrode or a reaction substance
of the material carries out deposition, diffusion and/or welding

at the recess portionperipherybyenergyof theelectricdischarge.
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[Fig. 1] accordance [Fig. 2] 5 accordance [Fig. 3]
product in [Fig. 4] product in 10 [Fig. 5] product
in [Fig. 6] product in [Fig. 7] 15 product in
[Fig. 8 accordance [Fig. 9] product in 20 [Fig.
10] product in [Fig. 11] product in [Fig. 12] 25
product in [Fig. 13] product _in [Fig. 14]
accordance 30 [Fig. 15] produét in [Fig. 16]
product in Fig. 17] 35 product in [Fig. 18] A
mfng%%?@#ﬁ n°5JI BERF; G§park machine in wth a

flimigt. anmbnodemeddawihgashoaingr ass skettohal speew ofachine in

QddEh dd"

2]
accordance
3]
product in
4]
product in
5]
product in
6]
product in
7]
product in
8]
accordance
9]
product in
10]
product in
11]
product in
12]
product in
13]
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15]
product in
16]
product in
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product in
18]

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

[Fig.

with a first embnodiment.

A partial cross sectional view of a cylinder in
with the first embodiment.

A drawing explaining a production method of a metal
accordance with the first embodiment.

A drawing explaining a production method of a metal
accordance with the first embodiment.

A drawing explaining a production method of a metal
accordance with the first embodiment.

A drawing explaining a production method of a metal
accordance with the first embodiment.

A drawing explaining a production method of a metal
accordance with the first embodiment.

A partial cross sectional wview of a cylinder in
with a second embodiment.

A drawing explaining a production method of a metal
accordance with the second embodiment.

A drawing explaining a production method of a metal
accordance with the second embodiment.

A drawing explaining a production method of a metal
accordance with the second embodiment.

A drawing explaining a production method of a metal
accordance with the second embodiment.

A drawing explaining a production method of a metal
accordance with the second embodiment.

A partial cross sectional view of a cylinder in
with a third embodiment.

A drawing explaining a production method ¢f a metal
accordance with the third embodiment.

A drawing explaining a production method of a metal
accordance with the third embodiment.

A drawing explaining a production method of a metal
accordance with the third embodiment.

A partial cross sectional view of a joint structure

in accordance with a fourth embodiment.
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with the first enbodinment. A drawi ng explaining a
production nmethod of a nmetal accordance with the
first enbodi ment. A draw ng explaining a production
met hod of a netal accordance with the first

enbodi ment. A draw ng expl ai ni ng a production nethod
of a netal accordance with the first enbodi ment. A
drawi ng expl ai ning a producti o method of a netal

accordance wth the first enbodi nent. A drawin
el % rliHg A;S’rr@a’l}@tg%f’]r?eltf}w%fl°énh’é951?th8€1€%rah%‘ﬁ'&%lPmduc‘:
Wi i fladd’tﬁ:cfdrfcfet wabodheefburAhpambbaimeness secti onal

dﬂ‘ W Of&ogxcyl | %eljiard.ng epx dahgr%lan(%iaeﬁépgjogggl%thg%tfa}rﬁétal product
dor eradasiEnga vithe thec Sndrshbenbadiameni. dr awi ng
e[)ﬁﬂga' r?'lr]g aAer%@H‘ﬁtg' é—lfblrﬁ.tﬂ% 2% 02n TRE Akt hBASH ARLEL) product

t he 'second enbod Adraw ng explaining a
plrrbcﬂfaqr&@% iidhof by F@Parﬁh SBEGRABABE- W th t he
second enbodi nent. A draw ng expl ai ni ng a production

v3REP ' econd
|Elfft’oodl rrerﬁ %0? raw ng eé% aini \A%{‘gﬁé'?g uction net hod

of a mdt aHesgriptiancesint h behehssedndfeabodiiesn . t& certain

R I Al QS & FSERE | et @Wvehtd ey EbRABEsdMibMd RR present
third enbodi nent . dr aw nﬁ expl ai ni Eg a . production
C

YIRS I o rdtUthegc E6tdanc @ sy RPPREPERPFR reference to the

ertedip@itingAdtieindeg. exXphaivhiing, airpthddetsicer prebhodin proper,

Qf %r%estsal r%cc%qroqla'n%% \Qﬂ Q Erg% tt%' rg %Hb%g'aﬁt@,t fii@‘ection, “a
W Nng exJ1 &utron metﬁ

mm mltrﬁmh@nf’hnsdr@ﬁ@r)ae@em as\ pAraixdls giggstion and

seLiialcall W rltaohdi Bt $EFHeLBACLENa8CLOLdRNLE WM fdction.
a fourth enbodiment. 4 [Fig. 19] A draw ng expl ai ning

J%ﬁ% ﬁ@ﬁ?&%&? I3t a netal product in accordance
WI th ta towethienmdikreachihki §.apil]lied doawniprgpduction method

?é‘_‘glg‘;’%%%gg %r{;%ﬁ{:]%g% our&%%a fceaw[PEha,L Pfrosdé“‘étxnbfaldlment of the
present invention will be descrlbed herelnafter with reference
to Fig. 1.

Theelectricsparkmachinel isprovidedwithabed 3 extending
inanX-axisdirectionandaY-axisdirectionanda column 5extending
in an Z-axis. Further, the bed 3 is provided with a table 7 and
the table 7 is movable in the X-axis direction by means of a drive
of an X-axis servo-motor and movable in the Y-axis direction by
means of a drive of a Y-axis servo-motor.

The table 7isprovidedwithaprocessingtank 13 for reserving
an electrically insulating ligquid S such as o0il and, in the
processing tank 13, a support plate 15 is provided. The support
plate 15 is provided with a jig 17 to which a metal product or
such described later is capable of being set. Meanwhile, the jig
17 is electrically connected to an electric power source 19 via
the support plate 15 and a concrete constitution of the jig 17
is changeable depending on the metal product and such.

The column 5 is provided with a processing head 21 and the
processing head 21 is movable in a Z-axis direction by means of
a drive of a Z-axis servo-motor. Here, when the table 7 is moved
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5 [Fig. 21] A drawi ng explaining a joining nethod of a

nmetal product in accordance with the fourth

enbodi nent. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON A
description will be hereinafter given to certain 10

enbodi nents of the present invention for describing

the present invention in further detail wth

appropriate reference to the ébconpanying dramﬁngs
Meanwhil e, in the description, in proper,

it eBR® ok~ 2K dS r EEEPFRECP 0PYs TRANR- £ L r‘é’&Y%nOf gfhe X-axis
hegdzonicdd o reet pebtebsingfdd®d I @ sasapalfiaxés moving in the

j rect t

5L 81808148 oSO Sl BRALIPT el Lgy LA e cobie
Spairsk Irm@eldl 11 nhapbﬁ:e:eb tdi e pricadu bt BRanet @bdthefdrive of the
rﬁﬁiﬂ %Lmo%o"imc@ﬁgaﬁ%é%éfhga Hdalssb1efhodigmnte Qff moving

present i nvention w be descri bed herelnafter
v e fErdstice A6 Std om gelftl‘rﬁeta éE?rFé $Barl k
nmachi neulrtre r evedpdovkbbinbededd ext endipxpvidedawith a first

Bt dhiaetlgnand o, Japtla dreGon 20d.% 61408 ectroae
Pt birded ini the avitcilnig y7 ofnthet fier stahiod dpri 89nbw dBlee pirgcessing

thes -axi & At AB1AYrMBaNE. T s @S Qfaxf?lf‘ electrode 31
X-ax] s servo-notor and novable in the Y-axis di ctl

B Vs RETGT SE 160 F& 5S4 FanveaxPsPERY vaS ot dre older 29
taahd ehd Seiowdowd)liﬂaﬁr BBtdreoe peocebSa Ny tanketBefidro the electric

r ec?v?el lgrc].)%;r c%njhgl e e%%lelry E{gﬁgké&&% %nlétqtyuq 1%11%”8 P {:h%e molded

roceSS|ﬁ port plate
1Eléctmdna ddd. ZFh@lédpﬁﬁrﬁeggrabéﬁelQEGFs provi ded

W th aNd:g,14 o1 ueh 33 E'Etaahe@Eané&ﬁpc%en@%ﬁch is a subject
descri bed Iater is C%Fable of

bei n
tHe GhiegPreFurElen dqtiachely thg FRice B reguEE o eacqcrqrcdance with
pKHEIf:Ls:@urelﬂ)ciﬂimerﬂ: wibe tﬁilﬁsattllpéaﬂmrbﬁnalﬁteat with reference
fgéeé:onstltutl on of the jig 17 is changeabl e
depen ng on the netal product and such. 35 The col um
5 is pridd ¢adinden 35 prodessinedafeqompenanly itha@ccordance with

praces §b€§rrﬁ}>%@(im%ilit| 1S ORY 3l &:ﬂgtlac&@éﬁeﬁéﬁ@%f@g@y turbine
means of _ a drive o axis serv

or.
HeA Pasracpol €L 15 SIS HEASE BAOY A b BRopyer main bods.
Maanshef, theamoteropet highet aXisuir faervof mMitcorylihder main body

PSP PR 5 IR Sy B0 LAy e Srcceric
t&charge andved anreﬁesw-mrgl@mr@%ﬂmﬁﬁy Iadscdfading the
thecdd ¥R r3fi N899 X-dephSs SEI P-4 Er Fotied BPIREH NGE energy
he?an ejlelc?:r(ig da}Lbslc a?:‘fgermVMegnwhlle, details of the recessportion
39 and the deposition 41 will be described later.

Next, theproductionmethodof themetal product inaccordance
with the first embodiment will be described hereinafter with
reference to from Fig. 1 to Fig. 7.

The production method of the metal product in accordance
with the first embodiment is a method for producing the cylinder
35 as the metal component and employs the electric spark machine
1, themoldedelectrode 25, thehardelectrode 31 andaheat treatment
furnace 43 shown in Fig. 7.

Here, the molded electrode 25 is a molded body molded from

powder of amaterial having the same composition as a base material
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in the Y-axis direction relative to the table 7.
Further, the processing head 21 is provided with a
first holder 29 for supporting a nol ded el ectrode 25
or a nolded electrode 27 and, in the vicinity of the
first holder 29 in the processing 10 head 21, a second
hol der 33 for supporting a hard el ectrode 31 having
exhaustion resistance is provi ded. The first hol der 29
and the second hol der 33 _are eIectricaII¥%connected

19 thPert Finde ppadp st 84, PPV ebdRatebht daying a similar
C@Jiﬁéd)éll«ﬂlcﬁﬂa:cﬂfthteh%a&@ ﬁ@der@hEbeO’dﬁ?é Al irde mindirbéody 37,

descri |nd

C%]ﬁﬁ’&ﬁ’ Iacﬂa}:gré[a\iﬁbzivejﬁg %1%1reon 8 |%E§éﬁh?3h ea;pans:.on
ofld e tretatopf HDduignt wfatbemahc@:mnwon b€ the ase material
6'%"%%”‘8211%& ﬁ%@ﬁ%ﬁkg@fg%fﬁéghggﬁ %Bm}%:EBs:Lon by pressing;

erenc i_nder 35
e Loed R0 BaRR L e TR Y SR EPERE HbaUY HEm furnace

|§roy@tmﬁ constltuent el enents of a gas turbine and

provid Ilnder n._b 7 :

main b ttElf‘ret’h P2 S?Sgg%&ftee?g%eor% a@?g P{s%??) thefcylmder

tihé CyH,i n(ﬂer n@;annrb]c&j,y as7,ahlevcaxs wsn bhepospace Material
é@f’ff&’aﬂ%@) R, 9@@99%&1@10@@1’&&@1@&0 Eé@@fﬁ@@hematerlal

a d, a recess portion perip ' |nc ggg% Pf b

ZISaYJe‘?,%é%’ep%FﬂW $OMPR S¢éRGE| %fﬁ%ﬁol@fl p3tloys become

nﬂ@@&a@%reaerwln@f th8 celegdticiiendi s hhegﬁxeﬂdﬁﬂnmﬂphnslon close

he recess £ p

46170 ve HegapFhEs”) AREEeSh ol PbDE 7T BBk Ssing, che

nelmurme 2howet be inmm;tbyusﬂmpaaneeg, With (Mﬁ‘eal Injection

fﬂgéf&lﬁé‘fpodé £Mrli e a@ﬁﬁ“srd lpled herei nafter with

30 reference to frornl:%]gq1J to é The r oduc |o? 1id

met hod MAT{AFeTretdle c?l??F%& Srihntd CRPPASEAeCt @ soli

félﬁ]ﬁitﬁ@%ﬂejﬁaﬁ}&t& nﬁiﬁ@ttfemr ainogsci by thepper alloys

cyli ndelél:ur 5 as thelﬁg&%%ci%? {l&dod?mg eﬁﬂéoﬁétég product in

electric parli( mac ect ro
t Bechrdanes et o dehes 1 iarat @Mlﬁ&lﬁathﬁrﬁroweﬁuﬁﬁé’e a (1-1)

%of@?ﬂ%sltgp':'eg{lzm Herectihandlidedes) act1-0tledépok st don step,

f wd f t
154 h@%ﬁ&gﬁqd%gsgglgrg% ecg‘ﬁaglt g?eﬁ%n aoﬁ Eé%eag treatment

cytemder mai n body 37, powder of a material having a

r n to the base materi al of the
oL prvotonpesiden.

nmarn b or powder of a material having
a coef fThg emlloﬁeth@rlrmboéx{p%ﬂwélSOWG Presiactongin body is molded

Cgﬁfrrfe'a%'seé‘f c@fsttlﬁﬁrﬁ?hsQﬁg%ﬂﬁb@nsﬁéwh%Sttﬂfn% wetl@l | Meanwhile,

of r%{l nder 3rra| nsbtgn cavitie aBScauseg@r%soslcPln , as a
b?sp? %xgl} Fig. 3, ca g Y% g

type of defects, are generated on a peripheral surface of the
cylinder main body 37 as a surface to be treated.

(1-2) DE¥FECT REMCVAL STEP

After finishing the (1-1) molding step, the cylinder main

body 37 is set to the jig 17. Next, by means of driving the X-axis
servo-motor 9 and the Y-axis servo-motor 11, the table 7 is moved
in the X-axis direction and the Y-axis direction to position the
cylinder main body 37 so that a casting cavity periphery D’ as
a defect periphery including the casting cavities D is opposed
to the hard electrode 31. Meanwhile, there may be a case where

the table 7 is only necessary to be moved in any of the X-axis
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or the nol ded body subject to a heat treatnent by a
vacuum furnace or such. Meanwhile, in a case where
the base material of the cylinder 37 is, for exanple,
an alloy of AMS (Aerospace Material 10

Speci fications) No. 5662, various nickel alloys becone
the material having the simlar conposition and cobalt
or cobalt alloys become the ndterial having the
coefficient of the thermal expansion close thereto.
VEarRAtilos, angstlgd Yor*AS| BLEGCEYORonpr essing, the

el ect { oehe t22 riyBy ptﬂﬁ.sfl(?lrgn@ﬂebjyrﬁb Ldlrs)cmtgrd ng, geMeMater? between
ta jectio ra r uc
arar DA Rev REy aai RePuaE s Pala sl o 2y gnereny,
smabshawnelroft"lgr aphi g, memgﬂ@ﬁnammyﬁ tbhe elgyparic dlscharge.
aéﬂeoyc%stlnlér Eﬁ%rlglEEeP%P Uf%]xh&@e&%ﬁm% He e '%tr@lon 39 can

product 1 n-accordance wt first enmbodi.nent

ﬁ?&bﬁpa@admn fhe paripheval nrdiass stdfe &Y@inﬁl)erd‘&%%tbody 37.
NMTENG i 19, Sﬁheﬂ deh@at@&@oﬁ}uélmﬁr@dlsahéi)gé) the electrode,
excessi ve. osition, reppval st a
ta],seZ)[eﬁéqulgt in gﬁa (T E£1 %ﬁpﬁﬁgeagdbzlﬁ.ﬁdg% tv:ejc:q:rocated
iod = &7 Zaamhedprredmbnnhyna berayll st rpiele distmngg by means of
R%Qﬁ\?h"%f o%a%tﬂen%—g&lgs'sggv@ petoshewn casting nol d.

hown in Fig. 3, casting cavities D
cllrs¥d W%T&% STES a type of defects, are
gener atagd e@Nfanpehi phedrad (auef) a@ef@éttmovcaw shdpy by means of

body . 37 f ¢
B DR LD ST R h0 BB e A Roror 11,
stheptabhe 7cid moved 1inihe X-bio%lys g¥restsen apg ttrrer]-a{glqz;llrectlon

W%oﬁﬁlﬁﬁ@%eoﬁy@&h&bﬁ?gmghﬁ B%@%'?? B MOHIHTRL %c%ss portion
the Y-axis sefvo-notor tabl e

BEARNORAZES S ARRATHR ARERHENIEE S10FFERRR s 1 pMeanuhile,
pasdid pRvIe a €y4é nterenehe dabdy 3Assonlhatece sty hg be moved

AL ety RO RIS s B dR R 6L B0l PRE POSLY | AEELEL .
el ect r Gt , Megnvits ing eﬂh@télﬁﬁ%ﬂmaaf%éé e ated between

t{f}?etz%@e%s 9b§tQBhyPé‘§ﬂ9§e°’§* Y3470 2@ FREEHcIde@i&ftrode 25 in

the X-axi s direction and The Y-axis_direction i
U (HECHTa FdiLeT ARSBEBELRY L Hiskhat-ge TRET EBHer%% gpovn in Fig.
et Vbﬁﬁl’fneatd'ise o&ashemgycam trye petépheiy d saratgaie ahaaterial of

gtlfl-?C”:i 1{3%2“ by “C Q%%@tﬁ.gn'%@l?%g;ncgyo%smaterial

e castin
cean tiass dﬁtald@pp@nf@\learad@lfﬁuﬁe@@s%n%&lf|WC@Q1Q: the recess

portion periphery 39’ and thereby a deposition 41 can be gradually
formed at the recess portion periphery 39’. Meanwhile, when
generating the pulsingdischarge, themolded electrode 25, as being
integral with the processing head 21, is reciprocated in the Z-axis
direction by a small travel distance by means of a drive of the
Z-axis servo-motor 23.

Meanwhile, “deposition, diffusion and/or welding” means all
meanings including “desposition”, “diffusion”, “welding”, “mixed
phenomena of deposition and diffusion”, “mixed phenomena of
depositionandwelding”, “mixed phenomena of diffusionandwelding”
and “mixed phenomena of deposition, diffusion and welding”.

Here, dimensions of the deposition 41 are made to be greater
than dimensions of the recess portion 39. In concrete terms, an
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be formed on the peripheral surface of the cylinder

mai n body 37. Meanwhil e, when generating the pul sing

di scharge, the electrode, as being integral with the
processi ng head 21, is reciprocated in the Z-axis

direction by a small travel distance by neans of 10 a

drive of the Z-axis servo-notor_ 23. (1-3) DEPCSI TI ON

STEP After finishing the (1 Z)Eﬁefect r emoval step, by

means of drivin h servo-nofor 9 and th

e e OF £0° OEHESLARPE 4114 RSl §oh hread outward
Xerafl Smdiorecd ronehati theobraausedpeedpheny by tloe recess portion

p?é'atdcpg Eﬁfcﬁﬁéégdt% trlg%i HeEBQthZ?O?Jf 1hsatma g gSeﬁé thicker in

portion  perl I'S oppose
el et oHEOZS, th\@afnﬁm fkness ﬁ@ﬁélﬁayl Hoef Jallclayetmé?éess portion

the, t @'ﬂb&eﬁéﬂ alﬁlﬁh)élﬂﬁcﬁ&ﬁéiﬂ%t iclds Y t¥fe interior
axi s

}:‘iftﬁé?xéef irection.

|rect|%&
&Gy PE GFSERALGE i s generat ed
bet weeMeazﬁvl'tJﬂ@ [ eqessE pHritheodepesiphenyd B8ecandstdreexcessive

foe%tgo@frtfi 1@%&%21‘}‘? %ﬂte'o%clghéc%losgs ”EHE9E6H9§9 .

eh]e'r‘{:})y FfCH el Vi é??tPﬂséTéWcﬁEM@é’A asﬁﬁPerl al of the
mol ded Pﬁﬂt@'ﬁfﬁdﬁsl’?ﬁl@ﬁh@ (1e3fhiepBssbEhaRE, Q;fyrﬁé'%s ofdriving

IERg 4t T Tt I ook o P (IR S8 oy Ls the table
tharsemp\?&djam$lhbl Bra#lscdiréet jomdarad |ghe fiorareies adirection to
Q:ﬁ-?%h%oa/h_ﬁlﬁdgfrxh@ﬂ? od?§9 37 tyﬁaewgi:lded K sit&'.on 41 is

eneratlng S Nng di sc arge,

FPPEehéEPnEhe |1"r@tré’g?éPCW@¢1et3r¥e pMeasyhi kg hfebaﬁjr@mam e a case
Tvﬂi‘éﬁ Qﬁattﬂblé’lﬂl@oﬁiﬁ)ﬂeﬁzes@s'aﬁ:%cﬁd) oR MYved SHBdhy of the X-axis

avel distan rive of the 30 Z-axis
s STV trqurbra“égecq%gm\ﬁmlls 81I88g6§f1t| on, diffusion
and/ or Fagltdieny" a reelssi ra élemancmal'rmigedimggenerated between
ptﬂ'?es Jél‘%;lcwéme 291 LEUSERR” harda"e%ijé@gr de r@lx‘i‘ig an electrically

na o p03|t|on and us |on

p‘Hbﬁﬁblr?éﬂdl%fllqd’éﬁ’oﬁtl BRRY med i hewn i fé@ 6, by means of

phenanerE ehedeléust 00 ABMRIrdd)0a Sﬁlanﬂlixm 4@ composed of a
enonena o h&ﬁ%ocilt on, diffusion a

TR P47 8Eh0 BPORT ALCdAe Wakh o oxcessive
gtepatsart iarhdd fdiceaenbeonsmoted he Meegeds Ipgr them §@nekrting the

?anf‘srﬁ{ 3&%"cﬁ§rg@n &Mﬂd %qr 'orll.l}%rd\é qh 1bhe, JenPsit QR x-axis

IS A read outwar SMm or. nore

B TR G RO &e&@t&meert%e?hepr@flwwert Hea e Redy pdf t#ofh the hard
39 stk et BlchQQSﬁeMgtlh&e@&@qswtitﬂntHa pBod@slei i Head 21, is
e T R R R & LG A TR
Mh@tl%gl%ﬁngl @a‘m\necbésthe Ehexint eervp-—motor 23.
{1-5) HEAT TREATMENT STEP

After finishing the (1-4) excessive deposition removal step,
the cylinder main body 37 is removed from the jig 17 and set at
apredeterminedpositionof theheat treatment furnace43. Further,
as shown in Fig. 7, the deposition 41 accompanying the cylinder
main body 37 is kept at a high temperature in a vacuum or in the
air by means of the heat treatment furnace 43. Thereby, a heat
treatment can be processed with respect to the deposition 41 so
as toprogressdiffusionbonding among theparticles at the interior
of the deposition 41 and the production of the cylinder 35 as the
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of the deposition 41 can be generated. Meanwhile, a

part of the deposition 41 becones an excessive

deposition 41f sticking out of the recess portion 39.

(1-4) EXCESSI VE DEPCSI TI ON REMOVAL STEP 10 After

finishing the (1-3) depositionstep, byneansofdriving

the X-axis servo-notor 9 and the Y-axis servo-notor

11, the table 7 is noved in tHe X-axis direction and

t he Y-aX|s direction to position the cylinder main

FoRf2 B PG Hati st Hd tdéh6si-tion 41 is opposed to the

hard elwotd,08Be3dempérriid andt ties @atdpdber & ierSeréd®P 0 minutes

e R o erdils, U YoREeERERY 0 R TNETHPTY 4 nouss
Rt &digh bempe 53 e b & Gta0 @e@lr@ezmarlgvea ic@ sgefiea T tde deposition
bet stefborﬁﬂk?séiflﬁ?ﬂs' { 'n%k%]l and o Ph%rhéf EloB!aQEtéQ@'Sf_y31

in an electrlca 'y insulating Ther eby,
shown MeaRvgrile, Wenaaﬁgusfsl?@ ‘é%}l’@?/ %‘? thee H@"@ét Hré’duCt in
H sodvd gese @i th rcnefalfbﬁeﬁéat&eﬁaaﬁ&s&fer@aocsmgmimupbefnodl fied

densit e rated as well as the excessive
&%%gg%ﬁﬁhn %h§¥%Wln b%mﬁ% TR Meanwhi | e, when

gener atMane shecipirsi by, dlﬂ&h(alr-@é exheshive ddrrtitddm removal
3s]tép90H9c\Hi‘ed 1n5$ B@a}s 1ed st meitf §@é15 %@mrk% aﬁav@e&qﬂo&&he series

Ilnder mai n and the hard el ectrode. 31,
FGS ﬁF%BFa’rnvEQ%PFHQHEFbEBs%‘?W@O%éEd b¢ metal PrOdUCtlon in
reemqydaateethiich the At embbdépthenobystasorbbrsrayalhe (1-4)

LAAES e AR o LR U S B neas creatment

fStRBs HiaTy chd nterahasgedssi ve deposition renmoval step,

30 the sflaididar, RLBeBAUYS Senérd €Iy Ahd IAMiRG Liden
17 anﬂ§§et at egetern1%%d %os???on ﬁgﬁﬂ]l %éa# charge in

e HFF&FF}&&& Sq:mw 1344 dshovih P SEPG. A 75 Chagge may be
@anﬁmauaﬂ1ﬁﬂ&ﬁt@ﬂﬁpamybﬂglyh&nsynanﬂﬁg gasln body 37

i s kept u@tth%xlﬂu\pg éﬁ{;ﬁ;sg{r?gi anghﬁlﬁg}’ti“tﬂ‘é’?n"s‘r farc]icgf'@he electric

ai r by neans urnac
ﬁf@d@bwacaln@aﬂ 3ehe restid cean tieppropkese P Wimdy be removed

raspad 4048 wWepepbbi@Rofilase mﬂ? be PERgVESS
di ffusion bondi ng anong the particles at the interior

of the "BEFEYiEEr oh" 243 @ Tt RENPY bR R 8F 1Rg&avity periphery
a1, adgrd8beas pdrethargt ahcpuddngtde Bedtinissibtdas Heracks may be
the denperature and the period of tinme are 20 mnutes

at a high tenperature of 1050 degrees C and
subseqdestl yore holikans of thdifghsteanrodingnt gil¥de described.

degree%e@ab%eaeﬁ€§§ VWBEr €nd el Seposd tdithar ol 1b%ally acts on
nggr%lgrqer?tlg srllnla%.li pa?tlz la(r)1¥i glg.e %e%%g?.lttiogltil ¥s gradually formed
bycarryingoutdeposition, diffusionand/orweldingofthematerial
of the molded electrode 25 or such, a temperature of the recess
portion periphery 39’ in the cylinder main body 37 is prevented
from rapidly increasing at a time of producing the cylinder 35%.
Moreover, because the deposition 41 is formed by means of
the energy of the electric discharge, a boundary part between the
deposition 41 and a base material of the cylinder main body 37
has a structure in which a composition ratio grades and hence the
deposition 41 can be firmly combined with the cylinder main body
37.

Furthermore, because the diffusion boding among the
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Meanwhi | e, the production nethod of the netal product

in accordance with the aforenent'i oned first

enbodi ment mybenodified as in the follow ng

enbodi nent. More specifically, the (1-4) excessive

deposition renoval 10 step or the (1-5) heat

treatnent step can be omtted fron1the series of the

steps in the productlon net hod1®f the netal producti on

in accordanc t.he first enbodinent or ste

AT 15S %Eég(ellnzi:)er 1@%&%%?%&”8@;56&19?1&& Rre?ﬁﬁ%ses%rea tensile
astdr driiet H lofS )t Heealeplosdativantl skapbeafinbeeased.

interc %qrerlSDé\@JL?sO? ﬁ glr&l%tn%g%n%fOlg%ﬂgrq%gcr&tlr&)% 41 formed

pul si ng discharge 1n ect
Iafquiifde St 1a3 bﬁ%@@@l@@th@?@é MEg Ib@de genebat eéeaheanthan the

el ofdrd iGHd b Rpdl @Eb@%%&ﬁ@ﬁ@@r r@rlﬁaro% l!;st'rﬁhg:t%re is not
spar

AT sudirhgeciia ot o L e ook oL ePar e TR e s tion

orteghe exceSS|ve deposition 41f may be renoved.

Mo
per | phary o a parERHe 20 SR B s rtye above
REGRUES ctm@clt-@mﬁayabérer efiovke. reR3as RAKEHED @gy iphery 397 in

tihes fdﬁi%ndt%ﬁbﬁ@:lﬁe?bdw 517 P;ﬁ ﬂ:@@iﬁéﬂﬂ&ﬂlfrﬁtrgﬁﬁ@ﬁreJ,nc:reaSJ.ng
er e_electri.c discharge |ocally acts

S kPRSP Sl DIaHE (A s o SHh e & deformation of

grred orglcleys sf poneilon e ihigrhrepiyn @ 96Ut sdepbBidient 1y suppressed and

ﬂé‘ﬂ‘&és' e%&q r %EQEEQBH gfniﬁllgfé 'ncf%]r t3|?>e i@olr%%gnced to be
ectro or SGcR, & tenperature of the recéss
QQ§1Qﬂ9ﬁ phery 39' in the cylinder main body 37 is

pr evenme%ﬁ}efrr ope ¢ apd dllthd 8§f>8§§t£16n341 gahipe qurmly combined
ove cause

Qquc | i nder. 35
TG0 ER8n YL LR o AT boant of Eh¢ pECBHELEYoBr {hebecomes
eir@oisrqaptmhd(ehlaw geelang@lfrfdﬂrgm paetbdrt meearidkof the cylinder

‘?:%39%&&9%74&%%& lﬁ glltrjaeercyﬁ -0d8Se g@bﬂlllzed

has a struct osition raft
gr ades FRF&DREACE Y ﬁ@%%hb@ltﬁn@ﬁms%@ﬂ%@ Pfr‘?ﬁ%/dePOSltlon

gﬂnblaﬂeH? \émdc;re]tca][b%cﬁyw rﬁ@@{aﬂfﬂtﬂ ké;Qd‘yén%Eh Eﬂrﬂ%herr:é‘é:%%,st portion
ecause | uslt o arti1.c a
Hﬁaerlpi“[eé:ri"l §|9 of ™t %é dgﬁg agﬁnmii plf’% ¥ g—ég an pe “Inéreased.

tensi | Morgplvemgtheoéushetmpimotsumnomm:atmdvszhe thin film 41la

éfb?rgp%%%%dofl\/mﬁ OXELy c&?f@utﬁf 1"];% (Hééq:srlstft hebB§on of fluid

sition 41 orne g on step are
r?é’d‘e Ao the grégrépTt RAnthReCY l@@%n% of&n dre tfﬁ@pressed
I SEETN P EMBODIMBRT)a porous structure i s not

A cylinder 45 as a metal component which is a subject of
a production method of a metal product in accordance with a second
embodiment will be briefly described hereinafter with reference
te Fig. 8.

The cylinder 45 as the metal component in accordance with
the secondembodiment is, as similar tothecylinder 35 inaccordance
with the first embodiment, provided with a cylinder main body 37
as a product main body and, at an outer peripheral surface of the
cylinder main body 37, a recess portion 39 is formed by means of
energy of an electric discharge. Further, at a recess portion
periphery 39’ including the recess portion 39, a deposition group
49 constituted of two layers of depositions 47 is formed by means
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left in a surface side of the deposition 41 after the
(1-4) deposition step. In accordance with the first
enbodi nent as descri bed above, because the
tenperature of the recess portion periphery 39" in 10
the cylinder main body 37 is prevented fromrapidly
increasing at the tinme of prodgiing the cylinder 35,
thernal deformation of the recess portion periphery
is sufficient u S and nce .def gct
TR U The R e A 136 P L0 g MR TD My AR of the
nderee s 1151 dvb ragovey |4 heddus et i@ sdepdbeidt letedl can be
firmy conbi E‘I@Qpr%ﬁ@tlgﬁm@fhba%%r HE&h Oy DPd ancttﬁP%ccordance

deposi ti on 41 becones unsusceptl e to pee Ing O
fPhiR t Hee b3RECRht T A imsnt el oy i diascridied Sshpigatter with

arglf drencee qitalmtgy of the.cy) imder Ban@amrbﬁ Fig. 9 to Fig. 13.
stabill the tensile stren t.h

ed._Furthernore,. becaus
of the epéjsrci E‘l%mﬂ‘:hggnOgeEPﬁCIP%%%QCPIOduCt 1 accordance
rettambeabe sond rytiedimenttei s ecesshpdriomprogecipherlye cylinder

395 ddhchBenéyal rb‘l’ﬁ{pdi‘@n% Qﬁgyerr?ﬂl%‘ the éﬁ]@&€§§§dspelark machine

Nor egver, because 203|t|on has the thin f
M TROMRISES 6F eﬂ#éoger ot uFBeoRa R gpl ¥eegds 31 and the heat
pereeaheron Afrfddd di3 eyl RisdhidedntBbiver of the

cylind can he su essed. 25 EVMBOD| VENT
A cyli ﬁEr ) astq"a f&iu%tolrr'pnonne AWECO# 25 amgtwj%eg% oduct in
oiccwcpimmmmtdntﬂr@t sed¢oofl emhedarept otugirdvided with a (2-1)

arcRidanseey (A SpaeRdcr Sl TED o W Elfltl%tbfiéﬁggi’tlon step,

descrlbed herelnafter wth reference  to Fig.
The! 2x:y‘g\ i il A51RsSEeRy fotldlm 5éoﬁﬁﬁﬁéﬁt d?ﬂo%\%Eb?Iaa‘?rReé”' a (2-6)
vmtchasshse depondt tohadimeenatl 4iSep afds M2+Af He@t! bfeatment step.

Saﬁcr.prdance yvith the first enbodi nent,
OVIde&ﬁ%%qW

a cylinder main body 37 as a product
rral n bdisandtent imn oareiepeoufheiml tder fsaree ofmanher as the

ca/fdmﬁéntr&%ﬂ@d)oﬁH%?moqd&%@e%%e ortkea 39gls3formed
K?rrreans of 35 ener y of anelectric di scharge
F

THerPEERCT, REMQY. FEi on peri phery 39' including

t he recmsis p@téporis39caﬂrﬂ@cﬁ)0$nlut:i oin grtbep s#e manner as the

co, ' ed of t Jyayer, f tions 47_] [ me
o ba 020 WEeR (FRRR SR nlrbd HESTD
iE%RS?MﬂEﬁQSdeDNtﬁQEPdepOS|t|on group 49 will be

descri bed drateni shexy, tﬁJ‘%W@%éEé@ﬂ P8ARA step, by means of
; henet al producti naccordance wth the second

i e W T RXhE FREY TP el 8PRaF iRy @ )s sgrvo-motor 11,
rigdfeet eihte 7tics b ged in thegX-ax i Fdfredt bod ahdoohdYgaxdstHarection

Fﬂ.cgpo%:i'tion the cylinder main body 37 so that the recess portion
periphery 39" is opposed to the molded electrode 25. Meanwhile,
there may be a case where the table 7 is only necessary to be moved
in any of the X-axis direction and the Y-axis direction.
Further, a pulsing electric discharge is generated between
the recess portion periphery 3% and the molded electrode 25 in
an electrically insulating liquid S. Thereby, as shown in Fig.
9, by means of energy of the electric discharge, a material of
the molded electrode 25 or a reaction substance of the material
carries out deposition, diffusion and/or welding at the recess
portionperiphery 39’ and thereby the deposition47 canbe gradually
formed at the recess portion periphery 39. Meanwhile, when
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The production nethod of the netal product in
accordance wth the second enbodinent is a nethod for
produci ng the cylinder 45 as the netal conponent and
enpl oys the electric spark machine 1, the nol ded

el ectrode 25, the hard el ectrode 31 and the heat 10
treatnment furnace 43 as described above. Further, the
production nethod of the metal 1froduct in accordance
with the second enhodi nent is provided wth

ngffrbf?%tjsrf%ﬁhe Quélﬁlﬁlﬁ %%rg@ermmoég@ﬁ el§cftlgrr°§le 25, asbeing
dEposy td 0Ri sheame ppodesddng headfall,m strepipaotdtdi in the z-axis

(S]cg:tg%és]l ijo%P% . tai gﬂ iegraéeﬁzdﬁ%tf]nﬁ e%&aﬁl%farea £ a drlve of the

Ttion effovar st ép and
st egxis (SBIMOWRIBIING3STEP This step is carried out in

t he pane; ffpnely agreighe  af orementi oned (1-1) nol ding
step. (see Fig DEFECT REMOVAL STEP 20 Thi s

Steh | SRy Flni BMAF e d 2 AhEIAhi S5ept Ry meas of driving
af oy erartisosetv¢dnoxief end trenbvakistsprvd-seedsd g1, 4he table

(73 oSBT R0 TN STP AL 26 L DO LR 2i2kction <o

def ect I enov
e Aot A d;rhegcarﬁelntiﬁé Naamlsoctaewos@otbﬂtﬂhe @ezpqwetlon 47 is

t%@s&d kS PRV efhrd et B8t XpaXis) di M@thﬁ&léndtﬁéh?e may be a case
Y-axi s dlrect|ontoE03|t|onthe C%Imder mai n %3}1
dt e X-axis

SRR IEHE R & ds'sS BB Y IiPe Sidivph H?%@Ve%nowg
tai tdvet iyl ded elrecty-eod s25i rieadehi.l e, there may be a

case e 4 £ b
in_an \Mﬁ{rq:t e'},x_ggrmfszl.d’@t éétgfn'l%%lg %fcﬁﬂ]y@é Qs &eﬁ@f’aelged between
dilre amma@m&ﬂt Rad thephpsdngletleeeds c33d|1§bh'r’élr géecgrically

gﬁ{wﬁétﬁ‘ﬁl et qa st herH 869585 Bar $h&kn Rl Imt@eryos% surface of
a he npl de etroe25|n an el ect !LZ

e aep STt [0 ea et B d 0t et G ie Bl dcgri ggi scharge
neahs aghienéddyn o67atdmnumdest dfc adesehatgee af ratadr idensity can

01% %rgtggrg?%ﬁ%%g@flggd‘r%%ezc?fg%eadé @gfﬁféc}n??bsﬁﬂl&%ﬁle when

carries ou oSl |on
FrRPOratidiathg ritling ﬁééébérgﬁorql’}%haﬁérﬁkﬂ?&%p@s1 as being

%%MF@YtB ﬁ%e@?P@@éégﬂ{l; Adag2n bfs %@Qgﬁ@bfzﬁteﬁqrnnﬁﬂe Z-axis
e rec or eri I anwni | e
s 405 LSF 557 PORL PP PEEL PIBTL 20 RTAL S SBLve of the

e et i 0 dee 1238 —- naztdxe|2|$g integral with the processing
heac 2 | the Z-axis direction by a
p(_ad? S dCﬁi gﬁ tance Tz -

tra maans of a drive of the

Z- axi s Afdrmrofipishing, tlae ((2-4) deferFinsmoypEpstep, by means of

driving the X-axis servo-motor 9 and the Y-axis servo-motor 11,
the table 7 ismoved in the X-axisdirection and the Y-axisdirection
to position the cylinder main body 37 so that the thin film 47a
in the deposition 47 is opposed to the molded electrode 25.
Meanwhile, there may be a case where the table 7 is only necessary
tobemoved in any of the X-axis direction and the Y-axis direction.
Further, a pulsing electric discharge is generated between
the thin film 47a in the deposition 47 and the molded electrode
25 in an electrically insulating liquid S. Thereby, as shown in
Fig. 11, by means of energy of the electric discharge, a material
of the molded electrode 25 or a reaction substance of the material
carries out deposition, diffusion and/or welding at the thin film
47a in the depcsition 47 and thereby a deposition group 49
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After finishing the (2-3) nolding step, by neans of
driving the X-axis servo-notor 9 and the Y-axis
servo-notor 11, the table 7 is noved in the X-axis
direction and the Y-axis direction to position the
cylinder main body 37 so that the deposition 47 is 10
opposed to the hard electrode 31. Meanwhile, there may
be a case where the table 7 i§3only necessary to be
noved i n any of the X-axis dlrectlon and the Y-a

dFPREE et REP, 1BV KT SifnfPeI SRRIT LR Hdr genyée gradually
oetered ed bréveeresd %ﬁ&MSBBL oMebhwiid &,hehbargenerating the
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d@p@@ﬁqmamm@I&addeymn?cmprmt@ﬁ éfh the Ftastigidirection

%fcgagﬁsnaegaaeihamséaﬁ&%l £eEResed af @ikl Ugt ¥he z-axis
of“ high density can be generated on the surface of

tPREUEPHRTRT o 47. Meanwhi | e, when generating the
pul si ng{eches,chﬁmmsﬂolfne bﬁr‘dh@lcm;:tds:ldﬁcﬁﬂ,gr@ﬂpbeBngoﬁﬁ)ed at the

12 8L Bl BRSO R £ bl 6 & P8l Y pensions
n@ﬁrtéleoﬁreaedsm@rbiomw@ Zlax¢enerete Lesmsy 2B, oqwls)perlphery
SEEME BEBERH £H 6l éEElE’pAd‘g 8l hbAk St NG rid 6atéa)ard in 0.5mm or

defect renoval ste means of 25 _drivin
XIO%E & ey W%Po?g ¢ PREIPPEXY P E ﬁ%ﬁéﬁ Rgrtion 39 and
t#letﬁﬁb{rfegs iof nmheedepositio-geoup di dst medeand Wdiechicker in

aﬂ“n%r{t L{%% %a&oﬁpgﬁﬁkgggsghﬁaﬁ lf@cﬁje{o r!Ea.lln.l.:l. X:he recess

e deposition
olb@b@e@l B9 -t h@emwlalweelaep@rbdef 2he dmﬂmegrpﬁ@r@ becomes

NBY decdsLBRE d’@i%’s@.ttﬂb% w8kl 8t7cksngnbyt n@ﬁeﬁﬁrﬁééﬂ%s portion
gg%be noved in ES -axis direction

s Shgrevy: Aadtbsgon REPOLED neRho 4l SRE IS a¢ the interior
db B ctriae g:iaepcsszgenm ajmdhpbetoveam behgenkratkdl.m 47a in

F ?r F}%g?ﬁf | nSUEr atl HH'}]%) g Egi%gAiTﬁgFrggde a§SSi’12V\2nI n

Fi g. 11Aftb?yr ﬁéalné‘?héflge’ﬁ’é? dy —&p @ﬁ@ow@am%ltm%ﬁ‘aﬁee by means

o fBd e+ Blg &%eofxiahcqsrrelegee fbestr 9dend S 1s iﬁ—tdﬁ@@e@ﬂro motor
oS|I T1 on

st nce e material, ries out . de
T S Eate O BanaTed i S KCRrDE! Af FROG e (g fpe v-axis
mﬁxxntiaﬂlﬂa pondithenebiiea cgdpasietri maigr ¥ BUA3se that the

ﬁ‘fo%j? né:%@atsac%( ésﬁté@ﬁe%%&‘&%fés@ﬂ%ﬁéé73fa”l\ﬁ%nwhile,

recess ortion
W@@ﬁ@rm@ngaﬁﬁeﬂhw §hﬂg:ﬂii1§cﬂazlrsg@nlﬁ’ﬁé‘a¢m?r%ﬁe@’ to be moved

eix?CérE;Pd:?f 2the 38-Dai NG irtRdA Wt Rhet ReaRi8C8SSEDBion.

R R
Zthlexdsposition group 49 and the hardelectrode 31 inanelectrically
insulating liquid S. Thereby, as shown in Fig. 12, by means of
energy of the electric discharge, a thin film 48%a composed of a
sﬁructure of high density can be generated as well as the excessive
deposition 49f can be removed. Meanwhile, when generating the
pulsing discharge, the hard electrode 31 is moved in the X-axis
direction relative to the cylinder main body 37 and the hard
electrode 31, as being integral with the processing head 21, is
reciprocated in the Z-axis direction by a small travel distance
by means of a drive of the Z-axis servo-motor 23.

(2-7) HEAT TREATMENT STEP
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servo-notor 23. Here, dinensions of the deposition

group 49 fornmed at the (2-5) second deposition step

are made to be greater than dinmensions of the recess

portion 39. In concrete terns, an outer periphery 10

of the deposition group 49 is made to spread outward

in 0.5mMmmor nore relative to ﬁ{ outer periphery of

t he recess portlon 39 and ckness of the

deposi i s 0 be thick

o ror &5 ﬁﬂ%@%%’??eai.wgsts&vﬁﬁfﬁwglwg r&fibval step,
nﬂﬁﬁsgllmdemlmalﬁQbprdmwmd germ@vedr frolm the jig 17 and set at

}g;ppéeg ng oupoégt_@ gemeléeaa@tfésﬁaéggmﬁee@4@ ONgyurther,

recess portion ereb
eﬁsf fﬁl‘@{sh iporfdithg lemo i@ ep&ePosiéd oat IEREP ﬁﬁeﬁpépmpaewlng the

CESGMSSI VEm%%%gg%% up7 49 Q@@tbﬁtggnli%?ﬁ elﬂ?m;ﬂézrzﬁﬁure in a vacuum
er finishin

X 8} % 8id %%&‘?ér"‘tsu %{E@JA%%‘B&W nt)gugpa a?q\?f ngTherEbY'

tahhe}s(takrsa‘sreexv’o -quot be Sracas tdnk Wita»(u:sspecvotcmjﬂm deposition

t]‘%f @qutggl rec gﬁr‘@gs'cﬁfﬂqu%l)éna bﬁdg*m% %ﬁ t@l%dparticles

axl s to position t

FodFhe7inberhar q%hed%a@ﬂtbﬁngw A 73 ofp*b%gé&dﬁl&twn of
tthe kand rieactasode 3he MeaRWbkeduct heserimyseda case

wh t | 7 d 25

iy of HrE EOs AR A g ihkeviad: of §FEce Fo 0 minutes

Eﬂtahmghatqmpes:ratgna eft t 080 disptery€ asdgawiesequahtly 4 hours

Q_\Q;t glg Eé}% PF) 69! eAe% and 4 BQSQQ\{h%re the deposition
ectrode 31 In an i'd S,

ectrlca |nsulat|ng 19
B EDEO d$ éﬂﬁ’&@ﬁ?sﬁﬁ pfga Hcks} AR OF efﬁ%%lyt lloy.
the el mtahmldlescianégpro@u&mcﬁhfmém&&a:&ajmomaaf p@oduct in

30 st t ' b

R TREEEAR e depoeher brofe 8 Bat T aT hPenoai ried
Meanwhithe, ﬁMié@wgegeembpd@mehe pul si ng di scharge, the

hard ehgelr 9?@@31’.‘1 veq,d notie é%éé(é&avéj:gfe%?s'l@ion removal

relative to er main body 3 {
dteR ppddestz- 'é)shBéF ﬁgfe‘uaﬁ@@&Fa-TtW FANNFCPE beed SrRE the series
heradh2lstéps 3 rhed pwaa&eﬂom Mnd > d o@xt Be thd €Ll Ipﬁﬁ)dbl)ttlon in

a snal trave i.stance neans qf a driv
PR ans i ko 9958 HpttiRRerieh st Saflesti e che (2-6)
Arosrsdiivel sleprg ithen( zes)vek ceowd \andidhesi(t2-0n heabvareatment

s th c&l&g@gk LR body 37 is renoved fromthe
ﬁﬁ%%*%n% aHBredetermned p05|t|on of the_ he

at t r%’oéﬁr?é'ﬁtr flﬂﬁﬁ%é af gengratHgd thes PAHS#RY Aischarge in
Hitg: eldctithealeposidulent igigpupgdddascanpanygting diwclarge may be

ens n'e”r%eced”%'n” aROW Bl i3 KEPt 1 RLuBa PLOD fELPErature in

Furthermore, byusingagrinding latheinsteadoftheelectric
spark machine 1, the casing cavity periphery D' may be removed
or the excessive 49f may be removed.

Moreover, instead of removing the casting cavity periphery
D', any defect periphery including defects such as cracks may be
removed.

Next, operations of the second embodiment will be described.

Because energy of the electric discharge locally acts on
a prominently small part and the deposition group 49 is gradually
formed by carrying out deposition, diffusion and/or welding of
the material of the molded electrode 25 or such, a temperature
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or in the air by nmeans of the heat treatnent furnace
43. Thereby, a heat treatnent can be processed with
respect to the deposition group 49 so as to progress
di ffusi on bondi ng anong the particles at the interior
of the deposition group 49 and the production of 10
the cylinder 45 as the netal product is finished.
Here, the tenperature and the bériod of tinme are 20
%g es at a hi h t enper.at ure f 1050 de%rees C an

S

éﬁF?§S4P‘H ok R Pﬁn&’hﬁr@h PenpRrdteuFldpd ?Bomam body 37
r;e:@e(ﬁueui droaseaphéle irereteqios) titon tgneuwpt 44 ddiacing the
%ggpﬁﬁ #k 5a ni ckel alloy or a cobalt alloy. 15
the production nethod of the netal product
in  acdNTEAVES wWheka e thesieprmitt immedrpitp 49 is formed by means

%@Q@ﬂ@@ﬂérﬂ%o@%h@gﬁébgglcaﬁééhéxhge f @l boWhdSry part between
odj nent 6) .excessive

re spec
ATt s B AL 5l St S SE. O3 fopbinder main
Sitcm‘.y can hhe anstttedtlﬁre)rﬂlﬂ heietr Besom@Os bt idmerstiepyrades and

t f | .
LADE GEOUBLA 5 Nl DS PV LABYELLERIRS wion one
FYtidqn min dedessi’ve deposition renoval step and

the (2-F(rthRadindreeat HEBéusét 8h& a’&lﬂf@u‘s@bﬁr CHEOEY. among the
f he pul sing di scha

Mor eov i nst ead of ner n
S e, o e ramh RE e deposiing QS 4l bipgresses,
3 semmide suyehgthgefiertat etéplolsmlioal gebupcad Icyan be increased.

sl Algiie 885aa U LOCh HRCs DY LBR ERPA, @eééﬂk?edabove,

i nst ea ectric spar

RRAFIWEHEhEpherpepating BE tléﬁo%@ess)rpqntel@y@@ﬁph@ry 39/ in

4He Wlbﬁle&eﬂiﬁ‘itﬁdboag WVEQVﬁevéﬂlﬁ&gB}fdif tr%?:m\l'ynﬁlncreasz.ng
as cavi peri phery ny _def ec R

bR o b tul T onETE favadriaed Hpe LA L@t Simation of

Néwt;e@pesaponnsomfpeﬁmphﬂmyoB@ etrbosth fititiemt 1y bappressed and

T*S%E‘H BiikoctBORSEARRELEN BF (HE EIEGIIP 1 S9N3LA8Cea co be

y acts on a prom nent art and t
FIFREST iNeRegroup 49 is gradual Iy formed by carrying

out demlbs:lebw@&,, Q)lef:faugleolﬁhépﬁéﬁbswhthgr@ﬁp ibecan be firmly
ria ed electro
Rt Pathothd SidneBroBet Batade i he Fh s aigri g, group 49
ﬂ*&ﬁqmﬂs mdeu seept ibddy t87peebing eventinf o bapsednyterial of
[ [ t [ fapr 5 .
e odar et ndih! BRaf sPIAMIAR] thaliy S brg gy naer 45
fedhde stePidAgedner gy of the electrlc di scharge, a

boundaryirpaetrmbety\@eitause the tensile strength of the deposition
group 49 can be increased, a mechanical strength of the recess
portionperiphery 39’ in the cylindermainbody 37 canbe increased.

Moreover, because the deposition group 49 has the thin films
47a, 49a composed of the structures of high density, permeation
of fluid out of the interior of the cylinder 45 can be suppressed.
{THIRD EMBODIMENT)

A cylinder 51 as a metal compcnent which is a subject of
a production method of a metal product in accordance with a third
embodiment will be briefly described hereinafter with reference
to Fig. 14.

The cylinder 51 as the metal component in accordance with
the secondembodiment is, as similar tothecylinder 35 inaccordance
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the deposition group 49 and a base material of the
cylinder main body 37 has a structure in which a
conposition ratio grades and hence the deposition
group 49 can be firmy conbined with the cylinder
mai n body 37. 10 Furthernore, because the diffusion
bodi ng anong the particles at_the interior of the
deposition group 49 progresses,l6 a tensile strength of

t he deposi tion group, 49 can be increased. |n, ,

R FRRC LR FHIRE Wn dDEnERRi B ARE dSstpidRaprdance with

attoy esecdmel enbedtihent gnpesal de@ woiftH hecyedadsrposin dody 37 as

per. | P 5 e | Lpnd i AN

AR 321 Bealehis G LI EB L BN Furrace of uhe
produdieag melia ety nter 45 eceRerpart det otthsi 6arped heneans of
RSy RO tdroR 1RIrRRERY s3Barhs . SUFfHUHSN Ik a recess portion

suppressed 8pd, ence deEectlve roducti on of éhe L

A T 38 S n s ThorteCar DBor LghelP o Qebosition group
NER eorestitheealieod pherdepdsyeronofraeposixican B is formed by

Ay o.é&H?kggdofV‘" hhei0&e £¥L I1dRH, JTYN bﬁQ%n%il%h%etails of
eposi tion group 48 %econes unsuscepti'bl'e to peelfng

ditte fsRRIite dPagE onit &Si Al ldf bet Heseyibadetah@rn body

37 andN@ﬁﬁﬁtﬁ&%&&&&b@ioﬁﬁ@tﬁMbb@@%@n%iaﬁﬁ&b&&btinaccordance

stahilized.. 25 Furthernore, b use the tensile .
SRS S f S OEIIReE whrE KR e REr 8] hereanagter witn
aafsotemiecab Bigendgt Aigf I h€igeceésFigpoli i Kiyg pani phdrirom Fig.

& 4 gihe inder main body 37 can be increased.
%%reovef?Fbg%guse the deposition group 49 has the thin

films Tpapredicedpposelned ¢hethe mafialk &yosfudy dm accordance
d,ein?ihtt&&e l@ﬁig@aémams im%Qlto&sféuﬁ&nwd feﬁ(grhf%%@iﬂi&fe cylinder
e cC | I can _pe Suppressed. . .
ot AR L O RRaBP 8:2 8 SIHIeR T BLRAnEL GRaF k machine
ils asubjcdciedokleatpodduzb| onheetdmotl efectmetenl31l and the heat
' rdange _\w AL d odinment will be
E{le ;”HQ&???%@% ﬁgrgﬁkggfgfagfghan éfence 35 to _
Fig. 14urtherey|thed@rrsuctd onhangidrosl Gonpgynepetah product in
tmmt ARRGR w&ttlm thie t&hqcz@n@g@@‘@@ﬁ%genﬁtsih@rﬁasgéhni{:&ah a {(3-1)
0 e C | haer | ccordance W rst ., .,
SRRt Eng (e Ir PRar AB RY Skt Adrog hiTRes Lien step,
sedond) ebiodf Memttepy avi(ded) wiepeta tdyhni sidew, awi (B-hodgxcessive
He it%?{ Q%&h%%aﬁﬂls@ggog}édaﬁd (38%) a@eé’t‘t Erelfflpbesaly.
surface of the 'cylinder nmain body 37, a recess
poi 1l o MOIPING ﬁgﬁﬁed by means of 5 energy of an
el ectritei@i sehas ges Rtthdd atita I1PCER8 Pdntd ORanner as the

aforementioned (1-1) molding step. (see Fig. 3)
{3-2) DEFECT REMOVAL STEP

This step is carried out in the same manner as the
aforementioned (1-2) defect removal step. (see Fig. 4)
{3-3} DEPOSITION STEP

This step is carried ocut in the same manner as the
aforementioned (2-3) first deposition step. (see Fig. 39)
(3-4) THIN FILM STEP

This step is carried out in the same manner as the
aforementicned (2-4} thin film step. (see Fig. 10)
(3-5) REPETITION STEP

After finishingthe (3-4) thinfilmstep, the (3-3) deposition
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peri phery 39" including the recess portion 39, a
deposition group 53 constituted of plural |ayers of
depositions 47 is fornmed by neans of energy of an
el ectric discharge. Meanwhile, details of the
deposition group 53 will be described later. 10 Next,
t he production nethod of thenetalproductlnaccordance
with the third enbodi nent willlbe described
hereinafter with reference to Fig

FED GROHEge 16 AhcaTS Gt e el FePRRGet:7 thiasby, as shown
piwduiei. @5, mehhadf oims e7awirad geheducied onatbersiantsaces of the

Fethddb e 16004 SEE BRpbsh s s BolehhAthd hoPAGIIE] {¥hn group

onent
tih%cetﬂeeﬁﬁd@fs‘p]a? pligehi yayers of W@WM@@& ﬂad‘ean be formed

2oy thBeehakd R RGInofien Pheand otf%éi%ﬁﬁof treat@elricdischarge.

furnace 43 as .descr.i be above Furt.her, the rggu

et hod T & RERRCBS0BRCERS HEBAS Loy JAREE Bpt TR at the

t t3+3) erdpediinErin ksepr aye deibievitichba §Bed}ernthan nimensions of
e Cci, remyv 3)..d t

#hg re%e(s 5%{}*9?%5 ZE? | %%S?Enélt:g{)? éf%%rés )an 8 ?%% ﬂéJx.nJ.phery of

s‘ﬂeﬁp dems 3igh exewsSidves Eotsmeardeﬁ’éwar@tlép Oap@m or more

ard Batvdread dd e&lﬁ'@?ﬁntpeitlﬁﬂrer(ﬁ‘o]f) tMa—QIeN@ngE%rlion 39 and a
This step is carrjed out. in man

hieiists ARt eposiiiamgroness CsaBape toBe Fhigker in 0.3
Dhrfr o€ TmdEMDMAR SEEBCMeSsSr@@JiJSed:abrfElilmg the tdeess portion
S a 0 0 fect

é‘%vgl%%sq%ﬁ ﬁ(&?ﬁs#% ﬁ%ﬁgglgb %ﬁ%é éﬁ%%%ld%%l aé:_l_é]_;xe interior
ToF sthe efenas idalan axroom 3ncﬁﬁeb§a§§ﬂﬁﬁﬁﬁéﬁ as the

af or emmatrﬁnﬁqe( 2-3)pdrid Yt Qe@osietpo@atab@pgrb'&ge 5Bi Becomes an

9 N FI.LM Th fe d
bl St e FNGRTES  TOLECBLEP . G KR0Sl od Rortion 0.
lehmamppllfﬁsxeéoﬁl Pondng (a’mdh)g REPETCTeONMIISTER Ahtérior of the
ng, t the (3-3
e osH?% on 14}%#3 543)ar<1§c‘?m %e ggh%%aggg al terslat el)y
Gk &%CEﬁ%ﬁ\@bPEPﬁm EMRVALgSTEE thin filns

47a ar ey gganef ot £ch oy the (Sub§ %%t@ftlbh%telpqwémygof driving
| ayers of the deposjti t he OSItI

de
S5E Krpad 80 BF Y PHES 1 a?nég;beerg BT P apdeT i Tond Ape table
Chn1$emﬁnkham.ﬁhatXPb%lBedesechmMIamd3@byﬁb&nsjoﬁ1rectlon to

e&%ﬂé’i&{ gh'%e c‘§'1§ﬁh%&0m9£§°1519d39%7 so that the depesition group
53 is opposed to the hard electrode 31. Meanwhile, there may be
a case where the table 7 is only necessary to be moved in any of
the X-axis direction and the Y-axis direction.

Further, a pulsing electric discharge is generated between
the deposition group 53 and the hard electrode 31 inanelectrically
insulating liquid S. Thereby, as shown in Fig. 16, by means of
energy of the electric discharge, a thin film 53a composed of a
structure of high density can be generated as well as the excessive
deposition 53f can be removed. Meanwhile, when generating the
pulsing discharge, the hard electrode 31 is moved in the X-axis
direction relative to the cylinder main body 37 and the hard
electrode 31, as being integral with the processing head 21, is
reciprocated in the Z-axis direction by a small travel distance

by means of a drive of the Z-axis servo-motor 23.
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Here, dinmensions of the deposition group 53 forned at
the (3-5) repetition step are nade to be greater than
di mensi ons of the recess portion 39. In concrete
ternms, an outer periphery of the deposition group 53
is made to spread outward in 0.5mm or nore 10 rel ative
to an outer periphery of the recess portion 39 and a

t hi ckness of the deposition grd8p 53 is nade to be

t hi cker in nm or nore than a thickness required

tk?TlIIHﬂﬁ?tqﬁ§ﬁ$§§§§é S3&Fti on 39. Thereby diffusion
bondi n@ fayEngi wbshied eSe aB-bhedddsyive demds ithieon removal step,

q:“al'Poscéztfll i eg' %%Qn5 og[ B'Pelsqer%gnob e%d fr%gl M‘?gni@és a%d set at

e deposi econes an
obe]pnsqiet@mméd ppso;kmg o@mhe)heahérﬁemsst;f@ma@ﬁ @ Further,

Therayfiifif Lﬁ.é)n 1BONdIHG RPFII AL 'g@o%% aly BLheon Fanylng the
interior of osjtion group 53 °can %genera

N N N -
famiahting afilteby &re%hsr eﬁettnet heat s tiymeansnhcdrdi nghereby,
t.h X—al ery rvo t 0

A epocp SpPEetD O B RebPotnd Wi rRsRBRECEo Y qaposi tion
tdEoup 3R sod T dct pcngmss pbis] fussent hendjhgnaleengndihe particles

hady 3780t hat 5P%h@eﬂﬁgb5h9i‘oﬂr%p 33 laﬁdoﬂpé’ cqu:tlon of
t he hard e] ectrode ile, ~there ma

SAHerdathe k &5 &he W?téﬂlyrﬁgﬁggsé?yf%% B%eﬂnved
i n any Hefre,t bre Xeampiegr ativirechhanclengetriedYofixiitne are 20 minutes

Ut SehA0R (LD £ I B D ELSRLE L HSEIRAR 1y 4 mours
rﬂanr @ hdlgacrempRr Bunoar 68l drardssal 1y a cASawitengythe deposition

Id 4 43 {Hherpbseds o%hQW'ﬂlbﬁeE' Qll% , oBYa n@@}5‘§19fa§poy
energy .of the eIe%brlc di.schar ge, in_filmb5

conpos &FasF g 1est gt BF8dBFth? el t3F d&iF BE tal product in
gererraiatt sl tiethe agotrbreaxtonsd va i rdemdgidinen thify samcdified

% r%FQXEQ fﬁﬁ' glgﬁbwp gneratlng the pulsing

arge e 31 is noved in the
x- aX| s Mogier épepeﬁlcéléyr v!;c,hq d3ri6é eycepgbye MERPYddpn removal

357te%ﬂgrtt|i‘1% fréw gy ﬁéa%|ﬁ@art%@%t3§teﬁ§a9.%é‘gmi9’é€8rf%'om the series

t he roceSS|ng reci procat ed
Phhe SHPRS1 b By PAGAHaE FoR MTRIOwod: SREdTCrAL Arduction in
Gfccnrifance withthe/saxond sabodinmehoro?3tep8 ¢Bich)s blEAhe (3-6)

RAENL ﬁEgPyAEESE QEH&%F%”&%}F argéer@e @@23&1&%5 treatment

eposi tion renoval mai N
r&ﬁﬁﬂuﬂ#ﬁlhﬂnhﬂﬂ§qchgnﬂ¢dand set at a predetern1ned

posi ti %r%fovteﬁg tﬂﬁ@ﬁe&&eéf r@éﬁeféﬁﬁ@ﬂ:l’@ pulditndeHisBharge in
%ﬁggﬁir,Fﬁaa g 1nsulat1ng R?.cszlutildog gar Rs:t?zg discharge may be
generated in an electrically insulating gas.

Furthermore, byusingagrindinglathe insteadof theelectric
spark machine 1, the casing cavity periphery D' may be removed
or the excessive 53f may be removed.

Moreover, instead of removing the casting cavity periphery
D', any defect periphery including defects such as cracks may be
removed.

Next, operations of the third embodiment will be described.

Because energy of the electric discharge locally acts on
a prominently small part and the depeosition group 53 is gradually
formed by carrying out deposition, diffusion and/or welding of



10

15

20

25

30

35

cylinder main body 37 is kept at a high tenperature in
a vacuum or in the air by neans of the heat treatnent
furnace 43. Thereby, a heat treatnent can be
processed with respect to the deposition group 53 so
as to progress diffusion bonding anong the particles
10 at the interior of the dep03|t|on group 53 and the
production of the cylinder 51 12s the netal product is

fini shed. . the tepperature and the period of tine
B RIS ShoamA BRCt SHPSF B4R & IS 656 uogr eFberature
@ﬁm@hesubseqse;m:tmcﬁa peudipheaty adhiigh thenpelahdee mdin body 37

%g;e%%%d 5!':8?‘%&%?%%%%&% eB‘ESét{frF ]tisﬁ %rr%lcli%cz.ng the

s conpose oy 5P & cdb
MsdEidisig e Sli-he production nethod of the net al product

in  aceRyrdaree %é&hdi@tﬁ&%@@ﬁﬁ%ﬁ@'zé@% ] 1s formed by means
&Ffrgéig‘en%ﬂ?rgmﬁ to6eti ¢ Fiht ¢ Pl aHe @8 67 Ié‘?(‘t’:%‘%%ﬂ(lé’ar t between

dﬂm)slleploemtﬁ.ermgﬁd)up A3 shepa O:Fastehma(tfé-rl)alheﬁtthe cylinder main

nt _step 0
bR A st T hof et st dgces and
|1??ncﬁ:cté?edmswttlﬁnt ﬁéosl@céﬁdcéﬁbbél ﬁéﬁmlwr cgtnbpged with the
Aared e B349) 37excessive deposition renoval step

dth heat t { t t
?Et er c%&&&g&rmfggwbr%%%gggl ﬁé’tseegﬁ %?Eﬁéﬂ’ér RIHPG hgmong  the
pHrdiing edi athehigd nite riblrec £ et rllepalsb.ylbnsgd:@lp 3 progresses,
i quid . h t
51 Guihd 3 e ?;{Péhéfﬁ%f"&% %Q%E %(ﬁ %gﬁeﬂe%y #ted b'é fcreased.

ectrical atin usi ng

gri ndi A§ 2@¢eredanes waghoihe ﬁbléﬁeembcrd:lmegﬁaﬁﬁ dmzrb@d above,

Jaedaim%ecwen@eﬁ@\ékhyus@rwh@w RedBy Ra-vieoyedip8ary 397 in
g:rhthe excessi ve be renoved. eover, .i

stead
& STIREE: RETEaRP TR Lokt I3 T b R abAflgy ThCreasing
agf bk pome p:ffepyodnchudltrge agfléctdersbth tdse e ke fomypation of
d p%gg of etnl’gp [
\?:\nqﬁ &%% gs%cr)%\lgi(%n p%e uég eﬁge%f c'rltdehne 2| ggg??%ssed and
dedfac§d ecsdsrl pradustspn af ptifhﬁnGr&;tﬂ%ﬁrs#él Hspaeguced to be
airlehots_ltend,e@qsi tion group 53 is gradually formed by

t i ff d wel
o e aBay sy BRCEHEe b et RPaLE F oS 5atEr SAUCHY ke firmly
toemha'matiuwethotfhe vy liedessmpin thaaty BE1 | pherde@itiion group 53
tbréeco?rbél | ﬂqgﬁs@b&.g?gg?g e%flrpi%\/%tﬁ%nf R BQQ% Jnggerial of

i ncr easi n% at a ['I nder
\ee GYdindgaEcngin pady depatd |1’tﬁ11C§?r &ylﬁlsgy off shpedybiynder 51

R2andhe stabilized.

Furthermore, because the tensile strength of the deposition
group 53 can be increased, a mechanical strength of the recess
portionperiphery 39’ inthe cylindermainbody 37 canbe increased.

Moreover, because the deposition group 53 has the thin films
4la, 53a composed of the structures of high density, permeation
of fluid out of the interior of the cylinder 51 can be suppressed.
(FOURTH EMBODIMENT)

A joint structure 55 in accordance with a fourth embodiment
will be described hereinafter with reference to Fig. 18.

The joint structure 55 is provided with a pair of metal
components 57, 58 which are butted with each other and, in this
condition, joinedwitheachother andthepairof themetal component
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of the energy of the electric discharge, a boundary
part between the deposition group 53 and a base
material of the cylinder main body 37 has a structure
in which a conposition ratio grades and hence the
deposition group 53 can be firmy conbined with the

10 cylinder main body 37. Furt?&rnnre, because the

di ffusi on bodi ng anong the icles at the interior

t deposi tion.gr 53 re S, t ensi
T e s 2 a2y D HiRE Bye Ditd Rorbicmg. 572 570-
IMpraoooraRceeee $ f pddreitdn KA el inerd bastide sonidieicthg portion

a\?p&’%’f tﬂé %Sglggﬁ?ﬁgn?ﬁea Fﬁe?e\;&eir{ngeggg%lgx} 59%a of the

portion perlp ery
privenredat retR AR voi #ed @a@ﬁem@sﬂa%om b &5 r@réfed at a recess

%M@rﬂ@e&ﬁ@h@!&l ﬂerlr%-ludlr}% rﬂh'e Q@E@EB’B%cb@tﬂl@rﬁ 61 & energy

T EPE eletan ARbhBeSsr cherbRer bhBRGs ibtopfs is gradually
c@drmaj:érbﬁlemzslcneldlg:elrhet crndnbdecﬂOehétrmlscbdmo?fé shown in Fig. 1,

%rﬁrﬁ?’yﬁlno&)ngﬁﬁg § thbﬁléiﬁcgqcy? Be%é gﬁnch%ere%ess portion
REFIFRION & oubR B3Ik Frhss {ﬁ%%%%elb?lr"ﬂ@t@l peRfl| ge molded

dfedtrsad he base eacetirakaoly imﬁlraf&iﬂgdquqﬁﬁaunob@% so that
can

37 d h | f [

A B8] SETharsre. SLEcttal AL s o sy tance of
ofhg hetdepesditaoniegrotpd&doshni b, ididfesded, amd/or welding at
r@fé"aPéEé‘ésS;)B?EgBH g‘;a ngggszce@ls’ Wrtah@lﬂg?erdfph@ﬂé/ electric

in the c 37 can” be inCreased
9€-because the deposition group 53 has the thin

film H¥GedlaheSwdl daiposed robict be i oaposed of ahin@llded body
nmeat,i on_.of fluid of t nteriar

nhgl.sdce; ’frperpgﬁd%zéno%e 5@6&‘&5 eéav:.re&%ﬁme compos:Ltlon as
ENVBODE MENTpmpchenhs S5t rutt prwdss dfne meterdahdewingttlze similar

fQudds ienkedi Jenk mé"éall CBTﬁgﬁéﬁEELBefd D/ %'rh[?é\}cférr Weldmaterial

reference to Fig oi nt_ struct ure 55 1s
grasinde & W?f‘]f]acw}q’ Oéf thermel LHRian sisye By aRpehficient

EUE thisirred eikbBneach 6fherb@dsl mdtedils ofc@hdi k@Al component
%% th each t her and thelgalr of .the net

ety B8RS 0B Lehn AN SR o dxiricli s Ghpnmolded body
travelsiatg tgoret heas 5782tB2bt b¥baevwenumaippeess or such.

por ti oyeGhing 1def ined hyd %eQ%VEBEHSaQQrdé@kla'_&?%fOfthe metal
the metal conponent 57 and t bevel i ng portign 59a  of

P BT et 3P &Enﬁoﬁﬁ%n%@%rﬁl]&l‘ﬁ difProAngiuddng 18% of
fadrmeed uadarad 8 £ €83 cheQlaniodh eyt iliares stelt ed INChat M@di fferent

tJS%ﬁéﬂ%%?EeegﬁgiégE‘%5&%&1%5?5g¥ing the similar composition and
cobalt or cobalt alloys become the material having the coefficient
of the thermal expansion close thereto. Moreover, instead of
molding by compressing, the molded electrode 27 may be formed by
slurry pouring, MIM (Metal Injection Molding), spray forming and
such.

Next, the production method of the joining method of the
metal components in accordance with the fourth embodiment will
be described hereinafter with reference to Fig. 1 and from Fig.
19 to Fig. 21.

The joining method of the metal components in accordance
with the fourth embodiment is a method for joining the pair of
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of the electric discharge. Further, the deposition 63
is gradually formed by enpl oying the nol ded el ectrode
27 shown in Fig. 1, generating a pulsing electric

di scharge between the recess portion periphery 61
including the recess portion 61 and the nol ded 10

el ectrode 27 in an electricallg insulating liquid or
gas so that a material of the ol ded el ectrode 27 or
a reaction substance of the material carrjes out

dfe‘b%%‘f%ﬁomHPPP%?éﬁraﬁ%PBf‘ e 8Vﬁ§g e ¢hectetesparkmachine
FIW t‘dl"ﬁinmml’dleﬁheflycﬁiodbyferm’rcg)th@f hthe etrestmést furnace 43 as

Cé@fbgeed 1p.bkre. gﬁlg%g@' deﬁ% f;gmgg Wéth%d of the metal

osed of “a nblde
rmrm@raﬂntlmwnngcphédgaﬁﬁ @bﬁpd&ﬁ fonrsb ewﬂh@dh%%rat is provided

Cﬂ@?@q%31§7bu§91nﬁovﬂe(4q @e‘%ts?arth%h Ba¥pNgahde (4-3) heat
simlar qP03|t|on to conponents 57, 59,

t he
o T FFONRRSHE oF %PrﬁﬁeQQ%ﬂrlqﬁgvPﬁ E coefficient of
thHmIBmmtsls:ﬂEml ose to a coefficient 20 of thernal

expansiq%{yg 913 BRSE, IR A ofRbob R U84 7 SPIANELL o the jig

57, 59 ans of ‘conpression by pre S|ng
nbl ¢edtbatythespbjiecet ftéiteamﬁ‘é%ll qompeneans by, @ asgntted with

fdd s Kl r Suqtﬂrerlﬁé%%nv\mﬂeeare'c@s% E@i@l\‘yﬁe%@ EBedQ&'iﬂed by the
materj al of the tal

IS l.es
TPy Bt Ha LR A5 SRR 2 o SRR S e Develing
nbeked on &Hvet bér tise atteas meshéetsmbavemy 5 fafsesbown in Fig. 19.

c ggterial having the simlar

gnpo §E%§$¥¥E? hcﬁbalt or cobalt alloys becone the
mat er i &lfﬂﬂiﬂ/fhglﬁhén@dé?efl éréhtbutdfinhateRerdtameans of driving
e&p@&&aaas%@woirH@E@f O 2 AReRVeLaxi Qséeaﬁfb—(ﬁotdﬂ)hdl l’tghe table

ressi.ng, ed. el ectrode e for
TR R e S Ty o FRE L OF rrnd (4 B S T ect ion o
sgpmsayticm trhagaaa:ndofsuhtdﬂmehbi(tqonwwemlt@dﬁmt |5(9nscm£hlat¢dthe recess
he d aof al, cqrpo i
g;gof‘ aﬂn% %hép){ﬁe ourt hcﬂ% taly QR ?rf%ritd%d Rlectrode 27.

ccor nent w |
d\é%@rrwrb]eleﬁrhéhérﬁamebwtq@ﬁeewbeéﬁctéiet bakig. 7 1Saq>iraly necessary

fic?ﬁ}aﬁﬁcﬁfed ) aéh% d0thek-234s a_hﬁed:@ié\:% Eﬁd}[@ié‘t@daﬁistﬁ&ectlon
metal ¢ ents in accor e four

o bodi HRSRED. S i S0P E1806es M dhildid 28 4 dharated between
rm%eﬂrem@mmopemtsoﬁ7pe59pheﬁyeﬁhl@mﬁnghehmobdedtelentrode 27 in

Sé’i?réﬁ’&cé? r<‘:"=all %glgeg.g esc{%&gé d‘,‘ogngZr@Bgrt g\‘?@.ﬁn in Fig.

treat mant urn ove
j &7 iy Wﬁﬁoefwn%@w@ﬁ gihe @éﬁﬁéﬁéﬁtglﬁsﬁh%%r oﬁaﬁ@éerlal of

Wid ﬂﬂ%é@@ﬂbﬁt@@ﬁ@dﬁm d TeRc@Ybdedubsvahbe aof 4hk) material
bgatngzl'{]gé out (% 2051?:1%?1',“ o?fﬁtsggh ang/gr (we13 J.nge%tt the recess
portion periphery 61’ and thereby a deposition 63 can be gradually
formed at the recess portion periphery 61’. Meanwhile, when
generating the pulsingdischarge, themolded electrode 27, as being
integral with the processinghead 21, is reciprocated in the Z-axis
direction by a small travel distance by means of a drive of the
Z-axis servo-motor 23.

Here, dimensions of the depositicn 63 are made to be greater
than dimensions of the recess portion 61. In concrete terms, an
cuter periphery of the deposition 63 is made to spread outward
in0.5mmormore relative to an outer peripheryof the recessportion

61 and a thickness of the deposition 63 is made to be thicker in
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treatnment step as described below. (4-1) BUTTI NG STEP
The pair of the netal conponents 57, 59 are set to the
jig 17 so that the pair of the netal conponents 57,
59 are butted with 10 each other. Thereby, the recess
portion 61 is defined by the beveling portion 57a of
the nmetal conponent 57 and the geveling portion 59a
of the other metal conponent 59Zas shown in Fig. 19.

4- DEPOSI TI. ON STEP After finishin he (4- .
Eﬂjﬁz"?’%ﬁr L& Thayp %Elgh%ﬁa?sﬂ?f F%IPhﬁedf% 412‘-:“%‘-%]3%‘?“955 portion
&l voThetrebyodafdus hen Yeandsng eamangdaxrt ikl e s faee tthiel énterior
7. 4 Vi ' : X LI ' d the Y-axis
& Z%{H.’a}‘e‘h%ﬂjp%% e, e gehkopcBld L ov

cAmpondtis FREAFYENT SAEF the recess portion

',?,E” ph@{f&te@*tlﬁihisﬁﬂﬁgsdﬁé (4o 2t h%ﬁ@éﬂ?ﬂo:@{s&ﬁﬁﬂgﬁe@air of the
n 11 e er.e Yy a case ere e abl e 1.S

S RN 50 55 BY A58 areT Sy Eh (1 gl and set at

¢ peetevarmimed hesYeagn ofdilrechhe¢aDhreaEmehbdiurnace 43. Further,

i LeGt.Li gdi j er.at ed th

RS R oSuRICh 63 OB iy G8RCPE1E o AHERR e D Gomponent s

D74 P9 dF Ke@Et Aitcal PYIP nSeMRE T3 TS Gt P JaCHEY OBy in the air

a*lgnﬁémm \ oﬁdf!thEir]]rgaat 2¥b a e rEANSH | ax;e gger %uheejfeiamgaheat treatment

electric | SC I Q€ a nmateyla (0] the.no e

SEhF s Sos Sar o BePPo Rt bt neRos Tt MR St epnto progress

cHrfrivesi coutbatepioy) tdnamg dilfd usa oni @rel ort weheli bgtatior of the

{é%)cfsﬁctﬁ% 6ROLAd q%iﬂgﬁgpﬁg{ﬁ%feﬁ%iﬁr@f ttl?l%rﬁ?ﬁ’af‘ comg:onents 57,

t
deposition 63 can~be grad ornmed at the recess

tirf iFErshffery 611. Meanwhil e, when generating the
gul si ngiediels,chaé %fhmhﬂdi%tfmledﬁﬂddrgﬁ?b(?@d?dyf tamebF @@ 0 minutes
iinte with the pro i ea is

B Por b et oy B P 050 a5 By S hagquently 4 hours
tataw &li gl serepreoes hirenefii$ O0afegrafrs Ve naf cehe wharaxilse deposition
ST Qs RYrf, . LenidhARNgi h siiiQp 63

are nade tgﬁég 5?23t8€g%gga§hg?geﬁgi%ngoggp€h%i%€%ess

port i off€gRvhiidee ofbpel einbrgnedird 3 diemefedi grEPgnents in
(ﬁcddleiadﬁéosvirititlont166 bSoE&ﬂénthﬁ@ﬂe%thhV\@itdaf d'ﬁ:ﬂment may be

. 5 rnpre r.e Y an_outer periphery of the

SEEéSsﬁgfﬁﬁbﬁn %%ea 8&§°F5ngﬁggggﬁ?eﬁﬂé deposition 63

is nad#ore Beechifdkellyn 2Re0.(43FM beahpteeshmant step can be
tdH i eRes s r bR &4 iR <f bF 1HHW SRR s ££8%% 58EhiAY méthod of the

Ther eby di ffusion bondi ng anong particles )
MRt GompeRenté dBpaSFPFEANES vahhhehgeheratzeriedipent .
HEAT TRoAEMENE, SIEBWSeNfdey (a2 shepgsibeofdstdp and the (4-3)
%%%%Sittrie ril:msétn%p’stte{%? B%i craxgésg:lax?e deposition may be removed.

Furthermore, instead of generating the pulsing discharge
in the electrically insulating liquid S, a pulsing discharge may
be generated in an electrically insulating gas.

Next, operations of the fourth embodiment will be described.

Because energy of the electric discharge locally acts on
a prominently small part and the deposition 63 is gradually formed
bycarryingoutdeposition, diffusionand/orweldingofthematerial
of the molded electrode 27 or such, a temperature of the recess
portion periphery 61’ in the metal components 57, 59 is prevented
from rapidly increasing at a time of joining the pair of the metal

components 57, 59.
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nmetal conponents 57, 59 are renoved fromthe jig 17

and set at a predeterm ned position of the heat

treatment furnace 43. Further, the deposition 63

acconpanyi ng the pair of the netal conmponents 57, 59

is kept at a high tenperature in a vacuumor in the

air 10 byneansof the heat treatnent furnace 43.

Ther eby, a heat treatnent can?Be processed with

respect to the deposition 63 so as {0 progress

di f f usit&I POFF nGeSRURG the PPeFeiirn aF[3 gﬁefPﬁ’l“%iii%Y means of

othé keerdgpositiieonl 63tand diddiargeqf atheunpdd ry phrthgeetween the
C 5709 i i;NkS ne

s SOIPE SRt mast pateriftoat b J5 i conepes 57, 59

ahds ghsteonpbrate uire wbi chosategpsdds og aabisWsstfiseanfyhence the

4adyosk St i M 8 NHaGh HeCWReMmALUEEMBE ndQ 0w H€9r 885 fetdl @omponents

case where the deposition "63 is conposed of a nickel

aﬂ‘oys%'r a cobalt alloy. Meanwhile, the joining nethod

of the FettHemimegnebesaube 2thaccirfdarsdenm bbdihge among the

PN R T el 0P PhURL T 10 e TBELCHEEES, atensite
(FEENGaof ridr ManosStdpnc H3 Isan bei Lnedepperh t he

seri es Bf atB8rah8PS wiRhidie FOLALRGMIRINAEn@fad BEscribed above,
onents in accorgan&g with the fourt
e

tal co h . ;s
Ot Fferit® ISTRETESVES, © cheEReS (RBY L R RET®AGTY 617 1n
stlep retch 1t hempdn8nts e[t SOr batprentersicep fran exqubdly M@creasing

d it . v, : r Lns

LD ARIBE TEASIR A plil RAD ech I Glncs 57, 55,
i PRerEa Y ngevfpaw‘él@} 2fpuihg ngeaesehaogé ippy Pajeiphery 617 is
gener 8d Bch i 1y applreckedCahd Yhd Msdl IRlfddd i9@S o3RI NEXdE the pair
operations of the fourth.en‘oo%lrret wi || be described.

RE e el A pdnidies a3l RRGTEaL i b ALRGER GRS S

on a Mamoae, pesaabé ter Hepodithendépasirt benf Hi8nlys combined

i-Ng=gu Ltiqn;, .di

e Pl mp SRt Compin S 71058 nd W ki1 ek drength of the
1R ¥ beeoR B3 oras e nGr aamfRshr B cere tilpe pEidssI @ont between

pexd ipﬁrirp@fitﬂfé?fnétﬁl'cc:i di@vebal somperents Be/fibf, in other
rom.ura

i S event ed idly increasing at a tine of
BTG 4 AT, (¢ SRALD ©fcdhiongHRE SFIUstrssss can be
Mxxeossesed because the deposition 63 is forned by neans

f th ok gt i ¢ di , . -
0 eAseﬁ%"sth_‘ﬁgEd die%%x%,fftﬁg%' E%Qéﬁﬂ‘@r‘i Hos BeQR%gl§ed above

part between and a base mat
the TAEEARREBRSOFRTR 2 brreborahdsg eabedimentfe Havamsghthe scope

B £eIpat {noNudad e tHagessand Nenaa 1dieis KlePeshites to these
63 .can. be firmy conmbined with the nmetal conponents
embodiments.

Moreover, the contents of Japanese Patent Application No.
2003-167025 filed with the Japan Patent Office on June 11, 2003
and the contents of Japanese Patent Application No. 2003-167074
filed with the Japan Patent Office on June 11, 2003 should have
been cited in the contents of the present application by reference.
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57, 59. Furthernore, because the diffusion boding
anong the particles at the interior of the deposition
63 progresses, a tensile strength of the deposition
63 can be increased. 10 In accordance with the fourth
enbodi nent as descri bed above, because the
tenperature of the recess portlon peri phery 61' in

the netal conmponents 57, 59 is ﬁrevented fromrapidly
increasing at the tinme of joining the pair of the

nmetal conponents 57, 59, th def ormation of the

recess portion periphery 61" is 15 sufficiently

Slﬁlglpr e C%O%n%tl%gcgegﬁggcékve (Huct he c%%lract%rlzed by
t met a conponents I's"Teduce 19SSt 7018

Mrmeovierindsecause t he deposrtlon 63 can be firmy

conbi ned MMt nlghe + @Bt 8 RBMREAENESpPIduee ﬁ@£ht$6ﬁy,
tensile strength of "the depositi.on 63 can

i ncr eadetft Gt%r%?ﬁb‘?lt%ﬁp&ff LR VAR %R %E‘?%Eﬁrl%eﬂﬁéncmdlng
paide fektt fendrdvdd conponentscd £o b8 temed ofbehé igrgduct main

i r C tren t he j ain
ol B RS, o3 TR PR SR Lng iR BhTaRhg SKpd Bbknat a recess
thr tiimre asi Herted obedre gagdpichetd é:lgaom;eabgd ,oéac themmoduct main

o Seveld preferabl e enbodi nents, however, the scope
25 of right included in the resent |nvent|on

linmted C8PPREEOPeAbBRI AENTE2IRAT ORIk ac&ﬁ?é’ﬁt%lon at a
dfeckagapese i Batpant i pAptt eatecnfi\imshﬂﬁﬁ)ahbw@ﬂéct ideatbval step

"M&& Hi%y‘l?&?% rgﬁltecfs-’ee'g 9;5 %Sggnco]%ﬁ‘cf é'dl’ ﬁgg%olc?él&’ dd molded
pigi(rl 969%@913031? Bl egtal tdr the Dapded mdé’npr@:ﬁﬁé@ddﬂ-th a heat

Jdﬂt%tlﬂentmg%dsﬁeﬁlegah@ﬂ& a §ens tid Qéitéd‘!:xh@dﬁ%&hﬁ& ® between
t he present <:ﬁﬁllcatlon by reference Al M5

CL
ﬁ%‘}ﬁ S8GEEF P e HbaS bEPRERE NIRRT the cﬁ%’%&@?ﬁ BJ‘ and the
byo 1 xeipliesitagdebia arledieny rdtoal 1¢f inshilatgng piqdidtor gas so
”E‘ﬂaPc %OHXteélﬁﬁfSPttHe ﬂng,‘iﬁ'edsEEBc‘Bf:o!fiS”@é/ 'at“gte%c@?tf eCkubstance

errghery rncludin enerated on a sur
taf 1§ etm@mwacatrrreesr@%ﬁemmlo@odgtl%?uwwraﬁgi/or welding

aftt e FbRESBIDAE tlibe JEY iHHRG S $BnEeg gl&&ttrﬁa EEEESBic discharge.
portion is forned on the surface to be treated of the

product main 10 body; and a deposition step of
grzdadualThe poodicgien deposidt o Drehat matal greshicporécdved in claim

RET IR +RE Skl b SBhEE: {116y A& &SlcdTRAeBbERtion removal
step of removing an excessive deposition sticking out of the recess
portion in the deposition after finishing the depositicon step.

[3] The production method of the metal product recited in claim
2, Characterized in that the excessive deposition removal step
is carried out by employing a hard electrocde having exhaustion
resistance and generating a pulsing discharge between the
deposition and the hard electrode so that a thin film is generated
as well as the excessive deposition is removed by means of energy
of the electric discharge.

[4] The production method of the metal product recited in any
claim of from claim 1 to claim 3, characterized by comprising a
heat treatment step of carrying out a heat treatment with respect
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by enpl oyi ng a nol ded el ectrode conposed of a nol ded
body nolded froma powder of a netal or the nol ded
body processed with a heat 15 treatnent, and
generating a pulsing electric discharge between the
recess portion periphery including the recess portion
and the nolded electrode in an_electrically
insulating liquid or gas so that a naterial of the
5§i€€d el ectrode or reacti on substance th
¥ ﬁ?%%ﬁ%‘é&bé{&‘@e&é&&sﬁhﬁ ?Posd’rtflf%?%%"%%l‘?%‘rng theproduct
wed il bgd20atata hheh riemgssrqiorda on pemicuver yrhin ehergyr by means

Q:ff tahﬁeS{:eE éé’&n ’écLJWr%ece %\%]:eIh]?iREQHJ{I%i% 'E@p%%qtion step

of the net produ recite
cﬁ?a?ﬁ@toel?#%%"cﬁscﬁ/dééﬁbﬁmﬁ #@nalﬁns@m Pérﬁé9b§$ @itofhe interior
remd deploRR t@bnr.enovi ng an excessi ve deposition
sticking out of the recess 25 portion in the
deposition after finishing the deposition step. [3]
ﬂﬁé pr@dp&bdnntﬂehhmdtbbdt@ﬁ aratetla Jprpodudetc tr, echbedciterized by
? haracterized in that the excessive
|t|o ‘removal step is carried out by enploying a
har d ePe®PlddadhalrRgoéxnaldingna orediutisiemive kady /

gener ataidi - titdsd Vil €k & bangmodeh tdie: peepest iy PAclud
S'ﬁs%he har d elecirode 5% hatoé tﬁﬁﬁﬁél|rn? DOSd iy OAcluding
e

SEE ST ARTT OBo® (T WBk5e 581 BR WSHGS Port#e Product main

| rerdw by oyl disensfobrefimighirnf thieemel @ithg istegi sohtdragea recess

%r[tﬁ]o The ﬂﬁ%ﬁf’a, mé"?h?ﬁ?gcgf J e éﬂe o‘%df"}gé product main

fecited in any ron1c alm
Ydcteri zed by conprising a heat treatnEnt step of

carryi tﬁgf@ﬁit a:f(é}%lﬁlrcﬁﬁtsffgﬁt o %f@d@épﬁﬁtf&%ﬂr@ Ehﬁep051tlon
0sjtion ee he deposi n_ac

A At STe b rsaeh BOr O i er PAna fEoR RS SRkt removal

@ﬁe@nbWhemHiDybygmeamslded el dieatode eatnperisedd vfnaceolded body

?rfotl% dff%rg g@whtgﬁ GERPREELEN o R n8P483 B PLIGEIIed with

f usi on anong artlc es at the Inter
@f fker?@ d‘é’ﬁ%i‘“@%n apg)] GAnﬁréaaea BnPHeERBA Blegthibeafiischarge

;bread:@@h tl@él&l'ea:@tsgrpdﬂﬂl(ﬁ‘ypeQQﬁHétfvl1%1@1@&{@' ﬂh@grefde%@ portion
ecC I'

B PaP oA S HCaEP Bt GOt PREF PR ok T Lo 1ho 1iguid or

@@fsem tfg@nemattedleﬂ; oa? ‘@m‘ﬁltal;@edi elbetroéabedi ofadthieon substance

WfogHgtmé@ﬂalbeg¥r?¥s ldigegoahit $bnf 'ﬂéﬂ#&gﬂ Eﬁd/or welding

nol di ng step so that a recessS portion | or e
PlretReTreses st E&O’b‘él % BRCABNBE Ytth\é mGRBFRE CREFAY Dodpe electric
Wi sanhkirget deposition step of gradually formng a

d t h
f?ﬁfzh%hgﬁ%ﬁekﬁg’?gﬁfgss Sggnleq:%te.%%l R ‘%Hnahfm composed of a

structure of high density at a surface of the deposition after
finishing the first deposition step by employing a hard electrode
having exhaustion resistance and generating a pulsing discharge
between the deposition and the hard electrode in an electrically
insulating liquid or gas so that the surface of the deposition
is melted by means of energy of the electric discharge; and

a second deposition step of gradually forming a deposition
group composed of two layers of depositions at the recess port'ion
peripheryafter finishingthe thin filmstepbygeneratingapulsing
electric discharge between the thin film in the deposition and
the molded electrode in an electrically insulating liquid or gas
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step by enpl oying a nol ded el ectrode conposed of a

nol ded body nolded froma powder of a netal or the
nol ded body processed with a heat treatnent, and
generating a pulsing electric discharge 20 between the
recess portion periphery including the recess portion
and the nol ded electrode in an,electrically insulating
liquid or gas so that anaterla? of the nol ded

e de ar, a.f n he materi al .
caf FHE g6 Bt o PP ERR camarl Sn birng e substance
toe tﬁl@cmgsep@aiumma ph@r@em'sntemrs dﬁfénedg;n afid{éwe welding
etieCEhii f £i4% fh %ﬁ@%&fos@cfe‘?ﬂ 15y f—zhleﬂg?tﬁp% eggegEﬁ‘E'cﬂ%charge
a thin fil mconposed a structur ensi t

at a surface of the dep03|t|on after flnlshlng t he

f[a]st dIﬂ'piJ@trbldﬁEttibﬁF!ndli}hcﬂﬂ”@E%d@le@aﬂaﬁﬁocﬁh@@trﬁe@dQed in claim

aUSt| 0 eS| st ance and gener atl n
P PSRN O o P RRE RS 08 e SERELE TR Fip ¥ ith removal
et ern pédreTIqY iary &h excessavederarsidliam sigi¢k ing dubrofyble recess

Soihedn thg swd a@@p&flﬂ% dgpgght R oyl Sfff?lél‘?lqldoythe second

ans of enerqg of the electfic discharge; and
gg%&ﬁﬁ??ﬁﬁﬂ) %SRn step of gradually forming a

deposition group conposed of two |ayers of

d Sit n erec oLt.l.on perl
fﬂoshlfﬁl ?ﬁga%l%pm? cidngbtyhegIélﬁg tp]f}OCPu et[o%fe Sd in claim
e'i'P &t ﬁulélau §eh@hg1ea¢ﬂéwmﬂ thye cohbm iBilhm arheanle treatment step

Qﬁ@%ﬂﬂﬁ@lgaBQt Eht?eé'@ltd:%t‘?de%cft Lede k@sﬁ@ct to the deposition
el ectri cal.l |nsulat|n guid or gas 26 so that

PR QY %@gnﬁbaea PéeH@ae%?U% %fe%f@taaawmg the product
sudist aodg avfa highnedme vl sy Ghes vaduwdepesi ithe, air by means

335 faut?éz?{] t%‘%%/tﬁren\ee%lgféw%%gg% ttécitfn{sll'll fid ¢ | nhtehseeccglci 81]ep051t10n

eposition™Db e e rc harge
ﬁi@ﬁprs@daétt@npmw ofi fifives Lipot hpngﬂmu@mom@@m@dmlres at the

ClridPioy SHNARCIRPALEIBY §eBRpLSI Ng an excessive
deposition renoval step of renbving an excessive

dep03|t|on sticking out of the recess portion in the

defdosi t iroguattp oaf methbdndsha mptdie peetuid, characterized by
q§£%ﬁ¥£§ step. 10 [7] The production nethod of the

met product recited in claim 5 or claim§6,

char actlemo2ed ngy s¢erppifsingdantaeat pw@mﬁermustlecpﬁy:of

Car ryi %Qié?@gc@rélﬁékiai 5@@15 Hﬁ%m\@vtlﬁ o' LIPELLL bOriPRery including

Lt th t
38% | 3‘%‘@ e O€£$|D%1dﬁee lﬁ_fgag‘??altg ]B%gh%seiﬂ Ieginﬁ%g?ﬁe product main

trehebats Bing a fracufibm bshimy tthe @bLdbyg newans socofha@t a recess
g:g)arttltor ?E WmJ&JBHaﬁ'?e @EE‘%ECE' {B %@ ng?épgd %%091[1]% pr%:goduct main

position step So as progress diffusion bon
d particles at the

a deposition step of forming a deposition at a recess portion
periphery after finishing the defect removal step by employing
a molded electrode composed of a molded body molded from a powder
of a metal or the molded body processed with a heat treatment,
and generating a pulsing electric discharge between the recess
portion periphery including the recess portion and the molded
electrode in an electrically insulating ligquid or gas so that a
material of the molded electrode or a reaction substance of the
material carries out deposition, diffusion and/or welding at the
recess portion periphery by energy of the electric discharge;
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interior of the deposition group. 20 [8] A production

nmet hod of a netal product, characterized by
conprising: a nolding step of nolding a product main
body; a defect renoval step of renoving a defect

peri phery including a defect generated on a surface
to be treated of the product main 25 body by nol di ng
after finishing the nolding stép so that a recess

portion hgrfor d Qn the _surface to be treated of the
pr oduct?® fﬁﬁﬁ&? §P48609FPFRATLRE P2 oF 1y Ik 1}y Gpmposed of a
deposttion @ hdghedeasiper bkoa spefaphesy tHd elfeposition after

f#ni shi t f.ecte. e '
e Oy e SRIGCRTRED S PR M hihed crectrode
Lhanterd siegtredalhainhexholgsdoporgsprberes andigenerating
2 peabihgealiPhrge RGNS AHEREs At PUh SN0 18 RE1ALG electrode
d|s% ar&e $etme n the.recesi Eortl E peri phery o
RN Rer R SEEceSs HBAN BACShAL CRL. Holti2 tingc L i-gaad or gas
i §p &hagl gloe rsugellaop dhHsihleatiepgsitfjom d someasd 9y mbatsaf energy
% W@rél%cflf:hct I@.S@'&Q‘%@;elaﬁ&t r Ode or a react I on

f the i"al [

substance of the materical carries out deposition,
di f f usi®X RRIASAORef BER P Atfad ng dbesshparfibm at the surface

{? tﬂ??{é’sﬁ?’c@.ﬁ% Qlﬁy@f:stcf\.@ tﬁb&ﬁ%ﬁé§i@icﬁ9§‘ﬁhﬁ%r%§ua@fly forming
i i |.m.step _of generating in film conpgsed of [a,

A Rl v R gReEHer ppodi o8 R{ifabe Bieihet deposifions at
deposiereen rdtEron penighenyg yheephanihgltthestiepobytion step and
A 70 3N, %Q'e%e‘if%%%&ﬁ%héﬁg apbarg; £ gf%rﬁ oder .

havi ng exhaustion“resi stance an enerating
pul si ng di scharge between the deposition and the

nm]dted_meﬁﬁfb@ﬂeti@’tﬁ ;rﬁal‘ﬂ:@llo_ﬂaé_ﬂciiﬂﬂeeﬁéfﬁ)ﬂ%ﬂdﬂt@%t rttechited in claim
ectrically.insulating |jguid or gas so that the,

Bt es ST g Mepa s PR fihdat Xtk Siden Sebpsanapgy removal
it erhef gesmeving atl sxhes geve dagoaikepetsttickingt ept of the recess
frEig, GhethBi febl t rfass AQiehikhe o
Eggpébtije Iayergﬁg%ﬂ% endgg%éyf{ons éﬁglgﬁéégaFPﬁ repetition

'"ng a deposition group conposed of plural |ayers
of depositions at the recess portion periphery by

r at | he.deposi ti te nd the thin filmstep. .
ACa TR RRTAGSTRE TRCHOR e CEde Sah HEgp fifer SCLeed in claim
§r edueledn fetdiodasitertigedebyl compdiising ecittead tmeatment step
JrakArrdinghahact ﬂé&%::@)égﬁ@ﬁ?%ﬂﬂ%%% &¥°EUE deposition
depOSILIOH renmoval ~step of renoving an ‘excessive

FEGEE PYoKeSPLRRI Ht ARPILRIRD @ acsemppaNing the product
tepasbbdpra tgachipglafitetipelrattiusll g 4 kecuaRedF in0bhe H#@Pby means
of a heat treatment furnace after finishing the deposition group
step so as to progress diffusion bonding among particles at the

interior of the deposition group.

[11] The production method of the metal product recited in any
claim of from claim 1 to claim 10, characterized by employing a
hard electrode having exhaustion resistance and generating a
pulsing electric discharge between the surface to be treated of
the product main body and the hard electrode in an electrically
insulating liquid or gas so that a defect generated on the surface
tobe treated of the product main body is removed by means of energy
of the electric discharge.
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20 [10] The production nethod of the netal product

recited in claim 8 or claim9, characterized by

conprising a heat treatnent step of carrying out a

heat treatnment with respect to the deposition group

by keeping the deposition group acconpanying the

product 25 main body at a high tenperature in a vacuum

or in the air by nmeans of a hedt treatnent furnace

after finishing the deposition group step so as to

progress diffusion bonding anong particles at the

i [rit2dr i d‘heofsrbbectlﬂapmsﬁétﬂmid griotpe BOthllgrddect recited in any
f t Yol

SAAFLE QEAPLLPE 1 o6 B3THL 21, BHATAELEEELU a8 Bhe powder

EplLogi mgtal %RPSéllr@thédléOh69dﬁgxé¥(H§u§tP@mder of a material

'}ﬁﬁﬂlfntgaﬂﬁé S 88meEaL ¢ 1h as Qlﬂa“d@ﬂaﬁéﬁfeﬂ 'ocf the product main
% harge tmee t he surf e treate

t he
1ee RRFTED oty 2aMAC T e halAP T 6t FOBGLFh GPOSiEion to the
@Iaes@t matathyl&‘éf itheup addugt Imagui Body, gaws aspowiat @f a material

dahact dUGALAY A Lo R RE Gt or EFRLEGOL LBBEricient

I'S Tenpve ener
Hetkeera} ﬁépan%ﬁarcg‘ethg@a[s&rpatrwel@l odudra Enoﬁ@ph@eﬁm body.
of the netal product recited in any claimof from

t | teri zed h t th wder
It he TherRFOROT6Rh TP 01 B8 BREYL i o daar iged in any
@lmaMQDfa¢1£umawln@aﬁheSsanbcdanmosytcmamaamerinﬁﬂeln that the
MR [eAle B Jdae iRy %ﬁ&}os@ be BPAYs1 A4 POV 3 cgeagoef graphite,

materi a haV|ng a simlar COﬂgOSItlon to't
ﬁa@@rsutﬁm 8 LOKE pPEAGEPPRAI Al BOYY: or a powder of a
material having a coefficient of thermal expansion

131" nilerPERTort {HE Rt D ink R BOWG PP LS TP ted in any

pladwcef dnometifzdah bitotdie imel d} ghraguhrtierieedtiedthat aie molding

,%Ita.i?'mlgf Cé@éfardm‘bll@' 552@?@9&&15& %madﬁ'h?;a SOPI éggtlng, and

hat the el ect conpose
$hestghestot SgRapAFEENT €aWEEYen al | oys, or copper
al l oys. 15 [14] The productlon nmet hod of the netal
cl wrnoffrog(ﬂalm]_to | a

R3895rh, HeEans Pagtunt crehahest Lho by the
prroduktiing mhthpd oulficthermiat Hody dipctaseicigedaid apheclaim of

@g@ﬁcglbgmalcg%tgggl&ayaty 20 [15] A netal product
characterized by being produced by the

[16] A joining method of metal components, characterized by
comprising:

a butting step of difining a recess portion by a beveling
portion of one of the metal components and another beveling portion
of the other of the metal components by butting the pair of the
metal components; and

a deposition step of gradually forming a deposition at a
recess portion periphery after finishing the butting step by
employing a molded electrode composed of a molded body molded from
apowderofametal orthemoldedbodyprocessedwithaheat treatment,
and generating a pulsing electric discharge between the recess
portion periphery including the recess portion and the molded
electrode in an electrically insulating liquid or gas so that a
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producti on nethod of the netal product recited in any
claimof fromclaiml to claim14. 25 [16] A joining
nmet hod of metal conponents, characterized by
conprising: a butting step of difining a recess
portion by a beveling portion of one of the netal
conponents and anot her beveling portion of the other
of the netal conponents by but Png the pair of the 30

net al pggaggents; and a degosition step of,gradual
187 1t i 568 PPoACAt S teC R L br EFBRTH Pifﬁ‘ﬁ‘%ﬁf)‘/nce of the
ahdeerfahicalirig st bet kldpgdng isingpdbyfuehph tidtprawelding at the

"L, L0 S ] R mled 890 TRLOGd.! O0Lnacoe.

aheat treatnent, 35 and generating a pulsing electric

di szharge Bbeti Wers fdiedEeeSthe RRLEILOFCRSShEHES ¥ecited in claim
[ glu?%$ the recess portion and the nol ded electroge )

| RO e aCtFFEAFA\PY ROBPALFAGOIT §AFG DFYReR SRR OF carTying
29utred erdad tofeatthentolvdetl ekepécodeo otha degaeditdiron by keeping
S t .t he j agrie e iti .

TP [ PEGs St o EP P PLa S hRE P2 TS BBy at & nign
peRIRAET U IR 18R VRFUMN PRelTetBgtaie byl Bedns if ash¢atyjtreatment

T{'@:ﬁé&? iGeEhgtér‘]EEtﬁQ?‘L s?z{iﬁgg Q:g{@td%'pc%ﬁrfﬁ%e @'.tt%pr {g@i t3@&d N progress
cla .. Characteri ze onprising a hea L
(R TRA ROBOLY SBaR I PRRGLCIEE 34 TR S L hRh EhgideRosition.
respect to the deposition by keeping the deposition
an@f'paﬂ*}’é ggihgﬁg%&q}&} oFRHL REQX]_%O% eg[pcs re]pited in claim
tenperaturé in a“vacuumor in the air o neans of a

[

hefto¥ rekHent’ 1 Chamardes igede A ithiadh ppwder of the metal

deRasdd i tHeeholdeds bbayPi 894 esswdeh fdtisd a0 having the
articles at the interior of_t osltion.

anon h e

U i st AoBe5r PRECRLL I CE s AL Component s, a
reevdesd o lmstarikd drawdrey a Eimidlaar _a:@tn@loiszledohn to the base
trpﬁéef{ﬁ B¢ mgﬁ;]a&r@oﬂ%r?én ’ Sg@g%hﬁgrt% arﬂ?étg@:dial having
body I s a powder of a nuterial "‘having the sane
Cq)ﬁgggﬁ.pbﬁnggfa:h@gg@l@@r}@orb@l@mtﬁ@tcaq)efficient of thermal
CEEMONEINITS off tIROWEGe @atdriBlebirakhBamkfglacshpbhéfts.
conposition to the base material of the netal

conmponents, or a powder of a material having a

chEt)f i & gutingf stthrechalreexpamscbartkedebyocamprising:

coeffigj . _of I Si (I a : :
roter 3 Tailof MR cHboRhANS0Recst 081 B8Eving beveling
FUWM e @ﬁ‘&rﬁ@?éii%@HDW%‘@W%%QP%‘E%M dfstadieplof being
GONRRE Wi H esReciithelry Rawi ng bevel ing portions, the

met al conponents bein é oined in a state of beiqg 25 .
but t ed aWI Bo%éého%%lﬁng&. daa?,]ta a recess portiocn periphery including
a recess portion defined by the beveling portion of one of the

metal components and the beveling portion of the other of the metal
compeonents,

wherein the deposition is gradually formed by employing a
molded electrode composed of a molded body molded from a powder
of a metal or the molded body processed with a heat treatment,
and generating a pulsing electric discharge between the recess
portion periphery including the recess portion and the molded
electrode in an electrically insulating liquid or gas so that a
material of the molded electrode or a reaction substance of the
material carries out deposition, diffusion and/or welding at the
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a deposition forned at a recess portion periphery
including a recess portion defined by the beveling
portion of one of the netal conponents and the
bevel i ng portion of the other of the netal

conponents, 30 wherein the deposition is gradually
formed by enpl oying a nol ded g&ectrode conposed of a

nnlded body nol ded fron1a powd of a netal or the

ded bod rocesse a heat tr and :
G (R UG B c Y, ERFEnar gt et AEER  figdischarge.

recess portion periphery including the recess portion

% { h%‘H@E@ﬁﬂtsgtﬁug&ﬁdereed it 1%' &¢ _ru!ncff%l ycfh acterized in
|nsulat|n qui d or gas so that a  hateria 16

notafedhel €Ppééélgfl &S rrERas e wddhaackeat gyeatment so as to

I’Iﬂi e s BAFFLES0oR WorkBRRphhbAl pattfifusds08t &Y Qhterior of the

at the 30 recess portion periphery by energy
Véfef{cﬁ;elg%llé‘ctgrm&ldlscharge [20] The joint structure

recited in claim19, characterized in that the

[92993' tllh%n jg‘ rPE oQE?ﬁggul\f\ét QeélESQt trf e@.’[ t2§o gs éfalm 21,
5 progress d|# usi on bondi n annn particles at f%

i Ge gz achen theioshe Pe %glro% hpgtaheomppaing the molded

Yodictier @ perdeedof M eladiePidQ ﬁév@h@' f'h@lsame composition as a
haract rize owder . of the

at .t
PR T RE clee St BOMBOTERES p ARIGIOGH Of /iR 57 1a1 having
taawmglahe:og@newmnpdm thebaas matdiasel ofttdei metal components,
R 2l HRIROPERL S at@ri)aol"‘ﬂﬁ{rl éaacggkffég%n‘p?a\f %Qerrﬁ"al laxpans.lon

S|n1lar conp03|t|on to se materi

RN ERL 3 Cosif i Isa\tdeE e Hnadhcarians ieavPAdgthe base material
Qqeﬁmemmamblotohbeh@atsexpans|on close to a

coefficient of thermal expansion of the base material

15 of the netal conponents.



