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1 DESCRI PTI ON PRODUCTI ON METHOD OF METAL PRODUCT,
METAL PRODUCT, CONNECTION 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
conponents and a connection struycture. 10 BACKGROUND
ART A series of steps for producli ng a netal product

such as a cylinder and a serj of steps for joining

a pair of netal conponents%ﬁﬁﬁgﬁgggpyély havi ng

bevel ing portions respectively include a step 15 of

T B A A METHRRP S M%:‘i'itﬁLWh%g%E??' F{F&ﬂh' ¥robUcf CONNECTION
case of ErodUC|ng t he netal product), irst, a protuc

mai n boyTHID neF JBBT MYy neMEORENT AND (PNNHCTEUhHTRUCTURE

Then, a defect caused by nolding is generated on a

syrf reated of the product nain body. Next,
a%ﬁ%ﬁé&aﬁﬁ&bﬂ on of 20 the defect including the

def ect ['berpresent bingennidmgedatiebato & pedsstion method of a

PRkLEN pir%.dfu%rt”e%. Q‘Eﬂg%lﬁ éﬁrioc[&dcoéq o dv?c?nﬁé &0 PLhdP of metal

product “mai n bddy r ", a wel eposition i's

f GPRPeNERts prBHedscopbeetdan peErpeierye i ncl udi ng t he

recess portion by neans of wel ding. Mreover, in a

C [.Ql.N] the pair of the nmetal conponents, 25
fﬁ&‘%cé@g portion is defined by a beveling

porti onAoseoies @f stepsrfoal prodpobrgts methlapaicdaict such as a
b : | | Qp. t f s n

oY rongrafidd 88rpes s (i Eor Joih1Bg il s SR L Srponents
TheAPesthEBR4Y daydsia Pevie ] tng perbdoas mespesdsyedar ihohude a step
e e O e CF T AVENTL O It he- meanti

wel di ng n, the neantinme

because 'PHE S@&C&%ggggiyﬁ Thai L3P hEF BYRCIRgaHRE getal product,
wEi s hg a proditdiemain bdsly imnalded byeamisdotiepssihiyd@or example.
| fhedl £ r Bt | Sel | n

B cRE P B A Al T 3ehBr B0 1 H'hukace o e
pEFepRed ot the PERPBFAtIAN Hodvhe Nertess Pegirhenal portion of

pehéphefyctrastivdidy HCIRFRE iEheemb¥edt B@r§Binding so that
a recess portion is formed on the portion to be treated 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 deposition 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 recess portion peripherybecomes great and there
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deformation at the recess portion periphery becones
great and there 2 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 netal
conmponents. For solving the aforenentioned problens, a
first feature 5 of the present jnvention is a nethod
for production of the netal coﬁ%onent and provision

e, BB N0 BLER O N%sdwgeata@gf&%ggtgusg%gh;e?);oncﬁactlon of

renoval P &tovi ng
i rfél%meﬁglap@@ﬂéct gereeer etiadnity dor faéeitg bF the pair of the

t mRataad Rfmpdientr.oduct main body by nolding after
finishing the_mpldin g step so 10 that a recess portion
5 f or MERToRORNAPGUF RECRECEPREN AR PRAD1 Mo pr §dwet feature

msufn thedyre aenlt airtepnsidn 68 &treptinfd Qb&dyabhﬂcﬁgbmm the metal

ILion gt ecess tlo ter
f| ni %?jﬁ%l tﬁng %Ia? %’Bdeldvfé%&ff’ %n‘bojadlng a product
mBladadbefget @dﬂ)%f%@trg@wadf stapnofdleatndmriyg reoldgdect periphery
f e acReywdar d@ffeét"?éﬁérgfe&% @lsqrﬁf%rﬁ%d%olﬁe treated of the

processed with a treatment, and neratin

pRrOAHG TRt R hQdy ByseAsA4Rd @eﬁ%ﬁlpﬁéhﬂééeﬁ-‘%e ﬁ%ﬁjtdlélfg step so

pehiather yetass ushngi dihe 3 ele»m&d B?rth@rstﬁ{&délﬂ:d'@edegreated of
t I rica i nsul.atin |

ggﬁ%téfgcgu%g{r%” 4:88% nci cliec%oos:leq:eoa ?’888 qugacfua%%y forming

réaé?P@ﬁitéebs@'an%ert‘tﬂe-’emQDMJe:m deripheirgs after finishing the

depestti Qé‘mo‘@!aifé@égp‘E)ﬁ@ﬂbQBng?V‘@|n§gf&@%l%%%ﬂoﬁ%e§8mposed of

orti y._ éner gy of
RcbnDrel BoRe Blairh E26nIA Bnvelato of aeeta} e bieoolded body
i praceeshddviftdr a Heaitnt nga tmeret & anfl g‘@ie’ﬁa&@i@@@@lﬁs’ing electric

f
SO, A U Bt 28 AL L 00 g roces
nﬁPﬁFl@Bn%%‘ﬁle‘ih% W%(ﬂﬂﬁ@\tr@éﬁeIlFlngnpelecbm@&lljnemsulatlng
OEBQﬁld@fr dé?s@‘%hﬁlt &@Mﬂ‘i 8f %e%‘%ﬁa@él@&fé&@ obffreaction

t's d t
PoBp BBEF 17 Tt R AGE AR AGRGSLE APt APPSCEBL8e adtsdqn and/or

puel@hngwtatherréa:essblolrglbhq:énui;théngy BlyePneByy of the electric
e j a nol ded el ectrode conposed of a nol ded body
rr(:ﬁ3 8% gg froma powder of a metal or the nol ded body

processtsmant fendare ofchhemnesentd igowatdonngsaa method for

pjlbﬁmﬂﬂg el etil 6 rdin8 60RT SdmMGiRaN an@ﬁrb%‘ig%énpé?if%q{‘ butting
he Ysd cludi ng the recess portion and
O ERP [ O AP RGeS PG EEASDI BY| AFTLIRS ROk of one

s@f tihieane ha bt amparlentfs thd amdtdest peeelingde@rtion of the other
r AL R B YRSEANSEnent s by means of 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 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 therecessportionperipherybyenergyof theelectric discharge.
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35 of the material carries out deposition, diffusion
and/or welding at the recess portion periphery by
energy of the electric discharge. 3 BRI EF DESCRI PTI ON
OF DRAWNGS [Fig. 1] A drawi ng showi ng an electric
spark machine in accordance vvith a first enbnodi nent.
[Fig. 2] A partial cross sectio view of a cylinder
in 5 accordance with the first errbodl ment. [Fig. 3] A
d ' LAl p .on nmet hod of a netal
p%g%ggnﬁﬁ%gt%ﬁgngg Wﬁg first enbodinent. [Fig.
4][FAgdra\M ng Bxprawingg shewidycenorelmwtthnit obparketmachine in
Ee@us hfle a%&@ﬁdﬁnﬁr]&i“ct@mﬁﬁg aldhdat embodiment. 10
dr aw ai nrng a production nethod of a
rréﬂ?ag doduch pﬁraé@gr@m@é viegtiqral jybew of a cylinder in

e&’@@dkﬂﬁﬂbe {vEtH th ﬁlﬁé@%ﬂ%&i&@é@t ning a productl on

hod t pro u i.n_.accordan wtht
(EFRE° olboni Marira e SHB g R A Gy B i S LY 9 AF thod of a metal
ppcddubtomnrrathoddaﬂca wetlal thd 5 ju ot usritb odhi meerctar dance

W'[E't.ﬂ th@ fi rsi Cﬁ{mq{c@%&h&e 1ﬁﬁ.gg g] t%cﬁ?&éic?rl n%ﬁ:%%% of a metal

sect ona Vi ew o cordance w

sBEBABCENBBIRRBAYdanR gwrgt} Vhejr%ws@ esdingntg a
pr{mgctsgm meA o viin? el akini RHOS YSt odul BESOMERPGR of a metal

- ChEPbAE B8 R e e ??%”3% B oSkt Rl e

aéEmgdaﬁte wkfdﬂdvameapdiaén’mnquﬁodq&t:gan in]e]théd of a metal
e%aet eXR! 8L05PGafcd" fﬁié{odengo agﬂg%tta'

oduct i n accordance w t e second

[#Fgg 12] A dﬁkawanﬁn&sﬁaitﬂmgna PrvRdGteemEetbgdopt a metal

apﬁBg'@d:t _t1?15 ?i&@dﬂ@ élé(h@AvaﬁQDd ftﬁ@cﬁr\@ﬁ henttfeRi isRe@Nd

enhodi . i g. raw n ning a X ,

oTBEGe Fhn ook nOEEBiah REPAP SHFLARDAL PLk PafcEYLinder in

mﬂchor@ensecwm earboeliorehtemfddignenttd] A partial cross
@H_;onnjo vi %qufawg.aﬁy%kggg%%ilﬂg\% diﬂﬁ%q%tﬂhgd of a metal

odi ment W ng expl arni ng
pP’é ‘é??o%ﬂn%??ﬁ)%ﬂ%?c% Vg they Qﬂ‘b&@’g@ﬁ@&nce
W[tht heot hi rxd d&l&m&gnﬁﬂblaiﬁiﬂg d §lr At AW flethod of a metal
expodz\u %n <E)rodcﬁaerflon d of a réetea dprod%ct in
AeeoT dance™ Wi TH G5hi diSRei™ odilmen

[Fig. 11} A drawing explaining a production method of a metal

product in accordance with the second embodiment.

[Fig. 12] A drawing explaining a production method of a metal
product in accordance with the second embodiment.

[Fig. 13] A drawing explaining a production method of a metal
product in acceordance with the second embodiment.

[Fig. 14) A partial cross sectional view of a cylinder in
‘accordance with a third embodiment.

[Fig. 15] A drawing explaining a production method of a metal
product in accordance with the third embodiment.

[Fig. 16] A drawing explaining a production method of a metal
product in accordance with the third embodiment.

[Fig. 171} A drawing explaining a production method of a metal
product in accordance with the third embodiment.

[Fig. 18] A partial cross sectional view of a joint structure
in accordance with a fourth embodiment.
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[Fig. 17] A drawi ng expl aining a production nethod of

a netal 35 product in accordance with the third

enbodi ment. [Fig. 18] A partial cross sectional view

of a joint structure in accordance with a fourth

enmbodinent. 9 [Fig. 19] A drawi ng explaining a

joining nethod of a netal product 1in accordance with

the fourth enbodinent. [Fig. 20f A drawi ng expl ai ni ng

oi ning nmethod of a netal product in accordance
Eﬁgthé%ﬂOurﬁﬁréWE@ﬁﬁ#Pﬂﬁln5npﬁJPlﬂmHngUMGQPﬁgnmtalproduct

eml ackbRdadckOIt A0t ABt PSS O Smi®d Bherpf Oduct in
gi%ordﬁéﬁ MAtg the fourth enbodi nent. BEST MODE FOR

A9 NEORUT FRER IR RIPARLALAESCI S PRk hpd g a metal product
hé.neian&btreang'evanthOth:@rf@h:ﬂth lémiesdosient s of the

P nt ve cnibin I he prese

PIEEE 28T R P Rrif0 sEPIRr bapBR LBl REed of amsrad product
tént hécoad@oﬁpanythgtlde afpumgsh evidzordnidre. in t he

description, in proper, "a cross dlrectlon" is

referred to as an X-axis direction, "a horizontal
JdPEEC: MOPE FOR,CARRYING {QPT, JTHE \lmliﬂﬂr ection and 15
"a verthAcadestrigatican” wb.$lref:@”h‘é3kéﬂ1ﬁe& Zgi)ﬂaﬁ to certain

d FI RST ENBOD

rebfER Mgy 5t TRk BYESERD Yo R i SaR  bipe fhe present

pipHeBtibn anoﬁudbh&e d@t&nlaﬁ1tmtapﬂ¢mprxﬁﬂa m¥fdrence to the
| hs

pé@é@ﬁfnah?ilﬁ%ﬁ'r@ﬁl%g mieégte?flcl}?%par%%%%%ﬁ in proper,

ference

i 5@ pFBQ?ﬁeﬂlﬁf?Fl%P%ehﬁSr%§&¥ﬁﬁﬁrﬁP 3% afh Xcandis direction, “a
dhbetton)ﬂahrtdlﬂedﬁwﬁ’s i@ regler@@dand ascgl vhaxds direction and

exit e xi,s.. Further e bed 3,is_. . .
pr%v? %ggﬁf ?é%ﬁea'7%ﬂufe ﬁﬁfﬁéggleaf fs ZnBas giFpetion.

t h@IB(S'éxEléBQ@IMENT)on by neans of a drive 25 of an

X-axi s Iﬁ?re\i%dfgilﬁr sﬁé‘f’k RvakiR hnaﬁé‘flé(d% a ﬂ%&?&ﬁf&h method

means of a drive of a Y-axis
t‘gjc:)l

pmetal BFBG‘P&Edlw %W%?ﬁ%é@tﬁg a BhRSESemlb?dlment of the
rpsesevmnglnmtelcﬁclm.llqabbydEBaﬂiBéd Ngle ¢ T £t &F SHGh 3B ference
% % {n the processing tank 13, a support plate
157i's" provi ded. The support 30 plate 15 is provided
wi t h a Theelgctoiqbbahk aagbtiak lpiopuovided witibla bed 3 extending

dﬁ@ﬁﬁ&bﬁ@l@%&%%ckgoﬁ@%ﬁﬁ -2ki D8I RYCEE Bné%%ﬂ¥@ﬁﬁﬁh5extend1ng
he ,|seectrlca yconnecte to an el ectri
ﬁUﬁé&lgbﬁﬁEé oFysther, 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 7 isprovidedwith aprocessing tank 13 for resexrving
an electrically insulating liquid S such as o0il and, in the
precessing 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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the support plate 15 and a concrete constitution of

the jig 17 is changeabl e dependi ng on the netal

product and such. 35 The colum 5 is provided with a
processing head 21 and the processing head 21 is

novable in a Z-axis direction by neans of a drive of

a Z-axis servo-notor. Here, when the table 7 is noved

5 in the X-axis direction by nkans of the drive of

the X-axis servo-notor, the processing head 21 is

cipalthe ot arhs erllierGttJl@ by ax¢angli pEcthendravat iofe the X-axis

:Eérgébﬁ@t&é l\meteqsﬁceé/ng 'h'&%dt 9@' £s rc{avﬁéfbc)lf@:b%gmbemg in the
e - aX],S I rectl o

RS ar S A otore st § F B dRest ol NAF Savaupiabea the table
of? imvmmgedlmttlm Y-axiis direction Welnaidnee ofothBedrive of the
t?‘bhﬁ' sé:f'%é—t}ﬁéti drte,h%r %%rgéghggngeﬁgagJZI s pE%gagfe of moving
eu@cthgd’é—@&@rdarmtm mb@txxmjéco Z:heart@bhen t.he

vi ci ni tB‘uP’Ehéf‘e frid %:Ircft@sq'ﬁrngz%eaﬁ Qh‘.elgrﬁf%fﬂé@ Wikh a first

heag a_second hol der for sup Eortlng
el8lipsde Ear SH@HPEE%&H&E&W%&%@%%‘% 5P%Hé qrsamolded electrode

peovanted.inThaef visinhoy def tAQ fapdtthwl dac@adihoterprocessing
3 e, el ect Goneche 0 ectri r

'hgeg‘& 2? g,\%)écgoe}\ci 3f1,o E%'nc%te:at %O%oﬁs%)s? {:1%%Sagl?a)€cg\g§lectrode 31
nbﬁ'd@@lg exhay $ ot Epigiangd lishprdeddedbedThat £rrstlholder 29

Nex& tha ﬁééﬂlﬂﬁ&léér@% é‘ré’%ﬁ.@btﬁ@ﬂﬁ@ﬁ]?@on‘ﬁ@&%d‘& the electric
subj ect of pr.oducti on net hod nmet al product

i Re %Eoﬁ‘ﬂ’&iﬁ@e F t MOXRVSEY + SONERBLEI FRINTEIGYYL1QRs of the molded
desectbedede2 ) raf tverl Wdeh deafcarienee latterfkig. 2. The

l'i nd . th .
26, he 1o SekbindELts a3 RMA b ERRA TR Ry supject
opf £hrapredusitaen melhed off dbe metal proguctdén aederdance with

begly 134 saSembdd Dkt wﬂﬂ%@ﬁ@%crlgéatﬁﬁeln%tft%& th”éﬁrre ference
peripheral surface of the cylinder nmain body 7,

reReS%9Ipoftion 39 is formed by neans of energy of an
el ect riThe diyddnalege38nds ttie magtadegssmponbhonipeidqureiahce with

3Ghe COPLUUARAIRAE0 L BREST UL EL o PoERPIYPas turbine

e ﬁafrogfédelvbuhﬁhld eyldadgr| Isaaam hagy Béces € poeduoh main body.
38 ArKk £ @ tdeRQitldrope fipMeth1 R d83% bPadd By ®Ender main body

o bt o PR PPN SF IR Y TRARS P ARRFIUPEAR electric
tdiesdhasie earihdiateat reckksbpodesen i el praget 128t dhcluding the

V‘.‘i‘é&sg%d'rq:fi%rnegg? Lodéﬁgﬂifi&i 4]1 1'1% Eggmeclby means of energy
of anelectricdischarge. Meanwhile, detailsof 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 frem 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 a material having the same composition as a base material
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The production nethod of the netal product in

accordance wth the first enbodinment is a nethod for
produci ng the cylinder 35 as the netal conponent and

enpl oys the electric spark machine 1, the nol ded

el ectrode 25, the hard el ectrode 31 and a heat

treatnment 35 furnace 43 shown in Fig. 7. Here, the

nol ded el ectrode 25 is a nol dedébody nol ded from

powder of a material having the sanme conposition as a
bafethatcarliiaided main bledycyTi powdemsd i abualyeBial pewdsey a similar

of, tenisal tha g |
bggglp%t gr Iog '8 ‘éh@ bi;?lﬁ%%?flafgé%qaié ?:.gflltrfaetrhﬁ'l n body 37,

ofPTaPAYERF oA aH&Q/"r%l EGFENPCH é?rﬂef(ﬁlqlﬁf&tnaﬁ thérmal eXPanswn
expans 08 a JRFF il chtCOEl thetmdll eXpan3aARb fexpalSIs@Nmaterial

base. terlal nder maei n_body 37 b c
OIS s LB Sk By Ao By e 2n B, FanREr BEtPR ba bressing:
s @y ebe mod dechbadytsudgiemntoly haa\tatwmmmmmyea wacuum furnace
syghgyMganwhile, in a case where the base material of

t he cyllnder 37 is, for exanple, an alloy of AMS
(Aer ospﬁ@én%#é?r D aﬁ@p@@ﬁ??&é‘tq BAsy MN-emgdoof the cylinder

v a3 loyg, nifdel exbimpye, be@:@gtz‘lmwabcruiqhs hla(l\mews @e Material
si.m_| ar cobalt or a S ecqne \

¢ RBesarsFRERoRa) ) Tke Rt PP AEREE aaBveRatae Hematerial
ehpansgorhe Isdyd 1arheenpes 1 feemahnid eoba s togadobélt alloys become
mﬁh@'rﬁ‘ﬂ:@é’lacpﬂﬂ{rgﬁé't@l% C&gffl@%&?ﬁ BFdﬁng%hgﬂﬂaQeex ansion close

formed by sl urry pourlng ectlon
I\/EP&Fﬁ?j P. spledfivbdr rng”h?ﬁ?%c%f Wﬁﬂ@bvgr by enppepsing, the

ekgetredaedls maywmesﬁddofy 8166ty hofribst,amere @fetal Injection

tun ste al | oys er alloys. Further,
LR e ST R T
accordaHgEemNehrthhefhasﬁ edodirpdet 3ils ipr cdmpeded tdf a solid
sﬁﬂ)s%bncgooim!?g&ﬁﬂlgzeptu@gé@er?)aﬁféfsct d£ eJ:Staleioys

osifion ste -4) ‘excessj vede

reanaIFgF @hdat{e- BfoﬁESFlPPeQPﬁBHF oft ¢he Gftﬁl PIOdUCt in
MekBbkGafdEPwibe théi Plest NneBodDfyn B 7iaspibeiPeddeth a (1-1)

"RbAaRad I, PG00, Srdue FEARS, Peaet 0. BY oldd don step,
32 [dadtienceondve @sp@:z‘am debgvablstieprnds (3-50 s tof reatment

dgfgpts, are generated on a peripheral surface of the

cylinder main body 37 as a surface to be treated.
{1-1) MOLDING STEP

The cylinder main body 37 as the product main body is molded
by means of casting by using a not-shown castingmold. Meanwhile,
as shown in Fig. 3, casting cavities D caused by molding, as a
type of defects, are generated on a peripheral surface of the
cylinder main body 37 as a surface to be treated.

(1-2) DEFECT REMOVAL 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



(1-2) DEFECT REMOVAL STEP 30 After finishing the (1-1)
nmol ding step, the cylinder main body 37 is set to the
jig 17. Next, by means 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 a casting cavity periphery D7 as 35 a defect
peri phery including the casting cavities Dis opposed
~ to thensioneardt theleY-3axisedingttion.t here may be a

case wherpyri{fier ! %bbﬁlglﬁé él@dtﬂ%céfééﬁé/ré\(@ 1@g8§¥99ted between
of the X-axis 7 Irection_and axi S

in an
di rEE%FéﬁtlﬂﬁﬂaﬁéFYP&rpmh:ﬁWgD ‘ePRALhpbaddelphiforde3l. Thereby,
gﬁnes mrb.ﬁivﬂ@; 4t3 Eeoy: ga&tanggoﬁ@we&ggpcﬁr n:mbeéyeatrﬁ@aulscharge,
e ectroqge ere SNno
tl'?% %aseﬁl%e aar)}tgfes & aé‘]%%ﬂ”?g %/n% gpec,::%sqsi Haortlon 39 can
cas!w fproed on @@arephemlmmewfeﬁ&szygwﬁe@megn bedy 37.
CarMeQﬁvﬂinréTegBQg ﬁé}?efﬂir@mhélptﬂgv%rﬁcalgf:hﬁgge, gtheh electrode,

cyl i nder, mai.n enera

yl
pul &% R imgs driegeal Hath EE?rBH%CESSa@%aq@ %;ed.,saweciprocated

Wi tih tihe ;zp—aﬁessumgebeadnzﬁy & Ssii£X1 [Hredeiledistanidee by means of
tray ce by nmeans

-axis .d di st
10, gl B8, 68, 2aRi 3 RerbtB¥Eee eTur 55, 1175
DERQSI3TI ORPGSEPIANt 8TEPI ni shing the (1-2) defect
renoval ﬂ:‘EQr £ di@ﬁﬁﬁ%(‘ﬁ:e QiLly} '&fébec }.(eﬁ?’vﬁl itep, by means of

servaQ- nDtOT -axXl's servo-no
taE‘FéV?-ngst%\?‘é'tP’ijrﬁ e vR-BEtoTdPrand the Iraxisoservo-motor 11,

;(-7 ahea:adureep ik aovekd i:otﬁesa—talxm dmacsmldm theiy+didydirection
so_ th

recess 0or |On S.0 p N
157 ceBrpbabtidn SrE Sy iide halt Rl 97 35, £hac BPPgEss portion
caperiphkeryt3 tisbdppdsed mrty:emcmwetqtrmimﬁﬁed Meanwhile,

' ntﬂ@i‘e Qtfayt’ﬂ: ﬁ%éswﬁjéff ‘l‘:hieof‘alﬁ‘ﬂéj 7tie og;l?({%écessary to be moved

di rection sing € ctric

geh’ér%’?léo"%eii%e’ffraw t%%@% apsk tthen Yp'é?ﬁlﬁh@rlfeﬂlon-

and the Fm}tdrféi: ela Iﬁiﬁg %ielc%n&ncrz]fé@ﬁfg;é'::alé generated between
0O 1N

| at
20 o Tceboply cSpn merLrBery 7 At npcmoiag, € edfrode 25 in
ofan tdiethllcbadlgl énsnbdeidg biquid énct fherebygst ascehown in Fig.

\Age d'fﬂ} %reaﬂfshg(fa[eflbﬁgyzéf Qﬁ?o iéé@f’ic% Jé@gﬂﬁ Sijllﬂterial of

I.On" perip
t Wéweewldedeﬁbgctr@ﬂe 445 m apEegesdonl $‘§b51f—®¢%d°%tthe material

t RRArTae8SSuBOCHEpOSi BEHhPNEL ¥ FEfion NBRIVMY W 1dMiIRN at the recess
25 portion periphery 39’ and thereby a deposiﬁiqn 41 can be gradually
formed at the recess portion periphery 39'. Meanwhile, when
generating the pulsingdischarge, themolded electrode 25, asbeing
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

30 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”, “mixedphenomena of diffusionand wélding"

35 and “mixed phenomena of deposition, diffusion and welding”.

Here, dimensions of the deposition 41 are made to be greater

than dJ.mens:l.ons of the recess portion 39. In concrete terms, an
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generating the pul sing discharge, the nol ded el ectrode
25, as being integral with the processing head 21, is
reciprocated in the Z-axis direction by a snal
travel distance by neans of a drive of the 30 2-axis
servo-notor 23. Meanwhile, "deposition, diffusion
and/or melding" nmeans al | neanhngs including

desposition “di ffusion” ding , nixed

henonena_of depositjon and dlfoSI

RSO REx SPheGE sE: HHE g " 5,198 BefBRRAY Outward
oﬁmﬂi&wmonmoaade&auﬂwqﬁo35omMérpﬁn&phqﬂmmﬁmhn&ﬁﬁessportlon
depo skan

?@ %hadggg§$%%€§$%h are r%gﬁot() & 4rlea éFgé%Tg;IB% Ehicker in

neRBi RO %F thae ar@@@é@%@ﬂtﬁ%ﬂ@ tcp fiébhngdhe recessportion

tSBYJTS Tiérdby Qlﬂ@ﬂ'uﬂ@fri @J'E)%rcﬂ.n f ahBBgdBReeiELEl 4L tSe interior
b §pread outmgi rb mmor npre relative to
E &r g@??bﬁé?? T R e Y on 39 and a
t h| cknedsan#hibe, depast tdfoﬁhélia[:&sﬁﬂ:dmﬂ 91lhm=ddnekah excessive
r e At d t A1
( RepPeZETLR TPE Pat NORLT QN M Yhd SRS Ao, 3
a&%ﬁ@)pEX?EgségEaPE?¢§§T1ﬁNHREMOVRﬁ ST dep05|t|on 41

can be geper at adshMeaanki (|le-3)5%iéiﬁf§1t‘3font§‘t?e§je99ﬁtbhh9%f driving
%h?ﬁgomes an excessl ve glt sition .41f sticking out

TP 5T FOT PPEAT R 2nA1hS YERBESSFOEY %1l@y the table
REMOY Ao BIERL A (b tetaxfiisniddbengtiba( 4nd) tHepvsatiodirection to

S%SQltPXHEﬁ{ES c\?fllq{de\i' ﬂ%int ?ﬁd% 3"‘% \Eo ARt gépgsfgfjon 41 is

Y-axi s ser I'S nove

t fRPKSadite ahpdeardelasgrode 31 axﬁ@adn%dﬁ,ohhene may be a case
pﬁl’iéi:é Qhet Bgb LY 7 ﬂﬁ%lw&%ﬁzo% ﬁlB@Edtﬂ?ang of the X-axis

lon 41 _posed the hard el ectrode
l\égg Whr 22 ?%%ré’%fqr{/) § c 8T here the table 7 is
only netwestseesy), tacpﬂnlasmg/edelcmmuydmcltategé(lasxgsnerated between

dtﬁgccﬁé hﬁ \Sn@intﬁedhgx?St ég ?tl::&&é hf%’ir? aqyles.l.ielgq:rically
electrlc I SC ar enera ween e
atpdeliating 4lllC&Hdi tShe %Beaelémcw othown im Big. 6, by means of

eﬁ@fjﬂ&ﬁﬂ lthe bméutaibr%é%mgde Sa TheneRY 1mas1 s \@posed of a
| |
Fideate oB i R0 i 6 2ah0t dheduabraas €6k b phae groessive

mi@ptdetmn vilfarcare bgememaved . aMewmiwh idse t wheax gessinat ing the

depPsi Ad r sl e, .

genefarEdI %istdéfl{ler%%n gﬁn ﬁ%?sgeﬁlar melhar \émg?%%ﬁ%&:he X-axis
ﬁ“?%cm}'éoﬁ’]rﬁ‘%w %%xtfse W#Jeftci%rm:em depde 89 and the hard
cyledtiesder®l) Bedye Brlg Attt dd¥alnafidh 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.
(1-5) HEAT TREATMENT STEP

After finishingthe (1-4) excessivedepositionremoval step,
the cylinder main body 37 is removed from the jig 17 and set at
apredeterminedpositionof the heat treatment furnace 43. 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 the particles at the interior
of the deposition 41 and the production of the cylinder 35 as the
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25 el ectrode 31, as being integral with the processing
head 21, is reciprocated in the Z-axis direction by a
smal|l travel distance by nmeans of a drive of the
Z-axi s servo-notor 23. (1-5) HEAT TREATMENT STEP After
finishing the (1-4) excessive deposition renoval step,
30 the cylinder main body 37 is_renoved fromthe jig
17 and set at a predeterm ned position of the heat

t nt _furnace 43..Further, as shown in Fig. 7,
tﬁ%%%epgérf)tdiugﬁ 1% g&% ﬁﬂyi ng the cylinder nmain body

37 is k8preatthke eghetretrperaina ehienpar vad wifirt bimeidrd B0 minutes
algh Qmi@?rtﬁegge:gag%trgeéf 16 6R fofSURNSEE ¢ %‘svaqtuﬁ-_ntly 4 hours

Ther eby, = a reat ment canm be processe

r 8§l ok SFemme radyssial 00 deassesfEing grIryrhsse the deposition
didllf tisi eBmpoBEHNgL a8ONYCkEE PBIY CheSa HoBdIR 1d11QYY,.0F

of the ﬁego“s\d'at' on ,é%eand he .produ%th]i on %f éhe )
cyl i nder 35738 Ehey® BRRHCHTudEd PEnfaReNet#prROduUCt in
t Becoedprramitd tdreda f dveempart iosheaf £1 1 seenbed 2fent nuye® modified
ahsaihl ghe! SAPELALLY Ceifodfipthdlegr ces € and

subsequently 4 hours g(:; tenperature of 760
degr eesMer ¢ PR CAl e thRe (Hebosirdessive deppsition removal

CﬁBpS:_G:;:itl@é t(%—l&i)Qi@déit tﬂké@ﬁm@?%%&:‘é@?@e&ﬁb@'duﬁkited f:aom g:he series
; e_p ucti on et ho a oduc ] .
BB seRs a0 B Hireh et BRE ROrlett (iR fetal Production in
edbodrdence nmeitibéheofi f$ ednagdimentherf stépwirngrs of the (1-4)
cgRegl PRk - adf5 &1 SRACT Al s tbhealbd- e CXEESSILY,

deposition re_rm%lal 1d:f steéloﬁttgﬁea%é-@ehggﬁ)s Héat treatment

t PESR neMt R e tefrndiitted fromthe series of the
steps iMotéwver oditaitean et Gedepbtihg fRE Pu Y Histharge in

ofhie AARHAAIEA Y M bIge LG R0 7 o S0 Lpcapege may be
agenereted.-B) Iealactediomly istsepatangbgas.
I nter Cmrﬂ’]&%}eﬁ¥ﬁ%‘g g:g‘g%:l,’lralﬁggﬁ{atgleemeﬂ ddWof Pheclectric

pul sing discharge in the; . y 1 nsulating
|?%%ﬁ’a%§0hal%|1si hfe dFaeheRgcara heerdeherst BY may &e removed
enbs_eclfjl'_ié oa&d:e/sémlcmﬂdsgt]g@&h 4Elf|r nagr Ber Qembifﬁéi. ngh_a

gri ndi i of. the electric _spark machine .,

0 e Morethvl I3bFBE02 bREPS1 S The cai®Rbr g togerinhery
dt' ¢ Ravesebest \re tiapvxiyt Hoglydingaye bectemmobdas cracks may be
Memaamay, i nstead of renoving the casting cavity

eri ph D, any, defect periphery including defects
per | P g‘%‘rtacﬂgeﬁ% i¢ps of tl?e fig:st gmbodiment %ill be described.

such a

Because energy of the electric discharge locally acts on
a prominently small part and the deposition 41 is gradually formed
bycarryingoutdeposition, diffusionand/ocrweldingofthematerial
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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renoved. Next, operations of the first enbodi ment wll
be descri bed. 25 Because energy of the electric
di scharge locally acts on a promnently snmall part
and the deposition 41 is gradually formed by carrying
out deposition, diffusion and/ or wel di ngof the
material of the nolded electrqde 25 or such, a
tenperature of the recess por ti"on periphery 39" in
event.ed fromrapid

RFELE R Thehhe shel R T o A R rastes: b tensile

Mot eenath @écmlsedepmsmiﬂ aramMbd drfcyemsedhy neans
of theygnetay, OEeEQﬁ?s@l eetdife e f@i@&g%’headn%&é‘ﬁé{é’ngl formed

part between t e g05|t|on ase
t% EYei hded) nEPROBBYCB7StARS 2 sMAdet §Pe Den SXgiatiera than the

CONmOSE L b1 gMmtte g:re@(é%% pagthencsgotl he §5r@1@§0§&ﬁu@tfhre is not

37 E RO BT * SORAL Be R o0 Wt BESK RBC Aoy deposition

téeed0 particles at the interior of the deposition 41
progr esﬂ?ﬁcc@ragﬂélﬁm tﬁﬁﬁgr}%mfktognlﬁgﬁlﬂgﬂgsajst Hggcflzh?ed above,
reove ecause

can be increase r e dimensio

tPREAEFR SRS dremPeTRSRed O fat henseress) Pebirn thexiphagy 39 in
aflge F@ﬂhrtdéxb@ag.&ﬁ@bay BhamstI?Eev&ﬁﬂémr@%;ﬁfdﬁancrea51ng
recess portio por S

surf%}ce%ﬁ“ae fprt c&é’ﬁog# %‘ﬁf é%fft er’r' Fﬁ‘én(lifzé tormtion of
depp gietdems perépon| peniploecards Jist huffecfensly suppressed and
el '@Ee@cﬁ.v@e%e Folaed 18R0%e. tthEgF?JS%éP%S gis reduced to be

tenperature o recess portion p ery 3
tHERSH IHRAR- main body 37 is prevented fromrapidly

i ncr ea&idtgeoazteﬂ,hﬁe&hﬁ?e thepﬁ@@@%hﬁﬁlohhﬁl @)é'ni Bdeﬁlhﬁﬁly combined
t ef or,matj on o S rt| eri.pher

Ly ST 1! BEGLCCSTS ORR! ORASHIBACTY) necomes
POt AR e i kofe th@ee}hngdﬁf ssoms:hﬁd@hﬁmmaterbel ofl tescylinder
¥ bééywmmencg {9 g%@fiiﬂ oga c%%nb@%tablllzed

firmy conbi ned mal n
deposi t |”5ﬁh$fm5’§80r?%%°a‘{ﬁ%ﬁ Sérﬁnrsdﬂ@ FhreReEth @§ Ehe deposition

falomanhiee biaser aetert,i al m@éh&ﬂﬂﬁc&&”sjt&f&i’gtmfntlb@%éc%Es portion
LSS, 30 o LS DAL o Cann, s, gpeeasec,
of theN&@p@@ﬁﬁhoheca@sa&thgudanpauﬁmo@aéédhaa‘the thin film 41a
YL rShengtbultutdeot BEs AHLitQ) permeation of fluid
out of the interior of the cylinder 35 can be suppressed.
(SECOND EMBODIMENT)

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
to Fig. 8.

The cylinder 45 as the metal component in accordance with
the secondembodiment is, assimilar tothecylinder 35 inaccordance
with the first embodiment, provided with a cylinder main body 37
as a preoduct 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 porticn
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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peri phery 39" in the cylinder main body 37 can be

i ncreased. Moreover, because the deposition 41 has the
thin film4la conposed of the structure of high
density, perneation of fluid out of the interior of
the cylinder 35 can be suppressed. 25 ( SECOND

EMBODI MENT) A cylinder 45 as a tal conponent which

is a subject of a production hod of a netal
pr.ed c ce vuth a econd nbod
DERCUE ey 68 g A A dEsd RIRRULIRD. MhLbis or ene

Figpogit3on Thecwy | 4%d@llh50asi¢mmcallmrponent in
accor dal@éb@t V"th@ prbﬁﬁc%@%ﬁ%m fEd eial p?%d%'c@llrﬂccordance

gge I'i hder in_accordance wt

tseﬁ?% a%laowrlflﬁn"a il derrdergpibriyhereinafter with
arqafeﬁemenm rF:b;ldyL amdg.aB, apigUt LrarRerfirPRerdy. 9 to Fig. 13.

sg:{lagn )g% &[O:j‘ng“ tr%”gq gfbggésm%%? gé{?%&u(% in accordance
ev:e’éln rtihe deschdregcbodimemtens amedhodcfes groduicimg the cylinder
p@5 iehy Rdtal Q%n;@irf&tt B @ﬁﬁfé:}rgod'ﬂé %Fﬂeggrl@ spark machine

p03|t| r oup consti t ut ed
(EPos e Preqtrads 25, Sbanbord ©beconeigydbianh the heat
eﬂ:E@atme:ntilﬂch&rcw 43vwwgc§,1m aibloeQf theNe
deposi t 49 W be. descr t xt
prgductﬁl‘lglﬂth%r efp¥+1 PGt o IB? Of géﬁc@?&ﬁ?{cgrOduCt in
vﬁlwpltdﬂ;l%%df@rtdl émyo@lemmi winbbdbmedtsisipeovided with a (2-1)

h@dﬁﬁﬂ?@f EEé'g_W'aI - 5) H%E%E:@%&v%l':éﬁep, a fidkt §eﬁg§9t%on step,

4 and from [ Fig The production net

the h}}lnogb(]:{“ ?Fle%ccﬂ)r‘(?ar?’dese\ﬁi"f‘ﬁ feeoskEbpy step, a (2-6)
emtx:nbmm depoalm‘sbhménfo@ﬁalpsvéblehﬂga he7sHdatdereadhent step.
agszjli‘be ent and enpl oys the electric spark

machine t e nol ded el ectrode 25, the hard

el ect r JAE 315hed titfe Panried( outeatmemhef sameemadnes. as the

@Ec‘)ﬂén@ﬁh%b@éﬁ (11341r)t bR1dihie sEEEdUQEEQnFE@t hgg of the
qi; accordance wth the second
nﬁo?d ﬁ#ﬁ%ﬁ tha(2 1) nolding step, a
(2-2) d@ﬁectstepo\ial eafmedl biultstlrgemﬁsi td 0 anaflnera as the
I t 5 osition_step
et ol aLoR. Bk SkeiBsanc OERoe Lol =P

('373)) RS T P@é’@ﬁéﬁﬂoélt §§EP (2-1) MOLDI NG STEP Thi s
step i %fﬂ:@&rffﬁllgﬂlné &HJ‘QZSQ‘YEdé@é@@rreﬂ@vtahe:s%tep, by means of

r nt i on nol di ng ste see Fi
rolveJ.rITl% S:h §-a§: ervo mo gnd(the Y—ax1s servo-motor 11,

the table 7 ismoved in the X-axis direction and the Y-axis direction

to position 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 39’ 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 deposition 47 canbe gradually
formed at the recess portion periphery 39/. Meanwhile, when



(2-2) DEFECT REMOVAL STEP 20 This step is carried out

in the sane nmanner as the aforenentioned (1-2) defect

renmoval step. (see Fig. 4) (2-3) FIRST DEPGCSI TI ON STEP

After finishing the (2-2) defect renoval step, by

means of driving the X-axis servo-notor 9 and the

Y-axi s servo-notor 11, 25 the table 7 is noved in the

X-axis direction and the Y-axis diZection to position

the cylinder main body 37 so that the recess portion

per igananatigg the pppedod dizchasgen| thednel ded eddet2bde 25, asbeing

Meanftidgal Wik QhEﬁyrch;ee%fr@SﬁeMQﬁe t%fe%f@cgtéé in the Z-axis

onIy necessar be npved 1In any

i 1 G LaAdoYHe Ak st’éﬁ‘feelcﬂléﬁange PyreeaRs @f a drive of the
pul g-agial eeﬁ:ﬁrbemdtsehasge i s generated between the

cesSs 4RO y 39' and the nol ded el ectrode
252 %§ Z &‘h @a??@% nsulating liquid S. Thereby,
as Shovvn ﬁﬁtﬂ!‘ gfln:@hlb;g ﬁban@-ca‘)ifenet Giepodittibe step,by means of driving
el e@hé')@—ﬂi@@@%%@vm@t@?@ ﬁbtﬁ’é Y-ta%fs@%ij@g—?otor 11, the table

eIe tfode 25 or reaction substance o

a+?.%%"%tnaéa“c%|>% 1% S gilregsion and/ bhewbraxhy direction to
thepa.etesm tﬂﬁbyqrmw:j ﬁlb@hbeQf INGd Iﬁﬁ&‘tbihbhﬁeposition 47 is

7 |
10PebRos gl b phi8 hats Digdionk, 11 °\ Meanghi e LGS hay be a case
t hewhrresthg wikdehdrige onﬂﬁmenﬁs&atyetemmdwed&n agy of the X-axis
beiditredtildifadld "Hhteh fié%zil%f ﬂg‘i-%%ltﬁ‘gnhead 21, is

~reciprocated. in the Z-axis Irection byasmall
travel dfSEEReE ¥ R\ﬂb‘&ﬁ%‘%?lacﬁﬁ‘?@-‘(ﬁcme Zsgenerated between

scﬁm mb?$1230n54 ozaﬂh the Nuﬁd—bl\él%wo‘éfé 153“1df1w aphlel@ctrically
ir ositi ns .,of _driv

1§ [ dotagk shig FLalfe) | pharabih .24 SRa 48 536mot s a surface of

11 thﬁicbéncm;lte.oﬁ ismebted bymesns of enesgylbfaiid @bectuticdischarge

thﬁnﬁ thﬁlﬁj'fﬁﬁﬁ |Gy tc%n?%%%'dt bgg L4 t%édﬂéjecff ?1 density can

dy so that the de tion oppose
t tht%ﬁqf-ré\t@a %ctél%ﬁurﬁﬁsmﬁ tlee dtemsétnc@yl 4. ab&eﬁwhlle, when

\Ahgeaeraelﬁgkﬁme pulsifg! d&élﬂﬁﬁﬁ;ﬁaé}r Yhé hdi®) BD¥edrbBedd, as being
Y-axis direction.

ct
207 phrrafistp e BEPEEts BT Head A o £s s Gatrrcatag in the 2-axis
bedmthrhdaxdepsmaﬂllorttré?eandzshamdﬂarw ¢leatis @fea3drive of the

£ efd %At{od: Ipzinsulating liquid S. Thereby,

as s ovvn surface of the deposi tion
i sthsTR e AR &TEBMhe el ectri cdi scharge

After finishing the (2-4) thin film step, by means of

25 driving the X~axis servo-motor 9 and the Y-axis servo-motor 11,
‘the table 7 ismoved in the X~axis direction 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
30 tobemovedin 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
35 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 deposition 47 and thereby a deposition group 49




and a thin film47a conposed of a structure of high
density can be generated on the surface of the
deposition 47. Meanwhil e, when generating the pul sing
di scharge, the hard el ectrode 31, as being 20 integral

with the processing head 21, is reciprocated in the
Z-axis direction by a small travel distance by neans

of a drive of the Z-axis servo-nb3or 23. (2-5) SECOND

DEPCSI TI ON STEP After finishing the (2-4) thin film
st epsongtitadiest of t@s liyersngfttiee Rﬂe@dsﬁt&@h\swrmta[ b? gradually

and gdigmed K dé?e‘é%égobBEg}%% 3%(heMggmaﬁ%£8f. wh %%nerat:.ng the
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f| I Ehé /Brot8s s 18g denas A1, 08 sd¥et Sp PHPLEEE itrP tth'éez -axis direction

d_el ec anwhi | t here a, case
?S’ Phated) gir?ve} éf%?aﬁgeegafawa% @ Fo dRARR) G the Z-axis
anyservomct(eaxzs direction and the Y-axis direction.

Furt her, 3 thlﬂ%rf‘%fo%ﬁg% gh? d&%oszl.?r?é%% tg%dformed at the

bet ween
t hel mhéacepé@mﬁfétm shelanrelmer tode gréatest shanglimensions
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di scharge, ,a materi al

r ectric
G 4% dbPPsRLISH SFoth Eh1e BAGE AR SRrEEchPUENEEd in 0.5mm o
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twe?? SPilckhebaCor e | deibafUib Brotp 45PP8 hhdg €] i thicker in
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m)I ded

ul.sin
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gr 64p® MQEX%EWWEI’@SITEOIS)RW SRS t| on step
ar e mdaftePTiaianiehy then Al G’fegébeﬂa d%ﬁ %%%f: by means
por% n.39. ILn concret'e terns,~ an outer perip
RIS (he Rk, 88 VPsakaE § oaBg: the k44 pervo-notor
i L. Bﬂm tableoleisahavedeid ahrNXoukes 8ekepBebY Ad the Y-axis

f
rlﬁos,"-‘.?ft*f.ii’?# o7 8095 el nkng ey TBAER Bedn MPdy 37 i that the
epesd tipagroumd 8 iseppasegitio tle hartidldatydde3l. Meanwhile,

f HRYe mIP'bd Qrbé"sge wﬁ%%’é"‘ﬂ'ae €abdePPlils 8h1{HKecessary to be moved
de ositio roup becone
25 any 05:1 tﬂe X—axis dJ.rectlon and the Y-axis direction.
Further, a pulsing electric discharge is generated between
the deposition group 49 and the hard electrode 31 inan electrically
insulating liquid S. Thereby, as shown in Fig. 12, by means of
energy of the electric’ discharge, a thin film 49a composed of a
30 structure 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
35 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



15 an excessive deposition 49f sticking out of the
recess portion 39. Thereby diffusion bondi ng anong
particles at the interior, of the deposition group 49
can be generated. (2-6) EXCESSI VE DEPCSI TI ON REMOVAL
STEP After finishing the (2- 6) second deposition
step, by neans 20 of dr|V|ng H e X-axis servo-notor 9
and the Y-aX|s servo- not or he table 7 is noved

d
posi 11 AT LR T eRibe e TET i)ﬁxgeg‘ {39 fepoRRE 18 dehoval step,

dépestyl omder ouqaLrn@qdar S@pdsetemovedief ham dched ddtr ddeand set at
33 prieRM et Ged ﬂdﬁrﬁdﬁaéff PRe "ﬁe%gster%e%é P&ﬁﬁ@% 937 Further,

i's onIy necessary t moved in any of
dPFeEPPBR ARdFife 1(3axF%e diPRRE 1 bion FIFdwRr49 aaw@arrgymg the

eb?tiﬁdérdﬂ&ﬁhaﬁgﬁ{glﬁ Qenﬁéﬁﬁeﬁ%@w tgl‘nbgfature in a vacuum
an e ar el e [ Od€, |

crEa Fhlra ¥ Bindiind BT R sreShhr Bh it B0 hereny,
i & gk tr2athenteaas b progesggdovitheredmitr ito the deposition

da??&@ﬁr@ sofakhid pffolg'PeégadffFEQ§§rg ﬂgr}cfir;?go ﬁ%h&cﬁﬂé Particles

hi'gh density can enerated as we
eXt s vategdpssrf .fcme ogiir o8 FeRBRAP andhihRi production of

V\ililﬁ@ @fnﬁﬁgéir g5 tde %wlneaﬂﬁg qjxsﬁm@wq,s e ilkaed.

el ectr e S ve 1IN the | S I | ONn

rel ati \?‘g { gorp?ezaaét%uzh%la ébgﬁ r?g %h%”?\eaia&e 20 minutes
ededt Mél Bempasab@reug:ﬁ A0&§r dégmeh ¢ radpsubesqiagtly 4 hours
head r2lgh témﬁéré@&@&?cﬁcﬁge%geéé‘@ #n §>e edslrﬁ%fcé 'tﬁ@ dMposition

a small” travel distance by ans rive

LR 43 r3d-GRRRsess of & T’)lclklEATa?‘ﬂQERTIVEN? SPepliqalloy.
After fMeumm:nlga t hedeg( g»:a)iuexcieasmdemsp@snth@méﬁm\paﬂoduct in

Séc?tpc?ﬁﬁ t.lq QFlg arP%lrr e%ﬁé?ﬁ‘%ﬁ’ etf;.r gﬁprﬁﬁ?e dc#n&e? rﬂxﬂ%y bemodified

h%‘atllt r@m r@ﬂthm@@bwlmmtt her, as shown in Fig.
13, th%&i@%ﬁ'eﬁh.?&cﬁﬂ.@?? A W@Qﬁbggﬂfgedaaos:.thn removal

nder 7 1s kept at erature 1n
a%/’iﬁ& REHR2T ﬁ) Pﬁétaweaa;m%ﬂgeapapﬁée ﬁ@gﬁtﬁﬁimme series
fcmff naee s8psThertiay produbeabnttedis®nit ¢he Me€tal production in

5%&5%& r ition rQu 49
c?o proge\rlwéaégh %juscghab%rﬁp%gﬁ%%b NG ?E%g C{%r& 8’?%116 (2-6)
@XQQ\G&S#W é}ap@ﬁlctﬂomhgemeﬁeé| stem gn@upmg(?aﬁd hieat treatment

€5 cdérprbé)flntje[}ctlﬁglg@ﬁl i nder 45 as the netal product
is hed. Here, thé tenperature and the per.iod of '

Lime aMPERGTRTALLBS AR Ot (PR ditf @ ingsgischarge in
ddgr edecCrapedl dybiesplating 4 ibaddssS, a pulsing discharge may be

generated in an electrically insulating gas.

Furthermore, byusingagrinding lathe insteadoftheelectric
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 ldcally 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 suﬁ:h, a temperature
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at a high tenperature of 760 degrees Cin a case where

the deposition group 49 is conposed of a nickel alloy

or a cobalt alloy. 15 Meanwhile, the production method

of the nmetal product in accordance with the _

af orementioned first enbodi nent maybe nodified as in

the foll owi ng enbodi nent. More ﬁ)eci fically, the (2-6)
excessi ve deposition renoval ? ep OL the (2-7) 8ea¥

tr . ' r t.he _series, of .

o3 Shepse oty PG BELARRELY B8 507 RS FEfLpder Bain poay 37
pASdREEVERted BEem e wilnikrersingcahda anmediofeprodncing the
skgpiander asof the (2-6) excessive deposition renoval

step ang_t he éz-;) heat treatnment ,step can be

i nt er chARGBAYSRoPESPYSe The CERGSdt-198RHMR A ishEormed by means
polfsting eieschaofethe e Rictdie: dﬁe&h%ir@d, | ¥ Hoisidaaty BErt between
| i qui ' di,scC e e ener In_an ,
o8, Soron £ R0 YU CURE U° e BB aPRREISH She Oyl inder matn
gPPRYi g had I sitasicadeolnt weleh ex tadmposdpdiok mathbngrades and

7 . . b . )
hehBe €REI BEp6aYtiynPEELRPELY Lhn n@é(wgfrerféﬁg?c,\! iged with the

t he.excessive 49f ma e renmoved. 30
of:y?’éﬂaﬁn@ai‘ﬂeb%%%tg?lg cavity periphery D, any
def ect Eertmémmgmé;uﬂbﬂﬁam@edetn?tS%Sﬁmﬂsﬁﬁhcbﬁgaggnaa?ong the
b t i t he second enbodi nen
WFPTERERdE e ML LnCRELEE | R oGy oFTer Grgbe, 14 Piboresses,
df kT Hke |SEamgfhaefsthe dagesi pramigremg ¥ 9seah | beantcreased.
LYl g it o P 5 e R e gtz bed above,
n u eposi tion, \ . _
TREHATE, THE AT SHITI60 CPEcFPOABSBOBH Sh@eTiphery 39° in
t enperyl inden Snaiof bickly BGC&SSpﬁefréhﬁéd'pﬁfdnwfﬁp’icﬁ%} ilntreasing
t Lader ' [ t mrap :
e O Fa o P Ui e Sy PLEIE 20 PR Pt demation of
MVBRR FRse S Heestident perdepesy t3Yn igr suffioiestiyrsmmpbirssed and

regice defdctite @d-tabnt BE €heCE{l SndhSCARUE . ruced to be
bqynd ry part between the deposition group 49 and a
SHOSh ing?

base T%1 of the cylinder main body 37 has a

struct Madaverhi decausenbel deposiation grades4andan be firmly
IS5 VAYOERL O B 15,500 LERIELEEED group o9
RECHANRSS s UFcepidides sedPRglinengff herom the base material of
the cylinder main body 37 and hence quality of the cylinder 45
can be stabil'ized.

Furthermore, because the tensile strength of the deposition
group 49 can be increased, a mechanical strength of the recess
portionperiphery 39’ in the cylinder mainbody 37 canbe increased.

Moreover, because the deposition grocup 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 component 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 in accordance



particles at the interior of the deposition group 49
progresses, a tensile strength of the deposition
group 49 can be increased. In accordance with the
second enbodi nent as descri bed above, Dbecause the
tenperature of the recess portion periphery 39" in 15

~the cylinder main body 37 is prevented fromrapidly
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increasing at the tine of producing the cylinder 45,

t Q‘?L'E:Ha&héj%fﬁrsqaﬁltr@gd%fnentzh&cf g:‘l“:%sgyf.’%ﬁ&é?ndéj ghg ¥dance with

I's sufficiently suppresse ence
pFB@u%?%rhd cﬁmlzqﬁﬂeumqrn@épmgep!smw@wlmm raimpbpdy 37 as

nanp_roaﬁcﬁ/Qﬁ@DrYQf;]oegb%ﬂHS%tt he dapasgi bé?ﬂpﬂé?h’ﬂ.’ é@rfi‘@e of the
[

be tir th the cylinder
R iBARE A BorRun T ach TRAEARBOR LB IR i bIR s by means of
pereray of fal remdthe dakisairirerd.al Fotthéhe &yl ntletess portion

’ | ] d ;
194350y 35,20 gBE Bl Yofl S R 490 e on oroup
sP? eFeRAtbuted Ccfeysés-ﬁrtallodaygrréupf4gepan1beonnci tatedformed by

amEBe s @ﬂbr@&r@ﬂﬁﬂquEcEBﬁcr@%%rcﬁé)” MeAnRALlRNEAYtails of
can Qe increased.

3 in the, cyli nder
I\gkl;%o%%? %rbs%rcHPe e;’fﬁgﬂt bc?n dgSeEFPes Hasetne t hin
filnms M@H‘, ﬂ@aprodposﬁdnmbthbel oftttheahet £5ppbdlcgin accordance

dv?f@l'ltYhe pfﬁgg %@Bodﬁq pi M.Yidbguélegf %"EIF"QD teerrelJ.(l)araftner with

of the cy can be suppresse

Ewﬁﬁf%m)tw‘éw ilndELg513 ad ig -nbt aﬂ‘lq:oﬁpoﬂem Mhaod from Fig.
I B5 atsumjectiof a production nethod of a netal

pr oduct,,i n ac%%g ance enbodi nrent wi |l be

d
bri ef |y Hfeddd 178y Eﬁeﬁgf’fief'% !E"F] ekt uefs i, accordance
Fiigth the Thirdydnbmbimst ds & heevhsdiforoppotesing ithe cyllnder

(0]
75° SREME ALY coREre RO SR Shel 1 o280 T machine
ehbddidrginldadd edretapirndar Bie|razd cokertirader i anchghe heat
secorthear qiriRitle, 43" ¢l dedcwibBgaapyirender nai n body ‘

P e ey R T
poradmsiange vl thortined tini rde embodfimenenésgprobided with a (3-1)
Qﬁcﬁlﬁiﬂdgcs sgcaa(ﬂﬁz) 5&5&!&? remdlad gteegaefé (@3&'@%:031t10n step,

per i pher i ncl uding the recess

Feposti iingt bipstsB, GoRdrai &temtéftlw%@pd apet3-6f excessive
dinpessitiiens réhovall Eapdald aMeans) Ohe £ CF A¥aGhe step.
e('f‘i”‘m‘bL%'I%%hﬁﬁ'gﬁ Meanwhi | e, details of

This step is carried out in the same manner 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 out in the same manner as the
aforementioned (2-3) first deposition step. (see Fig. 9)
(3-4) THIN FILM STEP ‘

This step is carried out in the same manner as the
aforementioned (2-4) thin film step. (see Fig. 10)
{3-5) REPETITION STEP
Afterfinishingthe (3-4) thinfilmstep, the (3-3) deposition
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he deposition group 53 will be described later. 10

Next, the production nethod of the netal product in
accordance wth the third enbodiment will be
descri bed hereinafter with reference to Fig.

1, Fig.

3, Fig. 4, Fig. 9, Fig. 10 and fromFig. 15 to Fig.
17. The production nethod of the netal product in

accordance
for

15 with the third enb@di nent is a nethod
produci ng the cylinder 51 as the netal conponent

ancstepTirdy ehd e-gf %ﬁiﬁ'ﬁlﬁpﬁe&% %lggr % LdSfhereby,as sh
o 35t Tl 53, HEnneL iné 73 ML qohstRoBNED erinens e
treat ne nace 4 descrl be OVe.

pr oﬁﬁﬂq%%ﬂwergfof H?élenéPBPSbe@%%t” ﬁndztahe depositlon group

ac gy gakpesyd bif theplihkad l%'f@‘i‘é' @ﬁhe'cﬁeﬂiﬁ\ﬂi@iﬁ% &7 thn be formed

%3 (% é%%ﬁ%g??? Bﬂr iggg 3 Qq?g;rgesariﬁ of fﬁ?l%trggqe Q}ee%fe%gflc discharge.

(3-5) refetketi dimsheponarof] 2hé) depositivr groymwsS3 formed at the

\L'%lé %%.Egtgggq_ﬁ éé”%ﬂ )aljé?%ggg ?Igteg@(%:{eﬁteeqi tﬁ%nlziimens:l.ons of
maﬁher regesfHPorfianedint |Bha§>r(cre,t_)e ﬁgmsngarstoéﬁer( Eeéiphery of
Fi ﬁhe%eﬁ@sﬁlﬁﬁﬁﬁpm%aﬁ EB Jﬁtéaétcﬁitu‘a&'cpﬂﬁ [0.%%hm or more

104 FBLFCH Bt 521 GREe sBer R Ok Hhe TS Cepp@sEigy 39 and 2

STEPl&hnessto@the depos Bdi oniigrionpt 58 tamadeatodre ahicker in 0.3

Pﬁn og{ﬁégg%ﬁdﬂ_ﬁﬁgﬁ%@gétéﬁiggggzﬂ ﬂgi‘%g@ £§§§ss portion

The Télmbwaﬁlnéﬁfuésonhbonesnafmmmabhquz a49 the interior
”kbfl tHd raeg c%it:(o’iﬁ%x%v%hlséo}:ah%@ gBRBEALEWON STEP

Afterf t he

500 o | hieRbIdieic & Rl T EhE, denpsiftdon; axpupy B3 becomes an

f idunestsdreadepalsti¢dbat EBﬁ steingdaimyl olitebébyhasradwss portion 39.
7

s rEztby' 8 b Roh AR ALROIPAFLRL RS Ul KBS, ntertor of the

4 Aepeg itiend gpoypt ﬁéncgnobp geBeratpdsed of the plural

| qeey ekckbeIYEPBRPbSPPSOR 'REAOVRE &PEPEd 5 at the

the electric

39b f
20 (rjleg giS]Zr 85: %épésxmea 06?1 eénigqrrggqa.el tkeR stePokYgleans of driving
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58hédf+eedi sisetrve~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 thé deposition group
53 is opposed to the hard electrode 31. Meanwhile, there may be
a case where the table 7 is only necessary to b_e 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. |



(3-5) repetition step are nade to be greater than

di mnensi ons of the recess portion 39. In concrete .
ternms, an outer periphery of the deposition group 53
is made to spread outward in 0.5mmor nore 10 relative
to an outer periphery of the recess portion 39 and a

t hi ckness of the deposition group 53 is nmade to be
thicker in 0.3 mmor nore than &#& hi ckness required
to filling the recess portion 39. Thereby diffusion
bondidd }aHBAY BREATMENE STERhe interior of the

deposi ti 0&f9é9‘f&n§§h‘iﬁ8 the Qﬁ?gr%ﬁggssfé Hgﬁgyfﬂgn r@moval step,

part of t e ositiron grou exces

depbBPt £% Tnde dva ik PRGYod? 66 JEW‘f%te‘é@ﬂpcthﬁl 540307 and set at
Th tea@_ll;edéltfaﬁ:miheﬂ é:iwviu?ﬁ g heat tl:'1:‘?:=:L=.1Q§1§$Jt: ﬁd}.‘?lacte 43. Further,
nt egi e... depasi tion grou can be genera
o 85 ol Ve i mel i O RSTAL Lore S aioaf{ cacconpanying the
f i ne¥hindghaain Bpdyepdtisilaptstatpa hygkatempératune Ny a vacuum
t heo:?ﬁ%"tﬁe %"?erVBy 'Héta‘i’xrs 8f %Cé Bﬁst}f@gtﬁe}q{ %8 HRLE r43 Thereby,

he t abl |reC|on

t hé“ eat E%*PF@%‘?'F S be m%-‘aﬁﬁ tH&hcyeppaek tmtﬂne deposition
bocgn:o’ﬁ: S0 $dals thepPfePrsss IdATFraz36R beRdiSg C&%ﬂﬁ?e@hboparticles

ld %@ wﬁer Li fa%:té{%g%]fg ll_l?e'\@e%?ﬁsyt!.fﬂgttggg&%ygsoaxbi tﬁﬁ‘v a‘oductlon of

case
in th@ycaﬂmdlae %laassthierreetabrprodudthelsy- ﬂ'm:sshed.

directi Oﬁergurﬂﬂ@ﬁemgeﬁﬂgﬁkg%rﬁ 'Eﬁ&gé ﬂlx% 'asre 20 minutes
gener at ed bef I on
haPl BINAN SEEPSFERTE PSR dearees ¢ and &uibﬁgquently 4 hours

i qulanhﬁggh tfﬁﬁpélbitltlﬂé oﬁmﬁéargégc iPa c*%}é%‘ﬁ@g Pe €heHbposition
en 0] e eleclrl sSCNng In 1TIim

15CodbRRa" 11 1 Salonad 4 & MheieloBHde, oad GebaLt alloy.
gener at d‘tbml'me'llé, a:het peocductishvmethedost t tive mMadfaX Product in

be is ' o
dlz%%‘%ﬂﬁ?:e ar agloe?ﬁ%ﬂ&gsggﬁﬁ:guﬁv ?%ﬁ#%@hggybemodlfled
X-3%i e daklaving smbeeimgnthe cylinder main body

37 and M&:&&dec@hébtﬁﬂ QQ% QéwG?%f@éQQﬂf@t@éﬁ@éJhtlon removal
thetBr OffSﬁlg g% , reci grocat ed I'n

0 J'slcte OF thes Sat Foatienioatan Grbiue EBLCHd FEaisthe series

ofofatlei sieeps irh&hg- pxodusetow rethod 83. tH8 mdtal production in

HEéEoIBEﬁE%’WEt?IﬁE égcto%rd é@ﬁ?ﬂhggt tcﬁ:esétﬁn? r?&.éirerr?a?ﬁ the (3-6)

excessi ve I T10N Tenov
b8¥gFessivs ﬁﬁmﬁéﬁl@ﬂ orsmara} |aj:ep7aa1nljtbet {(3t7) heat treatment

apteﬂebsﬁnbgeﬂ@@@féﬁ%é& the heat treatment furnace
43. Furthe
25 BIJ edver, instead of generating the pulsing discharge in

the electrically insulating liquid S, a pulsing discharge may be

| | generated in an electrically insulating gas.
Furthermore, byusingagrindinglathe insteadof theelectric

spark machine 1, the casing cavity periphery D’ may be removed
30 or the excessive 53f may be removed.

_ Moreover, instead of removing the casting cavity periphery

D’, any defect per;i.phery including defects such as cracks may be

removed. _

. Next, operations of the third embodiment will be described.
' 35 - Because energy of the electric discharge locally acts on
e a prominently small part and the deposition group 53 is gradually
. formed by carrying out deposition, diffusion and/or welding of



5 as shown in Fig. 17, the deposition group 53
acconpanying the cylinder main body 37 is kept at a
hi gh tenperature in a vacuum or in the air by neans
of the heat treatnent furnace 43. Thereby, a heat
treatnment can be processed with respect to the
deposition group 53 so as to progress diffusion
bondi ng anong the particles 10 al% he interior of the

dep05|t|on group 53 and the production of the
cyl thGePaterial (pe the mo gédectsofiengbhed. siehe,a temperature

t heotem@rz@ws@ pogtibR herF gﬂﬂeﬂf 3k ”fnaifl?e &y 1ndérCRain body 37
ture of, rees C an

at
e ub LI (3 ZaRt LT nF € o time 66 Producing the
deg¢=EbsndBI b case vvhere the deposition 15 group 53

S conpo
I‘5(/1?61Y1\/\/f1l | Z‘@&ﬁré Jfllsghhgre oocFai otg %é}g@#ﬁ E)F formed by means
i n ohddsy Eaﬂéﬁymf Wh%@lacbrbﬂnidtaqhma,haruOundary part between

entiggk @epbsieNba §BUS T andSa Badd ' hak@ria¥ 88 the cylinder main
3-6) excessive

emhodj More speci ficall (
o BY naBrd Ve RiGking 3 UpibRea (o isiaon ratio grades and
t r é@neentthet depoaid thenogrbtpdSsroantbe Sefinky cokbihéd with the
Dst %ilhﬁeghﬁaﬁﬁoﬂlfiﬁ&i gg met hod of the netal production
accordance w e second enbodi nent or steps

orders ofurpkermorg, danasievetbepodti ffusionnboadingt epmong the
angarbecids At dal ihtERLOBYE th

ge{chajgf%ed 25 '\éﬁ}] eé |nstgg%’e of tg.ﬁ%r?ﬁrou Sﬁeprogresses,

t hRe AeRQF: A ﬁnmﬁét FAp be increased.

I i qui d Sn acpokﬁangedrﬂdhahge:ﬂm&embddﬂﬁéﬁt% desafibed above,

180 ﬁg@'ﬂﬂ% SRR, th LIEHIR Sortidt Rffimery 39 in

grln

thec dar @adin pogar 3Bhé$ ypreventedef ramutamidl30 increasing
Oraﬁ kB eckiRe B Drodhuding LR @fﬁfﬁf&r R eE%SEmal Nfd£dhation of
I enDVi ng t he castin cavH%s perip 12%%(
dé:fheectreﬁgF SREFLPRAP 91 35 HRb baTeRly Suppressed and
bélencerrdefécthlmet proﬂabalbﬁnsf ofhé heyXindek SbAd Fduced to be
20 V\"alﬂnh gribed. 35 Because energy of the electric

g caIIy acts on a promnently small part
and t heMaepo¥eri ohegauag thei deposittbdn ygroupnBd bgn be firmly

ca&wmea%uﬁ%b&ﬂﬂd&'%ﬂf f?gggfg%%%&ﬁﬁ.on group 53

e materi al

tgﬁﬁ‘élpﬁ? u‘?‘ésu%‘?e??l’eb}%CQQ%fiﬂgoﬁ e.freneﬁcyesbaspnmaterial of
t tiee cgyl it meain sty 37 and hence quality of the cylinder 51

25 can be stabilized.
' Furthermore, because the tensile strength of the deposition

‘'group 53 can be increased, a mechanical strength of the recess
portionperiphery 39’ in the cylinder main body 37 can be increased.
_ Moreover, because the deposition group 53 has the thin films
30 47a, 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.
. 35 The joint structure 55 is provided with a pair of metal
components 57, 59 which are butted with each other and, in this
condition, joinedwith each other and thepair of themetal component
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Is prevented fromrapidly increasing at a tine of
produci ng the <cylinder 51. 5 Moreover, because the
deposition group 53 is formed by nmeans 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 s?ructure in which a
conposition ratio grades and gnce t he deposition

geou I 4f k wi,t.h. the. .10 cyli.nder

R hspape R YR PESU R W ke VER P ety 151 572, 5b.
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%%% rﬁ%?x‘f g9, 58 is a stainless alloy of iron including 18% of
chromiumand 8% ofnickel, another stainless steelshavingdifferent
contents become the material having 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



57, 59 are respectively provided with beveling
portions 57a, 57b. Mbreover, a recess portion 61 is
defined by the beveling portion 57a of the netal
conponent 57 and the beveling portion 59a of the

ot her nmetal conponent 59 and a deposition 63 is forned

at a recess 5 portion periphery 61" including the

recess portion 61 by energy of tﬂe el ectric
di scharge. Further, the deposition 63 is gradually
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25 the molded electrode 27 or a reaction substance of the material
carries out deposition, diffusion and/or welding at the recess
_portion periphery 61’ and thereby a deposition 63 can be gradually
formed at the recess portion periphery 61’. Meanwhile, when
generating the pulsing discharge, the molded electrode 27, asbeing

30 integral with the 'proc:essing 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.
Here, dimensions of the deposition 63 are made to be greater
__ than dimensions of the recess portiocn 61. In concrete terms, an

35 outer periphery of the deposition 63 is made to spread.o'utward

in 0.5mmormore relative toan outer periphery of the recess portion
- 61 and a thickness of the deposition 63 is made to be thicker in
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with the fourth enbodi ment
pair of 21 the netal

the electric sparkmachine

and the heat treatnent furnace 43 as

is a method for joining the
conponents 57, 59 and enpl oyi ng

1, the nol ded el ectrode 27

descri bed above.

Further, the joining method of the metal conponents
in accordance with the fourth grébodl ment is provided 5
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Moreover, between the (4-2) deposition step and the (4-3)

an di ng

l"h%e

I’kc,l

ns of the recess
e fourth embodiment.

heat treatment step, an excessive 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
bycarryingout deposition, diffusionand/orweldingof thematerial
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.



35 outer periphery of the deposition 63 is made to

spread outward in 0.5mmor nore relative to an outer .

peri phery of the recess portion 61 and a thickness of

the deposition 63 is made to be thicker in 22

0.3mornore than a thickness required to filling the

recess portion 61. Thereby diffusion bondi ng anong

particles at the interior of the2deposition 63 can be
generated. (4-3) HEAT TREATMENT STEP 5 After finishing
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by carrying out deposition, diffusion and/orwel di ngof
thematerial of the nolded el ectrode 27 or such, a
tenperature of the recess 35 portion periphery 61' in
the nmetal conponents 57, 59 is prevented fromrapidly
increasing at a tinme of joinPhg the pair of the netal
conponents 57, 59. 23 Mbreover, because the
deposition 63 is forned by neans of the energy of the
el ectric discharge, a boundary part between the
deposition 63 and a base material of the netal
conponents 57, 59 has a structure in which a
c@ipdBt i on rati o grades and hence the 5 deposition 63
can be firmy conbined with the netal conponents 57,
59. Furthernore, because the diffusion boding anong
the particles at the interior of the deposition 63
pPLOgr Rsheshod fengprajustiomgih oimetied gepaltict orcaPrising
can be increased. 10 In accordance with the fourth
enbodsheps af:descri bed above, because the
tenEerature of the recess portion periphery 61' in
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in olfcle Workpliesenofhan eiectricnaparkf maphingi epposed to
structure 55 can be increased. As described above,
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to several preferable enbodi nents, however, the scope

25 and.the right of the appended clains ihould not be
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carried out by processing the defect as a workpiece of

the electric spark machine opposad to an hard electrode.

3. The method of claim 1, furcher comprising steps of:

melrting the deposition in part to form a thin film from the
melted deposition by processing the depositicn as a
workpiece of the electric spark machine cpposed to an hard
electrode; and

forming a second deposition from the deposition eledtrode on
the thin film and the deposition by processing the

deposition as a workpiece of the electric spark machine

-opposed to the deposition electrode.




steps of: nolding a main body of a netal; renoving a

portion defining a defect included in the main body

to forma recess portion; depositing a deposition

froma depositiontool electrode formed by conpressing

a powder consisting essentiall2s of the netal to fill

the recess portion by processing the main body as a

wor kpi ece of an electric spark nmachi ne opposed to the

deposition tool electiotle. 2. The method of claiml1,

wherein the step of renoving is carried out by .

processi ng the defect as a workpiece of the electric

spar k ' pose h electrode. 3. The - .
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deposition as a workpiece of the electric spark

machi ne opposed to an hard electrode; and formng a

sézondhie megiticidow £f cdenithe, dehesslinovhel 8cépode @Diminating

the thin filmand the deposition by processing the

deposilS earydes aurkpyeprooeésshngetbet projepting portion as

machi ne opposed tQ the deposition electrode. 25 ,

4. Th@ nerkedese *f &g sleatinic sregiprrehigeacppeged to an

of : Limnatin projecting portion of the second
deposﬁ ng?iegpg?ﬁg'nethod of claim4, wherein the

step of elimnating is carried out by processing the
projecting portion as a workpiece of the electric

Sgar KTHBCREPRoAPEESEHaln &1 fﬂfﬁﬂeflESth?g%ng}ng%ep of:

nmet hod of claim4, further conprising a*s
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deposition with a heat treatnent. 7. The nethod of

cl ai nddposinidmerwivips i seay -stepsmeht, nmelting the

deposition in part to forma thin filmfromthe

nel ted deposition by processing the deposition as a

wprk%@ece of Hre el ectric spark machi ne opposed to an

hiar d 2he method of claim 1, further comprising steps of:

melting the depdsition in part to form a thin £ilm from the
melted deposition by processing the deposition as =a
workpiece of the electric spark machine opposed to an hard
electrode, |

wherein the steps of depositing and melting are reciprocally

carried out.

8. The method of claim 7, further comprising a step of:

treating the depositions and the thin films with & heat

treatment. *

9. The method of claim 1, furcher comprising a step of:

eliminating a projecting portion of the deposition.



el ectrode, wherein the steps of depositing and nelting
are reciprocally carried out. 8 The nethod of claim
7, further conprising a step of: treating the
depositions and the thin filnms with a heat treatment.
9. The nethod of claim1, 8 t her conprising a step
of: elimnating a projecting portion of the
deposition. 26 10. The method of claim9, wherein the
step of elimnating is carried out by processing the

. projecting portion as a workpiece of the electric
spark machi ne opposed to an hard electrode. il. The

hod of claim 1, i has d ’ !
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of casting e mal n body and the defect-includes a

casti Rgrgawlb¥rrdde.A metal product produced by the
method of claiml. Y w

11. The method of claim 1, wherein the hard electrode consists
essentially of an exhaustion-resistive material selected
from the group consisting of graphite, tungsten alloys,

or copper alloys.

12. The method of claim 1, wherein the step of molding includes

a step of casting the main body and the defect includes

a casting cavity.

13. A metal product produced by the method of claim 1.



