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 nmethod of a netal
product, a nmetal product, a connection nethod of netal conponents and a
connection structure. 10 BACKGROUND ART A series of steps for producing a
metal product such as a cylinder and a seyies of steps for joining a pair
of nmetal conponents respectively having beveling portions respectively
include a step 15 of formng a weld jgg1yly More specifically, in a
case of producing the netal product, Irst, a product main body is nol ded
by neans of casting for exanple. Then, a defect caused by nolding is
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meant i ne, beﬁ%éb&ﬁzétﬂ@b"ﬂf’ deposition is forned by neans of welding, in
ot her words ecause the weld deposition in an elevat d tegg‘a{ature state
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15 of forming a weld deposition.

More specifically, in a case of producing the metal product,
first, aproduct mainbody is molded by means of casting for example.
Then, a defect caused by molding is generated on a surface to be
treated of the product main body. WNext, a peripheral portion of

20 the defect including the defect is removed by grinding so that
a recess portion is formed on the portion to be treated of the
product mainbody. Further, awelddepositionis formedat arecess
portion periphery including the recess portion by means of welding.

Moreover, inacase of joining the pair of themetal components,

25 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.

30 |
DISCLOSURE OF IRVENTION

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

35 formed at the recess portion periphery, the temperature of the
recess portionperipherydrastically increases. Thereby, thermal
deformation at the recess portion peripherybecomes great and there




2 are problenms that it gives rise to poor quality in production of the
nmetal product or poor quality in joining of the pair of the netal
conponents. For solving the aforenentioned problens, a first feature 5 of
the present invention is a method for production of the nmetal conponent
and provision with a nolding step of nolding a product main body; a defect
renoval step of renoving a defect peripher I ncl udi ng a defect generated
on a surface to be treated of the product” nain body by nolding after
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20 welding at the recess portion periphery by energy of the electric
discharge.

A second feature of the present invention is a method for
joining a pair of metal components and provision with a butting
step of defining a recess portion by a beveling portion of one

25 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; 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

30 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

35 of the material carries out deposition, diffusion and/or welding
at the recess portionperipherybyenergyof theelectricdischarge.



3 BRI EF DESCRI PTI ON OF DRAWNGS [Fig. 1] A drawi ng showi ng an electric
spark machine in accordance with a first enbodinent. [Fig. 2] A partial
cross sectional view of a cylinder in 5 accordance with the first

enbodi ment. [Fig. 3] A draw ng expl aining a production method of a netal
product in accordance wth the first enbodinent. [Fig. 4] A draw ng
explaining a production method of a netal 5 product in accordance wth the
first enbodi rrent 10 [Fig. 5] A draw ng expl ai ning a production nethod of a

metal  produgby g&&ﬁﬁﬁ“? P_x, g st enmbodinent. [Fig. 61 A drawi ng
expl ai ni ng ahgroductlon met ho a_ net aI product in accordance wth the
first enbodi Ehg: }Fig. &) dpaving ﬁ@oé’)%ﬁlgalafﬂ ng§laChEdBUSHAFK NBR RS 18

metal 15 progestddc&GeDian os pt fénﬂﬂih@)dflmlé&'ft embodi ment . [Flg 8] A
view of a cylinder cor.danc
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product i aa:cmm wiith tthe Jdowid esioddimeetit-. 20 [Fig. 10] A draw ng
expl ai ni ng a[ﬂ {I on;@%?aqng fﬁ@in %r%%ﬁhc‘t@oﬁcﬁgﬁﬁlé‘@(@fw mathhe

second enbodi e ng expl al ning a production nethod of a
nmetal pr OdLE¥O¢W%C%FW%% thﬁé‘ @@oﬁ&réﬁﬁbSH‘PR@F\F‘enFFl g. 12] A
drawi ng expl gFrng hggp pr @ﬂﬁ@:bh@ﬁgn@i;ﬂm:r.ﬂngi arfptra»lduczioﬁl’mdtﬂlsbdlcnf acmetdance

wi th the second, enbodi nent wi_n X ng a producti on
met hod of a PETHCt p’r’bcﬁ&"toﬁc{?"é‘%c&l%‘n evv%t"?‘?sg'h “@8@ é gn‘oodl ment. [Fig.
141 A patQi alFig oS sectd dmakwingeswplaining iangerdugtigocoe thed ofia mezal
third e"bodg%&%ﬁ o34 Bk LJd%lnc% dray ‘Eﬂeefﬂkgtnbﬂﬁoélﬂéﬁguc“0” met hod of

a net al I n accor ance wth the third enbodi nent.
dr awi ng expl ¥ ndla pr é‘dGEPWéﬂgn%’Ewlb’fn% arrEF&FiucﬁiLBBU‘E? af%‘%c;r Bahad
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15 product in accordance with the first embodiment.
[Fig. 8] A partial cross sectional view of a cylinder in
accordance with a second embodiment.
[Fig. 9] A drawing explaining a production method of a metal
product in accordance with the second embodiment.
20 [Fig. 10] A drawing explaining a production method of a metal
product in accordance with the second embodiment.
[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
25 product in accordance with the second embodiment.
[Fig. 13] A drawing explaining a production method of a metal
product in accordance with the second embodiment.
[Fig. 14] A partial cross sectional view of a cylinder in
‘accordance with a third embodiment.
30 [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. 17] A drawing explaining a production method of a metal
35 product in accordance with the third embodiment.
[Fig. 18] A partial cross sectional view of a joint structure

-in accordance with a fourth embodiment.



I n accordance with a fourth enbodinent. 4 [Fig. 19] A drawing explaining a
joining nethod of a netal product 1n accordance with the fourth

enbodi ment. [Fig. 20] A drawi ng explaining a joining method of

anet al product in accordance with the fourth enbodinment. 5 [Fig. 211 A
drawi ng explaining a joining method of a netal product in accordance with
the fourth enbodi nent. BEST MODE FOR CARRY}NG OUT THE | NVENTI ON A
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An electric spark machine 1 applied to a production method
of a metal product in accordance with a first embodiment of the
present invention will be described hereinafter with reference

20 to Fig. 1.

The electric sparkmachine l isprovidedwith abed 3 extending
inanX-axisdirectionandaY-axisdirectionandacolumn5 extending
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

25 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 isprovidedwithaprocessingtank 13 for reserving
an electrically insulating liquid S such as oil and, in the
processing tank 13, a support plate 15 is provided. The support

30 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.

35 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



a drive of a Z-axis servo-notor. Here, when the table 7 is noved 5 in the
X-axis direction by neans of the drive of the X-axis servo-notor, the
processing head 21 is capable of noving in the X-axis direction relative
to the table 7. Modreover, when the table 7 is noved in the Y-axis
direction by neans of the drive of the 5 Y-axis servo-notor, the processing
head 21 is capable of nmoving in the Y-axis direction relative to the table
7. Further, the processing head 21 is provided with a first holder 29 for
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Next, the prosict isenrert hod oforldimt aboRE PELE lcdIE 3AGAIGMRCEF thd Rotlbed
first enbodi nent %%&bd crhﬁcald herei naf.ter '%h _30 reference to from
Fig. 1to F.%fe‘:?t.r d¢ch iMdrt Inben 8§ s6FiPRE m% &F-product in accordance
with thel§irst enbeditneatcysimdereBioasfomepaddoenpondmite whilchndera s8bjastt he
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shown in Fi ¢che7first embodiment will be described hereinafter with reference
to Fig. 2.
The cylinder 35 as the metal component in accordance with
20 the first embodiment is one of constituent elements of a gas turbine
and provided with a cylinder main body 37 as a product main body.
Further, 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 and, at a recess portion periphery 39’ including the
25 recess portion 39, a deposition 41 is formed by means of energy
of anelectricdischarge. Meanwhile, 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
30 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 anda heat treatment
35 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



Here, the nol ded el ectrode 25 is a nol ded body nolded from powder of a

mat eri al having the sanme conposition as a base material 6 of the cylinder
mai n body 37, powder of a material having a simlar conposition to the
base material of the cylinder main body 37, or powder of a material having
a coefficient of thermal expansion <close to a coefficient of thermnal
expansi on of the base material 5 of the cylLinder nmain body 37 by neans of
conpressi on by pressing; or the nol ded body subject to a heat treatnent by
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X-axi s dilbecMobaiagyd, t seray akemmihg exid audo position the cylinder nmain
body 37 so that aﬁ@?&é@@r CatYljlé yhgl?cﬁ'gfgé¥r9dea§l is composed of a SOlld
substance of graphite, tungsten alloys, or copper alloys.
Further, the production method of the metal product in
accordance with the first embodiment is provided with a (1-1)
20 molding step, a (1-2) defect removal step, a (1-3) deposition step,
a (1-4) excessivedepositionremoval stepanda {(1-5) heat treatment
step.
(1-1) MOLDING STEP
The cylinder main body 37 as the product main body is molded
25 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
30 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
35 a defect periphery including the caslting 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



35 a defect periphery including the casting cavities Dis opposed to the
hard el ectrode 31. Meanwhile, there nay be a case where the table 7 is
only necessary to be noved in any of the X-axis 7 direction and the Y-axis
direction. Further, a pulsing electric discharge is generated between the
casting cavity periphery D and the hard el ectrode 31. Thereby, as shown
in Fig. 4B, by neans of energy of the electric discharge, 5 the casting
cavities D are renoved and a recess portion 39 can be fornmed on the
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d| ffusion and
"di ffusion", pemil@lnmg? 39" ni g expp e de hhe afo Tibgd eileictrcaled 28.. f fMsamwhiile,

"m xed phenongidrOhay 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
20 the recess portion periphery 39/ and the molded electrode 25 in
an electrically insulating liquid S. Thereby, as shown in Fig.
5, 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
25 portion periphery 39’ and thereby a deposit;.iqn 41 can be gradually
formed at the recess portion periphery 39’. Meanwhile, when
generating thepulsingdischarge, 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 2Z-axis servo-motor 23.

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

| depositionandwelding”, “mixed phenomena of diffusionand wélding”
35 and “mixed phenomena of deposition, diffusion and welding”.

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

than dimensions of the recess portion 39. 1In concrete terms, an



deposition and wel ding”, "m xed phenonena of diffusion andwel di ng" 35 and

"m xed phenonena of deposition, diffusion and welding". Here, dinensions

of the deposition 41 are made to be greater than dinensions of the recess
portion 39. In concrete terns, an 8 outer periphery of the deposition 41

I's made to spread outward in O.5mmor nore relative to an outer periphery
of the recess portion 39 and a thickness gf the deposition 41 is nmade to

be thicker in 0.3nmor nore than a thickness reqU|red to filling the

recess porti 3 a reLe
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Meanwhi | e, there nmay be a case € 7 is only necessary to be
nmoved i n any of th¥e3awulkike, @ paeticdnthedanes tipn 41heanqoan Fxpasrive
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furnace 43. Further as s % t he deposition 41 acconpanyi ng
the cylinder Further, a pulsing electric discharge is generated between

the deposition 41 and the hard electrode 31 in an electrically
insulating liquid S. Thereby, as shown in Fig. 6, by means of
20 energy of the electric discharge, a thin film 41a composed of a
structure of high density can be generated as well as the excessive
deposition 41f 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
25 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.
(1-5) HEAT TREATMENT STEP
After finishingthe (1-4) excessivedeposition removal step,
30 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
35 treatment can be processed with respect to the deposition 41 so
as toprogressdiffusion bonding among the particlesat theinterior
of the deposition 41 and the production of the cylinder 35 as the



mai n body 37 is kept at a high tenperature in a vacuumor in the air by
means of the heat treatnent furnace 43. Thereby, a heat 35 treatnent can be
processed with respect to the deposition 41 so as to progress diffusion
bondi ng anong the particles at the interior of the deposition 41 and the
production of the cylinder 35 as the 9 netal product is finished. Here,
the tenperature and the period of tine areg20 mnutes at a high
tenperature of 1050 degrees C and subsequently 4 hours at a high

tenperature pb+£60,068806€SiE Finfsidse Where the deposition 5 41 is
conposed of a nickel al ldﬁ'ét or a cobalt alloy. Meanwhile, the production
net hod of the netal®hfo tPRPeEREBF B ATk LhetPrTIRA 8for BRR ML AR FRYIRS

enbodi ment maybe gt teagerasure éha dsul Hewragsenhnii sebseglehely 4 hours
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and the (1- S%Flhea treatnent step can be interchanged, 15 Moreover,,

. ged, :
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liquid S, a aslisnnghei Sehbswimgreambaelinganer ated in an electrically
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because the deposition 41 is_forned by neans_o
gerp § H al¥Ly insulating gas.

erated in an electric
Furthermore, byusingagrindinglatheinsteadof theelectric
spark machine 1, the casting cavity periphery D’ may be removed
20 or the excessive deposition 41f 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 first embodiment will be described.
- 25 Because energy of the electric discharge locally acts on
a prominently small part and the deposition 41 is gradually formed
bycarryingoutdeposition, diffusionand/orweldingof thematerial
of the molded electrode 25 or such, a temperature of the recess
portion periphery 39’ in the cylinder main b‘ody 37 is prevented
30 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
35 deposition 41 can be firmly combined with the cylinder main body
37.
Furthermore, because the diffusion boding among the



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 conposition ratio grades and hence the 35 deposition
41 can be firmy conbined with the cylinder main body 37. Furthernore,
because the diffusion boding anong the 10 particles at the interior of the
deposition 41 progresses, a tensile stre h of the deposition 41 can be

i ncreased. Moreover, because the dinensions of the deposition 41 forned at

the (1-3) de Lt : i,Mensi f
the ﬁece)ss pg(rglt§ :tgkggs%tt:&%%gﬁgﬁgﬁ&gt%%eg%gggnlg{l({ﬁg??p%ﬁsgegﬁglfs ace ésl?%fel%f
t he depositi 6&r80n94ht ef ‘Fgé derasigbppstliean kg eémcneasachor dance with the

fir tS_t enbodi mﬁnt a%gﬁ'@éﬁéi:lig@tc%b@‘é%lhe gﬁﬁéﬂ§§oﬁ%@§t@%@§é§b§i€i@ﬁtétlgﬁoffxﬁé‘&sS
portion peri er '_n .C I nder naln (0] I'S reven ram
Popi 1y | ncr BRSERE d-Che SEPRS 152 Shr GAGB! A ot M SRy ioh Rl BB heforthign Che
def ormat i &n dimenhhéoneces stiporiecss peramtieny 339" ai posat§i stenttyrsuppmessed

and hence d Y PducLi f ' | uGed, t .al st
T e S L C A S I i R
t he cylinderSkBPn body 37, the deposition 41 becomes unsusceptible to

peeling of f from the skasedanicerwath ehet Her £y knbdaimefBi 4k Bed¥ r3beantbdirsce
quality of t lin i zed. Furtherpore, b

35 b t gbi .
fonsi |5 ot r HECAYSP Hhe SRGIATIRE Olo the CaReBS PREFLab o EORRRT AT o
strengt h18f the celtimdempaordimibodyeSiTpher préventadt heorytampiddly niior dreiynd37

can be incre OMET. [Qﬁﬁ_a] e L t | ' la
conposed of t 2&?[ rM&E:nt%uér‘g %ﬁ | g%%ghgi ‘Egi%%%ﬁ% gr.illle%?éfll ﬁgﬁéﬁgﬂﬁ%‘# rBtfﬁe
interior of FRHe X§F9IRIEPTHS OBaREBEPREPYrEL'sdd snfLicteniby EpeRy farad and

cylinder 45 Rénée Nahd £dct0iGrd PrstducMiicdh dfs taesdb) efile Bf 35 ai Prosiiedddregreiehod
of a netal prgduct I n_ accordance wth a second enbodinent will be briefly
descri bed hePEIA&F %™ th reference to Fi g. 8. 30 The cylinder 45 as the
met al cokPonent i Mewworaianbecausk the deposition 41 can be firmly combined

with the cylinder main body 37, the deposition 41 becomes
unsusceptible topeeling off from the basematerial of the cylinder
main body 37 and hence quality of the cylinder 35 canbe stabilized.

Furthermore, because the tensile strength of the deposition

20 41 can be increased, a mechanical strength of the recess portion

periphery 39’ in the cylinder main body 37 can be increased.

Moreover, because the deposition 41 has the thin film 41a
composed of the structure of high density, permeation of fluid
out of the interior of the cylinder 35 can be suppressed.

25 (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.

30 The cylinder 45 as the metal component in accordance with
the second embodiment is, assimilartothecylinder 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

35 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



t he second enbodinent is, as sinilar to the cylinder 35 in accordance wth
the first enbodi nent, provided with a cylinder nmain body 37 as a product
mai n body and, at an outer peripheral surface of the cylinder main body
37, a recess portion 39 is forned by neans of 35 energy of an electric

di scharge. Further, at a recess portion periphery 39" including the recess
portion 39, a deposition group 49 constituted of two | ayers of depositions
47 is formed by nmeans 11 of energy of an electric discharge. Meanwhil e,
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necessary to(bel mMeIbING srgp of the X-axis direction and the Y-axis

direction. This step is carried out in the same manner as the

aforementioned (1-1) molding step. (see Fig. 3)

(2-2) DEFECT REMOVAL STEP

20 This step is carried out in the same manner as the
aforementioned (1-2) defect removal step. (see Fig. 4)

{2-3) FIRST DEPOSITION STEP
After finishing the (2-2) defect removal step, by means of
driving the X-axis servo-motor 9 and the Y-axis servo-motor 11,

25 thetable7 ismoved inthe X-axisdirectionand the Y-axisdirection
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.

30 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

35 carries out deposition, diffusion and/or welding at the recess
portionperiphery 39’ and thereby thedeposition 47 canbe gradually
formed at the recess portion periphery 39’. Meanwhile, when




30 Further, a pulsing electric discharge is generated between the recess
portion periphery 39' and the nolded electrode 25 in an electrically
insulating liquid S. Thereby, as shown in Fig. 9, by nmeans of energy of
the electric discharge, a material of the nolded electrode 25 or a
reaction substance of the material 35 carries out deposition, diffusion
and/or welding at the recess portion periphery 39' and thereby the
deposition 47 can be gradually fornmed at the recess portion periphery 39'.
Meanwhi | e, when 12 generating the pul sing discharge, the nol ded el ectrode
25, as being igenegaglinyithe pliEs Pi@aeschagqdL e bl dedl B PFOEARE] dlsbd ey
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and a thin film 47a composed of a structure of high density can
be generated on the surface of the deposition 47. Meanwhile, when
generating the pulsing discharge, the hard electrode 31, as being
20 integral with the processinghead 21, is reciprocated in the 2~axis

direction by a small travel distance by means of a drive of the
Z-axis servo-motor 23.

(2-5) SECOND DEPOSITION STEP .

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

25 driving the X-axis servo-motor 3 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 tobemoved in any of the X-axis direction and the Y-axisdirection.

, 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/dr welding at the thin film

-47a in the deposition 47 and thereby a depositio'n group 49



Meanwhi l e, there may be a case where the table 7 is only necessary 30 to be
noved in any of the X-axis direction and the Y-axis direction. Further, a
pul sing electric discharge is generated between the thin film47a in the
deposition 47 and the nolded electrode 25 in an electrically insulating
liquid S. Thereby, as shown in Fig. 11, by neans of energy of the electric
di scharge, a material 35 of the nolded electrode 25 or a. reaction
substance of the material carries out depogizti on, diffusion and/or wel ding
at the thin film 47a in the deposition 47 and thereby a deposition group
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. (2-6) EXCESSIVE DEPOSITION REMOVAL STEP
After finishing the (2-6) second deposition step, by means
20 of drivipg 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 the
deposition group 49isopposedtothehardelectrode3l. Meanwhile,
there may be a case where the table 7 is only necessary to be moved
25 in any of the X-axis direction 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’ dlscharge, a thin f£ilm 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
o 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



insulating liquid S. Thereby, as shown in Fig. 12, by neans of energy of
the electric discharge, a thin film49a conposed of a 30 structure of high
density-can be generated as well as the excessive deposition 49f can be
removed. Meanwhi | e, when generating the pulsing discharge, the hard

el ectrode 31 is noved in the X-axis direction relative to the cylinder
mai n body 37 and the hard electrode 31, q@ being integral wth the
processing head 21, is 35 reciprocated in“tthe Z-axis direction by a small
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More specifically, the (2-6) excessive depositioh removal
step or the (2-7) heat treatmen.t step can be omitted from the se:ies

20 of the steps in the production method of the metal production in
accordance with the second embodiment or step orders of the (2-6)
excessive deposition removal ste'p and the (2-7) heat treatment
step can be interchanged. .

Moreover, instead of generating the pulsing discharge in

25 the electrically insulating liquid S, a pulsing discharge may be
generated in an electrically insulating gas.

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

30 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

35 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 suéh, a temperature



Furthernore, byusing a grinding lathe instead of the electric spark
machine 1, the casing cavity periphery D nay be renobved or the excessive
49f may be renoved. 30 Moreover, instead of renoving the casting cavity
peri phery D, any defect periphery including defects such as cracks may be
renoved. Next, operations of the second enbodi nent will be descri bed.
Because energy of the electric discharge Iqagally acts on 35 a promnently
smal|l part and the deposition group 49 is gradually formed by carrying out
deposi tion, ¢jf tHei pocdl/yr tWehdbeg; er#’k@'nqhefhélcﬁiﬁcﬂ?r HRlidetody 37
el ectrode 25 .or such, a.t erature 1 of the recess portion perlgher%b39'
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time of prodegilagdeked4sScylinder 45. Moreover, because the deposition group
49 is formed by nme f.t er of the.electric,di.schar a
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and hence tRhgcdeposstt Ooh %" 49 £38 Pl AhveroaPidrednd LH11R8er main
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with the sec . dj t cri bed above, because the tenperature of
t he recess pgpg%gﬁpge¢$% é?ég%Q in 15 the cylinder main body 37 is
prevent ed0f r om r apFaryhemeeresi Mgcausehethe medoffysicuciongdinge apenadarhess,

thermal defopgptienedfat the {REESSoPUH kRB BSHdPNEIOh 3FoupS18 YW Edfieaidd sy
suppressed and hence defective production of the cylinder 457 s reduced to

p
be al nost ndnEERSPRGHESAGER BécEﬁ%éd?Eﬁﬁ%ﬁ&RENQHo 6?066“4@#(%&F4ﬁ§%qq~nly
conbi ned wi th the IybcndedanaewitbdyhSéecbhd cdtpelkinicntna gdespridBedadoonss

unsuscepti bl I t e i t ' I_n
body 37 and Tereire e thtiendiits, U, 483" sBL SR Porblon i flle fhcto T
Furt her nb? e, the cqirsindere madms boslys Bedgt hrevenhed dépemitdwidly increasing

at the time of producing the cylinder 45, thermal deformation of

the recess portion periphery 39’ is sufficiently suppressed and
hence defective production of the cylinder 45 is reduced to be

almost none.

20 Moreover, because the deposition group 49 can be firmly
combined with the cylinder main body 37, the deposition group 49
becomes unsusceptible to peeling off from the base material of
the cylinder main body 37 and hence quality of the cylinder 45
can be stabilized.

25 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 group 49 has the thin films
47a, 49a composed of the structures of high density, permeation

30 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

35 to Fig. 14.

The cylinder 51 as the metal component in accordance with
the second embodiment is, as similar tothecylinder 35 inaccordance



group 49 can be increased, a nmechanical strength of the recess portion
periphery 39" in the cylinder main body 37 can be increased. Moreover,
because the deposition group 49 has the thin filnms 47a, 49a conposed of
the structures of high density, perneation 30 of fluid out of the interior
of the cylinder 45 can be suppressed. (TH RD EMBODI MENT) A cylinder 51 as
a netal conponent which is a subject of ggoroduction nethod of a netal
product in accordance with a third enbodinent will be briefly described
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descri bed | aireans Id¥ Mextrgyt 88 11 edectiron dbicioaré. t Meamwhdllepr adusils rof

accor dance i i1h | [ i ri reinafter with
reference to%%gdéqgs%—'?%égﬁ{%%gjﬁmﬁﬂgﬂ%%ef%g&%febg % romFig. 15 to
Fig. 17.1%he prodLh%@x*anthepmduﬂiPh@e@péloﬁotmetalprad@@tdmorp@meth

the third enhogdinent tﬁlédrramgelﬁleﬁtpw@qcuoag &é&%ﬁﬂeldndferreﬁﬂaﬁ%rt math
metal conp onen%%and o g ﬁ el ectric spark rrachl ne ,
trod

el ectrode 25%¢ ’ée?\%?& €19t AandiTetneata- or EF%rﬂt PEPrdrng%mfs‘gas
descri bed abby¥etoFrigher7. the production nethod of the metal product in 20
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1, the molded electrode 25, the hard electrode 31 and the heat
treatment furnace 43 as described above. '
Further, the production method of the metal product in
20 accordance with the third embodiment is provided with a (3-1)
molding step, a (3-2) defect removal step, a (3-3) deposition step,
a (3-4) thin film step, a (3-5) repetition step, an (3~6) excessive
deposition removal step and a (3-7) heat treatment step.
{3-1) MOLDING STEP
25 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)
30 (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
35 aforementioned (2-4) thin film step. (see Fig. 10)
(3-5) REPETITION STEP
After finishingthe (3-4) thinfilmstep, the (3-3) deposition



25 This step is carried out in the sane manner as the aforenentioned (1-1)
nol ding step. (see Fig. 3) (3-2) DEFECT REMOVAL STEP This step is carried
out in the same manner as the aforenentioned (1-2) defect renoval step.
(see Fig. 4) 30 (3-3) DEPCSITION STEP This step is carried out in the sane
manner as the aforenentioned (2-3) first deposition step. (see Fig. 9)
(3-4) THIN FILM STEP This step is carried out in the sane nmanner as the 35
af orenentioned (2-4) thin filmstep. (see Fgg. 10) (3-5) REPETITION STEP
After finishing the (3-4) thin filn1step, the (3-3) deposition 17 step and
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15 Meanwhile, a part of the deposit:.on group 53 becomes an
excessive deposition 53f sticking out of the recess portion 39.
Thereby diffusion bonding among particles at the interior of the
deposition group 53 can be generated.
(3-6) EXCESSIVE DEPOSITION REMOVAL STEP
- 20 Afterfinishingthe (3-5) repetitionstep, bymeansofdriving
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 the deposition group
53 is opposed to the hard electrode 31. Meanwhile, there may be
25 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 inan electrically
_ insulating liquid S. Thereby, as shown in Fig. 16, by means of
30 energy of the electric discha‘l'rge, 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
. : di:ection relative to the cylinder main body 37 and the hard
.35 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. |




53 is opposed to the hard el ectrode 31. Meanwhile, there may be 25 a case
where the table 7 is only necessary to be noved in any of the X-axis
direction and the Y-axis direction. Further, a pulsing electric discharge

i s generated between the deposition group 53 and the hard electrode 31 in
an electrically insulating liquid S. Thereby, as shown in Fig. 16, by
means of 30 energy of the electric discharge, a thin film53a conposed of a
structure of high density can be generated a8 well as the excessive
deposition 53f can be renoved. Meanwhile, when generating the pulsing
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as in the following embodiment.

More specifically, the (3-6) excessive deposition removal

20 step' or the (3-7) heat treatment step canbe omitted from the series

of the steps in the production method of the metal production in

accordance with the second embodiment or steps orders of the (3-6)

excessive deposition removal step and the (3-7) heat treatment

step can be interchanged.
25 Moreover, 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 insteadoftheelectric
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;iphery including defects such as cracks may be
- removed. A
, Next, operations of the third embodiment will be described.
) 35 Because energy of the electric discharge locally acts_on
- a prominently small part and the deposition group 53 is gradually
_formed by carrying out deposition, diffusion and/or welding of



excessi ve deposition renoval step-and the (3-7) heat treatnent step can be
I nt erchanged. 25 Moreover, instead of generating the pulsing discharge in
the electrically insulating liquid S. a pul sing di scharge naybe generated
in an electrically insulating gas. Furthernore, by using a grinding |athe

I nstead of the electric spark machine 1, the casing cavity periphery D
may be renoved 30 or the excessive 53f may be renoved. Moreover, instead

of renoving the casting cavity periphery D12 any defect periphery
i ncludi ng defects such as cracks nmay be renoved. Next, operations of the
third enbodi mﬁbemtewh@fcrﬁl@emldsg Béeatlsed@néﬁgyrcﬁuqme acltenperirature
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the cylinder main body 37 is prevented from rapidly increasing
at the time of producing the cylinder 51, thermal deformation of
the recess portion periphery 39’ is sufficiently suppressed and
hence defective production of the cylinder 51 is reduced to be

20 almost none.

Moreover, because the deposition group 53 can be firmly
combined with the cylinder main body 37, the deposition group 53
becomes unsusceptible to peeling off from the base material of
the cylinder main body 37 and hence quaiity 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 canbe increased.

_ Moreover, because the deposition group 53 has the thin films

30 47a, 53a composed of the structures of high den31ty, permeation
of fluid out of the interior of the cylinder 51 can be suppressed.
V(FOURTH EMBODIMENT)

A joint structure 55 in accordance with a fourth embodiment

_ will be described hereinafter with reference to Fig. 18.
- .35 7 The joint structure 55 is provided with a pair of metal
components 57, 59 which are butted with each other and, in this
condition,joihedwitheachotherandthepairofthenmtalcomponent



conbined with the cylinder main body 37, the deposition group 53 becones
unsusceptible to peeling off fromthe base material of the cylinder main
body 37 and hence quality of the cylinder 51 25 can be stabilized.

Furt hernore, because the tensile strength of the deposition group 53 can
be increased, a nechanical strength of the recess portion periphery 39" in
the cylinder main body 37 can be increasedgqg Mreover, because the
deposition group 53 has the thin filns 30 47a, 53a conposed of the
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powder of®a mat er|"b€fr5ha\FPﬁngﬁ€e§|%Q%ﬁro%%oﬁtq%ﬁpq RE freRalded body

conponents Jielded ffonp Pesidlerobs aa Medtaydiall hlawh@gtnecgaﬁél@r@fﬁsﬁldmarsrml
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composition to the metal components 57, 59, or powder of amaterial
having a coefficient of thermal expansion close to a coefficient
20 of thermal expansion of a base material of the metal component
57, 59 by means of compression by pressing; or the molded body
subject to a heat treatment by a vacuum furnace or such.

Meanwhile, in a case where the base material of the metal
component 57, 59 is a stainless alloy of iron including 18% of

25 chromiumandB%ofnickel, ancther stainlesssteelshavingdifferent
contents become the material having the similar composition and
cobalt or cobalt alloys become the material having the coefficient

- 0f the thermal expansion close thereto. Moreover, instead of
molding by compressing, the molded electrode 27 may be formed by

30 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.

35 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 by neans of conpression by pressing; or the nolded body subject to
a heat treatnent by a vacuum furnace or such. Meanwhile, in a case where
the base material of the metal conponent 57, 59 is a stainless alloy of
iron including 18% of 25 chrom um and 8% of nickel, another stainless
steels having different contents becone the material having the simlar
conposition and cobalt or cobalt alloys becone the material having the
coefficient of the thermal expansion close &hereto Mor eover, instead of
nol di ng by conpressing, the nol ded electrodg 27 may be formed by 30 slurry

pour ng. M M (VeLale bl EGLISHAA ) NGY on0La 300 0k 18ce S Dol RbcrlyiS

producti on et o1 N N
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conmponents in accor&ance t R tﬁl our Qa1 ment i s pr ovi ded 5wth a

(4-1) butting (@), BRTTING) S@E&Fosition step, and a (4-3) heat treatmnent
step as descri bed b@h@%a]‘.f} ] tﬁwﬁé%ﬁ Sipol¥h tifis7, OBQtQPe r'?é\‘.alto the jig

conponents 57, _59 are set to 17 so that the p
conponent s 57175% &ﬁ’@%ﬁ??éﬁ?% Plf t’l?)‘“@&él’r %?‘P%‘i’ne%r@by, t%Fé’*‘ PEE@?S with
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11, the tabl e(glo)j HERYSEricN tgﬁrx axis direction and the Y-axis direction
position the pair of the conponents 57, 59 so that the recess

to
portion periphery éftqrsfaﬁﬁﬁlgit{lg the {AslhdtHddng stePodey Rrans\pt dpiviag
there mayldbe thecAsexibeseridamdtdd @ and thentyaResasi¥dy-motor 11, the table

7 is moved in the X-axis direction and the Y-axis direction to
position the pair of the metal components 57, 59 so that the recess
portion periphery 61’ is opposite to the molded electrode 27.
Meanwhile, there may be a case where the table 7 is only necessary
20 tobemoved in any of the X-axis direction and the Y-axis direction.
' Further, a pulsing electric discharge is generated between
the recess portion periphery 61’ and the molded electrode 27 in
an electrically insulating liquid S. Thereby, as shown in Fig.
20, by means of energy of the electric dischéfge‘, a material of
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, themolded electrode 27, asbeing
30 integral with the ‘p‘rocessing head 21, is reciprocated in the 2-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 portion 61. In concrete terms, an
'35 outer periphery of the deposition 63 is made to spread'o'utwa:_:d
‘ in 0.5mm ormore relative to an outer periphery of the recess portion

- 61 and a thickness of the deposit.i‘on 63 is made to bé thicker in



20 to be noved in any of the X-axis direction and the Y-axis direction.
Further, a pulsing electric discharge is generated between the recess
portion periphery 61' and the nolded el ectrode 27 in an electrically
insulating liquid S. Thereby, as shown in Fig. 20, by neans of energy of
the electric discharge, a material of 25 the nol ded el ectrode 27 or a
reaction substance of the material carrieg out deposition, diffusion
and/or welding at the recess portion periphery 61' and thereby a

deposi tion 63 camh emdFadHahlayeh ot Adqiheed @5%&&1&9@%@%&{3 sfﬁl&%
el ectroae
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as being 30 i 'eg?gfrﬁf¥h ?ﬂ%” %h: QN%Q@nglPaF§1F&8?p?5c5¥%dl?ﬁe¥+@F
Z-axi s direcﬁ‘ahebﬁe@os&mhbntsavehndbst@@merﬁwemeans of a drive of the
Z-axi s servo- (A0 2eHEgT EﬁﬁgTvﬁhgegfépns of the deposition 63 are nade to be

greater than di'mensi on e recess portion 61. In concrete terms, an
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deposi tion step the onen rénmoved
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can be procedepdsitibnrespadtjéinide odepbsipdion ofidtlse nmﬂ:aﬂocpmpgnenss 57,
di ffusion bo e particles at the interior of the deposition 63
and jOInIng g? 9ﬁefg§?9hé$ the netal conponents 57, 59 is finished. 15
Here, theé>tenper atif®e atdie hemperabare@nd fhe periml pfntims ars 28 Minptes
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63 1s composed of a nickel alloy or a cobalt alloy.
Meanwhile, the joining method of the metal components in
20 accordance with the aforementioned fourth embodiment may be
modified as in the following embodiment.

More specifically, the (4-3) heat treatment step can be
omitted from the series cof the steps in the joining method of the
metal components in accordance with the fourth embodiment.

25 Moreover, between the (4-2) deposition step and the (4-3)
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.

30 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/orweldingof thematerial
of the molded electrode 27 or such, a temperature of the recess

35 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.



Meanwhi | e, the joining nethod of the netal conponents in 20 accordance
with the aforenentioned fourth enbodi mrent nay be nodified as in the

foll ow ng enbodi ment. More specifically, the (4-3) heat treatnent step can
be .omtted fromthe series of the steps in the joining nmethod of the
metal conponents in accordance with the fourth enbodi nent. 25 Mreover,
between the (4-2) deposition step and the (4-3) heat treatnent step, an
excessi ve deposition may be renoved. Furthemsnore, instead of generating

t he pul sing discharge in the electrically insulating liquid S, a pulsing
di scharge may be gelderesbm:ir,i bezauelkeethei depbyiticled isgfgamied Py Mdns of

operations of ihg eéj‘oﬁfi{ifédle Er%lcilé)&a%e Cretqioqm n%‘aycsgis:g l?é]@wdg%lxh?:fhe

the electric di schar s on rfen art
deposition 63 ﬁi%P@%‘éluamlfsﬁ aaﬂre@aswmgsﬁryamgof)mhedepbeilt¢@npord¢mif-@§i7on 59

and/ or wel di ngh£$ 4 Be:aat@fé 3ln wﬁicﬁmedaﬁip%%%ﬁ%meg%dae 515!& therfte the
t enper at ur e of , t he re,ces o] eri pher I n the netal onent s
57, 59 is gffev%%ﬁ%%l ¥k &Bﬂdf’ FhebLy $ fhed, with toe }“Gitﬁllnﬁ %@nsaw
of the metal &hnfhents 57, 59. 723 I\/breover because the deposition 63 is

formed by means of ihe.gRchayeof shselectiic disslarge. KA BB e

between the deposition ace hat et ral onen
59 has a str BéFkielies ainthhintevhpooiftthmdepes bt ipmbd pragrieense a hengile

deposi tion 63se2Bngehl bEMNe CAGHOSOEL Hh 1 63 1 Egn B AnGUFIRRNtS 57, S9.
Furtherrmgﬁ becausg t he dlfoSI gn  bodi %g anong the particles a t he
interior t he depbRiBECORIBBCEMIdte qiment; 35 gescsi 53’("’ﬁie"=‘b‘“"e"
depgsi ti OB ngeaaube Elme resgparta tiitel ﬁbﬁ:l(tw d'é&@eswpbhtim pexttiplile egrbeTh niant
as descri be ur e

per i phory 61 o8 it %ﬁéﬁgeﬁﬁfo%@m??% b Pl S5 8 S fibn, Hibrensing
i ncreasing atithe thime of joimimg the pair off thhemereahlca;mmmm 557,5%9,
thermal def ordpd Oéefbﬁmét?fé‘és go Eﬂé)nrgﬁé!sgh tff.% ry%z#@hﬁ%ﬁ v 1 g1entlsy

suppr essg% and nce defective joinin nponent s
is reduc YnSHQPre%?gd%%‘ii eFﬁé"&ei)%%PiF@rP%St%PaBé'

firmy conbi rmeﬁ:lthe metal components is reduced to be almost none.
Moreover, _because the deposition 63 can be firmly combined
with the metal components 57, 59 and the tensile strength of the
deposition 63 can be increased, the condition of the joint between
20 the pair of the metal components 57, 59 comes to be firm, in other
words, a mechanical strength of the joint structure 55 can be
increased. ' |
)  As described above, the invention has been described above
: by reference to several preferable embodiments, however, the scope
25 and the rlght of the appended cla:uns should not be lunlted to these

30 i



with the netal conponents 57, 59 and the tensile strength of the

deposition 63 can be increased, the condition of the joint between 20 the
pair of the netal conponents 57, 59 cones to be firm in other words, a
mechani cal strength of the joint structure 55 can be increased. As

descri bed above, the invention has been descri bed above by reference to
several preferable enbodi nents, however, the scope 25 and the right of the
appended clains 'should not be limtedsjo these enbodinents. 30 24 CLAI M5
1. A nethod for joining netal conmponents, conprising steps of : butting
the nmetal conponents respectively hagipgdevel ed ends to define a recess
portion between the bevel ed ends; depositing a deposition froma deposition
tool electrode to fill the recess portion by processing the netal

conmponent$ as 1 i i ! osed to the
np 5 A MRiHoY I%F'Fouﬂleg ﬁ{ll‘_l.?]ta%cﬁ*ﬁaéﬂdeﬁ\é% %rm@%‘ﬁ&ﬁs @pp

deposition tool electrode. e metho ) erein the deposition
el ect r odebutting Hrevaetalbsorepenents sespgctively hawingcheidled engds ésdefineal |y of the

netal. 3. A ne 0 W] of claiml1l. 4. Ajoint
structure corrp%iarlglt:%%s: gg%%ﬁib%hgf&c@#p%%ﬁﬁéﬂ%qa netal respectively
i ncl udi ngddpsitingng depdsitioh fiom kedepogitipre tuds Sheitrodeltot filethevwseckseach ot her to

forma recess paortion defined t he, bevel i ng ends; deposj tion deposited
from a depos: t PRRGTGRY PEGESHNGABS Syetet SUBCRIHTES B WORKAIRRRA &0 0o

wor kpi ece of ap|R4RCiFdrk ntRMine gg.lsécgéaetg%ggﬁsesniémdar@u&%aé.i tion tool

electrode to fill the recess po n. e joint structure of claim4,
wherein the deposition electrode is fornmed by conpressing a powder

CRS L1 18,2538 bkt i, T e O L bl =1 4

by compressing a powder consisting essentially of the metal.
3. A metal product joined by the method of claim 1.

4, A joint structure comprising:

a pair of components of a metal respectively including beveling ends, the
beveling ends being butted with each other to form a recess
portion defined by the beveling ends;

a deposition deposited from a deposition tool electrode by processing the
components as a workpiece of an electric spark machine opposed
to the deposition tool electrode to fill the recess portion.

5. The joint structure of claim 4, wherein the deposition electrode is
formed by compressing a powder consisting essentially of the metal.

6. The joint structure of claim 4, wherein the deposition is processed
with a heat treatment.



