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ROD AND MANUFACTURI NG METHOD THEREFOR BAO(G?&N[{"M"WMM@MI YRt d
of the Invention The present invention relates to an*lgﬁrgs*u ating operating
rod for an openi ng/cl osing apparatus which requires I St ation and

transm ssion of operating force in a vacuum contajner and a manufacturing
met hod therefor. 2. Description of thejRelated ArmmﬂumﬂmmmmMa Ccross
sectional view showi ng a conventional Tnsul ating | sed in
"Ceram cs Joint and Hi gh-Tech Brazing" published fromsémaustri al Techni cal
Service. Referring to Fig. 6, reference nuneral 2 represents a netallized

apresent's ERAOLRETRE PEFRREPNF " RoncRip iRonAbhRERE RBhAGH, KikBkFGE"
described. The netallized layers 2 are formed on the two surface portions
at the two ends of the cylindrical ceramics 11 made of alum na. Then, a

heating process is perfor d PN At then the cylindrical
ceram cs 11 and a kovar joi j razing filler made of
Ag. Thus, {he ipsiatd gtrlé’ifﬁv%?éi&?e” obtai ned. The insulating operating
rod for realizing insulation and transmitting the operating force in a

vacuum cont ai nefnd S £ Ofdmpd i%érpdirBrngcéi.Lamaésaltcfmarme_LrnshLﬂ\é‘trlgnge)&%%lrla@ltng
conductivity and a netal nenber which is connected to an operating

nmechani smigy tfer anlopeBERg20WMBs2ngetpphesthorvii Bath i vd i A iinRsUladtiiopn.
Since heat treatnent 1s perfornmed in a vacuum when the rod is | oaded into
t he vacuunarednt wa e, s Sl sato S f@ed e tyin @i fomge charactaeniust ics tarie ere @uidr ed
even after heat has been added. Mreover, a joining characteristic for
resi sting 4 emmopfratunond onethod rleegrefed. The conventional joining nmet hod
shown in Fig. 6 is arranged to realize insulation and transmt the

oper ati ng ¥ or ceDéscrtirt moshhere Relawed Aftus, the joint 12 nmade of kovar
is joined to the cylindrical ceramics 11 nmade of alumina with the brazing
filler metal 13F¥mded ofs Ay cOovrs heett henakrpeswat Shey ¥ng sedamegntidmnatacuum
contai ner has been assenbl ed causes the brazing filler netal to again be
nel ted. ThHtSUFeltHhi 19Tt sSABtel o] ot thi P tatot el Hai dr i et - is,

he ioini h L q . g he. i ained surf .
Lhe ) PLN B Eharaet onl ot oo, deLer! LALS, . SNk he Lo ned puf aces, are o
Surfaces; ereLonsl o bag heeh analied nGAURL DG dBBLLUERLON. (R-23S) L

. npl-oyed t 0 make the jornt, tThere arises a

problemi'h§§6¥,tff ﬁ&§fe§@ﬂ%§nat%§1fﬁhgf%%l ceramics, 12 represents a

joint and 13 represents brazing filler metal made of Ag.

The operation will now be described. The metallized layers
2 are formed on the two surface portions at the two ends of the
cylindrical ceramics 11 made of alumina. Then, a heating process
is performed in hydrogen at 820°C, and then the cylindrical
ceramics 11 and a kovar joint 10 are joined with the brazing filler
made of Ag. Thus, the insulating joint has been obtained.

The insulating operating rod for realizing insulation and
transmitting the operating force in a vacuum container is formed
by joining a metal member having excellent conductivity and a

metal member which is connected to an operating mechanism to the



SUMVARY OF THE | NVENTI ON To sol ve the above-nenti oned probl ens, a@ %E‘P?ﬁ
of the present invention is to provide an insulating operating ro 4 0
realizing insulation and transmtting the operating force in a vacuum
container and formed by joining cerami cs and a netal nenber 0 4 SEP 2002
3 to each other such that the ceramcs and the netal nenber are
satisfactorily joined to each other. Agcording to a first aspect of the
present invention, there is provided aminsulating operating rod arranged
to realize insulation and transmt operating force in a vacuum contai ner
and constituted by joining ceramcs and a netal nenber to each other, the
i nsul ating_operat i rod_conprisjng:. an.nternediate material di sposed
bet ween t he® T&PHM rc%g’raﬁ(?aﬁﬁélﬁﬁt%\rllgrfé}ﬁ}blra F coRpBSESPC & HRATCH FSy: a
copper conposi terial;_carbon steel: copper;, or, a, copper, .alloy. A
second as;)g;%fféofm% elnprags\éan 1imﬁvwer}‘n I?gtﬁn%arso e stRARSr rlotgocct&}ediv 1" t he
first aspe : i_n N reLn t - Ni oy, : Whi i.s the
i nt er nedi a‘f%en?rgaltﬁegr.&le’ala :gg% es?%itt\glfllﬁogbgg%{?gi ‘%?an}g\!‘?\fé%bgfzb maaglls.é O 30 50 d
mass% a Fe; N i 1l | 9 5 % and Co by 3
mass % to eg%é\lkrra%%séo%)ry aﬁ%g ﬁl?ggalr}:?eoéy{ c%c%%?'ninﬁ§§ﬁi&%3 ’2% @3@%‘4190 50 mass% and
O by 1 Massipda hd Jss %00 St ald QpeGamtidignidag ,i@vr%%m%a%to
50 mass% and Co by 3 nmass%to 25 mass% and further “contai ning one or two
material s 90 el dTiAL BB it inPmeRsS%hewh MRSEY. $ NG MOl
mass%to 3 mass% A third aspect of the present invention has a structure
accordi ng tenliwe finsilaspectard ddhendnmierdieonparhariaid fde«€appahe
conposite material which is the internmediate material is in the formof a
conposi t e afm@&pleak Mx grasW pahtis¢l ebei hoant atyenddeom Ok avess %st § 090 edvSS %
or a clad material having a triple-layered 0 4 SEP 2002 4 structure in
whi ch M it ddredeiyé hadrieadeearambceul 1 apales oifna huminatwiyh dthe2bramsad®w t o
80 nass% A fourth aspect of the present invention has a structure

filler metal 13 made of Ag. The heating temperature raised when

the vacuum container has been assembled causes the brazing filler
metal to again be melted. Thus, the initial state of joining
cannot be maintained. That is, the joining characteristics
deteriorate. Since the joined surfaces are in parallel with the
axial direction, shearing stress is exerted on the joined
surfaces when tension has been applied, causing destruction to
easily occur. Since costly kovar is employed to make the joint,

there arises a problem in that the cost cannot be reduced.

SUMMARY OF THE INVENTION

To solve the above-mentioned problems, an object of the
present invention is to provide an insulating operating rod for
realizing insulation and transmitting the operating force in a

vacuum container and formed by joining ceramics and a metal member



according to the first aspect of the invention, wherein the yield sQ{eEp pf
the copper or the copper alloy which is the internediate material is 4

kgf /mm2 to 10 kgf/mR. A fifth aspect of the present invention has a
structure according to any one of the first to fourth aspects of the
invention, wherein the internediate material which is provided with a

t hrough hol e having ceram cs engaged thereto is di sposed between the

ceram cs and the netal nenber. Accordimig to a sixth aspect of the present
invention, there is provided a nethod of manufacturing an insul ating
operating rod arranged to realize insulation and transmt operating force
in a vacuym caontain r and in(f‘:%ragort%tei n r%er.an‘i csdareg a n%t ﬁl rreglgber to each
ot her, thée metITdd r?ar?ﬁlfcgcturi ng an CASUTSCi ﬁa i Sefngtla gmle eEoﬁﬁ?i si ng
the steps S%ftissf(g&%%il pé]%igeﬁ_&:;?oglela%ﬁ Argqpper conposite material; carbon

steel ; copper; or a co r etween the cerami cs and the netal nenber

to serve as th%éd@r‘%ﬁ’ﬁ%ﬂgr@ta@ FIBLR! Labe cANGE jtﬂien[_i){]%séxt}@ GRIAN G 2Rd the

nmetal menber to each ot . A seventh aspect of e present 1 nvention has a
struct ure ;acerfliined Qrt e P rRP REfdr a3 & da \WeHdrfba Wherid ithe
car bon stelel ,Cﬁrv\hich is the interrrrggzi ate rratté;?i al, is jn(c%‘{bned to the 045S

E P 2002 §nsulGRid Ghdt raneealtd Rgheralt nghireh ceatinski @scaumakgathria:

50C/ sec to 200C/ sec. According to an eighth anot her aspect of the present

i nvent i on,adchesopsits tpited 8§dainehhode odmies udad taimdtg Jamenttsdd alo Bgch
operating rod arranged to realize insulation and transmt operating force

i n a vacuunhzont ahaemsarigtiimgpoperat ing met aompsi andg netat intkemedtibde of
manuf acturing an insulating operating rod conprising the steps of : using
bot h of arsirenilkdgdikpbisedgbatvaed Wie ltetsindie soaadot heronet Pk gjesdtsroasdand
recesses are provided for the ceramcs and the netal nmenber and heating and
j 0i ni ng areemEasast pdd aafd-Hij a1 APyg FEIIRENIQONPAFIAE Meé §rdiaded CaiPPaces
are brazed. The insulating operating raod according to the present invention
has a str@{afle (9PRPAMe Gt rGARRSE € ifdtYeri al nade of a Fe-N alloy, a

copper conposite nmaterial, carbon steel, c er or.a copper, alloy is
di sposed and | &t REGOBE: ABBASE HRE dute RS SRhdL R HEn PRI N b SSFHGS T8 r ess

of the joined portion caused fromthe difference. i.n thermal .expansion.

bet ween thaecccoé&g]?ﬂgcgoaﬁbe ?ﬁéS%e?séﬁ)e%r#eih%alﬁwbe@trl@ndx‘é' Sor *bu ee?eed&lAs a
result, t j Qi ni r 1.1 Lan e d; dypw Bot h of
the shri n%:lgﬂeocyf’i tv{}%ncgbrarlesﬁﬁ%h? vﬁﬁﬂheq”\%/\}n c%ét%héd ag%(r)rjg\eé@t ilgstn Fiaes I\%r oa{:/lﬂ?eyd for the

ceram cs angh iEGREN 1l ByPsOVhASL 1O sohgaBBL Al o AN Al c%it_%fi_nfi%gti ng
and joining are pertfornmed and the joining net hod with which the j oi ne

surfaces Ebriebg( 8766k 42 tBLONEIsE CahdIOBO £ hey d Riongschas 8€} ef IFst-iNGS.
04 S EP 2002 6 .
alloy containing Ni by 20 mass% to 50 mass% and Cr by 1 mass%
to 12 mass%; or an Fe-Ni alloy containing Ni by 20 mass% to 50
mass% and Co by 3 mass% to 25 mass$%$ and further containing one
or two materials selected from C by 0.5 mass% to 5 mass%, Si and
Mn by 0.1 mass% to 3 mass%.

A third aspect of the present invention has a structure
according to the first aspect of the invention, wherein the copper
composite material which is the intermediate material is in the

form of a composite of Cu and Mo or W particles in a range from

40 mass% to 90 mass%; or a clad material having a triple-layered



A preferred range for the conposition of the Fe-N alloy wll nomgge%’E 0
descri bed. The preferred Fe-N alloy according to the present invent 8:2 qzs
Fe-Ni alloy containing Ni by 20 mass% to 50 nass% a Fe-N all oy containing
Ni by 20 mass % to 50 nass and Co by 3 mass%to 25 nass% a Fe-N all oy
containing Ni by 20 mass%to 50 mass% and Cr by 1 mass%to 12 mass% or a
FeN alloy containing Ni by 20 mass % to 50 mass % and Co by 3 nass%to 25
mass % and further containing one or tWo materials selected fromCby 0. 5
mass %to 5 mass% Si and Mh by 0 .1 mass %to 3 mass % . The foregoing
Fe-Ni alloys may contain | ow expansion netal called invar, elinvar,

fernico, 42-alloy or, koyar. for the ra of the thermal .expansi.on

coel 11 ol erftt 1t e H b T EaraRrc S Sof SPRE. BRPAESS FHESRI F17 de? ARF AT 1Ehbi de
must sati sfl}/ 4 x 10 P/Zt%nt o 12 x 14 6/ K o reduce the stress caused from
the differénce 1w the &Y expansinbn Yet ween the insulating ceram cs and
the metal membey, .t & d heriml, expansl g;'}e%%%ftf LGlent of, the ceram cs and
that of the net'al nmenber st coi ncide wth each other. e material

obt ai ned %g? N, + 160 £ 1Pt Sk R 8 fh Satl t far i ng
range enag%/ces t g’gqherrra éxﬁan%is%n coefﬂygilent_ ofl4 X 18§%¥R {%e fgeggi(io
6/K to be obtaided  fhusppee! &cthencpdha1feyNinfdh Q¥ HRYiiNG 3 richigHivRl

expansi on characteristic which is an internediate characteristic between
that of thgeeran css anddNaimofcof he nefifgnfrenber enabl es the produced
stress to be relaxed. As a result, the joining characteristics can be

i mpr oved. 0 4 SFiFEth 200kt A Ppreferpmsarengamwadntitn congpaosidinctafrd he
copper conposite material will now be described. The copper conposite

mat eri al aoording too tdrey prresent tihw efitnson tics foudtie dspentod @& cdmposite
of Cu and Mo or Wparticles in a range from 40 nmass% and 90 mass% or a

cl ad mat erimvertaidmg whetneipl sheayetedmedi ate unat ¢ niavhiwhi dh iss pravdwieched
between two Cu layers in a quantity of 20 mass o to 80 masso. The foregoing
mat eri al vl éi}ééugb lodt QiR WY CREPRdICSeRPERSEONtRDESEP die i splosgdx 10
6/Kto 12 x 10 6/ K which is close to the thermal expansion coefficient of
the cer aniR&EVEFe TGS Fihddld SStlemeMPStavi ng t he t her nal

TRt of The corSf e si it et SBRBEroT ShEaPEELBAT L E T ticBdoeer pss

can be relaxed, .Thus, the..j.0ini r ri.Sti i.mpr oved.. . The cl ad
mat eri al h%?/i‘%go%%déedstar e éuhroé:Pﬂrﬁ}gtm %f%s%ttglécﬁz“\% %?feg%%ffqg}lc u% se(‘jféﬁl g

but fer the, 4 hermmln St e8s, p1 oy ad Hatuaeh Lhe CELATLES G dhe,gretal..

menber. Since the carbon steel can directly be jolne e ceram cs when

the therm, expansign LrAciar isld G LAUSRA J:10M9 AN QU dTBIA P QRO i ng
during a cooling process is used, joining to the netal nenber can be
facilitat efemdePnef eaEBUo€0OF | Nthd @le® hboalr of Ghdkh ingh dther Tiag koD isisetltwnlg now
be described. Eutectoid carbon steel (0.9 %carbon) is heated to 875C so
that the sipearcdtiirey irvdceomptiedntotiad suedenift:i dispoathyre.FeHNEN alwatyer
quenching is perforned to |lower the material to about 300C. In the

f or egoi ng staime w clompe sexpansicenipd ;soakben stheel t heoppdr 4 GE aP c2pP2 s
vol une expansion realized during the heating process. Wen the tenperature
is as it ixsllopdeddesrhéhst caeantesiand sghfedetaloMaRPEENEP tEL L Ve fadc thies
known that the volunme is enlarged in the foregoing case. Joining of the
carbon st et FRedat ¢ dtafi i s 9t figimed D iCRG 28 e e Gh & A& T3d1 une
expansion is reduced. The reason why the preferred cooling rate is 50C sec
to 200C sEtNRYY TN G bed. 1f the rate is |ower than 500 sec, the

Inthi's case di rESErDVRARG SePhg Ll uP ExbanGi i CAHOt 15 BerfarRed et
In this case, rect i s ng i C 0 er S0 f
the rate is higher th 2 c,  the i | bili t hat ram cs
are br okenaco%]/\%%lgngt %O%eer rgrg%égﬁaos’&?&cégf%‘% %r]‘p%@éi%%bgté% raelrl?loglﬁgﬁfaﬁgfg
stress pro &g 10 dhe Giddsranca betwesn hihe thermle expangion of
t he ceram%%j&%ﬁ'd t e&gneltil menber so that saatlsfactorly fﬂ(’)i nieng)(tlocit
perfornmed. Preferred yield stress of copper or the copper alloy is 4

kgf /m2 to 10 kgf/m2. The value 4 kgf/m®2 is determ ned fromthe yield
stress of pure copper. If the yield stress is higher than 10 kgf/ m®2, the
effect of buffering the stress produced in the joined



portion cannot easily be obtained. Copper or the copper alloy havi niy4 SER 2002
yield stress satisfying the foregoing range is exenpl i f ied by oxygen
free copper ( 4 kgf /mmR ) , tough pitch copper (7 kgf/mR), Ag all oy
containing Cu by 0.03 wto to 0.15 wo (annealed material, 8 kgf/me), C
all oy containing Cu by 0.8 wt% (anneal ed material, 9 kgf/m®) and Zr all oy
containing Cu by 0.15 wt % (anneal ed matgerial, 9 kgf/me). The reason why Cu
04 SEP 2002 9 or the Cu alloy of the foregoing type is enployed will now
be described. Wen the insulating operating rod is | oaded into the vacuum
contai ner, the assenbly of the vacuum container is usually perforned in a
state in which heating to 800C to 1000C is perfornmed in a vacuum, élthough
al so net alSeARIEHEAd CHH ING rage whic ﬁ@rsg\?ﬁs énHaESﬁp@?O‘?‘:gm &/8Rg t he
f or egoi ng net a yield stress not higher than 10 kgf/m®, the

f or egoi ng 11Cb\/@adrRaﬂfl/isshegc-*poi nt metal is formed into netal steamif the |ow

nmel ti ng- poi nt tal_is heated to C 10.,1000C in v m Thus, .the
surfaces of thfrérAE c:aocru<:!u3‘rrr1l g%fa&}nneerl %& t%nectgheerra%sc?secgtr eoago %rﬁ%eaﬁé&ﬁ t hus

causing a m.t o i i : i l.at i teristi nd t he

| i ke det erllq{o‘?eg{tggrfﬂottee}{étrﬁegtl%]ﬁg}s%leqt%esét ?rgé;t shaOldsQD:it!f m%aocfeﬂsflrl{g saa}lwi th

whi ch a per W n, Of 9 ri gy | engt CCur BRI EF
DESCRI PTI 8\1][7%@. I\?G%r}]g)glf&lﬁrséoag{cgceﬁd;gcscpsfe%llr&?neall Vi e%@hégyvi aﬁngd an
enbodi ment. ,of , &0 { BEk-akiiAg PPEEatING VR ACEBRELRELARNE eSSt in
invention; Fig. 2 is a horizontal cross sectional view show ng an exaﬁpl e
of a coppefe LMROsidn Mter alchdindthdd D famé@hitfiatahi rGRS SirS 8&ksiaR@li ny ew
showi ng an enbodi ment of the insulating operating rod according to the
present i nwtdtoitig rod dobpEi Pi2§0helBtEpg. of: ssingbatd SECH isbirah kaigew
showi ng an enbodi nent of an insul ating operating rod enploying an active
met al net hioid: @icopmditigpd eitthewpiebeahei pwemi@mprdAart ns amd resesses
sectional view showi ng an enbodi nent of an insulating operating rod using
bot h shri rikegedauidesd four theecpopniang ardotle metal Mangresad heakdmd on;
and Fig. 6 is a cross sectional view show ng a conventional insulating

joi nt. DERNI EDIDEHSCRIFE @¢HormEE PREFERRED NEMBONCVIEIIHS WNdWR, v igds &hiept i on
will be given in nore detail of preferred enbodi nents of the present

i nventi on R4S eTEH RS 137 HRF TH&Dnpanyi ng drawi ngs. ( Enbodi ment 1)
Enbodi ment 1 of_the present invention will now be described. Fig. is a
cross sectionalTRA e]v{}Pss MY PSR SESRIY oy @E%o‘?‘cﬁgs‘r?dl]ﬁ o the
present | Vepll Onyy RELETY 109 JA Fdcpbye hefenence AURLA L ISALSFALE an

i nsul ati ng ‘ceram Cs, represents a netallizéd Tayer, represents a pl ated

layer, 4 represent; am idy erdedi s MiRdaloe hd & £SEN S azingdi | | er

netal a, 6 represents a netal nenber and-7 represents brazing filler netal

b. copper or a copper alloy is disposed and joined between the
ceramics and the metal member. Thus, stress of the joinedportion
caused from the difference in thermal expansion between the
ceramics and the metal member can be relaxed or buffered. As a
result, the joining characteristics can be improved at a low cost.
Both of the shrinkage fitting method with which the projection
is provided for the ceramics and a recess is provided for the
metal member after which heating and joining are performed and

the joining method with which the joined surfaces are brazed are

employed to improve the joining characteristics.



Exanple 1 was perforned such that a Fe-N alloy was enployed as the
intermedi ate material and a Md-Mh nethod was enpl oyed to perform @4 SEP060
process. The Mo-Mh netallized |ayer 2 having 04 SEP 2002 11 a

t hi ckness of 30 pmwas fornmed on the joining surface of the insulating
ceramics 1 having a dianmeter of 15 mmand a I ength of 25 nm and nade of
alumna . Then, the N -plated |ayer 3 gaving a thickness of 5 umwas forned
on the netallized layer 2 by an electrolytic nethod. Three types of
internediate materials 4 each having a thickness of 1 mmwere enpl oyed
which were Fed42 mass % Ni, Fe-29 mass % N -17 mass % Co and Fe-32 mass %

Ni -5 mass% Co-2 mass% Si-0. 2 mass% Wh., Foil of brazing_fille tal. .ad
v ng. ot hi OkTegt SRCBEE Ut 2TE netle 1S AP L0 6F (§19 o) Tl 157

di sposed betyeen the internediate terial 4 gnd the ted insulati
Cor i cs 2o rhaiew R I SHrREng n FORGSGRESTReT Fealtng oL BeFTai Tt
950C for 20 mnutes . Vac. .S0 L hat. hain . tained._.To
join the n%}%%;}grneesrﬁ)ne¢% ear%;%lltlbg{n&sdiggnquerglgg&llgg%gggﬁg%gvﬁzn}%hﬁo?naﬁ m
and nade of ,Sy@inless SteEly( SUS3AA Jorkd iHG LR @GR 0L o! .

i nt er nedi a{.%%g'tm%ﬁ%%r % foi ne? tgtg{ henl nélul at%nge%%?%ﬁmn%%%l, E?hé;@tﬂaaszs? ng
filler metalobdsnmgles ofa Bog-48 §AG 30596 Qu-AO %% St 00925026800 M5 16 sRpsed
between the internediate material 9 and the netal nmenber 6. Wile a |oad of
1 kg was beghngs exgri@dso heatspdaN@scpes ol nedsad 83082 fREs29; nbAULesSein a
vacuum so that a joined nenber was obtalned. A conparative material was not
provi ded wii a1l iceiheratedingt §imByexo alashs Mor 8oviedsst hend Taubgt 3 hsss
ceramics 1 made of alum na and the netal nmenber 6 made of SUS304 were

heat ed at 9505 fass20amd Murhdy coheallbikh opé hod thy mstagiBNs-selactaed
vacuum so that joining was performed. To eval uate the joining

charact eri §tpm<C by00 45 $1aBF 2002 M ¥, Shean@ddin &yi Aglopesst itieg3 modss % -

vi sual inspections and tension tests were performed so that the_joi nie?dg
strengt h wike fogsgodag Fesii gd lawsdnah 6an teA NEBQmErangden meted Allad 5
Table 1. Sanple Nao.. 1, No. 2 and No. 3 which were exanples of the present
i nvention WRYRTf ride THagm & eEPAER - of 2T Rkl B IAMKOY 2 LsephF ot F 0 NEf T8 RES Vi ned
portion and def or mat

jon. Sanple No._Jl2 which was the conparatjve e | e
B Count er olNE  HERET Gk TP RS 1o (oS EEIGHRES To6 ShTiastr Car s (EhaifBn
tests, the tensile strength of t sanpl es_accardi t.o the pr-esent
i nvention %ﬁgeols tﬁ'bef Ind‘\?@quTJ]GT ﬁg‘td Eges% Jeg?\lg}us% \ﬁkfsr%qfé%kéffn% ngt? hlozse of
sanpl e No. 2 a6ad., No. re2 91028 e T o1 r i
tensile st?elnogt ﬂbe E%g\éﬁgnﬁagg%%{e sarr%lag,ge%?ghmv\‘gze %ﬁ%\@ {Lﬁeﬁh&e
joining stygoghhy vias, Sl Oid beatdey tRer £aseth ¢ ShHce Iokan par thonketal
produced owning to the tension tests were positioned in the ceramcs
adj acent t@ehberj Ot et POFhA DNSxph 96 1S Sb&ONYET e Hadf t Hige St eigtds afnd he
ceramics were realized. In the exanple of the present invention, the
brazing fithet oetahe madeadf ménbsasmusedcdbingdda whehi asghavthgrcermrs cs
and the internediate material to each other, brazing filler nmetal nade of
Cu, Au or WMgtemyabeoktpiogedby (&g ment @9, BEibode nedi 2nadddn pey fRy ned
such that a copper conposite material was enployed as the internediate
mat eri al apdtibey Mbhenhioeedotngasarapl opedled bgﬁf pharaajl oPKPAGS pPOCess.
The Mo-Mh netallized |ayer 2 haying a thickness of 30 umwas formed on the
0 4 S E P 2069figi¢nt nphgd shirkhcéKotot hé xnkil 4K £ Be&r aRtasnedhaviiig -a
dianeter of 15 mmand _a | ength of 25 mm and nmade of al um na. Then, the
Ni - pl at ed P&YBFE8oMmavf ngPe FRIEknRSL08f P8VIRPwAstREFRAd BRPERE I RBt al | i zed

| ayer 2 by the electrolytic, nethod. Three types of internediagte terials 4
eath havi nGPASERF ERHERSY of A ere  BhEr BSHASRAI CRE RBF 6o BhS 2be HReSR
Cu-50 mass% apd_Cu/ Mo/ Cu. (l:2:1,. 47 s% Cu) . _Foi b i f.iller
meial 25 haUPNgCR THF cRReStisr Goduiidncthadts ool berRee s lee
was di spos e inte I terd 4 t I . 1nsul ating
ceram cs 18g0$ﬁ%%§ aﬁ%?gsagéi%gegéﬁég ggf%%égé,r %gg?hgﬁagsﬂ%§??g$ned at
950C for 2Q0npl-putes;LpiasVagHUBESOmbhaleli0i Ning was performed. To join the
metal nmenber 6 having a dianeter of 15 mmand a |length of 25 nm and nade of
stai nless steel (SUS309) to the upper surface of the internediate materi al
9 joined to the insulating ceramics 1, the brazing filler netal b7 nade of
BAg- 18 (Ag-30 % Cu-10 % Sn-0.025 % P) was di sposed between the internediate
material 9 and the nmetal nenber 6. Wiile a load of 1 kg was bei ng exerted,
heating was perforned at 820C for 20 mnutes in a vacuum so that a joined
menber was obtained. A conparative naterial was not provided with the
internediate material 9. Mreover, the insulating ceramcs 1 nmade of

alum na and the netal nenber 6 made of SUS304~were heated at 950C for 20

. o T T




14 tests were perforned so that the joining strength was neasured. Results
were shown in Exanple 2 (No. 9 to 6) in a Table 1. Sanple No. 4 td &é5kPpR082
No. 6 which were exanples of the present invention were free froma crack
of the ceram cs, separation of the joined portion and deformation. As a
result of the tension tests, the tensile strength of the sanples according
to the present invention was 23 kgf/m®7or greater. As conpared with
conparative material No. 12, greater joining strength was obtai ned. Since
br oken portions produced owning to the tension tests were positioned in the
ceram cs adjacent to the joined portions, satisfactorily joints were

btained. In th le of th t_invent. j.0ining of the .
Unsul ati ng cer dnPES LETARE THAIT et NEORR SHatsH] &F A WAEPBEFIEPIRAF ISP t he
Mb- M Method. As_an alt ive to this, t] | Iet .
el oyea (9 b1 e ACD) Kion G BRGCREe uni b HRBEeE SR Ther P et

de of Ti-Ag- brazing filler. . - Ag: ing il
ot made S0 e, P REe b E e Rt al Doy b o e b Or &

composi e o RLRLGHESOf Ly Y6 o £s A2 SICAN 4biiedkaradh Qhast,

(Embodi nen e copper tonposite material was in the

formof a 0Si : i £les; A &t @€k et e i@nh made
of Cu/ Mo/ CﬁP%&%%%ﬁ%%ﬁFﬁﬁ%%? 0%1 %%%ﬁ%ﬁgléiﬁss sectional view,
an i nt er meglh ate sARUGA R ddbBBY B 110 TR0 1WHkeR if & LRSI \COIPDSIna st
material in which through 0 4 SEP 2002 15 holes are formed in copper or
a copper atd oo Gnad¥y COUBE, foREETiIOg Raverealeatedmpbdyedgagesbt it ehe
through hol es. The foregoing exanple will now be descri bed. Thg heat ed and
engaged cop}p@fmgbrmqsdﬁﬁdmtceiéﬂiGMtobtfanneoﬂ(b)f/Kotcri hg s éven/K hwhaoiugh

hol es each having a dianeter of 5.000 mmin oxygen free copper 8 having a
di amet er of s 3L owe and thd ehgrmadf expamniokbreoféiciahtinPhattereaiamidmyi ng
a diameter of 5. 002 mmand a length of 10 nm were heated and engaged at
1000C so tiiaentithe vobpes £anpesbtetmat et ahiney ks thedEhesMBpe SHPIISIMen,
the internmediate material 4 made of the copper conposite material was

di sposed bebakeatehesthe kG hg cerarNESrIeHATFRGCRZBRGRBT P ELF RRF'1RR™Nd a

I th of 25 d made of al umi dth t al havi
i Aot er | oFhab ik BCRSaRG H bF P23 SR LRETRRBE ST LTl A <0 oot 821 (US04
. M foil d b [ fill t al f N ich
has G- 28 SFBETF RILPH, SPHART bel Bt ERE Tomei Al G S ih o ot B
| um d the |nt di at i - d
The | nter mEBPATEC Bt ol A0 VT ) au S 3 g W B rg T red e o

heat i ng Waéangsmeﬁg@%ﬁﬁtu9ég§s£9rc@%nwytg§ i Kl @ NAGMIMs 80 bBat r s @idned
menber was obtalned. Fig. 3 is a vertical cross sectional view show ng the

i nsul ating,opgEahi P’ 88raM9cgvahtatBet Rtk DI MeMBeeharacteristics of the
foregoi ng insulating operating rod, the visual inspection and the tension

test were perfosiRdettheastoe sithelj oanidig esitrignge H.oikedesaltheofetdmeics
foregoing tests were shown in No. 7 of Exanple 3 shown 0 4 SEP 2Q02 16 in
Tabl e 1. Alsent heef ohegoahgerganplienr ebakteteirnsdisatasfbadt S£pmj oi ni ng
characteristics and exhibited tensile strength of 23 kgf/m®2 or greater.

( Embodi nment rd)s Eaboat ient odciisr angedanphe encapléngaPkre®ethet faPSekpansi on

joining to the metal member can be facilitated. A preferred

cooling rate for joining the carbon steel will now be described.
Eutectoid carbon steel (0.9 % carbon) is heated to 875°C so that
the structure is converted to an austenitic structure. Then,
waterquenchingispmrformedtolowerthenmterialtoabout300°C.

In the foregoing state, volume expansion is smaller than the



characteristic realized when the cooling rate of carbon steel was “@quSEPOlUUZ
directly join the ceramcs and the carbon steel. Foil made of brazing
filler metal 8 nmade of active netal which was Cu-28 wt o Ti was di sposed
between the insulating ceramcs 1 having a dianeter of 15 mmand a |length
of 25 nm and nmade of zirconia and the internediate material 4 nade of
carbon steel (S45C) having a dianeter gf 15 nmand a thickness of 1 nm
Wiile a |load of 1 kg was being exerted, heating was perfornmed at 950C for
20 mnutes in a vacuum To realize a cooling rate of 50 C/ sec or higher,
the materials were noved into a cooling tank so that joining was perforned.
To join the tal nmenber 6 having dianeteg of 15 mm and a length of 25 mm
and made of °sHaFnFEEI"3teRIT aél)éﬁjfl)j“tfd“tgh?é BppRA thf PEOESSTS t hithen the

i nt di terial 4_made,of , carbon_ st | oiped to the_ ipsul ati
cora o 1°RRHESOF U3Fr EONEA. *EnbSor QIFRGCT 1 FPbr “EVGl UbY Hadko ot B as

Ag- 30 Cu-10 9% Sn-0. 025, P di d. bet t he .int di_at terial
(930, 0, Yot SeH43080: B i 15° BT L e DB R e
vas per o g80-gb,0R0%.L01 20 Mo B LA RAGEIELS0, DR 3.4 Btad e

operating ad :8erudhAYId thd he cBEesenke | NENId Ve BrdnSEBH20QT day g,

enpl oying the active neta A conparative material was obtal ned by

per f or m ngrgactd MMbrdlih Qﬁ?@éf@f;é&%‘ﬁfolti%d phbetiteshrepsat itk eeT@M LS 1
made of zirconia and the internediate material 4 to each other. To eval uate
the joiningighananties idddnsivdd t he fi BEEl pdt & HPRFWY RBah0dscYEsdal the

i nspections and tension tests were perfornmed so that the joining strength
was neasur etle rinad ud tsanet en showiimi ba Exteorihe t4réADiz8) dur isnglabkehdat ihg
exanpl e of the present invention was free froma crack of the ceramcs,
separ at i onpobcehls.| oImeédipoca $on dime cielh or aht § wsinphliey exatinsfiaot canhgt
joining was realized. As a result of the tension tests, the tensile
strength obethersarpeds akkdhdi igteolshel phesdrtan RAMNG/@emashezekys/ame
or greater. Since_broken portions produced owning to the tension tests were
posi t i onedPPASihé ldEyarials LA SREHIL ¢ 2ERPTOF PR WP NGl B hesaeilsI e bril y
joints were obtained. Conparative sanple No. 13 obtai ned b%dmakin t he

cool i ng speed t 5°BBEE0EY selee FTORRRe R teifto iWideed SEpSPat PHAABFSE VT bi%ed
tion. | | O ni f th b | Vi th .

nt er odi ab8 HRE o1 o SHHA B8 "o S EnER oL BT hi P 0 A0Tb SoEBP FETHR Has

facilitat edhdAL{\Q%J 1 e ganben 1?11&%@' s £ oo%\fg.oti ‘%%LYS ?%rf@?m d.

i nt er medi af@“naterialc 4 sl mlar effect can be obtained when ¥he ¢albon

steel is upedras Lthe, MBiQls RINEE £SO &5 £ %rd‘hﬁé%c!ﬁb&eahgicaﬁileﬁst4°kl;??rmn2

insulating ceramcs.” As an alternative to the acti've netal "net hod, the

Mo- Mh net hed naykde/enpl oyad asidde ki MBtdothrmifdt f20k Phe0pRe 18
(Enmbodi nent 5) I n Enbodi ment 5, copper or a copper alloy having yield
stress of 4tkebkna? par20ckgpbemm? mhdtiseryiapd asttdesind erihgklkeat chamt egi al
was di sposed between the insulating ceramcs 1 and the netal nenber 6. The
Mo- Mh et h@dfv(/mmzertrhieogéﬂet'o gfeph Hf ar j 0¢ rihrgs t Ae s tpaldduzed 1aygdre Polmwd ng a
t hi ckness of 30 um and nmade of Mby-Mh was fornmed on a joining surface of the
i nsul ati ngpoetamncsatnhaveagidy dansitrindd 15 Gopprex benghh obppsSr nad hoy
made of alum na. Then, the electrolytic nmethod was enployed to formthe

Ni - pl at ed hayéng3thavivagld shreRfes3téFiyinm SAet ReXREPANDI X8HIRayEr 2.
Then, two types _of materials which were OX¥ en free copper plate (C1020)
havi ng a t BrERRé<E16F by OXyomm Shee CePPers ankeaf/@m Wer e RHpPIER GLPRRE

internmediate material 4, Th brazing filler netal a5 havjng.a.thickness
of 50 unlaﬁg (A& B Bhfg7a§£§de§B%§ngB%t§%eHytﬁeO?nYEPntai%t%gnﬁEériaI
and the plated ceramcs . Wil l.gad2of Kk ing. ted,,.heating
was perfor338”5?§§§Oea%8515&’ngngggzmpnpa éﬁc%h%?gogg%gglﬁgﬁéiﬁg %%s@'é
perfornmed. Tg jaQi h I e (2] i f

| engt h of 7 °n#?gﬂ85%§8gﬁége§ a?ﬁlésggg?égl9(%U§Sgge%f¥%9t%ééaﬁg%$9§u§¥ace
of the intglmpdhat 6 maienhalidql nt8edat0 §heyt AsA)al | RgeCeLatbaSwily C
brazing fi Brop° i3, B ¥hiehhaa1 g BAg- 18a{56\g-30g0 8110 07&n 6058 6 ) “Vas
di sposed between the internediate nmaterial 4 and the netal nenber 6. Wile
a load of 1 kg was being exerted, heating was perforned at 820C for 20
mnutes in a vacuum so that a joi ned nenber was obtai ned. Conparative
materials were 04 S EP 2002 19 obtained by using SUS304 to join the
netal nenber 6. Then, the Md- M nethod was enpl oyed to perform heating at
950C for 20 minutes in a vacuum by using BNi -7 so that a joi ned nenber was
obt ai ned. Anot her conparative material was obtained by using Cu-30 wt% Ni
having yield stress of 17.5 kgf/m2 and serving as the intermediate

e ~ e N S Y T



04 SEP 2002 20 the present invention. Reference nuneral 1 repreﬁﬁ$§f?2Mﬁ
insulating ceramcs in the formof a projection, 6 represents a neta

menber having a joining portion forned into a recess shape and 8 represents
brazing filler metal made of active netal. The alum na insulating ceramcs
1 having an outer dianmeter of 20 nmand a |length of 60 nm incorporating a
joining portion having the projection, g he dianeter of which was 14. 001 mm
and the height of which was 5 nm and THé netal nenber 6 having an outer

di ameter of 20 mmand a length of 30 nm incorporating a joining portion
havi ng the recess, the dianeter of which was 14. 000 mm and a depth of 5 nm
and nade of SUS304 mei repared. Then,  the joining portions of_ the

i nsul ati ng°EeFa%i t8 2 iﬂg PhetBt 5P HENHRY %§H%rbsa%EP RUCAgat hstN¥AE
other. Then, brazing filler metal 10 made of active netal, which.was -28
oo T wnstaPepogEl - bel e Bt FALEEE bBY R LA S SO0 el SEHSA THEPECHS on.
VWiile a load of 1 kg was bei exerted ting was perfornmed.at 950C for
20 m nut es SPROAM RIS 1 FAE 3 1T Qnc b SRrNgTVEr e S A ¢ arasiel B

per f or med. ultt, .a.jakpe ainednnA~C bMe.

mat eri al m8§§8 {égéeg&bﬁ 8?§E§rgﬁggggﬁﬁn§§?E§P5iEguﬁSPiﬁggggigﬁpcg 1%and
the metal BEmfaharyingatiGndi MENSh GRS, SIEd Heckd t B8R A Aileppxarp) es
were prepared and joining was performed by a simlar jolning nethod.

Resul ts of gthezfensi ot RSt anafcépiset m%ﬂ@ﬂmr%&@{@tfb&@ befgamers Himgs t o
the present invention are shown in No. 11 of Enbodi nent g.

Thepr esent knyest HoBtkeskl hedi RLgRsL! eRhAeNgt Rgf /@mA, Scie Pr 30830 2dg of 0?23

kgf /M2 or greater. The tensile strength of tﬁe conparati ve exanple No. 15
was 7.5 kghémaRng¥peiheokenajot bedopmetieinvesmebaer sedamThé phesedw
invention resulted in that breakage took place in the ceram cs and,

t her ef or e, meflLtdng-poiinicngewasd perheaned. tCodParat tvel ERAMPI &n No. vdSaum.
encountered breakage in the interface between the ceram cs and the brazing
filler met#husAstherssufaces ind coppuraviRec@Xamber R the censmiessa¥engt h
inferior to that of the exanple of the present invention. The present

i nventi on GRNERMGBEHSHEot hheF FaPALAY asPREPLRB §Rr PAR&Ge 1P thRRgthBt hod and
the surface joining using the brazin esulted satisfactorily. Although the
f or egoi ng é?éHﬁPE%gﬂa9%ag%%ﬁe6b§5+?B%HIE%SUilFﬁé§%§§{&9{ﬁE?in §ﬁF8ht%%%
proj ection s provided for . the cerami cs apd one recess.was_provided for
Phe ot ol FERbUP =TS EEPSR0iS Br SFACE: Bhs SRASFotaEoet i) BRPBFBONERY « o
join nmenbers having | arge j,oiLning. areas. . 4 2 TABZE 1
Veterial o LPHOGFAE ngt Cheati RG FOALOTAGkaRp Lengeh B8EC6:S3

es. | nternedi at eCer amacsMet al Materi al forMateri al

for Mat eri al Menber Joi ni ngJoi ni ngl nt er nedi at el nt er nedi at eMateri al andMateri al
andCer am csMet al ~ BRIEF DESCRIPTION OF THE DRAWINGS _

Menber 1Pr esent 1Fe- 42Ni Al um naSUS304Ni - T 3Cr - I0PAG 30Cu-1 G6n- | nvent i on0. 025P2
Fe-29Ni -1' 7CoDi #tighi 1t 05 4 tOfd44 GHR-iBHI - YEewDishicalinigt ebi £fobiihedC-25i - 0.
2Mh2Present 9Cu-20wDi ttoDittoDittoDi tt ol nventi on5Cu-50MoDi ttoDi ttoDittoD tto
6Cu/ Mo/ CuDaht bbbt 1 @bl h¢ oipd ta(inR rdd3Pcesedi 1€onpadid ePeseobi i oSut R&T Cu- 2
8Ti I nventi onMat eri al 9pr esent 8S95CZi r coni abDi tt oDi tt oAg- 30Cu-1 OGSn- | nventi onO.
025P5Pr esent 90x¥ggn 2 is a horizontal cross sectional view showing an
freeAlum naDittoN -1 3Cr-10PDi ttol nventi oncopper 10Cu-0.8CrDittoDittoDittoDit
t 06Pr esent €xapPleobift BoCORPEETEPAYERL L 8NTEPAL AL vel2Not

provi dedDi tt oDi tto-Ni_-1 3Cr-10PExanpl e13S45CZI rconl aDl t t oCu- 28Ti AG 30Cu- | OSn
- 0. 025P14Cu- 30NFABunPnaBl Pt SRFTESEE- E5PBSt FEE5NGNaL view showing an

prOV|dedEl%%gghg%gh%ub%SEhe igsﬁl%%ﬁnéoggerating rod according to the

present invention;



23
StateJoiningAfterStrengthExaaneh[lBrazing(kgf/nnr)RenarkslPresentPékgg?ﬂ@%
t 151 nventi on2Di tt 023 or

greater3DittoDl tto2Present9DittoDi ttol nvention5DittoDitto6D ttoDl tt o3Presen
t~DittoDittoCool ng ratelnvention50C second

or hi gher9Present8DittoDi tt ol nventi on5Pigsent 9DittoDi ttol nventi onl0ODlttoDitt
o6Present 11DittoDi ttoBot h shrinkage fit andl nventi onsurface brazing

wer eusedConpar at i vel2Cracks occurred3Exanpl e 13 Separation occurred -
Cool i ng rate50C/ second or hi gher 19Cracks occurred515Excel | ent 0 4 SEP 7002
24 According to_the first aspect of the present invention, there is

provi ded the inE4fat f NS cperRInFercdd crelaided £6°réAR; 2B ¢RReAHI¢R Ahd
transmt operating force in a vacuum contai ner and constituted_by joining
cerani cs afd énﬁBgQFlﬁﬂnﬁ@Pr?BlﬁacHOGtﬁ@P}OYhﬁgiﬁ§uP§FFH§ BpErat PAE PEd
conprising: an intermediate material dispposed between the ceram cs and the
metal nmenb8FCaRdiB8npBsE eoPrﬁsﬁﬁghﬁnﬁ?PE§?né copper conposite materi al
carbon steel; c er. or a copper_ all.oy. .Therefore, .stress caused fromthe
difference i n tAEST hbrhal S s IS5k GRhioge 'rEHuSBE ARY BOr TEYSHTSRL FF
result, the_ij j 4 rati.ng r exhi pi.ting..an. excellent]oinin
characteri g?i%ﬁ%ﬁ%{dﬂg} %%’{% g%tﬁelgg %@&rséimrggb%gﬂt %@rls%%% % fg"sr%pég? sol‘}rg%%cee
present inygntkoR, ] oyj.de LN [ ng.operating rod having

t he structi?ghgﬁgta%ﬁgggéb%ilergg,gaﬁggﬂtiEH%ﬁét?%?ér%égiate material is
Fe-Ni alloy contayni gg;Bi 4byr20sMBee¥4 bR POy IBFSHhohi FE- Ni cahbe@a{tfen%?' ni ng
Ni by 20 mass%to 50 mass% and Co by 3 nmass %to 25 masSs% a Fe-N all oy
containingih@umyt299n95§&Qto 50 mass % and Cr by 1 mass %to 12 mass% or a
Fe-Ni alloy containing NN by 20 mass % to 50 mass % and Co by 3 mass % to
25 mass % and further containing one or two materials selected from C by 0.
5 mass %to 5 nass% Si and Mh by 0.1 mass%to 3 nass% Therefore, the

i nsul ati ng oper aREDA z ) \ [ D r PREBE RRE ACEMBYD I MENT $Hig
characteristics can be obtained. According to the third aspect of the
present inventiBavw, thdeecirdppiovi wiekl blees i nsuliat hage ot af roaf drandag

t he 0 4 S E P 2002 25 structure that the copper conposite material which
i s the interhediaeBtfaPértAP PESPANEhENTORREOP WlEBnpBSFrenes ta BhE Mo or
Wparticles in a range from 40 masso and 90 mass% or a clad materi al
havi ng a t?FﬁPﬁpﬁayéngdEFW&EEEre in which Mo is sandwi ched between two Cu
| ayers in ? %gagtit toi 20 masso to 80 nmass% Therefore, the insulating
operating B8 RATIRE af urt hernore satisfactory joining characteristics can
be obtained. Ac I,k the fourth ect. of the sent.inventi.qn, . there
i's provided thegﬁéggpg?%g&'8%&?5%P%Ssggg}%aﬁﬁﬁﬁ‘?hggg ruc ﬁ?é¥?iﬁﬁfﬁﬁﬁ§
yield stre of 1 t;he, coppes pet al i k i Fg’g\l(y t

mat eri al i?gf'klgfl%mqre to 105%{% /oqn%%g. giﬁgrée%% %ﬁeklﬁﬁggﬁg%? Séopertgltl g
rod havi ngr@dfHE_&BEBHB@Gtéa&@fﬁEEQéMtJPh{ﬂéﬁ‘gi@lhar adeihstigssande 1,
obt ai ned. According to the fifth aspect of the present invention, there is
provi ded t hefensntat hogeoper at kagresdnbavangihbel stingt veeambas, the
internediate material which is provided with a through hol e having ceram cs
engaged t heepresestdi sposedl beteeehayde, CBragpressamds thepheted Ierder .4
Therefore, the insulating operating rod having a furthernore satisfactory
joi ning chaepceeenssiagsivarrieddbtaimerkr iAclcobdiarrasentebshzt hgaSsipelstr of
the present invention, there is provided the nethod of manufacturing an

i nsul at i ng"®petadi ng FeErafrahyed TOt2bdIenRe T A at | P LEREIYMARAZLNG

operating force in a vacuum contai ner and i ncorporating ceramcs
filler metal b.

Example 1 was performed such that a Fe~Ni alloy was employed
as the intermediate material and a Mo-Mn method was employed to

perform a joining process. The Mo-Mn metallized layer 2 having



0 4 SEP 2002 26 and a netal nmenber to each other, the nmethod of 04 SEP 2002
manuf acturing an insul ating operating rod conprising the steps of:

di sposing a Fe-Ni alloy; a copper conposite material; carbon steel; copper;
or a copper alloy between the ceramics and the netal nmenber to serve as the
internediate material; and joining the ceramics and the netal nenber to

each other. Therefore, stress caused ftomthe difference in the thermal
expansi on can be reduced and buffered.—Thus, the insulating operating rod
having a satisfactory joining characteristics can be obtained. According to
the seventh aspect of the present invention, there is provided the nethod

of manufacturjng, an i nsulating operating,rod having the structure t the
car bon ste%l?hhﬁr%ﬁstofh€6iH$eV%% %ﬁ@é@nﬁ%n%hﬁ,J ﬁQﬁrﬁﬁﬁgaFﬁ cet%ni cs
at a cooling rate.which satisfies a.range, fromb5 to 200C/ sec.

Theref ore, PRaErRINELERRSRLES] L BRa i KENETA LR P POLs iy 2T 4 g
characteri sti t aicn ordi t . el t :
rasont (1 abims SO RGN B etun L0 i | PuENE BTNl SAREE 3 Ha Iy

i nsul at i ng? opg{ @fhags r O @ﬁfnam%d_ftoqmre%aghzehienaglcgiL99e3n9a§é9n§rE}t an

operating force in a vacuum container and incorporating ceramcs and netal,
the ”EthOdePécHPBP?@Q&”ﬁéBHoéD IS Atd i ORET &t i e LR 15 Gk ey
steps of: using both of a shrinkage fitting method with which one or nore

proj ecti onga@RdhsERGSEStRLEKRESY | dedl T KbEe CONEIDESd anei &hewsBs akeAENDET
and heating and joining are perforned and a joining nethod with which the

joined 042 nadsPN200E 270 nucka0es- BT @abkdzes anthEe e D ime,s 281 | bintd IR
force can be enlarged and, thus, the insulating operating rod exhibiting an
excel |l ent for2imgsshatacOeli mass® Man Friobtal edhzindg 4 1S BeaGO2 &8 WHAT
IS CLAIMED IS: 1. An insulating operating rod arranged to realize

i nsul at i onhaniingranski ckopes a2 f i fuor ead magdevaduBRLcdntldink? , 5 Okl st ng:

a ceram cs nenber nade of oxide ceramics; a nmetal nenper to which said
ceram cs nBhiv@s dieppeeAdgtween the intermediate material 4 and the plated

insulating ceramics 1. Then,wbileaddingaxloadof].kg,heating
was performed at 950°C for 20 minutes in a vacuum so that a joined
member was obtained. To join the metal member 6 having a diameter
of 15 mm and a length of 25 mm and made of stainless steel (SUS304)
to the upper surface of the inpermediate material 4 joined to

the insulating ceramics 1, the brazing filler metal b7 made of

N

] BAg-18 (Ag-30 % Cu-10 % Sn-0.025 % P) was disposed between the
intermediate material 4 and the metal member 6. While a load of
1 kg was being exerted, heating was performed at 820°C for 20
minutes in a vacuum so that a joined member was obtained. A
comparative material was not provided with the intermediate
material 4. Moreover, the insulating ceramics 1 made of alumina
and the metal member 6 made of SUS304 were heated at 950°C for
20 minutes by the Mo-Mn method by using BNi-7 in a vacuum so that

joining was performed. To evaluate the joining characteristics



an internedi ate menber disposed. between said ceram cs menber and sai gl SEP 2002
nmetal nenber, ~ and nmade of one of a Fe-Ni alloy, a copper conposite

mat erial, carbon steel, copper and a copper alloy; wherein the insulating
operating rod further conprises a joining material, nade of brazing filler,
for connecting the internediate nmenber with each of the ceram cs nenber and
the nmetal nenber. 2. The insul ati ng opgpating,rod according to claim1,
wherein the Fe-Ni alloy, which is said internediate nenber, is Fe-N alloy
containing N by 20~to 50 mass% a Fe-Ni alloy containing N by 20 to SO
mass% and Co by 3 to 25 mass% a Fe-Ni . alloy containing N| by 20 to SO
mass% and Cr to 12 mass% or., a Fe-Ni alloy.containin 20 to 50
Tass% and @Btﬁfﬁ 30601351 AR LA TUFORSr LORVAF TRPESTY. ngtn%ﬁ%]r‘?%l s

| ected f 0.5t %, Si .and %
?ﬁsﬁfate: ngr%g]é?a"f e ple&f%fér@(@ragis’n%h?{b t??ealjrﬂlfl){\%«g%&eﬁg%ﬁg@%% s ‘?‘Fg'osi te
t th t di f f f
R L Ok e A
avin t t Cu
Iayerg ?n IGI gugn# ejg?dj\{f; ;ch) %ec%gggg %ﬁs%a%gevz\ﬂp%ggg et e I nsu ating
oper at i ng rgg ALY s*.'z%% LOc£d Ak Ml cnheL eip; Lhe s}’ép%patsfcgr?%% efqet{@#xf@&per

or a copper on whi is said intermediate material is 4 to 10

5. The insybatiBl HREHAELPHaT §8n ACCUMH NONLQ BNYHhORE Wis €hal é@nﬁaﬁ@tﬂve
wherein said intermedi ate menber which is provided with a through hole

havi ng cer aragpl engrgnth tideiEEBat ks HERAIH baturedesaind ceer g asra@nber
and said netal nmenber.

of the tension tests, the tensile strength of the samples
according to the present invention was as follows: that of sample
No. 1 was 15 kgf/mm2 and those of sample No. 2 and No. 3 were
23 kgf/mnF or greater. As COmpgred with the tensile strength of
the comparative sample, which‘ﬂasZSKgf/an, the joining strength
was significantly increased. Since broken portions produced
owning to the tension tests were positioned in the ceramics
adjacent to the joined portion§, joints stronger than the
strength of the ceramics were realized. 1In the example of the
: present invention, the brazing filler metal made of Ni was used
to join the insulating ceramics and the intermediate material
to each other, brazing filler metal made of Cu, Au or Ag may be
employed.
(Embodiment 2)
Embodiment 2 was performed such that a copper composite
material was employed as the intermediate material and the Mo-Mn
method was employed to perform a joining process. The Mo-Mn

metallized layer 2 having a thickness of 30 um was formed on the



5. A nethod of manufacturing an insulating operating rod arranged t®4 2000
realize insulation and transmt operating force in a vacuum cont ai ner %ﬂ%

i ncorporating ceranmics and a netal nmenber to each other, said nethod of
manuf acturing an insul ating operating rod conprising the steps of:

di sposing one of an Fe-Ni alloy, a copper conposite material, carbon steel,
copper and a copper alloy between saidigeram cs nenber and said netal

menber to serve as said internedi ate menber; and joining said ceramcs
menber and said netal menber to each other. 7. The nethod of manufacturing
an insul ating operating rod according to claim®6, wherein the carbon steel,

whi ch d int t b dt d nmb t
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performned ﬂ?@eﬁné&’ié‘&é‘%aﬁ@éﬁ%’lé’“ he ¥ b+ iy Jé"ﬂ?ﬂc%s@% 1arn§n deq;zeed.

employed which were Cu-20 mass% W, Cu-50 mass% Mo and Cu/Mo/Cu
(1:2:1, 47 mass% Cu). Foil of brazing filler metal a5 having a
thickness of 50 um and made of BNi-7 (Ni-13 % Cr-10 % P) was
disposed between the intermediate material 4 and the plated

insulating ceramics 1. Then, while adding a load of 1 kg, heating
was performed at 950°C for 20 m;nutes in a vacuum so that joining
was performed. To join the metal member 6 having a diameter of
15 mm and a length of 25 mm and made of stainless steel (SUS304)
to the upper surface of the intermediate material 4 joined to

the insulating ceramics 1, the brazing filler metal b7 made of

o\

BAg-18 (Ag-30 Cu-10 % Sn-0.025 % P) was disposed between the
intermediate material 4 and the metal member 6. While a load of
1 kg was being exerted, heating was performed at 820°C for 20
minutes in a vacuum so that a joined member was obtained. A
comparative material was not provided with the intermediate

material 4. Moreover, the insulating ceramics 1 made of alumina
and the metal member 6 made of SUS304 were heated at 950°C for
20 minutes by the Mo-Mn method by using BNi-7 in a vacuum so that

joining was performed. To evaluate the joining characteristics

of the insulating operating rods, visual inspections and tension
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obtained. Since broken portions produced owning to the tension
tests were positioned in the ceramics adjacent to the joined
portions, satisfactorily joincs were obtained. In the example
of the present invention, joining of the insulating ceramics 1
and the intermediate material 4 was performed by the Mo-Mn Method.
As an alternative to this, an active metal method may be employed
to perform the joining process wbich uses a brazing filler metal
made of Ti-Ag-Cu, a brazing filler metal made of Zr-Ag-Cu, a
brazing filler metal made of Ti-Cu. The copper composite
material may be in the form of a composite of particles of Cr,
WC, C, Al203, SiC or the like and Cu.
(Embodiment 3)
In Embodiment 2, the copper composite material was in the
form of a composite of Mo or W particles with Cu and the clad
material made of Cu/Mo/Cu. As shown in Fig. 2 which is a

horizontal cross sectional view, an intermediate material 4 may

be joined which is a copper composite material in which through
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holes are formed in copper or a copper alloy 8. Moreover,
ceramics 9 were heated and engaged in the through holes. The
foregoing example will now be described.

The heated and engaged copper composite material was
obtained by forming seven through holes each having a diameter
of 5.000 mm in oxygen free copper 8 having a diameter of 30 mm
and a length of 10 mm. Moreover, alumina ceramics having a
diameter of 5.002 mm and a length of 10 mm were heated and engaged
at 1000°C so that the volume ratio of the ceramics was made to
be 20 %$. Then, the intermediate material 4 made of the copper
composite material was disposeq between the insulating ceramics
1 having a diameter of 30 mm and a length of 25 mm and made of
alumina and the metal member 6 having a diameter of 30 mm and
a length of 25 mm and made of stainless steel (SUS304). Moreover,
foil made of brazing filler metgl made of active metal which was
Cu-28 wt% Ti was disposed between the insulating ceramics 1 made

| of alumina and the intermediate material 4 and between the metal
member 6 and the intermediate material 4. While a load of 1 kg
was being exerted, heating was performed at 950°C for 20 minutes
in a vacuum so that a joined member was obtained. Fig. 3 is a
vertical cross sectional view showing the insulating operating
rod. To evaluate the joining characteristics of the foregoing
insulating operating rod, the visual inspection and the tension
test were performed to measure the joining strength. A result

of the foregoing tests were shown in No. 7 of Example 3 shown
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inTable 1. Alsothe foregoing example resulted in a satisfactory
joining characteristics and exhibited tensile strength of 23
kgf/mm2 or greater.

(Embodiment 4)

Embodiment 4 is an example in which a low thermal expansion
characteristic realized when the cooling rate of carbon steel
was used to directly join the ceramics and the carbon steel. Foil
made of brazing filler metal 8 made of active metal which was
Cu-28 wt% Ti was disposed between the insulating ceramics 1 having
a diameter of 15 mm and a length of 25 mm and made of zirconia
and the intermediate material 4 made of carbon steel (S45C) having
a diameter of 15 mm and a thickness of 1 mm. While a load of 1
kg was being exerted, heating was performed at 950°C for 20 minutes
in a vacuum. To realize a cooling rate of 50 C°/sec or higher,
the materials were moved into a cooling tank so that joining was
performed. To join the metal member 6 having a diameter of 15
mm and a length of 25 mm and made of stainless steel (SUS304)
to the upper surface of the intermediate material 4 made of carbon
steel joined to the insulating ceramics 1 made of zirconia, the
brazing filler metal b7 made of BAg-18 (Ag-30 % Cu-10 % Sn-0.025 %
P) was disposed between the intermediate material 4 and the metal
member 6. While a load of 1 kg was being exerted, heating was
performed at 820°C for 20 minutes in a vacuum so that a joined
member was obtained. Fig. 4 is a cross sectional view showing

the insulating operating rod according to the present invention
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and employing the active metal method. A comparative material

was obtained by performing cooling at 50 C°/sec or lower to join
the insulating ceramics 1 made of zirconia and the intermediate
material 4 to each other.

To evaluate the joining characteristics of the insulating
operating rods, visual inspections and tension tests were
performed so that the joining strength was measured. Results
were shown in Example 4 (No. 8) in é Table 1. The example of the
present invention was free from a crack of the ceramics,
separation of the joined portion and deformation. Thus,
satisfactorily joining was rea}ized. As a result of the tension
tests, the tensile strength of the samples according to the
present invention was 23 kgf/nmf or greater. Since broken
portions produced owning to the tension tests were positioned
in the ceramics adjacent to the joined portions, satisfactorily
joints were obtained. Comparative sample No. 13 obtained by

) making the cooling speed to be 50°C/sec or lower encountered
separation of the joined portion. As a result, Jjoining of the
carbon steel serving as the intermediate material was enabled
so that joining to the metal member was facilitated. Although
the carbon steel was employed to serve as the intermediate
material, a similar effect can be obtained when the carbon steel
is used as the metal member so as to directly be joined to the
insulating ceramics. As an alternative to the active metal

method, the Mo-Mn method may be employed as the joining method.
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(Embodiment 5)

In Embodiment 5, copper or a copper alloy having yield stress
of 4 kgf/mm2 to 10 kgf/mm2 and serving as the intermediate material
was disposed between the insulating ceramics 1 and the metal
member 6. The Mo-Mn method was employed to perform joining. A
metallized layer 2 having a thickness of 30 um and made of Mo-Mn
was formed on a joining surface of the insulating ceramics 1 having
a diameter of 15 mm, a length of 25 mm and made of alumina. Then,
the electrolytic method was employed to form the Ni-plated layer
3 having a thickness of 5 pm on the metallized layer 2. Then,
two types of materials which were oxygen free copper plate (C1020)
having a thickness of 0.5 mm and Cu-0.8 wt% Cr were employed as
the intermediate material 4. Then, brazing filler metal a$
having a thickness of 50 uym and made of BNi-7 was disposed between
the intermediate material and the pléted ceramics. While a load
of 1 kg was being exerted, heating was performed at 950°C for

| 20 minutes in a vacuum so that joining was performed. To join
the metal member 6 having a diameter of 15 mm and a length of
25 mm and made of stainless steel (SUS304) to the upper surface
of the intermediate material 4 joined to the insulating ceramics

1, brazing filler metal b7 made of BAg-18 (Ag-30 % Cu-10 %

o\

Sn-0.025 % P) was disposed between the intermediate material 4
and the metal member 6. While a load of 1 kg was being exerted,
heating was performed at 820°C for 20 minutes in a vacuum so that

a joined member was obtained. Comparative materials were
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obtained by using SUS304 to join the metal member 6. Then, the
Mo-Mn method was employed to perform heating at 950°C for 20
minutes in a vacuum by using BNi-7 so that a joined member was
obtained. Another comparative material was obtained by using
Cu-30 wt?% Ni having yield stress of 17.5 kgf/mm2 and serving as
the intermediate material. Samples No. 9 and No. 10 which were
examples of the present invention were free from a crack of the
ceramics and separation and deformation of the joined portion.
As a result of the tension test, the sample according to the
present invention had tensile strength of 23 kgf/nme or greater.
As compared with Comparative Egamples No. 12 and No. 14, greater
joining strength was obtained. Since broken portions were
positioned in the ceramics adjacent to the joined portions,
satisfactory joining was performed. Although this example
employed the Mo-Mn method to jo;n the insulating ceramics 1 and
the intermediate material 4 to each other, the active metal method
, may be employed which uses brazing filler metal made of Ti-Ag-Cu,
brazing filler metal made of Zr-Ag-Cu or brazing filler metal
made of Ti-Cu.
(Embodiment 6)

In this example, both of a shrinkage fitting method using
the difference in the thermal expansion between the ceramics and
metal and a surface joining method using brazing filler metal
for performing joining are employed. Fig. 5 is a vertical cross

sectional view showing an insulating operating rod according to
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the present invention. Reference numeral 1 represents
insulating ceramics in the form of a projection, 6 represents
a metal member having a joining portion formed into a recess shape
and 8 represents brazing filler metal made of active metal.
The alumina insulating ceramics 1 having an outer diameter
of 20 mm and a length of 60 mm, incorporating a joining portion
having the projection, the diameter of which was 14.001 mm and
the height of which was 5 mm and the metal member 6 having an
outer diameter of 20 mm and a length of 30 mm, incorporating a
joining portion having the recess, the diameter of which was
14.000 mm and a depth of 5 mm and made of SUS304 were prepared.
Then, the joining portions of the insulating ceramics 1 and the
metal member 6 were abutted against each other. Then, brazing
filler metal 10 made of active metal which was Cu-28 wt% Ti was
disposed between surfaces perpepdicular to the axial direction.
While a load of 1 kg was being exerted, heating was performed
; at 950°C for 20 minutes in a vacuum so that joining and brazing
were simultaneously performed. As a result, a joined member was
obtained. A comparative material was obtained by preparing
cylindrical insulating ceramics 1 and the metal member 6 having
the dimensions similar to those of the examples were prepared
and joining was performed by a similar joining method.
Results of the tension tests of the insulating operating
rod according to the present invention are shown in No. 11 of

Embodiment 6. The present invention resulted in tensile strength
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Material of Insulating Operating Rod

Examples NO. Intermediate Ceramics Metal Materaial for Material for
Material Member Joining Joining
Intermediate Intermediate
Material and | Material and
Ceramics Metal Member
1 Present 1 Fe-42N1 Alumina SUS304 N1-13Cr-10P AG-30Cu-10Sn-
Invention 0.025P
2 Fe-29Ni-17Co Ditto Ditto Ditto Ditto
3 Fe-32N1-5Co- Ditto Ditto Ditto Ditto
3C-2S1-0.2Mn
2 Present 4 Cu-20w Ditto Ditto Ditto Ditto
Invention
5 Cu-50Mo Ditto Ditto Ditto Ditto
6 Cu/Mo/Cu Ditto Ditto Ditto Ditto
(1:2:1)
3 Present 7 Composite Ditto Ditto Cu-28Ta1 Cu-28Ta1
Invention Materaial
4 Present 8 S45C Zirconia Ditto Ditto Ag-30Cu-10Sn-
Invention 0.025p
5 Present 9 Oxygen free Alumina Ditto N1-13Cr-10P Ditto
Invention copper
10 Cu-0.8Cr Ditto Ditto Ditto Ditto
6 Present 11 - Ditto Ditto - Cu-28Ti
Invention
Comparative 12 Not provided Ditto Drtto - Ni-13Cr-10P
Example
13 S45C Zirconia Ditto Cu-28Ta AG-30Cu-10Sn-
0.025p
14 Cu-30N1 Alumina Ditto N1-13Cr-10P Ditto
15 Not provided Ditto Ditto - Cu-28ta
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State Joining
After Strength
Example NO. Brazing {kgf/mm?) Remarks
1 Present 1 Excellent 15
Invention
2 Ditto 23 or greater
3 Ditto Ditto
2 Present 4 Ditto Ditto
Invention
IE Ditto Ditto
6 Ditto Ditto
3 Present 7 Ditto Ditto Cooling rate
Invention 50°C/second or
higher
4 Present 8 Ditto Ditto
Invention
5 Present 9 Ditte Ditto
Invention
10 Ditto Ditto
! 6 Present 11 Ditto Ditto Both shrinkage fat and
Invention surface brazing were
used
Comparative 12 Cracks occurred 3
Example
13 Separation occurred - Cooling rate
50°C/second or
higher
14 Cracks occurred 5
15 Excellent 7.5
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According to the first aspect of the present invention,
there 1s provided the insulating operating rod arranged to
realize insulation and transmit operating force in a vacuum
container and constituted by joining ceramics and a metal member
to each other, the insulating operating rod comprising: an
intermediate material disposed between the ceramics and the metal
member and composed of a Fe-Ni alloy; a copper composite material;
carbon steel; copper; or a copper alloy. Therefore, stress
caused fromthe difference in the thermal expansion can be reduced
and buffered. As a result, the insulating operating rod
exhibiting an excellent joining characteristics can be obtained.

According to the second aspect of the present invention,
there is provided the insulating operating rod having the
structure that the Fe-Ni alloy, which is the intermediate
material is Fe-Ni alloy containing Ni by 20 mass% to 50 mass%;
a Fe-Ni alloy containing Ni by 20 mass% to 50 mass% and Co by
3 mass% to 25 mass%; a Fe-Ni alloy containing Ni by 20 mass$% to
50 mass% and Cr by 1 mass% to 12 mass%; or a Fe-Ni alloy containing
Ni by 20 mass% to 50 mass$% and Co by 3 mass% to 25 mass% and further
containing one or two materials selected from C by 0.5 mass% to
5 mass%, Si and Mn by 0.1 mass% to 3 mass%. Therefore, the
insulating operating rod having a furthermore satisfactory
joining characteristics can be obtained.

According to the third aspect of the present invention,

there is provided the insulating operating rod having the



10968 ()-' DEFM\PXx\ <>KK 1098& ()-'K 109& ()-'/KQh K 109%8& ()-'K

10988 ()-' K 1098& ()-' XZ fghi ST>K 10%& ()-'/KQXh QK 109%%& ()d-4 BEP 2002

10968 ()-' K 1098& ()-'K 1098& ()-'istuvwxo?>K /KQh K 109%%& ()-'K

1098& ()-' K 1098& ()-'K 1098& ()-'K 1098& ()-'xz CK /K 1098& ()-'K

10968 ()-' K 1098& ()-'K 1098& ()-'K 10%& ()-'K 10%& ()-' x\ @K /K
25

structure that the copper composite material which is the
intermediate material is in the form of a composite of Cu and
Mo or W particles in a range from 40 mass% and 90 mass%; or a
clad material having a triple-layered structure in which Mo is
sandwiched between two Cu layers in a quantity of 20 mass% to
80 mass%. Therefore, the insulating operating rod having a
furthermore satisfactory joining characteristics can be
obtained.

According to the fourth aspect of the present invention,
there is provided the insulating operating rod having the
structure that the yield stress of the copper or a copper alloy

2 to 10 kgf/mm°.

which is the intermediate material is 4 kgf/mm
Therefore, the insulating operating rod having a furthermore
satisfactory joining characteristics can be obtained.

Accorxrding to the fifth aspect of the present invention,
there is provided the insulating operating rod having the
structure that the intermediate material which is provided with
a through hole having ceramics engaged thereto is disposed
between the ceramics and the metal member. Therefore, the
insulating operating rod having a furthermore satisfactory
joining characteristics can be obtained.

According to the sixth aspect of the present invention,
there is provided the method of manufacturing an insulating

operating rod arranged to realize insulation and transmit

operating force in a vacuum container and incorporating ceramics
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and a metal member to each other, the method of manufacturing
an insulating operating rod comprising the steps of: disposing
a Fe-Ni alloy; a copper composite material; carbon steel; copper;
or a copper alloy between the ceramics and the metal member to
serve as the intermediate material; and joining the ceramics and
the metal member to each other. Therefore, stress caused from
the difference in the thermal expansion can be reduced and
buffered. Thus, the insulating operating rod having a
satisfactory joining characteristics can be obtained.

According to the seventh aspect of the present invention,
there is provided the method of manufacturing an insulating
operating rod having the structure that the carbon steel, which
is the intermediate material, is joined to the ceramics at a
cooling rate which satisfies a range from 50°C/sec to 200°C/sec.
Therefore, the insulating operqting rod having a satisfactory
joining characteristics can be obtained.

According to the eighth aspect of the present invention,
there is provided the method of manufacturing an insulating
operating rod arranged to realize insulation and transmit
operating force in a vacuum container and incorporating ceramics
and metal, the method of manufacturing an insulating operating
rod comprising the steps of: using both of a shrinkage fitting
method with which one or more projections and recesses are
provided for the ceramics and the metal member and heating and

joining are performed and a joining method with which the joined
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surfaces are brazed. Therefore, the joining force can be
enlarged and, thus, the insulating operating rod exhibiting an

excellent joining characteristics can be obtained.
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WH IS CLAIMED IS:

1. An insulating operating rod arranged to realize
insulation and transmit operating force in a vacuum container,
comprising:

a ceramics member made of oxide ceramics;

a metal member to which said ceramics member are joined;

an intermediate member disposed.between said ceramics
member and said metal member,  and made of one of a Fe-Ni alloy,
a copper composite material, carbon steel, copper and a copper
alloy; wherein

the insulating operating rod further comprises a

joining wmaterial, made of brazing £filler, for

connecting the intermediate member with each of the

ceramics member and the metal member.

2. The insulating opergting‘rod according to claim 1,
wherein the Fe-Ni alloy, which is said intermediate member, is
Fe-Ni alloy containing Ni by 20 to 50 mass%; a Fe-Ni alloy
containing Ni by 20 to 50.mass% and Co by 3 to 25 mass%; a Fe-Ni .
alloy containiné Ni by 20 to SO.mass% and Cr by 1 to 12 mass%;
or a Fe-Ni alloy containing Ni by 20 to 50 mass$% and Co by 3 to
25'mass% and further containing one or two materials'selected
from C by 0.5 to 5 mass%, Si and Mn by 0.1 to 3 mass%.

3.. The insulating operating rod according to claim 1,
wherein the copper composite material which is the intermediate
member is in the form of a composite of Cu and Mo or W particles
in a range from 40 to 90 mass$%; or a clad material having a
tripie-layered structure in which Mo is sandwiched between two

Cu layers in a quantity of 20 to 80 mass%.
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is said intermediate material is 4 to 10 kgf/mmz.

5. The insulating operating rod according to any one of
claims 1 to 4, wherein said intermediate member which is provided
with a through hole having ceramics engaged thereto is disposed
between said ceramics member and said metal member.

6. A method of manufacturing an insulating operating rod
arranged to realize insulation and transmit operating force in
a vacuum container and incorporating ceramics and a metal member
to each other, said method of manufacturing an insulating
operating rod comprising the steps of:

disposing one of an Fe-Ni alloy, a copper compositematerial,
carbon steel, copper and a copper alloy between said ceramics
member and said metal member to serve as said intermediate member;
and

| joining said ceramics member and said metal member to each
other.

7. The method of manufacturing an insulating operating
rod according to claim 6, wherein the carbon steel, which is said
intermediate member, is joined to said ceramics member at a
cooling rate satisfying a range from 50°C/sec to 200°C/sec.

8. A method of manufacturing an insulating operating rod
arranged to realize insulation and transmit operating force in

a vacuum container and incorporating ceramics and metal, said
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joining method with which the joined surfaces are brazed.



