1 TITLE OF THE | NVENTI ON ELECTRI CAL CONTACTS FOR VACUUM CI RCUI T BREAKERS
AND METHODS OF MANUFACTURI NG THE SAVE 5 FI ELD OF THE | NVENTI ON The present
invention relates to a novel electricall contact for a vacuuminterrupter
for use typically in vacuumcircuit breakers and vacuum sw tchgears, and a
met hod of manufacturing the sane. 10 BACKGROUND OF THE | NVENTI ON Vacuum

i nt er r uptraTs.EJiCFp @S] INMENIAZIAN, in vacuumcircuit breakers and vacuum

swi tchgears each have a pair of electrical contacts capable of being turned
on and ofgrrdiegRiati RONTRAETES FORS VACUUM ODREUDTPBREBAKERS hAKND METHQDS O CUui t
breakers nust be downsized. To reduce such vacuuminterrupters in dianmeter

and siz Mdﬁﬂﬁépﬁﬁﬁg@mformnce of electrical contacts of the

vacuum i nterrupters nust be Inproved so as to interrupt a heavy current at
el ectrical contacts with a small area. Chrom um copper 20 (Cr-Cu) electrical
contacts are predom nantly used as electrical contacts having excellent
interruption performance (Patent Docunent 1). |If current of the vacuum
i nt er BUptREELRE &QF i THERNL kQNje circuit is interrupted, abnormal surge
voltage is induced, which 25 nmay lead to insulation breakage of electrical
equi pnent . The The phepphnhd maemntdnin mredatbe redunsetlselastrricedppressct he
abnormal surge voltage. Accordingly, another one of requirenents for
for a vacuum interrupter for use typically in vacuum circuit
breakers and vacuum switchgears, and a method of manufacturing
the same.
10
BACKGROUND OF THE INVENTION
Vacuum interrupters disposed typically in vacuum circuit
breakers and vacuum switchgears each have a pair of electrical
contacts capable of being turned on and off. Receiving and
15 distributing equipment such as vacuum circuit breakers must be
downsized. To reduce such vacuum interrupters in diameter and
size, the interruption performance of electrical contacts of the
vacuum interrupters must be improved so as to interrupt a heavy
current at electrical contactswithasmall area. Chromium-copper
20 (Cr-Cu) electrical contacts are predominantly used as electrical
contacts having excellent interruption performance (Patent
Document 1).
If current of the vacuum interrupter used in an inductive

circuit is interrupted, abnormal surge voltage is induced, which

25 may lead to insulation breakage of electrical equipment. The



el ectrical contacts is a small chopping current. As electrical contacts
havi ng smal |l choppi ng current and | ow surge voltage, 5 Co-Ag-Se all oy

el ectrical contacts have been known (Patent Docunent 2 and Patent Docunent
3). [Patent Docunment 1 Japanese Unexam ned Patent Application Publication
(JP-A) No. 2005-135778 [Patent Docunment 2] Japanese Unexam ned Patent

Appl i cat chbppifigPohkireati must e Aedmedisio 8%- DO BHIPT ¢BS cifte Pbawredl 31
Japanese Unexam ned Patent Application Publication (JP-A) No. Hei 09-171746

The vacuyggrger ¢YilttadyecakrEsordRhgall, yatistngrConuotl reyuiekmentisc&brcont act s
are excellent in interruption performance 15 and can interrupt a | arge

current, o2Utt6aUse BoRtG8EsYeS | AURAAOBNLRLERGUShEPONE! |2 @9 citirliRal.
Accordi ngly, ey nmust use a surge absorber for absorbing the abnornal
surge vol ta%e, and this | eaclil 0 _increase ien Si ze alnd GOst eof Oeil ecteri cal
equi prenCOMFRE WPa BRI G 8 PP CHETEAY PSS SSRGS 81Ha%Sy 20
el ectrical contacts show a | ow surge voltage but are unsuitable for

| ar ges cu€reAg -iSet @llg g ctmeahicomtiantiohayer Rasfdddhd RBafenow sur ge

property are considered to be theoretically inconpatible with each other,
because Dheumenter® arsl iBstemrtuMcerhmenta hi.gher val ue than zero 25 to yield a
| arger chopping current with an increasing interruption 3 performance.

Accordingly, ebgaebhitaibc @ eals hayhRgs8ivgxarinyd PRtERD ApgyIfiatange and
those showi ng a satisfactorily low surge voltage are used case-by-case to

suit the J¥Re AN 458 fH-a )V RIS L7y eakers.
[Patent Document 2] Japanese Unexamined Patent Application
10 Publication (JP-A) No. Hei 07-029461
[Patent Document 3] Japanese Unexamined Patent Application
Publication (JP-A) No. Hei 09-171746
The vacuum circuit breakers typically using Cr-Cu alloy
electrical contacts are excellent in interruption performance
15 and can interrupt a large current, but cause a surge voltage upon
interruption of large current. Accordingly, theymust use a surge
absorber for absorbing the abnormal surge voltage, and this leads
to increase in size and cost of electrical equipment.
The vacuum circuit breakers typically using Co-Ag-Se alloy
20 electrical contacts show a low surge voltage but are unsuitable
for large-current interruption.
The interruption performance and the low-surge property are
considered to be theoretically incompatible with each other,
because the current is interrupted at a higher value than zero

25 toyield alarger chopping current with an increasing interruption



5 1n addition, the vacuumcircuit breakers nust maintain required
properties even after carrying out interruption many tinmes, but electrical
contacts combi ning excellent large-currént interruption performance and

| ow surge performance nmay have reduced Iomrsurge performance after carrying
out interruption 10 ma Y OF THE | NVENTI Cg%ﬁ obj ect of the
present i RFEHITFRNCE toA%F8§pagg&H eFéEFFFéSPl CORtacts y ent

interruption performance and showing 15 a |ow surge voltage concurrently,
showi ng | s edutumtiigmapesfiormapeef anddinse showiat arsatisfactorily low
interruption, that can yield, for exanple, a vacuumcircuit breaker, which
i s reduceGuryesivod tagadatastised@nthse 1iey hedkd ao mavidf abkeuriypg dhe wdecifd i cal
contact. The present invention provides an electrical contact made 20 of an

al | oy conggdqu;éyyaygﬂﬂgréyy%fg copper and silver; and a carbide, wherein

the el ectri cont act structurally has amatri x phase and a chrom um phase,
the matri x phase isin t he .one . of er_and silver, and the
chr oni ¥m phase Begﬁ §§P Hﬁh&dva u@hglESPB% grgﬁ &% PRl PN AR nat ri x
phase. 25 The present invention provides an electrical contact 4 conprising
1 to 30 paresmriresly proRgmtists #vear fder wiatrning patandd ensainig woppery. The
present invention provides, in another aspect, an electrical contact

conpri si ng iclysonbuteleepdicalatdn 8acas Rickdinimgbecel hehba amjegldurmadnto of
chromumto the carbide is within the range of 1:1.5 to 1:50. This

el ectri calj GAfFt I TR tharfTRId S 8wk sl g REF i Hadte Wi PHard the

car bi de.

reduced low-surge performance after carrying out interruption

¢

10 many times.

SUMMARY OF THE iNVENTION
Anobject of the present inventionis toprovide anelectrical
contact having excellent interruption performance and showing
15 a low surge voltage concurrently, showing less deterioration in
performances even after multi-time interruption, that can yield,
for example, a vacuum circuit breaker, which is reduced in size
and cost, and a method for manufacturing the electrical contact.
The present invention provides an electrical contact made
20 of an alloy comprising chromium; one of copper and silver; and
acarbide, wherein the electrical contact structurallyhasamatrix
phase and a chromium phase, the matrix phase mainly comprising
the one of copperand silver, and the chromiumphase being surrounded
by the carbide and dispersed in the matrix phase.

25 The present invention provides an electrical contact



In a further aspect, the present invention provides an electrical contact
conprising chromum copper, and a carbide, 10 wherein the electrical
contact has a chromum content of 0.02 t*o 20 percent by weight and a car bi de
content of 1 to 30 percent by weight, with the bal ance being copper, and
wherein the carbide content is higher than the chrom umcontent. The

conf i gur aCeBRTEEdRIdk $0a3Q ReEFGRE| ‘P%M’ieﬂgﬁlrte%ﬁé‘rc?ﬁ%%de 154 the had@dse si ze
and can interrupt a large current. It can also provides a vacuumcircuit
br eaker t batingasoppeal.l ent i nterruption perfornmance and shows a | ow surge
vol tage concurrently. The present invention can provide electrical contacts
that conbine exgel beBkehft ehi/dption PeolaE@RCa naRtdte¥rs WsgRod) an
performance and show | ess deterioration in perfornances even after

mul ti-ti i I E T NGR, I 9 iS4
dl&gf&ﬁ]g%&ﬁ?%?&c% g??&???regggﬁggﬁéﬁe%§$%§EUJ a ordlndfto t ’r'st and
second enbodi nents_of the_present 5 _invention. a dlagran1shomﬁng

the st?ucthegedp &h@a@@&ﬁptlﬁ?@ﬂPuBFaniﬂﬂﬁqmrﬁ?t qlﬁ?q hided IEditent  of

the present invention. 5 Fig. 3 is a diagramshow ng the structure of a
vacuum ci rthwei ranpeeakelr: hctdradilngOt.o Thes fole ¢ hreedbdigreitc b refenabdyent
invention. Fig. 4 is a diagramshow ng the structure of an electrical
contact aceaipdikest @ the o el mrodymei it tdre tHesaentviqwention. 10 Fig.

5 is a diagram showing the structure of a |oad breaking
In a further aspect, the present invention provides an
electrical contact comprising chromium, copper, and a carbide,
10 wherein the electrical contact has a chromium content of 0.02
to 20 percent by weight and a carbide content of 1 to 30 percent
by weight, with the balance being copper, and wherein the carbide
content is higher than the chromium content.
The configuration provides a vacuum circuit breaker that
15 has a reduced size and can interrupt a large current. It can also
provides a vacuum circuit breaker that has excellent interruption
performance and shows a low surge voltage concurrently.
The present invention can provide electrical contacts that
combine excellent interruption performance and low-surge

20 performance and show less deterioration in performances even after

multi-time interruption.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing the structure of an electrode

25 according to the first and second embodiments of the present

4



swi tchgear for a pad-nount transfornmer according to the seventh enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
15 An el ectrical contact according to tRe present invention is made of an
all oy conprises chrom um one of copper and silver, and a carbide and
structurally has a matrix mainly conprising one of copper and silver; and a
chrom um pRYS8t4GProunded by the carbide and dispersed in the matrix. The
phrase "surrounded by 20 the carbide" neans and includes a state where the
carbide is cohBigd 2i hst Aedipgiram ghotiohr sheustpactiugieeofom yacuug es
mainly conprising chromum wthout the need for entire chromum particles
bei ng covengdrwuplt eirh@ceaiditey to) tiehehiwal dsnbddim@aNsof atlsd giresuiry € the
carbide is cohered or concentrated at the boundary 25 between the copper or
silver phqg%egqqohhe chrom um phase. 6 Sufficient interruption performance
i s obtainéd by conprising chrom um and one of copper and silver. In
addition, the_sublinmatiagon phenongnon of carbi de upon current interryption
feduces the chBpRr eVt AoRO 2 RORAParias LERE HEE off @ KaCUHR S Hapa -
resulting vacuumcircuit breaker can exhibit excellent interruption

per f or manbaeakies emcoirdd nakitst Shenifidur tdy curi dighardni afm thawdPx¢d s tensur es
the current-carrying performance of the matrix mainly conprising one of
copper andnSienwg@lonand effectively contributes to exhibit a | ower surge
voltage. 10 The electrical contact described herein according to the

present inventgeg ISR %‘}%‘Prﬁrsh%‘in tREDL HPuaPEre 0ot Al 1ebthd 34
percent by meigﬁg o?n?ie cafbl e wth the Ealanceéﬁeing copper.

contact according to the fifth embodiment of the present invention.

10 Fig. 5 is a diagram showing the structure of a load breaking

switchgear for a pad-mount transformer according to the seventh

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

15 An electrical contact according to the present invention
is made of an alloy comprises chromium, one of copper and silver,
and a carbide and structurally has a matrix mainly comprising
one of copper and silver; and a chromium phase surrounded by the
carbide and dispersed in the matrix. The phrase "surrounded by

20 thecarbide"” means and includes a state where the carbide is cohered
in the vicinity of chromium particles or particles mainly
comprising chromium, without the need for entire chromium
particles being coveredwith the carbide. Inotherwords, it means
astatewhere the carbide is cohered or concentratedat the boundary

25 between the copper or silver phase and the chromium phase.



The el ectrical contact of this type can reduce the chopping 15 current,
accel erates the drive of arc, and can exhibit excellent interruption
performance, by the action of sublimati & phenomenon of the carbi de upon
current interruption. The chopping current is a residual current when an
alternating current is interrupted. By redu0| ng the chopping current to,

for exanple, 3 Ruficdeat dptegarupiiga penfagaadse vé rhFEaLhMRY t he

i nsul ati on breakage can be suppressed. The carbide returns to a solid state
duri ng cocompy igrioge shroafiber ahficone rafe mioppretre andps i dverbecbuseiditiorder goes
phase change between a solid phase and a vapor phase. Thus, the electrical

25 cont actheABubRifhaiBn! pReRGheNGA Yo @ar@ddecubbh &mﬁgrﬁwﬂﬁmtﬂon even
after repeatlng interruption many tines, for exanple, forty tines or nore,

pr ef er abl fl h e tri n t rr a

| ar ge cur%éen uce%'s tt?lfeogﬂggﬂnb é@% Ikg or(i %g:r éel;ént?tte%e%g% a}}é ii'%té(g ea>L<Hgéel | ent
5 interruption perfornmance and | ow sur per f or mance, be_cause the carbide
deconpdsedhient gHddas v (ﬁﬁi’dﬁh&ﬁ@‘{%q&ﬁa}?% 1 P 1 e REC hkebr ge
voltage to approxi mately zero. Another electrical contact described herein
conpr i ses indleromapimorc gEpeEiormedtea ¢ dhbi derbidewexdls tcheaimilghtemoatnido of 10
chromumto the carbide of within the range of 1:1.5 to 1:50, and the

carbi de CQMr@Midnf, JandetﬁQspeﬁgaﬂésbfhmm&enef%aﬁﬂﬁrh@rp&ﬁ;ﬁmam gront act

descri bed her el n is made an alloy conprising chrom um copper, and a
carbide a 0 02 to t and a
carbide 1 ItaixCPr[acl}erl:}m q‘gjfarficr}%ln J b%%\é%hcf(,;pog\)meorteh&yﬁe %\f ancEgA]%ei ng

copper,
Rp effectively contributes to exhibit a lower surge voltage.

10 The electrical contact described herein according to the
present invention comprises copper and a carbide and contains
1 to 30 percent by weight of the carbide with the balance being
copper.
The electrical contact of this type can reduce the chopping
15 current, accelerates the drive of arc, and can exhibit excellent
interruption performance, by the action of sublimation phenomenon
of the carbide upon current interruption. The chopping current
is a residual current when an alternating current is interrupted.
By reducing the chopping current to, for example, 3 A or less,
20 the surge voltage can be reduced and the insulation breakage can
be suppressed.
The carbide returns to a solid state during cooling process
after the current interruption, because it undergoes phase change
between a solid phase and a vapor phase. Thus, the electrical

25 contact can maintain its activity to reduce the chopping current



in which the carbide content is higher than the chrom um content. Possible
alternative materials for chrom um and copper are cobalt and silver,
respectively. The electrical contact according to the above-nentioned 20
enbodi ment can have i nproved vol tage endurance performance. However, the
carbi de content decreases after repetition of interruption, because the
car bi de ceronentedacapgoisity ds ta rrepiliion nangubime®} for eramphes fotty
chromumto forma conpound. Accordingly, the weight ratio of chromumto

the carbi dg ey %% R L YAty £y aWeiaded  Oihds 11 50. By

sati sfying thls the activity of reduci ng t he choppi ng current can be
mai nt ai ned. The gpntgnt of. the car er cent

rol ohe P e TheneaaC et Pt Rkl copR Rh ErFE L R e as RS ar

current is not effectively reduced. If it exceeds this 5 range, the materi al
for the elfdt ExaapleontZt K F aake oKk dderplngiqgnzines excehlento yiel d
desired interruption performance. The carbide preferably has a sublimtion
poi nt er dextermositiiconppeifnirmahct8Md lomw gl pekivemapeei,f beahtiye thee
carbide is preferably one selected fromSi C, TiC, W, Cr3C2, Be2C, 10 B4C,

ZrC, H C, MG abaGe cBipod ¥ H&&ﬁf@ic‘iﬁnﬁm’emﬂé&oé VW hdPtg, of
t hese carbldes By satisfying this, the carbide sublimates by the actlon of

arc generat current erruption and acts to reduce the chopping
current. 6@9 &ﬁtQPRTQf%WFH_#%H%ﬁﬁﬂ by wei ght of I ead.

Thi s |nproves antl-meldlng perfornance of the electrical contact.
Another electrical contact described herein comprises

chromium, copper, and a carbide, in which the weight ratio of
10 chromium to the carbide of within the range of 1:1.5 to 1:50,
and the carbide content is 1 to 30 percent by weight.
Yet another electrical contact described herein 1is made
of an alloy comprising chromium, copper, and a carbide and has
a chromium content of 0.02 to 20 percent by weight and a carbide
15 content of 1 to 30 percent by weight, with the balance being copper,
in which the carbide content is higher than the chromium content.
Possible alternative materials for chromium and copper are
cobalt and silver, respectively.
The electrical contact according to the above-mentioned
20 embodiment can have improved voltage endurance performance.
However, the carbide content decreases after repetition of
interruption, because the carbide component decomposed as a result
of sublimation combines with chromium to form a compound.
Accordingly, the weight ratio of chromium to the carbide is

25 preferably within therangeof 1:1.5t01:50. By satisfying this,



A nmet hod according to the present invention manufactures an electrical
contact by m xing powders of chrom um one of copper 20 and silver, and the
carbide to yield a powder nixture, subjecting the powder mixture to conpact
nmol ding, and sintering the nolded mxture. As the rawmterials for the

el ectrical contact according to the present invention, the powders of
chrom um d#e aaEivltyopbaredusidsithecehppirg AMKrartc FaRabe Bakviainpd.
particle size of 75 25 mor less, and the carbi de powder pref erably has a
average particl @ne cshzenaf o20theocarbsde Thiprygferasla Ueso rea miraenitur e
that is excellent in noldability and is uniform in which the carbide

Surrounds (NRRAIHA. PatE i ehe&Scadifas I dHid Yy ilsS 1858 hahl ¥hi§arah&d, Qe at
tenperaturés equal to or lower than the nelting 5 point of copper or silver

in a vacuu in an inert. gas, Qr i hydr ogen at npsph «,.The carbide does
not_decompaiPERd REEESDF ohpdedt GF B8RP Yera i E8 T hoa bt SSREBTRG TS a
final shape, elimnates the need for postnachining, and yields an

i nexpehsi vangd edhe pategdgda&er the %gﬂﬁhﬁ-cﬁél @PREAFE Mreferdfiseasad i ed
10 out at a formng pressure of 120 to 500 MPa. If the form ng pressure is

| ess t han degx¥ iNRasotde toofded o tyidle desdickfli tutértophaod g rfdimdriceexceeds
500 MPa, the material powders are susceptible to adhesion to the die, and

this invites a shertarpdige lpddldr®1dNtha? 4 edHPShARANPd Mt Yor 15 An

enbodi ment of the electrical contacts according to the present invention
Do ot OS8O A s R o SRR
Expression (1)

: carbide is preferably one selected from SiC, TiC, WC, Cr;C,, Be,C,

10 B4C, ZrC, HfC, NbC, TaC, ThC, and VC. The carbide may comprise
two or more of these carbides.

By satisfying this, the carbide sublimates by the action
of arc generated upon current interruption and acts to reduce
the chopping current.

15 The copper may coexist with 0.2 to 1 percent by weight of
lead. This improves anti-welding performance of the electrical
contact.

A method according to the present invention manufactures
an electrical contact by mixing powders of chromium, one of copper

20 and silver, and the carbide to yield a powder mixture, subjecting
the powder mixture to compact molding, and sintering the molded
mixture. Astherawmaterials for theelectricalcontactaccording
to the present invention, the powders of chromium and one of copper

and silver preferably each have a average particle size of 75

25 umor less, and the carbide powder preferably has a average particle



20 wherein "x" is the dianeter (mm) of the contact . By satisfying this,
the resulting vacuumcircuit breaker does not require a surge absorber and
can interrupt a large current. This condition can be satisfied by
constructing an electrical contact conprising the above-nentioned
conponents and havi ng the above-nentioned 25 structure, and the | ow surge
vol t age amdziehefex@elm ent liadser r ThtlisogiéQdspaerdes iead es tanc bherecthatv dd
concurrently. An electrode using the electrical contact according to the
present i agxestilenti Sn motld@aviarimyofand disS@ndFdbreondm sesSoch agid ralrbilie e
arranged at the circular center of the disc; and a plurality 5 of through
slit groo i | t: M t cen . ~hol; ing from
t he ci rcu%glr%liég'rlll{a %r %1?1 tgolnﬁgﬁg{btra%&rﬁégretegr}ce&ﬁgf gtg hi:@g—llg? 1_%_h§'%§lf%§a?)g e has a
pl an shape divided intgo wings by the sli rooves. By satisfying . this, arc
s br ovenCed TechPuGener AERHGTALUFRE EaHELr COTOF PET bR Tedddid on.
the slit 10 grooves give driving force to arc and prevent the arc from
st oppi g Podnthefelopppeayent sildverr dpt icoivaicaiumur d.n Afotil@rtelgest.r ede imsi ng
the electrical contact according to the present invention conprises a
di scoi dal neFdeen antthodphedleactmededrad dant®@@allot fdeashicsa & dthefe t he
di scoi dal nenber 15 opposite to an arc generation side. The discoi dal nenber
conpri ses I rd cal t i (o] present dnventj.an.. The
el ectr odetﬁa@%r%tﬁh%itesg'con?l?g%r%ﬁ%%gﬁg{s%ﬂg‘e essli"rgg)é’p‘[%’er§§o‘1r1 n%lﬁlcaglsgh%q)\?dcuum
interrupter, .according to the present invention c rises a.vacuum chanber,
A i ; ahedd

and a pai FldMiRatesHhe T §@E RATT 2PN AN 1R alft oy AFHRTTET Vi the

vacuum chanber, in which at | east one of the el ectrodes conprises the
el ect r ode edeictgiiced contact. The compact molding is preferably carried

10 out at a forming pressure of 120 to 500MPa. 1If the formingpressure
is less than 120 MPa, the molded article is difficult to handle.
If it exceeds 500 MPa, the material powders are susceptible to
adhesion to the die, and this invites a shorter die lifetime and
a reduced productivity.

15 An embodiment of the electrical contacts according to the

present invention has a chopping current of 1 to 2.5 A and shows

a maximum interrupting current "y" (kA) satisfying following
Expression (1):
0.44x%<y<1.32x Expression (1)
20 wherein "x" is the diameter (mm) of the contact . By satisfying

this, the resulting vacuum circuit breaker does not require a
surge absorber and can interrupt a large current. This condition
can be satisfied by constructing an electrical contact comprising
the above-mentioned components and having the above-mentioned

25 structure, and the low surge voltage and the excellent interruption



el ectrical contact according to the present invention. A vacuumcircuit
breaker according to the present invention conprises a vacuuminterrupter,
conductive termnals, and a 25 operatimng device, the vacuuminterrupter
conprising a vacuum 11 chanber and a pair of a fixed electrode and a
novabl e el ectrode arranged in the vacuum chanber, the conductive termnals
arranged pattfirdearide cachanaciisrvaptarnandrdrei Iyg. connected to each of the
fi xed el ectrode and the novabl e electrode in the vacuum5 interrupter, and

the operating dey ggeca¢tbhs WHish ithe EnecEPYaRL ot £6t RERBrdihMbCthat
| east one of the fixed electrode and the novable el ectrode uses the

elect ri cal, CoNLACY ndeaRL AL, 4§ LA e AESEN diBYCHd Mhnelhli s o beldlg vaeuum
circuit bféakers and  various vacuum Sw chgears that e excel Ten
interruption 10 performance and show a | ow surge voltage concurrent]y.

Y,
Enbodi nent¥ 16t arfengrdsahtthenGeRerdaTvi ¢ t e ofesBri bERC i rrdatREYTakiXh by

no neans |imt the scope of the present invention. [Enbodinent 1] 15 An
el ect r bcaloft dritrantghc anipirti Jrapvepdeyings reo ity icqntawt wihtlonihen gertral es
surrounded by Si C and dispersed in the matrix was prepared, and an

el ectrode Wi RHAPk EEnEShHE AAE tBLEEi FEGRAr S @Etto ThE. cilrdsmBytanof the
prepared el ectrode. The electrode in Fig. 1 conprises an electrical contact

1 having spiral gr.oaoves 0 L Vi riving e . - rehy to
orovent R e 98 sTBRFhe b e A bR siRRBCaL O BEE 1 G gL s
steel, an electrode rod 4, a solder material 5, and a_central hole 51
const i t ut By thec§Ad&vE8TPBYEFon Borsafrisfaitihdbdise Aremi§ePErReRrhgd BEOM he
center of the el ectrode.

‘ generating at the center of the electrode. In addition, the slit

10 grooves give driving force to arc and prevent the arc from stopping
to thereby prevent interruption failure.

Another electrode using the electrical contact according
to the present invention comprises a discoidal member; and an
electrode rod integrally fixed to a side of the discoidal member

15 oppositetoanarcgenerationside. Thediscoidalmember comprises
the electrical contact according to the present invention. The
electrode having this configuration has the desired performances.

A vacuum interrupter according to the present invention
comprises a vacuum chamber, and a pair of a fixed electrode and

20 a movable electrode arranged in the vacuum chamber, in which at
least one of the electrodes comprises the electrode using the
electrical contact according to the present invention.

A vacuum circuit breaker according to the present invention
comprises a vacuum interrupter, conductive terminals, and a

25 operating device, the vacuum interrupter comprising a vacuum



25 The electrical contact 1 was prepared in the follow ng manner. 12
Initially, chrom um powder and copper powder each having a average particle
size of 75 pmor less, and Si C powder ha¥ing a average particle size of 2
to 3 mwere mxed in a twin-cylinder mxer to make conpositions of the

el ectrical contacts shown in Table 5 1 bel ow. Next, the powder m xture was
char ged i mhambedi enidaai pgirsefia £istedpe les trodieonndt Aenevalble e lgdtrzdde
grooves 2 and central hole 51 and yield the desired shape of the electrical
contact, sathridel chajlgedadidhWhanss Stheeimihd i vorpani nabsdmthnywer a
hydraul i c pressure of 400 MPa. The density of the resulting 10 conpacted

mol di ng was, @hiy éiifé’/ovaﬂﬂlﬁn vWas RS Ala 390G | dbnfe MAGH U fégcﬁwff hour's

to yield electric contact 1. The relative density &?athe el ectrica
contact 1 was ,abou 6%, The el ectrodes wer ufactured in the foll ow ng
menner SRR ShETRPI by Gorq VHb S COPRTCSRE Life 128 (Yo7 Sdent 15
plate 3 of stainless steel SUS 304 were nmachined into a desired shape. The
proj echi oringfenmw tacapdddre enerandadi ¢eetce@dting to v identhaimvabBl of
the electrical contact 1 preparedby sintering and the central hole of the

rei nf or cerBictdaaies, 3n ahdchhay Wwedet asserblied Bikbdaeiottdeodended e 5.
The solder material 5 was 20 al so pl aced between the electrical contact |and

the reinfofceEnd e1RlALSER uERe aRgeabLLeSiWRICcHRRAEY ALcIF@IngNe& MASUUM

of 8.2x 10-4 Pa or less for ten mnutes to produce the el ectrode shown in

Fig. 1. The el ectr.odes were u sgﬁfon 3 vacuum interrupter of . a r%%§€
i ng

vol t age ofPTESENY 1Y G cu t YAF1860 VACURTY S5 dd PIE AN GES

current of 20 kA, If the strength of the electrical 13
; various vacuum switchgears that have excellent interruption
10 performance and show a low surge voltage concurrently.

Embodiments of the present invention will be described in

detail, which by nomeans 1imit the scope of the present invention.

[Embodiment 1]

15 An electrical contact comprising copper as a matrix, and
chromium particles surrounded by SiC and dispersed in the matrix
was prepared, and an electrode was prepared using the electrical
contact. Fig.lisaviewof thepreparedelectrode. Theelectrode
in Fig. 1 comprises an electrical contact 1 having spiral grooves

20 2 for giving driving force to arc, thereby to prevent the arc
from stopping, a reinforcement plate 3 made of stainless steel,
an electrode rod 4, a solder material 5, and a central hole 51
constituting a concave portion for preventing arc from generating
at the center of the electrode.

25 The electrical contact 1 was prepared in the followingmanner.



contact 1 is sufficient, the reinforcenent plate 3 may be omtted. The

el ectrical contact 1 can also be prepared according to the above-nentioned
met hod when the carbide is at |east onelef TiC, W C3C2, Be2C, B4C, ZrC,
Hf C, NbC, TaC, ThC, and VC instead 5 of SiC, and when the matrix conponent
is silver. [Enbodinent 2] In the second enbodi nent, electrical contacts

st ruct ur al Inyi timlingcahrompperpovler andnb e pawiierlesschdhaping edaverade
matrix 10 were prepared, and el ectrodes were prepared using these

el ectricalp, 00 @ S1 1@ 5HBURLUSE Disd hearfd @8ld pdCRieSnhengageaRSrade t he
first enbodi ment, as shown in Fig. 1. e electrical contact 1 was prepared

in the follow ng manner. _lpitially, chrom um.,powder and Si C. powder. each
havi ng o o BHerS TH S &y eMoreTE T ERar BECE BRI - b A R a2

tw n-cylinder mxer to make conpositions of the electrical_ contacts shown in
Table ~ 1 De? FEENSAPATHEIRHSAE et GLechad cetargBdartfosiouPelRal@e such
a shape as to formthe through spiral grooves 2 and central hole 51 and

yi el d the Uésilroad sNept,othe lpowlecinixdalrecoatacharg@@daint ¢ lredihanayeing

m xture was subjected to conpact nolding under a hydraulic pressure of 400

MPa. The dansh tay sBhpehgsresWdrim@heCeAP3GHR s FDE &l NG ke AROHhA7SSAtdd s was
sintered at 900C to 1050C in a vacuumfor two hours to yield the electrical

tact Ny i M it \ | 1] I ' 25
vas. about " i Srth g RIRE e MeRtrb e ehERY: BE"IRE SFLEH Sl et o

as in the first enbodi nent. The el ectrode shown in Fi 8 1 was_prepared. The
el ect r odes2®idrid & AP TIHd PirdARFmWast RPdgEEedotcacpyPagt molding under

a hydraulic pressure of 400 MPa. The density of the resulting

10 compacted molding was about 73%. This was sintered at 1050°C in

a vacuum for two hours toyieldelectrical contactl. Therelative
density of the electrical contact 1 was about 96%.

The electrodes were manufactured in the following manner.

The electrode rod 4 of oxygen-free copper and the reinforcement

15 plate 3 of stainless steel SUS 304 were machined into a desired

shape. The projection of the electrode rod 4 was inserted into

thecentralhole5l of theelectricalcontact lpreparedbysintering

and the central hole of the reinforcement plate 3, and they were

assembled with a solder material 5. The solder material 5 was

20 alsoplaced between the electrical contact 1 and the reinforcement

plate 3. The assemblies were heated at 970°C in a vacuum of 8.2x

10™* Pa or less for ten minutes to produce the electrode shown

in Fig. 1. The electrodes were used for a vacuum interrupter of

a rated voltage of 7.2 kV, a rated current of 600 A, and a rated

25 interrupting current of 20 kA. If the strength of the electrical



voltage of 7. 2 kV, a rated current of 600 A, and a rated interrupting 5
current of 20 KA. If the strength of the electrical contact 1 is sufficient,
the reinforcenent plate 3 may be omtted3 The electrical contact 1 can also
be prepared according to the above-nentioned nmethod when the carbide is one
of TiC, W, 10 Cr3C2, Be2C, B4C, zZrC, HC, NbC, TaC, ThC, and VC instead of
Si C. Thesentadi Ulds saffbeientd the cetrhf oatemant Ad atlee3 carbbdegmiSited .s
especially preferred, and TiC and WC are preferred. These carbides are

advant ageous i nrhRal1b8erid8l VR ON 10kafH1HE de2praphestl 4cobrdeaitg by
arc is small, 15 although they may invite an increased chopping current of

about 7 A. [Enbodi nent .3 i the el ec d factured in the first
and secon&hezsggr\{ﬁtiaﬁer%n olsn,el&zm\%gg&%mwﬁﬁﬁe%%gp %’F%&%V?%e EV\AP?%% h%leeloe%t rode
was manufactured. The specification of the vacuuminterrupter were: a rated
vol t age off1Z.2Wkv, CrsCeat BeeCcuPrentZst. 666 -ANPandra% f&CedanAt ¥ rupthiadd
current of 20 KA. Fig. 2 is a view showing the structure of the vacuum 25

i nt errsipt @f &dcor dindy whert e matd ienfomperent Thee sdalcteim 15 interrupter in
Fig. 2 conprises a fixed electrical contact la, a novable electrical

contact | b, reinforcenent plates 3a and 3b, a fixed electrode rod 4a and a
novabl e el ectrode rod 4b, so that the fixed electrode 6a and the novable

el ectrode [%bbar %orﬁstj']t uted. 5 The novabl e el ectrode 6b is bonded by

sol dering 02 OV € hol der 12 t hrough a novabl e shield 8 for preventing

scattering
In the second embodiment, electrical contacts structurally

having a copper matrix and SiC particles dispersed in the matrix

10 wereprepared, andelectrodes were preparedusing these electrical

contacts. The structure of the electrodes is the same as in the
first embodiment, as shown in Fig. 1.

The electrical contact 1 was preparedin the followingmanner.

Initially, chromium powder and SiC powder each having a average

15 particle size of 75 um or less were mixed in a twin-cylinder mixer

to make compositions of the electrical contacts shown in Table

1 below. Next, the powder mixture was charged into a die having

such a shape as to form the through spiral grooves 2 and central

hole 51 and yield the desired shape of the electrical contact,

20 and the charged mixture was subjected to compact molding under

a hydraulic pressure of 400 MPa. The density of the resulting

compacted molding was about 73%. This was sintered at 900°C to

1050°C in a vacuum for two hours to yield the electrical contact

1. The relative density of the resulting electrical contact 1

25 was about 94%.



of netal vapor upon current interruption. These nenbers are highly
vacuumtightly sealed by soldering with a fixed end plate 9a, a novable end
pl ate 9b, and an insulating cylinder 1314 The screw 10 portions of the fixed
el ectrode 6a and novabl e hol der 12 are connected to the exterior
conductors, respectively. There is disposed in the insulating cylinder 13 a
shield 7 f orpTaeenédnafjastatiegimgthet florvaherebecirgidesidslthe same as
supporting a sliding portion disposed between the novable end plate 9b and

15 the novabiige Bokdelembbd it | BNE e1@citFodiesfiasgd 1 RetiveenwhBg rap@akl £,
shield 8 and the novable end plate 9b thereby to | et the novable hol der 12

move up and dowg (o, {ucn on. a0 of (o Lhe L X6l ol 5e100E-, 88804 Lhe pyabl e

el ectrode 6b, whife eeplnge vacuum interrupter In va f%g t he
el ectrical contacts _manufactured in the first and second _enbodinents as the
el ect ri caVod&RI&RS 7I- & Xahda ms tied Prgrenofi&fd §a@dnd ratefidted rdddrdi ng
to the present invention was prepared. 25 [Enbodi nent 4] 16 Avacuum
circuis bresawentprodvi2ded&AM th the vacuuminterrupter manufactured in the
third enbodi mrent was prepared. Fig. 3 is a schematic view of the circuit

breaker conpri sirpgth8es AN ofNtRE U S rilda A 1t Ps thes fiQurdrt
enbodi nent and an operating 5 nmechanismthereof. The vacuumcircuit breaker

has the operat]j C i sm_ i t ront sid t hree epoxy resin
cyl i nder SQ% itrlr?qlthé%ba%%sn&d@l%tﬁ]gegpa xgjer edsf'ﬁ% cylinders 15 supports the

t hree vacuun1interruEters_ for three phases,_ respectively. The vacuum
interrupter 14 The electrical contact 1 can also be prepared according to

the above-mentioned method when the carbide is one of TiC, WC,

10 Cr;C,, Be,C, B,C, ZrC, HfC, NbC, TaC, ThC, and VC instead of SiC.
These carbides can be used in combination.

As the carbide, SiC is especially preferred, and TiC and

WC are preferred. These carbides are advantageous in that the

deformation of surface as a result of heating by arc is small,

15 although they may invite an increased chopping current of about

7 A.

[Embodiment 3]
Using the electrodes manufactured in the first and second
20 embodiments, a vacuum interrupter provided with the electrode
was manufactured. The specification of the vacuum interrupter
were: a rated voltage of 7.2 kV, a rated current of 600 A, and
a rated interrupting current of 20 KA.
Fig. 2 is a view showing the structure of the vacuum

25 interrupter according to the third embodiment. The vacuum



10 connected to and turned on and off by the operating nmechanism through an
i nsul ating operating rod 16. Wien the circuit breaker is in a closed
position, current flows an upper term pgl 17, the electrical contact 1, a
collector 18, and a |lower term nal 19. Acontact force between the

el ectrodes 15 is kept by a contact spring 20 disposed to the insul ating

oper ating j gred-rApHteharceilgach temnpeibesvaepikde €166tFr88% aoidde 1a,
el ectromagnet o-noti ve force caused by short-circuit current is maintalned

by a suppoy EGQbHSVeGieg%rfgglacof%lt%c@%b Vﬁgggéggégﬁ%ﬁg rpgié&ézss%t%h%ﬁd%i ted,

the el ectrodes I'n ah Open State are closed pushes a
roller 25 upward bX means of a knockin rod. 24 to rotate a nmain | ever 26,
p

6
then the roffigedzslectEndporedda Bk ﬁgm%‘ﬂ%%‘?ﬁ]rf’gcq% rofl 4pp sOftAt state

that the circuit breaker is in a tripped condition, a tripping coil 27 is
excited saheh@ixad eileppirodeléeavand tBB npd adhilscorewitt ode b apleopprt ttoutrast at e
the main lever 26 thereby 17 to separate the electrodes. In a state that

the cigcuit brealfe nevdpl &8168ReR0IEH s HoRidd B sidldeirisigl €o hiigowitid nal
position by a reset spring 29 and, at the sanme tinme, the plop 22 engages,

xcitod { S gea 4 RETECER: Polar i TRohhsalaf S4F et el B AR B¢ e,

[ Enbodi nent_ 5] The el ectrical contact manufactured in the first enbodi nent
10 was uséf Ttk ¥pAPE UPed GHCERIM LATBFFUBt éPRof THRSe REBRCTSETEdE Iy 7. 2
kV, rated current of 600 A and rated interrupting current of 20 kA shown in

t he t hird veadoohnErghtlgnddaled douwnlideringiptieth a fixed end plate 9a,
a movable end plate 9b, and an insulating cylinder 13. The screw
10 portions of the fixed electrode 6a and movable holder 12 are
connected to the exterior conductors, respectively.
There is disposed in the insulating cylinder 13 a shield
7forpreventingscatteringmetal vaporandaguidell for supporting
a sliding portion disposed between the movable end plate 9b and
15 themovable holder 12. Abellows 10 isdisposedbetween themovable
shield 8 and the movable end plate 9b thereby to let the movable
holder 12 move up and down to turn on and off the fixed electrode
6a and the movable electrode 6b, while keeping the vacuum
interrupter in wvacuum.
20 Using the electrical contacts manufactured in the first and
second embodiments as the electrical contacts la and 1b in Fig.
2, the vacuum interrupter according to the present invention was

prepared.

25 [Embodiment 4]



was

CE
4|
dl

installed to the vacuumcircuit breaker of the fourth enbodi nent,
was subjected to breaking performance tests. Table 1 shows 15 the
conpositions of the electrical contactsléel ectrode dianeters, and results
in the breaking performance tests. The sanples Nos. 1 to 8 are Exanples
according to the present invention, and the sanples Nos. 9 to 11 are
Conpar ati ve ExaAplaesiunetrdnitbdeakirpCoMidgd wi/th Ure vabuOm@rd et e@ 41 O

) 4i

mk L da NNOO it NroUECGA NrouU 4 0U Or-HO

whi ch

OoOu

0) N Chaghfadtuhéd Pnaihd@sthit &N ebddiderdt 4ad\peephredl Wi®.N8Qsld | b

O ti

10

15

20

25

NC Nti NNC NNN a€Eo
schematic view of the circuit breaker comprising the wvacuum

interrupter 14 according to the fourth embodiment and an operating
mechanism thereof.

The vacuum circuit breaker has the operating mechanism in
the front side and three epoxy resin cylinders 15 in the backside.
The epoxyresincylinders 15 supports the three vacuuminterrupters
for three phases, respectively. The vacuum interrupter 14 is
connected to and turned on and off by the operating mechanism
through an insulating operating rod 16.

When the circuit breaker is in a closed position, current
flows an upper terminal 17, the electrical contact 1, a collector
18, andalower terminal 19. Acontact forcebetween the electrodes
is kept by a contact spring 20 disposed to the insulating operating
rod 16. The contact force between the electrodes and the
electromagneto-motive force caused by short-circuit current is
maintained by a supporting lever 21 and a plop 22. When a closing
coil 30 is excited, the electrodes in an open state are closed
by a plunger 23 that pushes a roller 25 upward by means of a knocking
rod 24 to rotate a main lever 26, then the roller 25 is supported
by the supporting lever 21.

In a free state that the circuit breaker is in a tripped
condition, a tripping coil 27 is excited so that a tripping lever

28 disconnects the plop 22 to rotate the main lever 26 thereby
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to separate the electrodes.

In a state that the circuit breaker is in an open state,
the link returns to the original position by a reset spring 29
and, at the same time, the plop 22 engages, after the electrodes
are separated. In this state, the closing coil 30 is excited to

close the electrodes. The numeral 31 denotes an evacuation tube.

[Embodiment 5]

The electrical contact manufactured in the first embodiment
was used to prepare the vacuum interrupter of the rated voltage
of 7.2 kV, rated current of 600 A and rated interrupting current
of 20 kA shown in the third embodiment, and the vacuum interrupter
was installed to the vacuumcircuit breaker of the fourth embodiment,
which was subjected to breaking performance tests. Table 1 shows
the compositions of the electrical contacts, electrode diameters,
and results in the breaking performance tests. The samples Nos.
1 to 8 are Examples according to the present invention, and the

samples Nos. 9 to 11 are Comparative Examples.

N NNN

a) a) a) (3) a) a vy, OUUO
it it

Udp 41

N
O

<



a

a
N C)

C a
Q Oti
190

WU

Q4 -

ON Vda 0Oy OENU NLOONNUY
Eplt 41 u

U3 H U OO'C NOOEGC sr

c''l
O O
MC MO
ucCw

unTWoIYD P T aoueTRq 0z G¢g Ve 1T
punoxe
PeI8YyOD 8aI9Yyon 91 AR |oueTeq 0 GE 143 01
n) ut pasaadsTp
K1snousbouoy G2 6°2C aoueTeq g G¢ y¢ 6 xq -dwo)
€€ 9°7 |dueTR(q S SE 8¢ 8
(44 S°1 |aoueTeq S GE 9¢ L
0¢ LT soueTeq S oy ve 9
LT S°1 {oueTeq S S 143 S
ve (A |dueTeq ST GE e 14
b
i 1€ V1 |oueTeq 01 GS¢ 143 €
)
[ UmTwolyo 8z S°1 eoueTeq S S¢ ve z
b punoJe
9I9YO0D 9I9Y0D 6Tl £€°¢C odueTeq G0 St ve 1 a1durexy
<
_.__i (YY) 3jusxxno (¥) 3usxano
- Sutidnizelut wnwrxey butddoyp n (% 3uybTem) DOTS| (3 IUBTOM) ID (umr)
< op0I109Te
DTS Jo 83els |1se3] @ourwrojrad Bureoaaq UT S3TNSOY 10R31UO0D TROTI}O9T® JFo uoriTsodwo) Jo xojsweTq *ON | Lx0b93le)
@ T °T1qen
© [T o1qeLl
8T




Exanples Nos. 1 to 8 and Conparative Exanples Nos. 10 and 11 have a
structure in which SiCis cohered so as to surround chrom um particles.
Fig. 4 is a photograph of the structureiof Exanple No. 2 as an exanpl e of
them 5 The chopping current tends to decrease with an increasing SiC
content within the SiC content of 0.5 to 15 percent by weight (No. 1 to No.
4) . The maxi nunExamplespNoag T uwa énanfli bepavnptioa EpampbeseNiee) Ihandases
by conprising SiC. However, with an excessively large amount of SiC (No.

4), the i ntenayRt hOBtIIRAEONRRANEE herde 1o dohkIRse sob@GAL shukg-ou@t act
density decreases. In contrast, the choppi ng current is relatively lar ge

d h
(No. 10) ChpnbolBaEEe Thnr d s s 3, BRLpab PR, §F il A g o)

the contact density markedly decreases and the maX| mum interrupting current
si gni fi caRkRfPdecNeasds ASTRE P&AM®licoRti A¢Fbppi ng current is small with a
varying chrom um content (No. 5 and No. 6). However, the maxi num

i nterrapting curfhenthoppilsgtaurrenteasnds th deci:easeasitlg arhrhiogremsitg
content, because of inproved voltage endurance properties. The chopping

current degg RohteNPAHiRlthg Y88 Yodiledthr masltmlmsl géﬁ&@ﬂetwgzeq%&ent
increases with an i ncreaS| ng el ectrode di arreter

Conpar at i Ex 23 a structure_in rrﬂy
i sper sed (R -k Tufe  FandTTE ottt i85 pSang %%%%#@ e AL
Conparative Exanple No. 9 has a |arger choppi n% current and a_smal | er
maxi mum i PESECEFANSS )c dNCEREa Seifa R YEXAMPITE SNE: However, with an

excessively large amount of SiC (No. 4), the interruption
10 performance tends to decrease, because the contact density
decreases.

In contrast, the chopping current is relatively large and
the maximum interrupting current is small when SiC is not contained
(No. 10). When the SiC content exceeds 15 percent by weight (No.

15 11), the contact density markedly decreases and the maximum
interrupting current significantly decreases.

The variation in chopping current is small with a varying
chromium content (No. 5 and No. 6). However, the maximum
interrupting current tends to increase with an increasing chromium

20 content, because of improved voltage endurance properties.

The chopping current does not substantially vary but the
maximum interrupting current increases with an increasing
electrode diameter (No. 7 and No. 8).

Comparative Example No. 9 has a structure in which SiC is

25 uniformlydispersedinCumatrixandisnot cohereedaroundchromium



even through they are the same in the contact conposition. This indicates
that the cohesion of SiC so as to surround chromumb5 particles is effective
to achieve a | ow surge voltage and to iaprove the interruption perfornmance.
These results show that the electrical contacts according to the present

i nvention enabl es excell ent el ectrode performances including both excellent

i nt errupt i e ey Maompane tiow EtHgsl e N6 . Voldssgeardbe P Imrpehtterg@n be
obt ai ned when the carbide is at |east one of TiC, WC, Cr3C2, Be2C, B4C,

zrC, HC Nofq E%C&ll@}cm[agg@gh{fi%giﬁt@%@f}iﬁﬂb ShfrefRdtWENEL RGP TBI KL X 2

conponent 1s silver. 15 e electrical contacts manufactured

in the second nbodi nent were ysed to prepare the vacuuminterrupters of
the ratefXdt ttgﬁé’ ?H?YKV;G t eeﬁaﬁ'ﬁrf% SFOB6ECA GRUPPEE ﬂioni'ntﬁ?lr%pting

current of 20 kA shown in the third enbodi nent, and 20 the vacuum
i nt errupt grgdigates rdtat! [td¢ coheisdomacalnbesCr 8ai 2s be esikereund ehveorumt h
enbodi nent, whi chwere subjected to breaking performance tests. Table 2

shows the gprpRsids 08 fFedtieect €athiefle L£LDOW 8Crge vall e and wof ifpeove
el ectrodes, and results in the breaking 25 performance tests. The sanpl es

Nos. 1to r @g%¥g¥@§ SL £ ~to the present invention, and the
sanpl es No%é%ﬁ%o re o(fg aratllqgae anples. A A dP

These results show that the electrical contacts according
to the present invention enables excellent electrode performances
including both excellent interruption performance and low surge

10 voltage.

The same results can be obtained when the carbide is at least

one of TiC, WC, Cr3C,, Be,C, B4,C, ZrC, HfC, NbC, TaC, ThC, and VC

instead of SiC, and when the matrix component is silver.

15 [Embodiment 6]

The electrical contacts manufactured in the second
embodiment were used to prepare the vacuum interrupters of the
rated voltage of 7.2 kV, rated current of 600 A and rated
interrupting current of 20 kA shown in the third embodiment, and

20 the vacuum interrupters were installed to the vacuum circuit
breakers of the fourth embodiment, whichwere subjected tobreaking
performance tests.

Table 2 shows the compositions of the electrical contacts,
diameters of the electrodes, and results in the breaking

25 performance tests. The samples Nos. 1 to 5 are Examples according
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to thepresent invention, and the samplesNos. 6 to 9 are Comparative

Examples.
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C_ 0-)dP.CNNOUMI Il . HO1i O _ENO3 NUOHNLt7" u '0
NmT r{ A EH EN4C Wtm N Adwo | r) U23 The sanples having a
SiC content within the range of 1 to 302percent by weight (No. 1 to No. 3)
show a relatively | ow chopping current due to the sublimation of SiC. They
do not show significantly increased chopping current and can maintain 5
| ow surge propefhe eamplest bavingeardit igaptedumdiditinofthe kAngendfel tai nes.
In contrast, the sanple having a SiC content less than 1
30 percent by weight (No. 1 to No. 3) show arelatively low chopping
current due to the sublimation of SiC. They do not show
significantly increased chopping current and can maintain
5 low-surgepropertyevenafterinterruptingacurrent of 1 kAhundred
times.
In contrast, the sample having a SiC content less than 1
percent by weight (No. 6) has a relatively large chopping current,
does not effectively provide low-surge performance, and shows
10 a low maximum interrupting current.
The sample havinga SiC content exceeding 30 percent byweight
(No. 7) shows poor sinterability to thereby decrease the density
of the electrical contact material and thereby has a decreased
maximum interrupting current, although it shows effective
15 low-surge performance.
The samples having a weight ratio of chromium to SiC within
the range of 1:1.5 to 1:50 (No. 4 and No. 5) have a small chopping
current and do not deteriorate in chopping current after
interruption of a current at 1 kA hundred times.
20 In contrast, the sample No. 8 has a relatively large SiC
content with respect to the chromium content and a weight ratio
of chromium to SiC of 1:1 (No. 8). This sample significantly
deteriorate in chopping current after 100-times current

interruption, although it has a small initial chopping current.

25 This is because the sublimated SiC reacts with chromium as a result



percent by weight (No. 6) has a relatively large chopping current, does not
effectively provide | ow surge performance, and shows to a | ow maxi num
interrupting current. The sanple having2a Si C content exceeding 30 percent
by weight (No. 7) shows poor sinterability to thereby decrease the density
of the electrical contact material and thereby has a decreased maxi nmum

i nt err upt iafy hewtdery byalatricoggherratslowposf €vcrent istévmuptige, pand orhmance.
The sanples having a weight ratio of chromumto SiCwithin the range of

1:1.5 to LoaftdMoorban@hhe.adys Bavduddehe cHwRpi g cueteheedrsh $ios not
deteriorate in chopplng current after interruption of a current at 1 kA

hundred times. %a@gf% Bt 15'1%%&% ¥t §89§%oaré#\8é Lyl éhc%)qadlqﬁg omum

content with respec he ¢ rom m content an rati o

to SiCof 1:1 8). This sample significantl deterlorate |n choppi ng
o rent _af 0. (e Lo THRe AIRTOS SRR 35 Hherie st e

initial chopping current. 25 This is because the sublimated SiC reacts with
chrom am ak a & end tdges noft et gigi ypl arer geiids ated- sipoge ;eerormance,
interruption, and the content of SiC that acts to reduce the chopping

current decri@asffh i enSanp! Baed¥ tnd g NOn 2 & dpein@césriont educe the
chopping current (No. 9) has a |large chopping current as in the sanple

No. 6 and d f
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chopping current is preferably A or less; that the different between the
initial choPpRne P@Bﬁf: th&r‘@lﬁ%r%ﬁﬁﬁﬂ:ﬁ&e&ﬁl}eeh{‘lﬁ%?éFhf@@lﬂgrfé‘érﬁﬁfr ent

|nterrupt|on
, and the chopping current after 100-times current interruption

10 1is preferably 1.5 A or less and more preferably 1.3 A or less;
and that the maximum interrupting current is preferably 25 kA
or more, and more preferably around 28 KA.

These results show that the electrical contacts described
herein can yield excellent electrode performances including

15 interruptionperformance and low-surge performance andare capable
of maintaining the action of reducing the chopping current.
Substantially the same advantages may be obtained when the carbide
is one selected from TiC, WC, CrsC,, Be,C, B4C, ZrC, HEC, NbC, TaC,
ThC, and VC instead of SiC.

20
[Embodiment 7]

In the seventh embodiment, the vacuum interrupter prepared
according to the thirdembodiment was mounted to a vacuum switchgear
other than the vacuumcircuit breaker. Fig. 5shows a loadbreaking

25 switchgear for a pad-mount transformer having a vacuum interrupter



tois preferably 1.5 A or less and nore preferably 1.3 A or less; and that
the maximuminterrupting current is preferably 25 kA or nore, and nore
preferably around 28 kA. These results 8how that the electrical contacts
described herein can yield excellent electrode performnces including 15
i nterruptionperformance and | ow surge perfornmanceand are capabl e of

mai nt ai ni gt tgrepatdadioftireeducimy et didmgapi ng current.  Substantially the
sanme advantages nay be obtai ned when the carbide is one selected fromTiC,

WC, Cr3C2, Be2CrhBAfoadldrediing MRGtchafear 1hGranhiadwinst padral giizs 20

[ Enbodi nent 7] In the seventh enbodi nent, the vacuuminterrupter prepared

according { (7 i i t her
fhan the viotharah Anirr R T g By B e S vt o
f or a pad-mount transformer having a vacuuminterrupter 25 14 prepared in
the third S&HdATER 2 FACYWLE 9tk S1HF Sk A REREHIT sCRABRE T et wi tTHSp! ur al

pairs of vacuuminterrupters 14 corresponding to the main circuit switch
secti of i rextercomumasgarechexberi 62 cawpuiseksaabeupper fhets reemleer 033 vacuum
chanber 32 conprises an upper plate nenber 33, a |lower plate nenber 34 and

si de pl at & 1BREEDRI ate mdiSe P A EEH 88 p1oftd RemPbat s enraep e Hoetdad. The

exterior vacuum chanber 32 is installed together with a main body of the

peri por i 6F S G PERE B e e e VB e P 22 e

t hr ough- hol es. 36. Col utmar novabl e el ectrode rods )
is installed together with a main body of the switchgear.

The upper plate member 33 has upper through-holes 36, the
10 peripheries of which have ring-shaped insulating upper bases 37
to seal the through-holes 36. Columnar movable electrode rods
4b are reciprocately (up-and-down movement) inserted into the
circular spaces formed in the central parts of the upper bases
37. That is, the upper through-holes 36 are vacuum-tightly sealed

15 by the upper bases 37 and the movable electrode rods 4b.

The axial ends (upper sides) of the movable electrode rods
4b are connected to operators (electro-magnetic operators)
disposed at the exterior of the exterior vacuum chamber 32. The
upper plate member 33 has outer bellows 38, which are reciprocately

20 (up-and down movement) fixed to the peripheries of the upper
through-holes 36. Each of the outer bellows 38 is fixed to the
lower side of the upper plate member 33 at its axial end, and
isfixedtothecircumferential faceof eachof themovableelectrode
rods 4b at its other end. That is, in order to vacuum-tightly

25 seal the exterior vacuum chamber 32, the outer bellows 38 are



4b are reciprocately (up-and-down novenent) inserted into the «circular
spaces fornmed in the central parts of the upper bases 37. That is, the
upper through-holes 36 are vacuumtightl2¢ seal ed 15 by the upper bases 37
and the novabl e el ectrode rods 4b. The axial ends (upper sides) of the
novabl e el ectrode rods 4b are connected to operators (el ectro-magnetic
oper at or s)dishepodaat athe hpereiplerigs off t tHiee exprer othyergunehashasé 3234 The
upper plate nmenber 33 has outer bellows 38, which are reciprocately 20

(up-and daywbrn®taReakysiéXedel Rolviel Hesliqdtard®s refist fie. uppey upbliropitdol es
36. Each of the outer bellows 38 is fixed to the |ower side of the upper

| ate ne f~ 1S i d..,l | i I f
gce of eggﬁé %‘f’éﬁ ?33e3 %v%ﬁ%%?%@ﬁoogg GY%ggghﬁsgtgﬁéngltoﬁler&ﬁgn .) :IEa%ﬁ?g, in
order to vac,uumtiéghtl 25 seal the exterior_vacuum chanber 32, the outer
bel | ows 3 I FELREEA af2FHED e PPt i 8¢ bF EHRCUPHEF - t hr ough- hol es 36

and along the axes of the novable el ectrode rods 4b. The upper plate
menber 533 i s corfiectlaaven pia ey armridenn4 ube Eneviddhdwlth htoweh which the
exterior vacuum chanber 32 is evacuated. 5 The | ower plate nenber 34 is

provi ded WHivhgWEioldHr vsighiheohEst 89y buskiags ngo bassi nggedOtar enéi xed to
the peripheries of the |lower through-holes 39 thereby to cover the |ower

t hr ough- h%ﬁ%q% s shaped, d gtw&xb%%u -%rogle%%gf%ﬁgrkgg thecboLiomparts

of the in ushings 4 | utmar ~fi1 xe ectro rods 4a are
inserted into the central circular spaces _of the | ower basecsié41. That is,

the | ower YMTUFRIVIEY oGSy FeGI-ShapRe LBHEr PPate heddér C3gpgped to

vacuumtightly sealed by the insulating bushings 40, the | ower bases 41 and
fi xed el ecthed®ttom parts of the insulating bushings 40. Columnar fixed

10 electrode rods 4a are inserted into the central circular spaces
of the lower bases 41. That is, the lower through-holes 39 formed
in the lower plate member 34 are vacuum-tightly sealed by the
insulating bushings 40, the lower bases 41 and fixed electrode
rods 4a. Each of the fixed electrode rods 4a is connected at one

15 end (lower side) in the axial direction to each of cables
(transmission cables) disposed outside of the exterior vacuum
container 32.

The vacuum interrupters 14 corresponding to themain circuit
switch of the load-breaking switch are housed in the exterior

20 vacuum container 32. Each of the movable electrode rods 4b are
connected to each other through flexible conductors 42 having
two curved portions. The flexible conductors 42 are prepared by
laminating copper plates and stainless steel plates alternately,
the copper plates and the stainless steel plates having two curved

25 portions in the axial direction of the electrode rods 4a, 4b.



rods 4a. Each of the fixed electrode rods 4a is connected at one 15 end
(lower side) in the axial direction to each of cables (transm ssion cables)
di sposed outside of the exterior vacuum27contai ner 32. The vacuum
interrupters 14 corresponding to the main circuit swtch of the

| oad- breaking switch are housed in the exterior 20 vacuum container 32.
Each of thBhedfilsnidled eondodd orsds 2 4meg ¢ hgomudcthed aso48achn be hdylabhtbagh

fl exi bl e conductors 42 having two curved portions. The flexible conductors
42 are prepevepldyelbatroati pgdsoppearpl ahesrand.stai nl ess steel plates
alternately, the copper plates and the stainless steel plates having two

curved 25 port i oisybd e gl sdhseehl aholablienel ArAde dadactarathy 27

The flexible conductors™4 ve throug es 43, into novabl e
el ectrode rods_4b are insested. havi been.di_scussed, .th acuum

i nterruptef® SREoFEFRRd ?BgPﬁémsggoﬁaneﬁgoap ﬁ?dcgﬁ Egea&ﬁpﬁe TEG*tRE | oad
breaking 5 switchgear for the pad-nount sw tchgear. Further, the vacuum

i nt err pt eswhtchgeangfen the padseauntngwhtcbaesan bEurhhedyethefvacauner
vacuum swi t chgears such as vacuum i nsul ated switchgears. 28 WHAT IS CLAI MED

IS: 1. An eheetrupabrCcattGEdingdeo afhapraldet AT tsidig caghbenemplopsg of
copper and silver; and a carbide, wherein the electrical contact conprises

i d hr om, h : ' h inly | i Si
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surrounded by the carbi de and



di spersed in the matri x phase. 2. The electrical contact according to claim
1, wherein the alloy conprises 1 to 30 percent by weight of a carbide with
t he bal ance bei ng copper and chromium 3. The electrical contact according
to claim1, wherein the alloy conprises chrom um copper, and a car bi de,
wherein the weight ratio of chromumto_the carbide is wthin the range of
1:1.5 to 1:50. 4. The electrical contatt according to Caim3, wherein an
anount of carbide is 1 to 30 percent by weight. 5. An electrical contact

according t ] in, the alloy conprises chrom um copper, and a
car bi de, é%%?%§1%%Ae ecf#?bal contact has a chromiumcontent of 0.02 to
20 percent by weight and a carbide content of 1 to 30 percent by weight,

wi th the bal ance being copper, and wherein the carbide content is higher
than the 29 - chridhi gArE€sHEERL. CBNTIAE &13& r Péal 2R oftldY aEeBPALAY %0 C ai m

1, wherein carbide is pa S i ! by . acti arc. 7.
The eIectrf%%ﬁg%%ﬁﬁhct&%%cdggingg§%8%1a?ﬁ$1?§3%gggin g?ﬁe garg?égiﬂgk a

subl i mat i orwipetdiin orhdecompostico®h cpoitattofcd@DOGet hi gleerrix 8phdbhe

el ectrical contact accqrdinq}to Claim 1, wherein the carbide conprises at

| east one sEM@cRedDPEPERMUGI EhasgC, TR, TEF3EE, BERC BaElyr ECMPFESINGC, TaC

ThC, and VG, 9. The gtectyigal cophact;accerdipg tgcrhaiged, Whi Chne
chromium phase being surrounded by the carbide and

dispersed in the matrix phase.

2. The electrical contact according to claim 1, wherein
the alloy comprises 1 to 30 percent by weight of a

carbide with the balance being copper and chromium.

3. The electrical contact according to claim 1, wherein
the alloy comprises chromium, copper, and a carbide,
wherein the weight ratio of chromium to the carbide 1is

within the range of 1:1.5 to 1:50.

4. The electrical contact according to Claim 3, wherein

an amount of carbide is 1 to 30 percent by weight.

5. An electrical contact according to claim 1, wherein
the alloy comprises chromium, copper, and a carbide,
wherein the electrical contact has a chromium content of
0.02 to 20 percent by weight and a carbide content of 1
to 30 percent by weight, with the balance being copper,

and wherein the <carbide content 1s higher than the



conprises the copper and 0.2 to 1 percent by weight of |ead. 10. An
el ectrical contact according to Caim1l, wherein the electrical contact has
a chopping current of 1 to 2.5 A and shows a maxi numinterrupting current
"y" (kA) satisfying follow ng Expression (1): 0.44x<y<l.32x Expression (1)
wherein "x" is the dianmeter (mm of the_contact . 30 11. A nethod for
manuf acturing an el ectrical contact actbrding to claim1, conprising the
steps of: m xing powders of chrom um one of copper and silver, and the

carbide to yj . a powder m xture; subjecting the powder m X
conpact mﬂ%ﬂé%ﬁaéhm sintering the nolded mxture. 12. The n%?hgghgér
manuf acturing an el ectrical contact according to Caim1l1ll, wherein the
chrom um powder and the powder of one of copper and silver have a average
particle size of 75 pm or |ess, and the carbide powder has a average
particle stze dheehwwbritebscontgct Thecwadiod it Gadbfaét uFnggean

el ectrical .conta .accoy di "ot i . Mher el n C | di ng
is carried tgluetn gfcz‘&glg(réeslssur ggpglbl%mc)%ftaog]géé lwgmgliﬂ?yTtﬁ@%nefﬁgﬁgéog?
manuf acturidqyan el ectrical contact according to Claim1ll ,

7. The electrical contact according to Claim 1, wherein
the carbide has a sublimation point or decomposition

point of 1800°C or higher.

8. The electrical contact according to Claim 1, wherein
the carbide comprises at least one selected from SiC,

TiC, WC, CrsC,, Be,C, B,C, ZrC, HfC, NbC, TaC, ThC, and VC.

9. The electrical contact according to Claim 1, which
comprises the copper and 0.2 to 1 percent by weight of
lead.

10. An electrical contact according to Claim 1, wherein
the electrical contact has a chopping current of 1 to 2.5
A and shows a maximum interrupting current "y" (kA7)

satisfying following Expression (1):

0.44x<y<1.32x Expression (1)

wherein "x" 1s the diameter (mm) of the contact



wherein the sintering is carried out at tenperatures equal to or |ower than
the nelting point of one of Cu or Ag in a vacuum in an inert gas, or in
hydrogen atnosphere. 31 15. An el ectrode conprising the electrical contact
of Claim1 and an electrode rod to which the contact is bonded, the
contact being in the formof a disc and having a central hole arranged at
the circular center of the disc and a plurality of through slit grooves
being not in contact with the central hole and extending from the circular
center toltthe & r®gffefenéerofmepel@rseringe. aan tect ! coitiaitng a

di scoi dal nenhey; and an.q gleot r %%rﬁﬁ%iid?} eyAaldpefd xpd to a side of the

di scoi dal nenber “opposite to an arc generation side, wherein the discoidal
menber is the electrical contact of daiml. 17. A vacuuminterrupter

conprising a vacuunmgéRangersowddts aopaidhdmiurd | Xedeel €t cogeeanchral novabl e
el ectrode arranged in the vacuum chanber, wherein at |east one of the
fixed el ectrode andSth&ekpvaBhné eltdet r s@&Higla hé© eld@YbDded of PIH I 15.

18. A vacuum ci rcui }:nigrcggger c&mgjreé&i[ﬂgga \éﬂcéuu_rgovg(ﬁglerrﬁgg{%qmecp%ucti ve

termnals, and a operating’ device, vacuum interrupter conprising a
vacuum chanber, andomppaitr afokbdinged ehect rogdetanith@ mawabl enoedett rode
arranged in the vacuum chanber, the conductive termnals being connected to
each of the fixed elé&trgGe and the novable el ectrode in the vacuum
interrupter, and

12. The method for manufacturing an electrical contact
according to Claim 11,
wherein the chromium powder and the powder of one of
copper and silver have a average particle size of 75 um
or less, and the carbide powder has a average particle

size of 20 um or less.

13. The method for manufacturing an electrical contact
according ) to Claim 11 '

wherein the compact molding is carried out at a pressure

of 120 to 500 _ MPa.

14. The method for manufacturing an electrical contact
according to Claim 11 '
wherein the sintering 1is carried out at temperatures
equal to or lower than the melting point of one of Cu or
Ag 1in a wvacuum, in an inert gas, or in hydrogen

atmosphere.



the operating device serving to drive the novable electrode, wherein the
vacuuminterrupter is the vacuum interrupter of Caim17.

31

15. An electrode comprising the electrical contact of
Claim 1 and an electrode rod to which the contact 1is
bonded, the contact being in the form of a disc and
having a central hole arranged at the circular center of
the disc and a plurality of through slit grooves being
not in contact with the central hole and extending from

the circular center to the circumference of the disc.

16. An electrode comprising a discoidal member and an
electrode rod integrally fixed to a side of the discoidal
member opposite to an arc generation side, wherein the

discoidal member is the electrical contact of Claim 1.

17. A vacuum interrupter comprising a vacuum chamber;
and a pair of a fixed electrode and a movable é&lectrode
arranged in the vacuum chamber, wherein at least one of
the fixed electrode and the movable electrode is the

electrode of Claim 15.

18. A vacuum circuit breaker comprising a vacuum
interrupter, conductive terminals, and a operating
device, the vacuum interrupter comprising a vacuum
chamber, and a pair of a fixed electrode and a movable
electrode arranged in the vacuum chamber, the conductive
terminals being connected to each of the fixed electrode
and the movable electrode in the vacuum interrupter, and
the operating device serving to drive the movable
‘

+
electrode, wherein the vacuum interrupter is the vacuum

interrupter of Claim 17.



