1 TITLE OF THE | NVENTI ON ELECTRI CAL CONTACTS FOR VACUUM Cl RCU T BREAKERS AND
METHODS OF MANUFACTURI NG THE SAME 5 FI ELD OF THE | NVENTI ON The present
invention relates to a novel electrical 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 nterrup i ( y in vacuumcircuit breakers and vacuum
smﬁtchgé@ﬁ@ﬁﬁggﬁRﬁgggngﬁggﬁﬁh%f el ectrical contacts capable of being turned
on and off. Receiving and 15 distributin e%ui ment _such as vacuum circuit
br eaker FIRETRIRAL ESIEAGES FOo VACHUMe CREH 1T 2 REAKERE cANDHERIODS, GF anet er
and size, the interruption performance of electrical contacts of the
vacuum iNMANFFAGTERENGEHE bRANEproved 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

interru i aﬂﬂhﬂgﬂgggve circuit is interrupted, abnornmal surge
voltggqugg%éitum$ﬁb IC may | ead to insulation breakage of electrical
equi prent. The_ 2 choppi ng, current nust be reduced so.as,tqQ syppress the
abnormal  sur g BFBERE AN P15 RS R TR b P LPEG R BT PR I Sr

el ectrical contacts is a small chopping current. As electrical contacts
havi ng shert |a chappimglzteresptendiopwiserfepierligeln 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 1ntefruptérs 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



5 Co-Ag-Se alloy electrical contacts have been known (Patent Docunent 2 and
Pat ent Docunent 3). [Patent Docunent 1] Japanese Unexam ned Patent
Application Publication (JP-A) No. 2005-135778 [Patent Docunment 2] Japanese
Unexam ned Patent Application 10 Publication (JP-A) No. Hei 07-029461
[ Patent Docunent 3] Japanese Unexam ned Patent Application Publication
(JP-A) Noyoidi®lnd Tulrrito miide ¥aCHNaNEEE C3lb taPRakapprbXBi €RL | ybnisimgn O - Cu
alloy electrical contacts are excellent in interruption performnce 15 and
can interrupt a rge cyr . C rge Vol e ihterruption
of Iar ges%’ff%’ e‘ﬁ?i.@ cor |C;(13§1r}§(/i,intt§r4§y %g%h%é%ﬁsfr%ge@&s%%%ﬂ ofoxgbsor bi ng
t he abnornmal surge voltage, .and this leads  to increase in sjze and cost of
el ectri (,%Qre“em‘fﬁ%%rﬁqnt S &6uB iR+ GROBRIRK EPSTENSi- c o F 2 IRF L ¥ Ag- Se
alloy 20 electrical contacts show a | ow surge voltage but are unsuitable
for | ar geoctacEnthanieg ramalbrchdprpingterrignt cingekdwrsrae wnbtade,
| ow- surge property are considered to be theoretically inconpatible with
each 50t heg-ag e aBEoy Nel ettt r BEd 1 | Sontd et s Ui esl véer kngher (Patett han zero
25 to yield a larger chopping current with an increasing interruption 3
perfor ne&&&mébﬁco%dé&gl at SAEDE LSRN og% acts having high interruption
performance and those show ng a satistactorily low surge voltage are used
case-by-case to suit the t¥€ and use of vacuun1%%Ec¥it Q{e ers.. 51In
addi tion, thd RAFERMPRPIRENE I e ARBABCREGHAT M h P 2FER G AR i es
even after carrying out interruption many tinmes, but electrical contacts
conbi ni pkekiedtion (P o)l Ner 05T¥§%ﬂ¥%ption perf ormance and | ow surge
per f ormance may have

[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, they must 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 toyieldalarger chopping current with an increasing interruption



reduced | ow surge performance after carrying out interruption 10 many
times. SUVMARY OF THE | NVENTI ON An object of the present invention is to
provide an electrical contact having excellent interruption perfornmance and
showing 15 a | ow surge voltage concurrently, showing | ess deterioration in
performances even after multi-tinme interruption, that can yield, for

exanpl e, pevBctiance [ C WdcdydEaksly, Wiadtiicaledimerthdts Siaeingngigest, and a
nmet hod for manufacturing the electrical contact. The present invention

provi des ﬁﬂt@fﬁ?ﬁ&ﬂ&@péﬁ'ﬂﬁféné@ﬁ%d 208t b APk SARREEALRErGRGOTLYM one
of copper and silver; 'and a carbide, wherein the electrical contact

structura has tr phase_and. a chronjum ph t.he matri x phase
mai nl 'y coénlrh)ér{?esivnogftﬁee a(%:eug %cgf)lps)gr'bgﬁgagflr]\c/%rs,l%aﬁgﬁl%ety@rﬁ SRRt EnaE e
bei ng surrounded by the carbide and dispersed in the matri x phase. 25 The
present |VY/EHIT PLEFOLE dekedre®Fectrical contact 4 conmprising 1 to 30
percent by weight of a carbide, with the bal ance being copper. The present
i nventsi on pr ovindesidiiti canotttiey espect ,ciarcuid datedkats ooud ataotgtn Si ng
chrom um copper, and a carbide, 5 wherein the weight ratio of chromumto

the car bigleqi o thispd Pe1d8NSfedf adidr Sod PriiRY. odhi SnedLELHEEGh RONY act

preferably “conprises 1 to 30 percent by weight  of the carbide. In a Turther

aspect, the present Jjnventi rovides an . electrical c act conprisjng
et T Se R e S i T LR e A TS L TR S U
chrom um content of 0.02 to 20 percent_by weight and a carbide content of 1
to 30 perEERITYRLIRN PRILFRINEPADAI LPESBEIP PRBEPERANGAIMAKRBVA t he
carbide content is higher than the chrom um content.

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, whereinthe electrical contact structurallyhasamatrix
phase and a chromium phase, the matrix phase mainly comprising
the one of copperandsilver, and the chromiumphase being surrounded
by the carbide and dispersed in the matrix phase.

25 The present invention provides an electrical contact



The configuration provides a vacuumcircuit breaker that 15 has a reduced
size and can interrupt a large current. It can also provides a vacuum
circuit breaker that has excellent inte#ruption performance and shows a | ow
surge vol tage concurrently. The present invention can provide electrical
contacts that conbine excellent interruption performance and | ow surge 20
per f or rancempnilsthgw tes¥ petreenbrigt vehghh qfeafcanbivbkeswitbriled balance
multi-time interruption. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

di agr am shevhf§dcébppestructure of an electrode 25 according to the first and
second enbodi nents of the present 5 invention. Fig. 2 is a diagram show ng
the structure é@@& r ngs; L o i od nt of

t he present |ﬁéé%f#§% Fiﬁ&géyléﬁa?€§g£¢§%1s %m?%gﬁhﬁg ét %g?uréHgf a
vacuun1C|rCU|t aker accordln to th ourth enbodlnent of the present
vent| ore b 0a T G HGS SRR TS CHRP ST, AdaretrrpLar:

contact according to the fifth enbodlnent of the present invention. 10 Fig.
5 is & divgeneishbingngeiglat sraticouet ohremiwndtor Ehki ngrowdechgewithdn a
pad- mount transforner according to the seventh enbodinment of the present

i nvent i onth&ETAM 443 DESCRISPEL ON: £, THE iRPREFERRER ZNBEBhVENT dbeABrebegtri cal
contact according to the present invention is made of an alloy conprises

chr o UM e 18 OPPED 380oSHLURE by 0E1aneaEP! dRedpd Blpuct ural 1y has a

matri x mal conpri sing copper a ver; a chron1un1phase
surrounded by tPe carbi de and dlspersed in the natrl , _The 8 ragse
urther aspect, present invention provides an

"surrounded by

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



20 the carbide" neans and includes a state where the carbide is cohered in
the vicinity of chromumparticles or particles mainly conprising chrom um
wi t hout the need for entire chromum particles being covered with the
carbide. In other words, it means a state where the carbide is cohered or
concentrated at the boundary 25 between the copper or silver phase and the
chrom um piresetién Suf fici ent interruption performance is obtained by

conpri sing chrom um and one of copper and silver. In addition, the
sublimation phenprencs of caldr4e sHOM Ry fetst AiCfitPtdPNa TaSWERS the
choppi ng current and accelerates the arc drive, and 5 the resulting vacuum
cireul t biﬁﬁéffu;gé&eé%@f&iﬁﬁf%' gﬁ{a thEE&réMBBh?ﬂeH%rBEr @ﬁ@cgrelﬁﬁtcarb' de
exi sts malnly ‘around chromu an hi's” ensures € current-carryrng
performance of the matrix mainly conprising one of copper and silver and
ef fecti velyVeBM?Pbutes to exhibit a | ower surge voltage. 10 The el ectrica
contact described herein according to the present invention conprises
coppes and a ddrdi delsapddtagran mhowlingdtBe stanoentirdpfvweivglauuaf ciheuthr bi de
wi th the bal ance being copper. The electrical contact of this type can
reduce therelieppi Agcod®icyr £8Nthe a6t ehatRBoliNReAti ¥€ @heabeesand can

exhi bit excellent interruption performance, by the action of sublimation
phenoneno véﬁt{£ﬁ carbi de upon current interruption. The choppi ng current
is a residual current when an alternating current is interrupted. By
reduci ng the c@zgping current to, for exanple, 3 A or less, 20 the surge
vol tage can bé¥%ddcéd AndtRPEAT ARSI SSEdGe Usn O thansabprEsiedl The
carbide returns to a solid state during cooling process after the current

i nt errupt¢omtadeaagerdinghudehe5és tpreadw dimengeof 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, itmeans
astatewhere the carbide is cohered or concentrated at the boundary

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



between a solid phase and a vapor phase. Thus, the electrical 25 contact can
maintain its activity to reduce the chopping current 7 even after repeating
interruption many tinmes, for exanple, ferty tines or nore, preferably fifty
to hundred tinmes. The electrical contact can interrupt a |arge current of,
for exanple, 20 KA or nore and thereby conbines excellent 5 interruption
performance andsubfisiene pertéorupbten pecsusmahbe ieavbtdenddcdiyposes into
gaseous conponents thereof to thereby reduce the surge voltage to

appr oxi matghyrigifg &@Pérhfumeér?&tddecélf 68{3 astaf@seri-hed, hanehaggeqBni, ses
chrom um copper, and a carblde in which the weight ratio of 10 chrom um

to the ca |de range of 1: 50

cont ent ? ?uogﬂnpe o q?o Jhet 9%%béﬂgfﬂgyl§P§EF ¢ éP%SSEngﬂon
descrlbed herein is made of an alloy conprising chromum copper, and a
car bi de aRf9HE8S Hh@ HIRARRART S&entofnd, aoceberatperErptatsy iVght aadd a
carbide 15 content of 1 to 30 percent by weight, with the bal ance being
coppers thewheshlthegcaabidm cantent bsehkgltercanhamhtibd tclxaeillmntont ent .
Possible alternative materials for chrom um and copper are cobalt and

silver, r@ﬁ@@ﬁkhyewnngaewkﬁgwecalTl@@né@ﬁt;l@@cgﬂzﬂwg h&1hD¢ arouna
above- nentloned 20 enbodi nent can have |nproved vol t age endur ance

per f or mang e carhide nt Greases after etition_of

ot er v upt EoRomaGita, 28, HEFS S, G S R S GSe R e B PR BB
subl i mati on conmbines with chromumto forma conpound. = Accordingly, the

wei ght rathe BRtEAKORRLMLY oCPRBré&LBPdeNPs Of5CAPRLEr 8By SWlVETn alfe range of
1:1.5to 1:50. By satisfying this, 8 the activity of reducing the chopping
current cafifbetimehyacostiributes 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



The content of the carbide is preferably 1 to 30 percent by weight. If the
carbide content is less than this range, the chopping current is not
effectively reduced. If it exceeds this7 5 range, the material for the

el ectrical contact has a decreased density so as to fail to yield desired
interruption performance. The carbide preferably has a sublimation point or
deconposi eiven abter repebdANG ontbrghptiolyhianys paaielsi,cablexdiiEle CEORItgE i S
preferably one selected fromSiC, TiC, WC, C3C2, Be2C, 10 B4C, ZrC, HfC

NoC, TaC Jhks 8pdmY¥Fe, T?&?e‘f@ﬁ:ﬁb‘i? %ﬁlftgo%f hBfdarkWO tdme/or € of these
car bi des. By satlsfylng the car bi de sublinates by the action of arc

gener at ed upon ¢ urre nteryuption and acts to redu t he cho p|n

current. 15 The R3pp chﬁ%,c%% PRYAGH tF7TD. Scteorrluf’gce gﬁ‘tr rp gﬁf | ead.
This inproves anti-wel di ng performance of the electrical contact A et hod
accor di ngfes exampleserf %ﬁvéﬁtm@ﬁenﬁﬁéfabﬁﬁﬁéy capbdnest exeailleddt act by

m xi ng powders of chromum one of copper 20 and silver, and the carbide to
yield = pmwﬂerruj'px11unepe:sfdmj-rmnd:elgirtdlﬁ:owemdegen{neqtmmamc@orqmausmltdbng,
and sintering the nolded mxture. As the raw materials for the electrical

contact a@SQBdBQQdeEmebéeBr@ﬁ%@tgh@eéﬂk'eBmpBHQnEQWQEE§e%% %BrQﬂk¥€b§”d one
of copper and silver preferably each have a average particle size of 75 25

I d bi d wd f bl le 9
01 20 puncBRCTEstneRIESS: BpRELEEsE] RoR-ERalRTe (RER-TS" Cxcol lent in

nol dability and is uniform in which the carbide surrounds chrom um
particles. The Arptlernglegtpieadrapnyactadesenibad BerednpePBPUiesSequal to
or lower than the nelting 5 point of copper or silver in a vacuum in an

i nert gaschpomiam, 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 is 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 byweight, 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 aresult
of sublimation combines with chromium to form a compound.
Accordingly, the weight ratio of chromium to the carbide is

25 preferablywithin therangeof 1:1.5to 1:50. By satisfying this,



hydr ogen at nosphere. The carbi de does not deconpose at these tenperatures.
Thi s enabl es near net shaping to a final shape, elimnates the need for
post machi ning, and yields an i nexpensive electrical contact. The conpact
nolding is preferably carried 10 out at a form ng pressure of 120 to 500
MPa. If the formng pressure is less than 120 MPa, the nolded article is

di fficultthe damndtity olff reduekngeds: ohoppRPag therantararmlbepnudataiaed.
susceptible to adhesion to the die, and this invites a shorter die lifetine

and a reduced POdusidatt Yor kAR LHIH TRNbrefFlh®18 kbl 68l p@QEEﬁEt S
accordi ng to the present invention has a chopping current of 1'to 2.5 A and

shows gBxi nu nt tin e (kA satl f follow ng
ExpreSS| on?Y ("i‘?lgr’lpb1E 44>%$I 3?‘ 3§>%ré>¥pre§é?g%n 1J)s Z]C?S\/%eﬁlea?ﬁn%%l‘s R Bpgmeter
(mm of the contact . By satisfyin this, the resulting vacuumcircuit

breaker dERSPRERI (BHAHTE: &S RQF FE fAsiortely arducss -i nféritsceads ghis

current. This condition can be satisfied by constructing an el ectri cal
contact coapgesitige ndiee il earertheorde ctaripaiecoatacd hasi agdebeeased
above-nentioned 25 structure, and the | ow surge voltage and the excell ent

i nterrupt §8As 10y Rey har FEGE 1028 Pee BEhiAvat Lonedriapitliyn pBrebeskhede using
the electrical contact according to the present invention is in the form of

a disc and cor’rpltgljl e%a@%f&? é%oug%%ﬁgégngegu@i I%leghrﬁgig;: ggnter of the

disc; and a plura gr ooves n-contact with
t he central hol e and extending fromthe circular center to the

ci rcunf er dpeempesithen diaiait Phel PR padelighsr a plane skgsé fdiosildad Fheo
wings by the slit grooves. By satisfying this, arc is prevented from
gener at i ngasbidéd scpneéerablyenelsedected. £ om £dd] .t Fog, Whe CslaCh, BeoC,

10 B,C, 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 theelectrical contactaccording
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



10 grooves give driving force to arc and prevent the arc fromstopping to
t hereby prevent interruption failure. Another electrode using the electrical
contact according to the present invenpion conprises a discoidal nenber;
and an electrode rod integrally fixed to a side of the discoidal nenber 15
opposite to an arc generation side. The discoi dal nenber conprises the

el ectricatigondacio a@cordigst 0 THes pfesaE d @eeiided st e tudleetha@deshavi ng
this configuration has the desired perfornmances. A vacuum i nterrupter

accordi NngefQeilenPr £8ERG 1AM EDE t PNan§ONRN 18EB0Am Y AEHURKERATRRE, caPH18ePAI T
of a fixed electrode and 20 a novable el ectrode arranged in the vacuum

chanber, in i a o] f the elgctrodes conprises_the el ectrode
usi ng t he®"et e%’tggls c‘é?£§1§%§%c$gﬁg%8;%§hg qtekbe t%lent;erlélsrg%tl? eh ?%%?f vacuum
circuit breaker according to the present invention conprises a vacuum

i nt er r upt @RTTERRRIEE | e HEMATFIW cfEURL &5 opelaieRgtheni tBe nadtiAguum
interrupter conprising a vacuum 11 chanber and a pair of a fixed el ectrode
and asnovedlet edb£ctopper earrshieedri intaevaacwoum thaabeinetrhegasndoctine
termnals arranged outside the vacuuminterrupter and being connected to

each of Rheréd&edathesprOs. afdet BerpRYADES: 8! £61T 8E80PoEBEa¥aEHHBES
interrupter, and the operating device acting to drive the novable

electrode, in which at | east an f the fixe ectrode and.th vabl e
ol oot 1 oqctetmerPhles: | A3l QRGLAL MELLIHEF SlASOLS NIRRT SHENEYI O
This yields vacuumcircuit breakers and  various _vacuum swi tchgears that

have excetlEpinatesthepbred BF postaiarRidd nghd2B Aot & D RSP GBPGBF L ¥fe
concurrently. Enbodi nents of the present invention will be described in
detail, whletthicab caatact i nThe lcompagitemofldiihg psepeaferavémt canried

[ Enbodi nent 1]

10 outataformingpressureof 120to500MPa. If 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



15 An el ectrical contact conprising copper as a matrix, and chrom um
particles surrounded by Si C and dispersed in the matrix was prepared, and
an el ectrode was prepared using the elegtrical contact. Fig. 1 is aviewof
the prepared electrode. The electrode in Fig. 1 conprises an electrical
contact 1 having spiral grooves 20 2 for giving driving force to arc,

thereby tgeprévRahctnBanl be hERMGEAPEbABuraehenforcenent plate 3 made of
stainless steel, an electrode rod 4, a solder material 5, and a central

ol e 51 const i {tig. 3 FANGAYRGHAIE 192 i BCUSRELRE Aofdam genenating

at the center ectro hé el ectrical cont prepared in
the foll ow ng nmanne 12 | .nit | chrom and. co owder each
havi ng a BEETSRb l“ﬁ’aﬁ“c‘ﬁﬂ”eléﬁz‘btglﬁ Yar o D O oSO8 e R 2PAT: o

aver age partlcle size of 2 to 3 pmwere mxed in a twin-cylinder mxer to
make conpogleiagiranged h¢ ehectimaydlarcgansersosidendiacTai@ abplubal by Next

the powder m xture was charged into a die having such a shape as to form

the through spié@dh gsDovegrdondd ve€M§ahot hohecSdtast yiehdthbecdgstaed
shape of the electrical contact, and the charged m xture was subjected to

conpact npl éqguygggg n@yﬁngLmﬁaegﬁéﬁﬁ §>§éqﬁ991NF%heT9§r9§ é£¥agéothe

resultlng 1 acte nDIdln was about 'S was S|ntere
a vacuum f or tmo hour s %F g el.ectrical_ cont 1...The relative, density
or ' The o St Kon: 356 $LEEETEBE RSB S86P THID “Dewe: AIHLGeHorE R bRaST ur e
in the follow ng manner. The el ectrode rod 4 of oxygen-free copper and the
r ei nf or ceprthe ¥3.1}1 greoyesf. sBHi prebsfvine|tisys 304 vsr ereuenitaddiramo a
desired shape. The projection of the electrode rod 4 was inserted into the
central hgéeebdt Diig tdtetRbatdntmb feomé @dleck odepar &d Hydst der ivhe sand t he
central hole of the reinforcement plate 3, and they were
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



assenbled with a solder material 5. The solder material 5 was 20 al so pl aced
between the electrical contact 1 and the reinforcenment plate 3. The
assenblies were heated at 970C in a vaauum of 8.2x 10-4 Pa or less for ten
m nutes to produce the electrode showmn in Fig. 1. The el ectrodes were used
for a vacuuminterrupter of a rated voltage of 7.2 kV, a rated current of
600 A, anchambateth®® ipatier ofipai Hilkedirelettdd@GndAa inbvabdeselengrhdef the
el ectrical 13 contact 1 is sufficient, the reinforcenent plate 3 may be

omtted. afhgn§bealy thalvatutinA€hadb&A] tHeSOoRGuBt EParRAnAGAIShRgahigelihe
above-nenti oned nethod when the carbide is at least one of TiC W Cr

3C2,
Be2C, BAGouzt faoH e DCodofydDEap20d Yo 051 8o fahs SHCrooBdcNGR e

mat ri x conponent 1s silver. second enbodi ment,

el ectrical contacts structurall havi ng a.co Eer matrix and Si C particles
di sper sedt?# ?h%eﬂa?}?ﬁtr?@emﬁ?é E?%p%?gﬂ?lﬁng EFEEPHBILE WBFeVAFEHEY ed
using these electrical contacts. The structure of the electrodes is the sane
as inst heintérsupeebodindehhe aperstiowmy AavEcg. adtimhéoedetve itde movabdet 1
was prepared in the follow ng manner. Initially, chrom um powder and SiC

powder eagheberbdq, airawaiiAge atldepatt bebeosite EHixEl BUR@rddRsanwetreN xed
in atwn-cylinder m xer to nake conpositions of the electrical contacts

shown in J@ﬁ&gle L el o adeides tét?% %%é%rrih@ﬁt Wog +es gEewg@igkmce fndie

having suc shape as to formthe through spiral grooves d central
hol e 51 and yield,the desiregjshape f the electrjcal, contact, 20 qu t he

char ged rPXETFRE WARVERbI®Rt ed™Mis &% VAT W R et RE e R #%9 pressur e
of 400 MPa. The density of the resulting conpacted nol di ng was about 73%
Thi s was santeusdvatugnogibchdeaose thah haveuexecetlend hotesruptypal d the
el ectrical contact

10 performance and show a low surge voltage concurrently.

Embodiments of the present invention will be described in

detail, which by nomeans 1limit 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.



1. The relative density of the resulting electrical contact 1 25 was about
94% 14 The manufacturing nethod for the electrodes is the sane as in the
first enbodi nent. The el ectrode shown ir2 Fig. 1 was prepared. The el ectrodes
were used for a vacuuminterrupter of a rated voltage of 7. 2 kV, a rated
current of 600 A, and a rated interrupting 5 current of 20 kA. If the
strengt h ohithealeyeachrcudluncpovact ahd soppéf powdetr, eatlhBavenafoagerage pl ate
3 may be omtted. The electrical contact 1 can also be prepared according to

t he above; joned. net n.t.h r bi j i_Cs C2,
Be2C, B4C? ggﬁébfgw%i%bgd?g@ﬁ %&C? eg%bl i"lnl';‘% g&gv%r gagln\éﬁ}ﬁegggg% i des
can be used |n conbjnation, As the carbide, SIC is especially _preferred, and
TCand DEThIGIPra1Es 1o 2 sk Haibi@ediged 3By antaBoGY I HIERAR LERE

deformation of surface as a result of heating by arc is small, 15 although
they may Faviake LHPRRRTEESEE Hogpia ¢ leetrds loCoRR@t s7 sSROWPEABodRRRAL 3]
Usi ng the el ectrodes manufactured in the first and second 20 enbodinents, a
vacuur i Nl eselgw er Nexdayi tbd powwdet el sl wadechaagetaimtact diedhathag
specification of the vacuuminterrupter were: a rated voltage of 7.2 kV, a

rated curggph LlshBPR As BEU o tMELEnrBLER $P1 HAY S50 PhndOckAtrFlg. 2

is a view showing the structure of the vacuum 25 interrupter according to

Lt SpBTRoEL TR  MAMIAR LR, b L B PRI BB R,
plates 3aargil(gdtl':l)’eb’charged mixture was subjected to compact 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 toyield electrical contact 1. 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
thecentralhole5loftheelectrical contact 1 preparedbysintering
and the central hole of the reinforcement plate 3, and they were
assembled with a solder material 5. The solder material 5 was
20 also placedbetween 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



a fixed electrode rod 4a and a novabl e electrode rod 4b, so that the fixed
el ectrode 6a and the novable el ectrode 6b are constituted. 5 The novabl e

el ectrode 6b is bonded by sol dering toa novable holder 12 through a
novabl e shield 8 for preventing scattering of nmetal vapor upon current
interruption. These nenbers are highly vacuumtightly seal ed by sol dering

wth a fioettede 1p alsef¥acien tiyoviad re ieTd rHdlefticd tO9pl a b8 @ may ibesomat teg.
cylinder 13. The screw 10 portions of the fixed el ectrode 6a and novabl e

hol der 12 are ; t rq C ot O, HRE G There is
di sposed in theﬁ%sggl%tg%?ﬁtgcgcly ?ﬁgéﬁel%%gnsﬁ?gpdﬁgﬁe%r pr e\%glﬁpﬁﬁéngcg;ét ering
metal vapar and a quide. 11 or, .suppqrti a _sli.ding portion di spose
ot ween | Hie it S ERGLGTeE SRR (e SRFRICS ot b 1835 EASB8: Phus 10
i s di sposed between the novable shield 8 and the novable end plate 9b
t her eby tBLT eMG.herpeasaBreC. Foldefrd? Hive NB§ .aRdCdoliC t @nduVR s badd of
the fixed electrode 6a and the novabl e el ectrode 6b, while keeping the
vacuum iof esiCptand i whemctiven m0riki agmpbeert etsrstaveeont act s nmanuf act ur ed
inthe first and second enbodinents as the electrical contacts la and Ib in
Fig. 2, the vacuuminterrupter according to the present invention was
prepared. 25 [ Enbodi nent 4] 16 A vacuumcircuit breaker provided with the
vacuum i nt err upt er ufactured in the third enbodi nent was prepared. Fig.
3is a s@ﬁ@ﬁﬁgVﬁe%Fgayof the circuit breaker conprising the vacuum
interrupter 14 according to the fourth enbodi nent and an operating 5
mechani sm t her ddf thetgecand arPefingnt . ¥ kekleriemk coné agpsr At Fagt weahbyii sm i n
the front side and three epoxy resin cylinders 15 in the backsi de.

having-a copper matrix and SiC particles dispersed in the matrix

10 wereprepared, andelectrodes were preparedusing theseelectrical
contacts. The structure of the electrodes is the same as in the
first embodiment, as shown in Fig. 1.

The electrical contact 1was prepared in 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%.



The epoxy resin cylinders 15 supports the three vacuuminterrupters for

t hree phases, respectively. The vacuuminterrupter 14 is 10 connected to and
turned on and off by the operating nmechanism through an insulating
operating rod 16. Wien the circuit breaker is in a closed position, current
flows an upper termnal 17, the electrical contact 1, a collector 18, and a
| ower term nal THd mAnefacaclriho sethed \weah thkeetbeetrbadesi d T Hes skBtapy a
contact spring 20 disposed to the insulating operating rod 16. The contact

force bet Vt‘?fﬂetf*lprsec'&Eﬁé&f’rﬁén@”‘i"hle%geb&'z%%er QHBQH%%‘[?;{/ ;ha‘rér%fflﬁ’%& faysed by

short-circuit current mal nt al ne y a supporting a plop 22.
When a cl osi ng oi exc el ectrodes in an open state are
losed 20 by 4 TAURbEFT33pR e TR UREE L7 B A e R H PR P R A oF o
knocking rod 24 to rotate a main |ever 26, then the roller 25 is supported
by the sumﬂottatgmgfﬂexzekvzerafrﬁcacwéengtoét@ott Aatandhe rgiteduint reakeings in a
tripped condition, a tripping coil 27 is excited so that a tripping |ever
25 285di&ﬁﬁMﬁﬂﬁsbﬂtEnrkmp 22 to rotate the main lever 26 thereby 17 to
separate the electrodes. In a state that the circuit breaker is in an open

state, the |ink pgLUL eﬁ&%hﬁf %iegéi‘é‘é POSLY | h {1 1f §e§u &£ and,

at the sane tine, the engages, ter the e ectro are separated

In this state, cI05|n coil] 30 is x0|ted to. close the el ectrodes. The
numer al 3@%&%‘@@0%‘%%‘3&%% %d?)aeyetf%n‘ti‘bldﬁr%‘?tt 5] The electrical contact

manuf actured in the first enbodinent 10 was used to prepare the vacuum

i nterrupter of Teeelac&dicollt agrtagt 17cankylse iepreparedt acfosddng amd
rated interrupting current of 20 kA shown in the third enbodi nent, and the
vacuum i nited rajptver-mentioned method when the carbide is one of TiC, WC,

10 CriC,, 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 wvacuum

25 1interrupter according to the third embodiment. The vacuum



was 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 contactgs el 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 at | #et&xeaptes. iMind] NComprisds QUraxeE@ EDUcErOce dioh©abi NaHd~ Nd
pwN(aaNro UbOE Ov,C ..10 Udu b) CIi J O~aDr | dNONMO vy;j
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15

20

25

a movable electrical contact 1b, reinforcement plates 3a and 3b,
a fixed electrode rod 4a and a movable electrode rod 4b, so that
the fixedelectrode 6aand themovableelectrode 6bareconstituted.

The movable electrode 6b is bonded by soldering to a movable
holder 12 through a movable shield 8 for preventing scattering
of metal vaporupon currentinterruption. Thesemembersarehighly
vacuum-tightly sealed by soldering with a fixed end plate 9a,
a movable end plate 9b, and an insulating cylinder 13. The screw
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
7 forpreventingscatteringmetal vaporandaguide 11 for supporting
a sliding portion disposed between the movable end plate 9b and
themovable holder12. Abellows 10isdisposedbetween 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 vacuum.

Using the electrical contacts manufactured in the £irst and
second embodiments as the electrical contacts la and 1b in Fig.
2, the vacuum interrupter according to the present invention was

prepared.

[Embodiment 4]

whi ch
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15

20

25

16

Avacuumcircuit breakerprovidedwiththe vacuuminterrupter
manufactured in the third embodiment was prepared. Fig. 3 is a
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 epoxy resincylinders 15 supports the three vacuum interrupters
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, anda lower terminal 19. Acontact force between 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

MN.-Irl EN N7 EO040 U ro E ro, a al~Ml"NNnu'il0Chd' N
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15

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 fourthembodiment,
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.
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SiC content within the SiC content of 0. 5 to 15 percent by weight (No. 1
to No. 4) . The maximuminterrupting current (interruption performnce)

i ncreases by conprising SiC. However, wsth an excessively |arge anmount of
SiC (No. 4), the interruption 10 performance tends to decrease, because the
contact density decreases. In contrast, the chopping current is relatively
| arge and the Breamples iNdser nupbi 8garedirdenga st snealHxamMpdre sSSNGsi.S 100and
contained (No. 10). Wen the SiC content exceeds 15 percent by wei ght (No.

15 11), tpe o agtseenst tye "B kgl ¥h d8LE efseSoREFe§ NS0 NRXT PYMuERLERGUPT I NG
current significantly decreases. The variation in chopping current is small

with a varying. .chrom.um content ( 5 .6 ver, the maxi pum
it o rupt TGO EUT LA o Fliger Bk o Rl oo HRE B bR uRE 0T
content, because of inproved voltage endurance properties. The chopping
current de%aMRHR NQbs? affi @Rl §xyEPYebRf EREM. maxi muminterrupting current

increases with an increasing electrode dianeter (No. 7 and No. 8).
Conparsat i ve Exditp ehppifidhesraestr tendseto MednedseSwithsan2bnanedsingy
di spersed in Cumatrix and is not cohereed around chrom um 20 particles.

Conpar at i g£c BeHHIR Meth9nhaise TilAEBAEAROPPING €U I $Perctiitt BySHBL §EE
maxi mum i nterrupting current than Exanple No. 2, even through'they are the

e o surind Ee b 5 s P Bl LRGR Gl BATrehte EORERLPeig © °°

voltage and to inprove, the interruption performance. These results show
that the RPEEIFRRREFE LoREAELRSSE COY dr HBPT 1 H1RHSHF esditWE RNt WO bl es

excel l ent el ectrode performances including both excellent interruption
per f or manexceswlivealy slagge 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 toincreasewithan 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



10 voltage. The sane results can be obtained when the carbide is at |east
one of TIiC, WC, Cr3C2, Be2C, B4C, ZrC, Hf C, NbC, TaC, ThC, and VC i nstead
of SiC, and when the matrix conponent i® silver. 15 [Enbodi nent 61 The

el ectrical contacts manufactured in the second enbodinment were used to
prepare the vacuuminterrupters of the rated voltage of 7.2 kV, rated
current opatfifichAeand CahpdirathteExappila@iocd hash lafrgdy dlospomg cutrrehe t hird
enbodi ment, and 20 the vacuuminterrupters were installed to the vacuum

cCircuit Bpaakessaplet headomid hi erdedipeitg MYh VBt rs W et 180 MR Br eaki ng

performance tests. Table 2 shoms t he conp05|t|ons of the electrical

contacts, nga@$$gh§#fyhe g @ﬁ%réég% 4 pf Egerégﬁg:é%'é$ﬂﬂ% & 1 %kln%ylfo t he

perfornance are anples accor
present invention, and the sanples Nos. to 9 are Conparative Exanples A
AP NCdepndpcg¢§§ Khet- F%e+qoﬁ%slgn~435;%£bs@ as fo surround chromium

5 particlesiseffective toachievealowsurge voltage and to improve
the interruption performance.

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, Cr;C,, Be,C, B4C, 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 to breaking
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



NI ~~++ mu bVl EQri W a) ay30 3U1 .-4EUL W U6 .HA) CC i 'r ueEa
~+mmmmmr or nm N C7ZNNNNNNNNN ro N N C7HU Cd

21

to the present invention, and the samplesNos. 6 to 9 are Comparative

Examples.
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The samples having a SiC content within the range of 1 to
30 percent by weight (No. 1 to No. 3) showarelatively low chopping
current due to the sublimation of SiC. They do not show
significantly increased chopping current and can maintain
low-surge propertyevenafterinterruptingacurrent 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
a low maximum interrupting current.

The sample havinga SiCcontent 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
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.

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.

This is because the sublimated SiC reacts with chromiumas a result



QNNnvN Ornilr z NQV. oi a ro w " UU 23 The sanpl es having a Si C content
within the range of 1 to 30 percent by weight (No. 1 to No. 3) show a
relatively | ow chopping current due t®4he sublimtion of SiC. They do not
show significantly increased chopping current and can maintain 5 | ow surge
property even after interrupting a current of 1 kA hundred tines. In

cont r ast , of hirestahpg conaarn@emeSiad edbnipent duesentthdntérmgrtden, hndvmehght
(No. 6) has a relatively large chopping current, does not effectively

provi de | g¥he8hHQ PELEAIHRNEELs FHIr88Q¥E thdcRopPIn FRUFPERE AEBLEHRELNY
current. The sanple having a Si C content exceeding 30 percent by weight

el oot 1 cal cont S0t “RRPaE Gttt Epb i T ole L SEHETRT LRRC AN bhooBlnb®

interrupting current, although it shows effective 15 |OMF$UF%6 per f or mance.
current (No. 9) has a large chopping current as in the sample

5 No. 6 and does not effectively provide low-surge performance,
although it has a large maximum interrupting current.

Table 2 demonstrates that the chopping current is preferably
5Aorless; that thedifferent between the initial choppingcurrent
and the chopping current after 100-times current interruption

10 »is 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 andlow-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, Cri;C,, Be,C, B4C, ZrC, HfC, NbC, TacC,
ThC, and VC instead of SicC.

20
[Embodiment 7]

In the seventh embodiment, the vacuum interrupter prepared
according to the third embodiment was mounted toavacuumswitchgear
other than the vacuumcircuit breaker. Fig. 5 showsaloadbreaking

25 switchgear for apad-mount transformer having a vacuum interrupter



The sanples having a weight ratio of chromumto SiC wthin the range of
1:1.5to 1:50 (No. 4 and No. 5) have a small chopping current and do not
deteriorate in chopping current after 2snterruption of a current at 1 kA
hundred tinmes. 20 In contrast, the sanple No. 8 has a relatively large SiC
content with respect to the chrom umcontent and a weight ratio of chrom um
to Si C ofl4:grdpdred)in Tthe Saimd eembhgdhihercant |y deteriorate in choppi ng
current after 100-times current interruption, although it has a small

initial choppi mheLUbbANbrealdbnd Hvd ichdeRGANS LS Sad i pluSht pLAEES W th

chromumas a result 24 of heating by arc generated upon current

: . _ tog _ the .choppj
cur rent v astid St Y 18k RmadlAag fo xR AT S TR TN,

choppi ng current_(hb\6§% has a ] arge chopping current as in_the sanple 5
No. 6 andOeLThot? & FERTTWRISP RIS | FEL SRS IF R MR r FRARReE e32 - alTifough it
has a | arge nmaxi muminterrupting current. Table 2 denonstrates that the
choppbng extexinir ivaquuaf ehablber 32Acomplréses ahauppbe pléfermembeeti®en t he
initial chopping current and the chopping current after 100-tines current

i nterruptd 08wdP p1atd wéfbeblay dndsAdeplfsSmandedBIFs Pr eherpdt ¥pHe 81 s OF
|l ess; and that the maximuminterrupting current is preferably 25 kA or

: d . T I
ol ot ri oo oo BFEELRMe R QI ERaRs, ISR RREN LitprbHE o2

per formances, i ncludin 15 .interruption performnce and | ow surge
ber f or s M A d SRaRReR HeliththiTR Ty ROAY A% | UH oF W ECRGPRE t he

chopping current. Substantially the sanme advantages nmay be obtai ned when
t he carbide i §heneppekrepletefmembdr G3 W8s AGpREZ, tBe@TghBUGleZr 85, HIG NbC,
TaC, ThC, and VC instead of SiC
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
isfixedto thecircumferential 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



20 [ Enbodinment 7] In the seventh enbodi nment, the vacuuminterrupter prepared
according to the third enbodi nent was nounted to a vacuum swi tchgear ot her
than the vacuumcircuit breaker. Fig. 2eshows a | oad breaking 25 switch gear
for a pad-nount transfornmer having a vacuuminterrupter 25 14 prepared in
the third enbodi nent. The | oad breaking switchgear is provided with plural
pairs ofdvspsosedi atethapperspldriesr espondi appéd theodghhrh6lesuBs awit ch
section in a vacuumseal ed exterior vacuum chanber 32. The 5 exterior vacuum

chanmber 32) SRMHS 8% e8Mot IR mBYabee B riie rodd 2Wer Malgp®Pentd4 and
side plate nenbers 35. The peripheries of the plate nenbers are wel ded. The

exterior yvacuum.gchanber 32 . isjinstalled together, with a in.b of . the
owi t choedi e T A ERpREet 3 AL Bl s vRcub RBbr Eond R E sERED 3B Ypffun' 16
peripheries of which have ring-shaped insul ating upper bases 37 to seal the
t hr ough- her-zh 3he CRX LAREPT npIeBre enarbeBdd2r ddsevapuatedreci procatel y
(up-and-down novenent) inserted into the «circular spaces forned in the
centra parts dfhd hbowgpepldasasemi3ar IFhats i provh@edppetht bowegh- hol es 36
are vacuumtightly sealed 1s by the upper bases 37 and the novabl e

el ectr odety pglsgbho 188 @%iain§@ﬂ§tiﬂ§p§ﬁsﬁiﬂé§)4@fa£Qefﬂﬁ¥ébE8 ghectrode
rods 4b are connected to operators (el ectro-nagnetic operators) disposed

at the exteriar of the t erd or__vacuum ch er . .The .upper plate nber
35 hos obgHflefled "Se UlE dien TRAINHIBENES 35, s oot RSl sk thR o)
fixed to the peripheries of the upper through-holes 36. Each of the outer
bel | ows 3BoWer iy hes 4 8@@9-§P@@e@flpweruaﬁéﬁsp#h@6€n€ﬁ§epssg B its
axial end, and is fixed to the circunf erential f ace of each of the
novabl e etleetboddem 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 themaincircuit
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 4b at its other end. That is, in order to vacuumtightly 25 seal the
exterior vacuum chanber 32, the outer bellows 38 are 26 di sposed at the

peri pheries of the upper through-holes236 and along the axes of the novable
el ectrode rods 4b. The upper plate nenber 33 is connected to an evacuation
tube (not shown) through which the exterior vacuum chanber 32 is evacuat ed.
5 The | ovietie [fllaixd bTenbendd34tosspt Dhadedthrbhghehel est 413 pugitdaheésh3the

i nsul ati ng bushings 40 are fixed to the peripheries of the |ower

t hr ough- hgd@sh B9 dNesebyad ors@yedp thee 109Ftddr ough- hol es. Ring- shaped
| ower bases 41 are disposed to the botton1parts of the insulating bushings

40. Col umar fi cLr re i I, i e ce

circul ar spaceééﬁg?agﬁgt%%%bggﬁﬁgggé %E%f%égﬁg %%%rkﬂ%géﬁ%ﬁ%ﬁl ?es 39
f or med |n t he Iomennglate menber 34 are vacuumtightly seal ed b the

i nsul ati neP enbrA}pRRT ?%&é%e4ﬂpg%kp¢lR%dF%?e%??@d@re@5H§94a
Each of the flxed el ectrode rods 4a is connected at one 15 end (| ower side)
in the axsvaltatigest ifor tithe gudd ohowab| sl t¢{ligeansm Fsimthambltds wWaeposed

out side of the exterior vacuum container 32. The vacuuminterrupters 14

cor r espondi ii-tip tde dRIdr Sidg Wd theWpreBedk iheeheaenbegﬁkbage@%myéh are
housed in the exterior 20 vacuum container 32. Each of the nov

el ectrode_rods,  4b are connected to each other throu | exi bl.e conductors 42
v ng (U5 CLPOEA Ao SHOCCRRESEP S € Homi OISt yat el svp LeBaPet Sy

| am nating copper plates and stainless steel plates alternately, the copper
pl ates and the stainless steel plates having two curved 25 portions in the
axial direction of the electrode rods 4a, 4b. 27 The fl exi ble conductors 42
have t hrough-hol es 43, into which the



novabl e el ectrode rods 4b are inserted. As having been discussed, the vacuum
interrupters according to the second enbodi nent can be applied to the | oad
breaking 5 switchgear for the pad-noung sw tchgear. Further, the vacuum
interrupter according to the present invention can be enployed for other
vacuum swi t chgears such as vacuuminsul ated swi tchgears. 28 WHAT | S CLAI MED
|S: 1. AwHARCIS ICEAINMEtESE nade of an alloy conprising chromum one of
copper and silver; and a carbide, wherein the electrical 5 contact conprises
a matrix phase and a chrom um phase, the matrix phase mainly conprising the
one of copper and silver, and the chroniun1phase being surrounded by the

car bi de nd d| speﬁﬁgeg n_.the matt pha etﬂnl?](llz. electri crb cont act
accordin ¢ ITWhR SSH e mgldl oyt ¢ i?gscimPBl§6n8e(f EMEHY wei ght
of a carblde with the balance being copper. 3. The electrical contact

accor di n®lt% ofl §PRPEr apdrelvehe and aaFpsPidenprheseinhtlei ehfcleobpek, and
a carbide, wherein the weight ratio of chromumto the carbide is wthin the

rangesof cdhntlack t cohprises. dhateliaqgiltdsaand anttanimiaccphdsag the niE af g 3,
wherein an anount 20 of carbide is 1 to 30 percent by weight. 5. An

el ectri cadnLNtREHn 1BF CUH A% iy Gl Mrle Mgkt M dld P e €O A SE5e
chrom um copper, and a car bi de wherein the electrical contact has a

chrom um content of 0. Q perce g 5 and arbi de content of
o0 sareutiin Fhageghe Ra TREERESHRR e dBsS CpaPlgRcopRe T EEBR SR el ¢ ne
carbide content is hi gher than the chrom um content.

the matrix phase.

10 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.

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

1:1.5 to 1:50.

4. The electrical contact according toClaim 3, wherein an amount

20 of carbide is 1 to 30 percent by weight.

5. Anelectrical contact according toclaiml, 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

25 and a carbide content of 1 to 30 percent by weight, with the balance



6. The electrical contact according to Claim1l, wherein the 5 carbide is
capabl e of sublimating by the action of arc. 7. The el ectrical contact
according to Caim1, wherein the carl¥gde has a sublimation point or
deconposition point of 1800C or higher. 10 8. The electrical contact
according to Claim1l, wherein the carbide conprises at |east one selected
from Si Cbdifg cdpped,36Rd witeP€in BHe cArGiddf €onhbht TaGighe® thad dee 15 9.
The el ectrical contact according to Claim1, which conprises the copper and
0.2 to 1 perseinim oedght of lead. 10. An electrical contact according to
Claim1, wherein the electrical contact has a chopping current of 1 to 2.5
A and shows 20 a nmaxi muminterrupting current "y" (kA) satisfying follow ng
Expression (1): 0.44x<y<l.32x Expression (1) wherein "x" is the dianeter
(mm of the contact. 25 11. A nethod for manufacturing an electrical contact
conpri si Ry 30 Thife ediesiigial HORYRT HhARFIIIGII iR I al bne'RRrebppere and
silver, and the carbide to yield a powder m xture; subjecting the powder

m xt use c¢arkwiodpacd capabhg;ofinsuisl intetimg bYhethwl detdionxdfirercs 12. The

met hod for manufacturing an el ectrical contact according to Caiml1ll,
wherein the chrom um powder and the powder of one of copper and silver have
a average particle size of 75 mor less, and 10 the carbide powder has a

aver age rticle size aof .20 . mor .less.. 13. .The nethod.fo uf acturing an
el ectrical® cont % %;ﬁék%ﬁqﬁi contaé% according to E?alm E,n%ﬂereln £he

carbide has a sublimation point or decomposition point of 1800°C

or higher.

10
8. The electrical contact according to Claim 1, wherein the
carbide comprises at least one selected from SiC, TiC, WC, Cr;C,,
Be,C, B4C, ZrC, HfC, NbC, TaC, ThC, and VC.

15 9. The electrical contact accordingtoClaiml, whichcomprises

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
20 a maximum interrupting current "y" (kA) satisfying following
Expression (1):
0.44x<y<1.32x Expression (1)

wherein "x" is the diameter (mm) of the contact

25 11. A method for manufacturing an electrical contact comprising



to Caim1l , wherein the conpact nolding is carried out at a pressure of

15 120 to 500 MPa. 14. The nethod for manufacturing an el ectrical contact
according to Claim1l1l , wherein the sisstering is carried out at
tenperatures equal 20 to or lower than the nelting point of one of Cu or Ag
in avacuum in an inert gas, or in hydrogen atnosphere. 15. An el ectrode
conpri si nghé hetepecdfi cal contact of Caiml and an electrode rod to which
the contact is bonded, the contact 25 being in the formof a disc and havi ng
a central hol %i@firlfﬁ:%%d%]rsatoft e rohit, abneeBEeLoBhetNEndi $€1888 , 2ana
plurality of throug slit grooves being not in contact wth the central

hol e and xtend%ng tfororg]tc%e ci rcul a.lrxtcent.er to the ci Elcum‘e ence f—)f t he

di sc. 5 16° &AL _FEEL ABPERA I HHSToT WRY S REMBE F SR EHF T 8t E%e  rod
integrally fixed to a side of the discoidal nenber ogposite to an arc
gener at | ofP stRRaGharel fltge e coHiuberiRabeheiBolded BisEUFReal contact of
Claiml1l. 10 17. A vacuuminterrupter conprising a vacuum chanber; and a pair
of a fsi xed el ectrode and a novabl e el ectrode arranged in the vacuum

chanmber, wherein at |east one of the fixed el ectrode and the novabl e

el ectrode;3s tfR féer6EIE RAnTEAEFUAPng ahde 18t AL YAE WHRGEJCHE Lo Pl ERKET
conprising a vacuuminterrupter, conductive termnals, and a operating

devi ce, t€e ¥€cuuqk interrupter conprising a vacuum chanber, and a pair of a
fixed eleRtrotea h'a novabl e el ectrode arranged in the vacuum chanber,
the conductive ternminals being connected to each of the fixed 20 el ectrode
and the novabl"hedieda thgeChRONRaMRANARR iaRcethgpPeYder L4 ofi¢e 08 pePRRPERig
device serving to drive the novabl e el ectrode,

and silver have a average particle size of 75 um or less, and

10 the carbide powder has a average particle size of 20 pm 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

15 120 to 500 MPa.

14. The method for manufacturing an electrical contact according

to Claim 11 ,
wherein the sintering is carried out at temperatures equal
20 to or lower than the melting point of one of Cu or Ag in a vacuum,

in an inert gas, or in hydrogen atmosphere.

15. An electrode comprising the electrical contact of Claim 1
and an electrode rod to which the contact is bonded, the contact

25 Dbeing in the form of a disc and having a central hole arranged



wherein the vacuuminterrupter is the vacuuminterrupter of Caim17.

10

15

20

31

at the circular center of the disc and a plurality of through
slitgroovesbeingnotincontactwiththecentralholeandextending

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 amovable electrode arranged in the vacuum
chamber, wherein at least one of the fixedelectrode 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 wvacuum

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 vacuuminterrupter of Claim

17.



