1 TITLE OF THE | NVENTI ON: ELECTRI CAL CONTACT FOR VACUUM VALVE FI ELD
OF THE | NVENTI ON: 5The present invention relates to a new el ectri cal
contact that is used for a vacuumcircuit breaker, a vacuum

swi tchgear. etc. RELATED ART: 10El ectrical current sw tches enpl oying
vacuumcircuit breakers that use vacuum as an insul ati ng nedi um have
| ess influence on environnment and substitution of gas insul ated
switchgears with the vacuum swi tchgears has been carried out.

Enl arged capacity thereof has been desired. Electrical 15 contacts
for interr uptiug oFanrge gNvERTtoMhoul d have a high density in order to
secure a large current flow capacity and a good thermal conductivity.
Ther ef ore, FIRCPRISALI €ONBACTirOR alacUM SRALYEt hat are used for general
vacuum circuit breakers have been manufactured by infiltration

met hods or 20 sintering nethods, which are capable of densifying the
contacts. For exanple, patent docunent No. 1 discloses electrical

contacts i prpiijpcbFCouks RN etond infiltrated into | ow density
sintered body of Cr-Cu. Patent document No. 2 discloses high 25

densi ty sel ectriggal peRSLRE isvehit§Bnafs AHRdE6nBY SlidHidiicad cantidh
density nmolding of Cr-Cu in an inert gas atnosphere. Patent docunent
No. 3 di scligsgsigheehr#ah Vel frddi tvbkehkéi alker ShaRew £ ciguwier
particles are oriented in a specified direction and are sintered to
produce highdensity sintered 5 product. In this nmethod, an anmount of
Cr can be reduced. Patent docunent No. 1; Japanese Patent No.
2,874,522 Patent docunment No. 2; Japanese patent | ai d-open

2005- 135778 Patent docunent No. 3; Japanese patent 3,825,275 10

SUMVARY  OF rEEpiyVERFL ON: Conventional electrical contacts of
Cr-Cu produced by the infiltration nmethod exhibit reduced _
conductjpvity ang,g.hi98,13% dé&ﬁﬂc%e%%fn?léflﬁ’é'%lﬁim Girdiie Cu
phase in the contact |layer. Therefore, an actual contact face area

bet ween th%r]e%ﬁ%%t 2hhE DECHERS d &h Hpgﬂﬁétﬂﬁéirﬂé@ﬂnﬁ’ HHR hBss

current flow, I ch generates a largejou eat and i ncreases a

temper at ur Q3 ubRBeCOR! ST LAMME: oHA $uBRYitERfoL GARAL BElNGER AN

el ectrical contacts. As a nmeans for reducing electric Tesistance and

Suppress 2%&1@?@8%2 W83 tnd Jél%]{ﬁfm LHOBEN FBFs RAEPONEN LAl S16QRARY, 1 S
ace opposite to the

formed on the contact tace. Since this l[ayer is

formed int &%&k,xabfff.%gsiwf'ﬂéfea&f WasTBbBAdaet Ped O i)

decreases due t0 so di ssolution of C. Therefore, It Is Inpossible

to SUpﬁﬁes%ogQﬁdggukSr h%%r%@@.a ebubRofy dMuld eRlve %ﬁ?’lg{gh

contacts produced by the si'ntering thods, there 1s no s

S0l Ut 0N Ofaefi 1! £ e tBREEbUr O AUSGe! BEE Fol® £10w5LaPaCL cPTlld N9

a good thermal conductivity. Therefore, Cr-Cu series
electrical contacts that are used for general vacuum circuit
breakers have been manufactured by infiltration methods or
20 sintering methods, which are capable of densifying the

contacts.

For example, patent document No. 1 discloses electrical
contacts in which Cu ismelted and infiltrated into low density
sintered body of Cr-Cu. Patent document No. 2 discloses high

2b density electrical contacts which are produced by sintering



However, since the entire sintering material is conposed of the C-Cu
conposition in order to inprove productivity and 5 since the density
of the product is smaller than that of infiltration method product,
the suppression of joule heat was insugficient. Accordingly, in
the electrical contacts produced by the sintering nethod, if a |ayer
made of Cu is formed on the face 10 opposite to the contact face, it
may be possible to suppress joule heat, but since the sintering
shrinkage of the contact |ayer and the Cu layer is different, there
may be cur Wigs @fdsartywhel@Idge chek culith anliviepg gals amidspferehePatent
sintered bodies is renmoved 15 by nmachining, tenperature rise during
t he currentgdcuaengens! ag asiddiewsear pl1eottheil tduhtetisagh @heeh flake
decreases to increase a contact resistance, which may cause the

contacts t ghapewetdefolietr P tORs alre bgianted] Beta afpddicip@esent
invention to suppress warp 20 deformation of an electrical contact at

the tine ofgiskbtebhNan@ratd/ldinteren 66 sredidd Hilgy Hensieyebinyyrad de
a suitable structure of electrical contacts having excellent heat and

el ectrigal oadueli Yht ¥hidhfetHRECRN aR¥ANtI 68 OF Wirlase Feadlealrical
contact 25 conprising a contact layer for nmaking a contact wth an
opposite 4 BLEGHE | EGluntit &6l ANdIgphhefe CONMMY NGE RBGH, 5P2an
opposite side of the contact |ayer, %he | ayers being integrally

connected t opgaGHk AbREhen iR, Plshﬁﬁn@e@tpaa%tenkayﬁa%aim Q3573

and Te, and the high conductive | ayer contains copper 5 as a main

conponent, apgs Wherfl it WpdN3¢0REHSHEYE BANSIL 135 gREOY¥Hged with a
means for suppressing warp of the cohtact layer at the tine of
turning on of the contacts. In the present invention the

el ectrical contact nentioned above has the neans for suppressing warp

whi ch ijpcl wdesnpy bfaphs IHnAE oicentric groove, formed in the high

conductive layer, wth respect to the contact |ayer, at |east one

si de face 91 008 { ghWPAT 136 3UeR (Asf At f U chi el 14 HE tne

| ayer, an internedi ate |layer, sandw che etween the "hi gh conductive

| ayer and tiﬂ%i?c@?%@f&n'rﬁé’ﬁfcq *éi‘ﬁ&ﬁ@tar&ﬁg?@%}édn‘ﬁ%cit%ﬁigg%%&tae.hl.@h

bet ween that o e contact |ayer and t the hig uctive

aver, andy3 hAREE aueXt SBH11A sbiGLi6Rlr AL Enh da%d;megﬁ %g@%ﬂa\é?:
| ayer opposite to the contact layer, being 1 nclined towards the

eri pher e i ucld e t t J 1
Phi nner 1 naRvRRe PhOBoFGRY: | Ko yaY T hot ety e IR d HIBEENThe s

i s useqstchgegcw%tecm«asgng‘pl%ggg&%g Ji9heh J%k%%?{icqg'ge% oWe

means to suppress the war ! Ing that "may t ace 1 n the

contact | a¥z§%o§ggéﬁé‘?ca‘%%%t 895y Iiér#lglé Hgaglgr{dﬁgltxci"éé)é@s Bhfé?l:[tgﬁatt%%e

contacts. war p suppressi on neans 1 nc €S a concentric groove

formed in 3 LRg Q&%a%ﬁ%ﬁséﬁ#ﬁﬁéaﬂé?&gg 9 lﬁéﬁf.tbre‘%%ghogh‘gpe”

to a face opposite ans further includes a side
face groov%lggEgggairb$¢¥% 'ékeface of the high conductive |ayer. The
war p suppression neans further includes an internediate 5 | ayer

S AU T SNy

T

ngs ﬁgdhgg c?ﬁ%§%¥ﬁla?8rijﬁﬁethg§ ¢gh Jé{FS? rayerf%gs gqﬁﬁﬁ%iness
SPbb sl Ss LA RS Hles AR LRASRY Sl ey,

above neasures arée € or 1n co

structures .and conpositions tc.wll_ be.explained,15 hereinatier.
An' ol cot 11 GAPTEERT A acRb R gAY BRESELERCYE ot < MESEPeQERr 1t 18
i nvention ggggggigfeatgcgﬁﬁggégsa¥gg %8812 Qégp_conductlve | ayer, the

25 On the other hand, the electrical contacts produced by the



20 the high conductive | ayer contains copper as a nain conponent, and
wherein provided that a thickness of the contact layer is tl, a

t hi ckness of the high conductive layer is t2, and a dianeter of the
electric contact is D, t1l, t2 and D sagisfy the follow ng

requi renents defined by ( 1) and ( 2 ) , the high conductive |ayer
25 having at | east one groove concentric with the electrical 6
contact in a face opposite to the contact face of the electrical
contact. 0.15t2:5t1151.27t2 (1) 2.94(to-t2)5.55(t1+t2) (2) 5An
el ectrical sugfeadhgatethicdsg therenos hes sadpeckoliitide ¥ €xenhto the

i nvention conprises a contact |layer, a high conductive |ayer, and an
i nt er medi atcgxy haxeixbbtpaese tterdilsago kagpr ofnfelfitndig@h conductive
| ayer, the layers being integrally connected to each other, and the
i nternedi ate hawwegea) ddnddtBeNBhtE€ sGAFRRIhGi Bt id1ne sachmipdrde

| ayers (the contact |ayer and the high conductive layer) , wherein

the contactef 8MercC@i abMposd tida! iaNGrdér tan dﬁf@v@'ﬂbdﬁ@ﬁﬂﬁﬁty\&ld
| ayer contains copper as a main conmponent, wherei n provi ded t hat

a thickgessiglce! RBeCABhSELY | ¥ &hd rioducd E.Qt Shaild£kiass tofatt Be 15
hi gh conductive layer and the internediate layer is t3, and a

di ameter ofjniea teh@ebh infethRAlF¥dadct ,Drhd lsu %%e@gﬂo %dnﬁé/ hEB% was
fol l owi ng requi renents defined by (3) and F 15t 3Sti S. O

( 3) 2.94(t}EuPFPP8edP(t 1+t 3) (4) 20The high conductlve | ayer and the
internedi ate | ayer of the electrical contact according to the present

I nvention has %cc'o%ﬁihgﬁ??e £ QNP eh BoRr£OAE B tdctd P%ﬁu&‘é& oy igie

el ectrical contact in a tace of the high conductive l'ayer opposite to

the contactstaee:ak fdihed ek’ CAlydiORh@Elor 23 Bs!fryRlPBh 18! gace

contact according t he present 7 Invention, provided that a wdth

of the.gro d
ond 13 80r DbposTr Y 1o RERLHeLS: ol iR HhTEE Hodsiptd: 1P sldprdit

0. 0150 S-5Lu§L- R, 94%4 Q%LnéQ AR 3 'n%ngS%ﬁ::{rﬁéahg% %%D&Q'éontact

.0.85D(7) I'n the e ectrica contact according to the present

i nvent i on, eltaggrtglg{t A8THELL YL il Efr e&@ethatgﬁ%ahcrtﬂsr ﬁ% a

si de groov e peri phery thereof, provide t 10 a
the side gr,QQ¥erigg™2, @ depth is d2, and a distance between a face
opposite to the co tact face and the side groove is h, D d2, t3, w2

o S ), S G SRV 3B B AE (luef oy Sffen

15 by machining, temperature rise during the current flow
generates the warp so that the contact area decreases to
increase a contact resistance, which may cause the contacts
to be welded by joule heat.

It is an object of the present invention to suppress warp

20 deformation of an electrical contact at the time of sintering
or turning on of electricity to thereby provide a suitable
structure of electrical contacts having excellent heat and
electrical conductivity.

The present invention provides an electrical contact

25 comprising a contact layer for making a contact with an opposite



In the electrical contact according to the present invention, the
hi gh conductive | ayer has a tapered shape whose thickness decreases
towards the periphery thereof, an 20 inclination of the tapered shape
preferably being 1/2 to 1/ 30. In the el ectrical contact according
to the present invention, the electrical contact consists essentially
of 15 to 30 % of C, 0.01 to 0.2 wt% of Te, the bal ance being Cu.
The contact |layer may additionally contain at |east one nenber 25
selected fromthe group consisting of Mo, Wand Nb in 30 wt% 8 or

| ess in totdAlectidcal ednfaEctanddtdeighnbetidudtivd@agkecin ianabppost tact
according to the present invention, the contact |ayer has a center

hol e for nedidle toffe thentontaét thwyedt,Satheapbyeaki bying sHitdgrdlaymed
fromthe center 5 towards the periphery of the disc, the slits being
not in contcdtinedited tHeesetEhdlql @henben ettye tdu tdicac lageshapethimd o
wing forms. In the electrical contact according to the present
invention, ;N edoand ®f, 20k €hé aifH edna@hicEive Mmdysr GentlAins copper
constituting the high conductive layer is preferably 10 ppm or |ess.

A et hod ofagvanid A lodkipdachbe AlEahbredh ahagh @dnddteiiecsaper is
i nvention conprises: press-nolding |ayers of m xed powder conprising

i ngr edi ent $fa¥ideansiin HiMd¥hs2Fr 60BUBPEe 5V R wakp dF XBE dWERt 1ayer
conprising ingredients for constituting an Internediate | ayer and

copper powdal ther t¢RBShEt thifthd dH GF ¢aedeshiyetsayer in layers; and
sintering the layers at a tenperature |lower than the nelting point of

Cu in a reduci ng phadRPHRREHe Hvddtidh tHEkEh 828185 MKMAR: ndPilthed
el ectrodes using the el ectrical contacts of the present invention are

consti t ut e RO mBhAl £ 1t i@l rPhni 88 1%@&@1&5 Gdl1east

contacts of a disc formto el ectrode rods A vacuum val ve
of the jgr eggt cbﬁ&@ﬁ%k?@ #ﬂiHQfé SedrAkal fﬁsﬁh@il@hpébhdﬁétﬁvé | YRfbr,
el ectrode and a novabl e el ectrode di sposed i'n a vacuum chariber’

wherei n at Jie@ste G 10ko i@ ddnieitel &t ode wagtrma/@m&e eeelgRAiRe S

provided with the ‘el ectrical contacts nmenti oned above. A vacuum
circuit brekalaGhotALNgidd dﬁJ@e rarfe%ﬁat ﬁghnwﬂaa@&‘m &R, an

conpri ses the above nentionedvacuunval ve he vacuum val vé bei ng

provi ded Wi} eheki®gdtl Phyér PAdndiAReESbBYwbEs fhe i d %nhﬁ@%l@é‘d

t he novabl e el ectrode bei'ng connected to conductor termnals

ext endi ng qu t%;%&:d&d)fthé%n‘ﬁ%“ﬂfé@”ﬂ&hn@'&%@rﬁb&é&%ﬂh D SEAAHERM

for driving the movabl e el ectr odl A vacuum sw t chgear

accor di;gg %%t%%npiﬁ§§n5f'%\¥ dm&om?@eana PhAYE 8l tehePhagacuum

val ves each having a pair f1xed rode and novabl e el eCtrode,

wher ei n t e hagum,yaj 25LAdCh QP C kb YmE@ MMEEhEdrd 4t FakbESE

each other by 15 neans ‘conduct ors and an oper ati ng nechani sm or

operat i ng hﬁes?ggggggg%%fegﬁo %?J%Ett fryacHdmyp ¥ &S 1 Ita?eag BeﬁnQ“e

mentioned a e present I nvent

possi bl e t‘ln%ﬁiﬁ&ﬁ%&?%féfcéﬂé ? HQI—%C&S ﬂ}?evh&%hatcoé&@é{n}é/‘fiég@ff Ho

wi t h excel 'ent heat ectr conductivity, Tavol di ng warp

time of sineq Rgaandylt hﬁeﬂﬁl{e&[}l 1f | QWi nBREEER DESGR RE@Y PRan the

DRAW NGS:
20 other.
The warp suppression means is used to mean that the high
conductive layer is provided with the means to suppress the
warp or bending that may take place in the contact layer or

the contact during the current flows through the contacts. The

250 warp suppression means includes a concentric groove formed in



10 el ectrode having an electrical contact of the present invention.
Fig. 1B shows a.vertical cross sectional view of the electrode shown
in Fig. 1A 5Fig. 2A shows a top plan view of a second exanple of an
el ectrode having an el ectrical contactsof the present invention.

Fig. 2B shows a vertical cross sectional view of the el ectrode shown
in Fig. 2A. 10Fig. 3A shows a top plan view of a third exanple of an
el ectrode having an electrical contact of the present invention.

Fig. 3B shows a vertical cross sectional view of the el ectrode shown
in Fig. 3Ath#Shigh ddéhdieiis/ed lagprphtdund e efleztirodet hoxapal ecoh an
el ectrode having an el ectrical contact of the present invention.

Fi g. 4B sh@wgeapiRidiiteat o ¢hesSorfRrit.OTId méany firthee BlENidexde ssaewn
in Fig. 4A. 20Fig. 5A shows a top plan view of a fifth exanple of an
el ectrode Wavknrfrodvect @Gidd EaltheasiRCEadé offNEhepheEGR onkdnEe Ny E Wayer .
Fig. 5B shows a vertical cross sectional view of the el ectrode shown

in Fig. 5AThdSFhfp dupil@isidnVAeEHS fMatttierd Anelab¥khagxaifneatiteh
is 11 provided wth the el ectrode of the present invention.

Fig. 7 showsyardsagdaiemdd Getw@enOithd MaghUdordddtivie DlagakeanliNtie
seventh exanple to which the present invention was applied. Fig. 8

shows a vagdHEh&Wi1agBECarnd fin férfddidie BXS B Enddd iT WAl Gl driR dRbesent
i nvention was applied. Reference nunmerals used in the figures are: 1

denot es angel ggd+ Icﬁfaltnemiﬁtcoda%cftwedléy@@ (@o%%&l §6hicat agkerhb

novabl e side electrical contact, 2 a sl 3, 3a, 3b a stain
preventionaphatge é_br?ta%¥ (i% R eri aby, 61% %nfd'/b%dMéo ! Sed rbﬁﬁe rHR a
novabl e el ectrode, 7 a shield, a ' movabl e side shi el d, 9a a fixed

side end plLatg 15191?% srg).'\l.%ﬁ’plnfea%' sdeueeeP! & udds & Relpe?¥Wd: ni ha

gui de, 12 a nobva side holder, 13 an insulating cylinder,
vacuumyyal ¥gngdet Ae SRSE Eﬁ%%h@dcé({'ﬂ?&roppk@i% bﬂ&é" 84 1 {1 %‘ﬁft%tog

rod, 17 an upper termnal, 15 18 a collector, 19 a [ower term nal

a contact $pLEpg.rhelhdg LH%HR'IJdﬂQre' BYPdr nas & nQﬁ%ﬁkne%§ ndl WaGBkes 24
a knocking rod, 25 a ro 26 a naln:Tever 27 trip coil, 28 trip

| ever, 29 jgsphe S@Ifeﬁ&%&@ t%w‘é&ﬁé' Eﬂecﬁéhpr?érﬁ'{h%‘f%%'fat @h&%ﬂ)&?’&r

32 an outer vacuumc 33 an upper plate,” 34 a lower plate, 20

35 a side mga;@reéﬁr@%meé BE RYEY ot}oi&co?n&aatmpﬂerne%a@s B tRE

outer bellows, 39 a |ower through™hole, 40 an insulating bushing, 41
a | ower baﬁﬁrué‘@ulaeglaﬁ'fﬁ Rlmpoe¢Y6hE! » e B3 W LN Iph%ﬁeﬁor the

fl exi bl e conductor, 44 a center hole, 45 a contact lNayer, 46 a high
conduc§5vehg@gfﬁaf{gga.concentrlc groove, 48 25 an internediate
| ayer, 49 a side groove, and 50 a taper. 12

An electrical contact according to one aspect of the
present invention comprises a contact layer and a high
conductilve layer, the layers belng integrally connected to each
other, wherein the contact layer contains Cr, Cu and Te, and

20 the high conductive layer contains copper as a main component,
and wherein provided that a thickness of the contact layer is
t;. a thickness of the high conductive layer is t;, and a diameter
of the electric contact is b, t;, t; and D satisfy the following
requirements definedby (1) and (2), the high conductive layer

25 having at least one groove concentric with the electrical



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS: The

el ectrical contact of this exanple has a disc formand has two | ayers
in a thickness direction thereof. A contact layer 5 of the two | ayers
consists of Cr, Cu and Te, and the | aygr to be connected to a
conductor, a high conductive layer, contains Cu as a nain ingredient.
As the contact layer is made of a C and Cu alloy, the electrical
contact exhibits excellent interruption perfornmance and vol tage

wi t hstandi ng property so 10 that the characteristics required for

el ectrical cxortizadtsn arfacadpsds ek to the Gntdut dadepfhidndelbytrical
provi di ng the high conductive |layer on the side opposite to the
contact | aysmintdeat and el ectrical conductivity of the whol e

el ectrical contacts are inproved 15 thereby to suppress generation of
joule heat atpthstjLep=saf 2t/ current flow @nd inprove anti-wel ding
property. When a thickness of the contact layer is tl, a

t hi ckness of ghgqtﬁﬁyingnﬁggtgypt}@%¢r is.tgzand a dianeter of the
el ectrical contact 1s D, the ranges of the val ues should satisfy 20

the formul ae (n andctRlecal contATtiat8sidiing ith afoPssiddpRrdtooprabice
an el ectrical contact having no defects such as warp, |ayer o
separat i on,preisendNth o ith 836FE188E ahviitadtd 8! hittialh 6onaetivd ty
enough to suppress joule heat. 25In addition, the high conductive

layer has ataye8asin®@8 il SAERNtd LayEF BY¥Rebn tHRECHRESCORRGSEIAd O
the contact face so that an expansion of the high conductive |ayer by

joule heat tpe $MBRI 65A8HCE LV BARIE, WaeD 189181 bb BYSTiBRRAAlIyON. The
el ectrical contact according to this enbodinent may 5 have an

i nter medi at@dnd¥RedB8S8aER DAL | Ghd ThaNihBbEhaBth&d eafirdd @n
contact |ayer and high conductive layer. The electrical contact may
conpri s t AR rAkadREe écﬁﬂﬁﬁfsﬁ.ﬁbﬂcckﬁ(ih!enad;}ogidimgciﬂgéfs ¢itheCtdithctBy
formng the internediate l'ayer, a strain caused by 10 difference in

shrinkage ofaylheardPhatli ghAySHaiitd vidPai ) FREEUGE k4E dot@ictataydie

time of sintéring themmay be alleviated to thereby prevent warp,

layer separ@fnt@ins&e, adthd® ree! £28 enkheidiboRINEPSION afel! £6:806G L O
suppress an increase In contact resistance. 15Wen the fhickness of

the contactdiaker akSaldaif d¥nddl CleR@SSnotel oo RidORdE! bve
layer and the'internmediate layer is t3, and a diameter of the

el ectrical ¢QRiRAEks! Gf Phel bon hayeRoid ¢ Saf kstd1 it ildsqb PG ne
rel ationships (3) , ( 4 ) . Further, when the hi gh conductive | ayer
and thq520 yihecBRahEt fve Wﬂeﬁ%%}xbngn{:%ﬂgﬁﬂ@ h aerdyst 't?‘g,e drly er

have at | east one concentriC groove In the face opposite to the

cont act fa%ediBHStSJF-]CH]Q%ieOQlQIf-FI:P@ Y condyst ive {auah fubadiQsy
joule heat during the current ow can be suppressed 10 prevent warp
or separ at i;qn. é%#? 3 . 14,2 t
I'D."g8.106?%45§$?2yi§é3£ éx%Tectrﬁggﬁhggné c{9g§%§¥ %Qg to this

enbodi nent shoul d pfefe have the grooyg, formed in the face
opposite to tﬁéhggﬁfgffﬁggg has a mﬁdtﬁ”o¥§£.71, a depth of dl, a

di aneter 5 of2@4qt3+e$}%b§t€§f6;g§§§3gf Emh_e I‘gsgh conductive | ayer and

the internmediate 1ay ianetér of the electrical

cont actgof D, angletigy AdniicRgvbe] A4 OB PRe it 3fiadhk B ifbr of

prevent warp and Separ ati on. t hewt and the depf 1 are

smal | er t hac'?xfet ?ﬁ%"‘ﬁ‘%‘%ﬂe%ﬁga‘w Jé?{o%'iﬁg_(tsc) t8b éﬁéseéﬁ%ﬁ%}éﬁ%ﬁ@ hafsove

el ongation o conductive layer i s not ‘expecte

val ues are Jaj gete HAN LA 9574 BBHcRKcL L BIRA1ES): Of th)or Slianann

of the electrical contac Creases to bring a reakage o
o oot 11 oo, cEATLAELS Y A48, RRCER) hANpOLof AR MR B i EFHE WA

contact face of the electrical contact.

25 In the electrical contact according to the present



defined by fornmula (7), the concentric groove is forned at a position
cl ose to a bonding position between the electrical contact and an

el ectrode rod, which is a conductive nenber. Accordingly, the

el ectrical contact is easily deforned by 20 inpact at the tinme of

swi tching operation. On the other hand, if the dianmeter DI is |arger
than the range defined by formula (7), the concentric groove is
formed in the vicinity of the outer periphery so that suppression of
el ongati on of the high conductive layer is insufficient. 15

0. 08t 3: 5d1;in@eftid366) poiisied tBat 50 widdh of tHen gidoevel stw,i, caldepth
contact according to this enbodi nent, when a groove is formed in the
out er peri filsedyand d aeahedr 2saanduc by v @, laayiet; aatiste thet £o eeiaige

| ayer connecting to the high conductive layer, it is possible to
suppress | raditisasndepusadl Wy (&)f,f ¢sanaadi 073 her mal expansi on
between the contact |ayer and the high conductive |layer so that warp
or separati onojgslgn@{.}ﬁ] E9sedsplOProyiged that the side face groove has
a wdth of w2, a depth of d2, a di st ance between. the face opposite to
the congact faom@rdaide, gseove is_hiep total thickness of the high
conductive layer and a t hi ckness of the internediate later is t3 and
a diameter ofqtiuh€ehecly iggdl contacti7ys D, the conditions 15 defined

by fornmul ae (8) to PiO) shoul d be SatISerd If the width w2 and
depth d2 are smal ke thaptii@se dafti28d aBrotaiAY! fo (Ble PrdsBht strain

relief effect is insufficient, and if the values are |arger than

those defi &ﬁe}ehxiéﬁrmﬂeahi cehaﬁgiivétlra BotdYy ehelitf cthRalihtEaAlayer
contact will decrease. n addition, t he di stance h between the

face opposinhg hosid g&%bacsnf@%%d%ngeib@,@f)o%fe%fsnai—&ﬁaé&aaﬁatthe
range defined by fornula (10 strain relief effect is not expected,

and i f jhhe ,0b] 468 FCenb S GebolBAL WHE o é@ﬁ?hfieﬁ agec&n'ayafﬁgve&n%e

(10), separation of the contact |ayer and/or high 25 conductive |ayer

takes pl aC%etwé@nOa @Zéé%o‘é@téﬂtékﬁég%or&a%%é@anoéﬁaD(;%e roove

0. 1t 3ShS. 0. In"the electric contact according tothis

enbodi ment 4 5htBe 'QP Godua k&ﬁléﬁ}’%ﬁﬁe Cgb@ﬂp%‘o‘?{d&tﬁiﬁng%ﬁiﬁed

t aper ed shape at“t acé opp03|te to t ntact face

Accordi ng b9 kgbs §§{ucﬁ el ongati on of the high conductive |ayer
decreases and war e time of turning on is suppressed. The angle
of the tapere% f§%% A;E%P 1/ 30 10 kg+con5|derat|on of effect of
war p suppressi on-and uct|V|ty he contact |ayer consists

essential ly ofy Q- 30 0.01 0.2 wmt % of Te, the bal ance
bei ng &g whi ch%%ab g'fgfdga Ieast """ Eéof Mo, Wand Nb in a total

t of 30 15 | Cr. tact | h t hi
conposi t1 on efh %r&ﬁﬁcgﬂ Qﬁt ey u{;ﬂ?ﬁn‘:SEr for mﬁZEf and vol't age
W thst andi ng Cliﬁr @ﬁ{aeéié&xc tacds a@l:?ﬁﬁﬂﬁ citfg\éhtty i

an anpunt of arger t an t e a ove rlcal

fo 0.2 wtog ?f"g%é b e PR e porer R AR e pligh
cont act's atgesily FERALALS | rageg DU, 6 JE, 16h 28 gD the

above, separation of we contac t he anmount

is larger than;f ]7&5%%{& Qrt ! | E2R o

decreasg 4i8 ?% Qﬁ ap8Lbd%hale! BEd ANUBY, BELRENL% ¥4 11/ 30.
In the electrical contact according to the present

invention, the electrical contact consists essentially of 15

to 30 wt% of Cr, 0.01 to 0.2 wt% of Te, the balance being Cu.

The contact layer may additicnally contain at least one member

20 selected from the group consisting of Mo, W and Nb in 30 wt}



excess evaporation of Te. If the contact |ayer contains at |east
one of Mo, Wand Nb, of which hard particles are finely dispersed in
the contact |layer, welding is prevented and separation of wel ded
contacts 5 becones easy. In the egectrical contact according to
t he enbodi nent, the contact |ayer should preferably have a center
hole formed at the center of the disc, a plurality of slits formed
fromthe center towards the periphery of the disc, the slits being
not 10 in contact with the center hole, whereby the disc is shaped
into wi ng foar tess in tdtel cerdwert lodl €erpasdiebhe menmbegener ated at the
time of current interruption fromconcentrating at the center of the
el ectrical contacthkoellbetehyalhvwaintdott eceopling fauthe prementl5
staying. The slits grooves drive the arc towards the periphery to
accel er at e igwenenbn | NElRE ldpitbeR. layer Has theert€f thdleakoenat ast the
according to the enbodi nent, an anmount of solid solution of Cr in the
Cu constit Weintgridrethigh seona patirae 1 £ 8y sshoslrdmeal erabkie enterppm
or less. It is 20 possible to keep the heat and el ectric conductivity

of the Bi ghowardycth¥ipariphedly irgkhbodiedliCend il i N @alinat nbheihi e

of turning on. The el ectrical contact having the above
nmenti oned RWNRALAGLSLH tBeBEMEAChUNB] ey ehind 4@t Bosh siesE inked
in 25 the following. 18 A nmet hod of nmanufacturing the

el ectrical Gagt aetm®f the present invention conprises: press-nolding
| ayers of m xed powder conprising ingredients for constituting a

contact layer, 1l ¥R BONEEFiSDRIdntaed hBELLEILH! o ftQle PRAZENEULI NG
an 5 internediate | ayer and copper powder for constituting a high

conducti ve jhg¥gaEibh, SARCRFNANE $01880s81 0 £54 Wk (i€ iha¥RESenBY
press-nol ding powder materials each constituting each of the layers

in an i;pt eguAtedr LAY L1 8l ghCRBRGhE LIVl dyis ik BrofesAB £ 10 phnS
avoi ded. 10Tﬂe sinté@%ng ne€ﬁ§d makes har dnéss ofn?ﬁe %ontéﬁt I%?er
relatively.oyegand since there is no solid solution of & into Cu

matri x, high conductivity of the contact |layer is secured to reduce

contact resist %nﬁﬁﬁtéﬂ\é;& %@&aﬂ%&?é‘gﬁr?ﬁggﬁﬁ] éil}%éﬁg‘:ﬁiégﬂ SURPLES oo QHbe

heat. 15Si nce so olution o conductive layer of

Cu matrix, 2R:aPUMv&{t{dn @Mp2gsksd pelss Gnd Y MYy erESS s mixe%lge

sintering is carried out I1n a re3u0|ng at nosphere or in an I nert

at mospher e p%gdép%m§%9.§g£5&%girgﬁigfné%%r%ﬂ@ﬁfﬂ ing a@‘éBﬁ#:&&@tl%Qefz?
produce a.soun sintere Structure and to pro upe an e ectrlca_
contactsw hﬁx@é?ﬁ&&&cﬂ %ﬁ&gehﬁﬁl:éhf t@rﬂﬁerédn%%itg@gnﬁ' ggtrical
contacts accordi g to the'e odal nen can e manufacture Yy
01 98Bk O ARSIl e LA AGEL BOMIER Ly L

h d el i . A 19_fi | d Lch
shaped el ectpiaals CONARLS 3 Wlylrel9ahanaly shARs, 10ledy YBEE aEAD

produce th rical “contacts €SS expensive CosS

I q ; ¢ . ) _
Pt ogr ol 1y ERBRFRESC AdiE PhERHHe aiRIhk ool St BIORHCES dkeaucipg
the f i i I tri I tact
hovi g5 drChOFRRLE GO S (e By B A G conductivi ty

d hdly | i d t si.d h
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Bondi no. potntehref tHE, S1eCHHLERE daNeBtlPhl O dille! RERE B oBrerbfE
The slits %88L§t the arc to nove towards the

A vacuum valve of the present invention comprises at least

26 a pair of a fixed electrode and a movable electrode disposed



15 periphery of the electrical contact to rapidly interrupt current.
The el ectrode using the electrical contact of the present invention
can be provided with a cap shaped coil electrode at the high
conductive |ayer side of the disc fornyelectrical 20 contact. The

el ectrode rod is connected to the bottom of the cap electrode. As a
result, the arc can be distinguished by nmagnetic field generated at
the time of current interruption to obtain excellent interruption
characteristics. The vacuum val ve according to the present
i nvention i 25auuon cleahbdd hhatelirast leagtabhe off ahé ibieeded et trmgie
and a novable 20 electrode at |east one of which is the electrical
contact ace@dhégat e ehecpredent prosddedont ti RReeElcatnical ceritacts
breaker according to the present invention conprises a vacuum val ve
provi ded windhtabnk@asbo®eb pair of a fixed electrode and a novabl e
el ectrode at | east one of which is the electrical contact of the

present inventi anvagfifueifduitcividakles 660681k t® HRCprekehlte
el ectrodes and | eadi ng outside the vacuum val ve, and an operati ng

nmechani 8m fieiefith ¥h o ddk@ B mPF 56t €REIdtifre AEADLOYAT VEHBL GMIVARGSAr
according to the present invention has a plurality of the vacuum

val ves of e RhesaRl vhAIVENMd Gy privMakdeqsibri 48 Biant rdcal byir
connected by nmeans of conductors in series. As a result, the joule

heat at th%oh.?ﬁsQBgtﬂfe"‘fI‘ﬂe@Eﬁ.eE_@}:Q&é‘Qn@ftﬁé‘ﬁo@gﬂié@l_%cﬁ:_@de being
suppressed. The present 15 invention provides vacuumcircuit breakers

and vari ougohaeleBlESYS t Shefudidrh t2Xhghh e8! eftEi@Mg CHABLCLESthES
and anti-wel ding property. In the foll ow ng %he pr esent

i nvention Walch,uhe cRXRbak Neshdard %:i:ﬁ@_‘:’:ﬁgtHeéﬂé’nﬂr@"!ic{lg%rﬂﬁﬁgs‘éﬂé’e

of the present 1nvention 20 is no imteéed to the follow ng exanples.

(Exanmphgs) movablableedrsbgys di mensions and conpositions of
el ectrical contacts of the present invention and conparative

el ectrical contaghsuahablerehelons Hcrpesgoes and SRINAAS 0lvents
produci ng 25 t%é elggtr?%gf.contactsog? tge presen mventior?nangn 21
conparativ gcal b 3¢4Sof "M vA2P R ali 6 g0l i
ratio in_T%gﬁggggé%fgfgﬁﬁ%g% gi%ductlve rﬁyeégt'lgingég ?2ép_us %?

i nt er medi ateg Lgygl &Pf&#é]easxﬁi movable elgépi‘t$§e3 WA S haw dLBBaR! ons
and conpositions of 5 electrical contacts o the present I nvention.
Figs. 1A {ga3Beshat WAdcits 8l iyCldiitla thes et 85 dEach i by
el ectrical contacts according t0 the present 1nvention, erein
numer ak=nu CTpTaV =1y I t.he i l; 1

gr oovesl5f ogﬁggglls\l/?ﬁg arc, tggtghgﬁtgtcag kr?ﬁ%a%%g%?%ﬁhgﬁu% afép ) ga%fihb

st ai nl ess e r i a_rear t f in
hrough tharg revabys SN 7 Bl ofekelin IR 5 Biha S S0
central ho 4 e act layer, 46 the high conductive |ayer, 47
t he concenbgpglg?%gv%ﬁ 48 the internediate |layer, 49 the side face

gr oove, anq %92?“9 15 taper forned in the periphery of the high
conductive Paye .22 High conductive |ayer (Cu) 0":9 ¢

seatorapu, 3 9According to the present invention, it is possible to
20 provide electrical contacts having at least two layers with
excellent heat and electrical conductivity, avoiding warp at

the time of sintering and the current flow.

BRIEF DESCRIPTION OF DRAWINGS:

25 Fig. 1A shows a top plan view of a first example of an
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electrode having an electrical contact of the present
invention.

Fig. 1B shows a vertical cross secticnal view of the
electrode shown in Fig. 1A.

5 Fig. 2A shows a top plan view of a second example of an
electrode having an electrical contact of the present
invention.

Fig. 2B shows a vertical cross sectional view of the
electrode shown in Fig. 2A.

10 Fig. 3A shows a top plan view of a third example of an
electrode having an electrical contact of the present
invention.

Fig. 3B shows a vertical cross sectional view of the
electrode shown in Fig. 3A.

15 Fig. 4A shows a top plan view of a fourth example of an
electrode having an electrical contact of the present
invention.

Fig. 4B shows a vertical cross sectional view of the
electrode shown in Fig. 4A.

20 Fig. 5A shows a top plan view of a fifth example of an
electrode having an electrical contact of the present
invention.

Fig. 5B shows a vertical cross sectional view ¢f the
electrode shown in Fig. 5A.

25 Fig. 6 shows a vacuum valve in a sixth example, which is
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provided with the electrode of the present invention.

Fig. 7 shows a diagrammatic view of a vacuum cixrcuit breaker
in a seventh example to which the present invention was applied.

Flg. 8 shows a vacuum switchgear in an eighth example to
which the present invention was applied.

Reference numerals used in the figures are:
1 denotes an electrical contact, la fixed side electrical
contact, lb movable side electrical contact, 2 a slit, 3, 3a,
3b a stain prevention plate, 5 a solder material, 6a a fixed
electrode, 6b a movable electrode., 7 a shield, 8 a movable side
shield, 9a a fixed side end plate, 9b a movable side end plate,
10 a bellows, 11 a guide, 12 a movable side holder, 13 an
insulating cylinder, 14 a vacuum valve, 15 an epoxy resin
cylinder, 16 an insulating operation rod, 17 an upper terminal,
18 a collector, 19 a lower terminal, 20 a contact spring, 21
a supporting lever, 22 a prop, 23 a plunger, 24 a knocking rod,
25 a roller, 26 a main lever, 27 trip coil, 28 trip lever, 29
reset spring. 30 a ¢losing coil, 31 an evacuate cylinder, 32
an outer vacuum chamber, 33 an upper plate, 34 a lower plate,
35 a side plate, 36 an upper through hole, 37 an upper base,
38 an outer bellows, 39 a lower through hole, 40 an insulating
bushing, 41 a lower base, 42 a flexible conductor, 43 a through
hole for the flexible conductor, 44 a center hole, 45 a contact
layer, 46 a high conductive layer, 47 a concentric groove, 48

an intermediate layer, 49 a side groove, and 50 a taper.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

The electrical contact of this example has a disc form and
has two layers in a thickness direction thereof. A contact layer
of the two layers consists of Cr, Cu and Te, and the layer to
be connected to a conductor, a high conductive layer, contains
Cu as a main ingredient. As the contact layer is made of a Cr
and Cu alloy, the electrical contact exhibits excellent
interruption performance and voltage withstanding property so
that the characteristics required for electrical contacts are
satisfied,.

On the other hand, by providing the high conductive layer
on the side opposite to the contact layer, heat and electrical
conductivity of the whole electrical contacts are improved
thereby to suppress generation of joule heat at the time of
the current flow and improve anti-welding property.

When a thickness of the contact layer is t;, a thickness
of the high conductive layer is t; and a diameter of the
electrical contact is D, the ranges of the values should satisfy
the formulae (1) and (2).

As a result, it is possible to produce an electrical
contact having no defects such as warp, layer separation, etc
and having excellent heat and electrical conductivity enough
to suppress Jjoule heat.

In addition, the high conductive layer has at least one
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concentric groove in the face opposite to the contact face so
that an expansion of the high conductive layer by joule heat
is suppressed to prevent warp and/or layer separation.

The electrical contact according to this embodiment may
have an intermediate layer whose composition is an intermediate
of the contact layer and high conductive layer. The electrical
contact may comprise three or more layers stacked in its
thickness direction.

By forming the intermediate layer, a strain caused by
difference in shrinkage of the contact layer and the high
conductive layer at the time of sintering themmay be alleviated
to thereby prevent warp, layer separation, etc and to release
thermal expansion difference to suppress an increase in contact
resistance.

When the thickness of the contact layer is t;, a total
thickness of the high conductive layer and the intermediate
layer is t,;, and a diameter of the electrical contact is D,
t1, and t; should satisfy the following relationships (3), (4).

Further, when the high conductive layer and the
intermediate layer connecting to the high conductive layer have
at least one concentric groove in the face opposite to the
contact face, the elongation of the high conductive layer due
to Jjoule heat during the current flow can be suppressed to
prevent warp or separation.

0.15t;5t,;=0.80t, e { 3)
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2.94(t;+t3) =D=8.10(t;+t3) e { 4)

The electrical contact according to this embodiment
should preferabkly have the groove formed in the face opposite
to the contact face has a width of wy, a depth of d;, a diameter
of D1, a total thickness of the high conductive layer and the
intermediate layer of t;, and a diameter of the electrical
contact of D, and the following relationships are satisfied
to prevent warp and separation.

If thewidthw aﬂd the depth d; are smaller than that defined
by formula (5) or {(6), suppression of elohgatién of the high
conductive layer is not expected. If the above values are larger
than that defined by formula (5) or (6), strength of the
electrical contact decreases to bring about breakage. of the
electrical contact during operation ¢f the vacuum switch.

Further, if the diameter D; is smaller than the wvalue
defined by formula (7), the concentric groove is formed at a
position close to a bonding position between the electrical
contact and an electrode rod, which is a conductive member.
Accordingly, the electrical contact is easily deformed by
impact at the time of switching operation. On the other hand,
if the diameter D; is larger than the range defined by formula
(7)., the concentric groove is formed in the vicinity of the
outer periphery so that suppression of elongation of the high

conductive layer is insufficient.

0.015D=w; =0.045D s (5)
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0.08t3=4;=0.95t; = .. (6)
0.35D=D;=0.85D (7))

In the electrical contact according to this embodiment,
when a groove is formed in the outer periphery of the high
conductive layer and the intermediate layer connecting to the
high conductive layer, it is possible to suppress inner strain
caused by difference in thermal expansion between the contact
layer and the high conductive layer so that warp or separation
is suppressed.

Profided that the side face groove has a width of w;, a
depth of dz, a distance between the face opposite to the contact
face and the groove is h, a total thickness of the high
conductive layer and a thickness of the intermediate later is
t; and a diameter of the electrical contact is D, the conditions
defined by formulae (8) to (10) should be satisfied.

If the width w; and depth 4 are smaller than those defined
by formula (8) or (9), strain relief effect is insufficient,
and if the values are larger than those defined by formula (8)
or (9), strength of the electrical contact will decrease.

In addition, if the distance h between the face opposite
to the contact face and the groove is smaller than the range
defined by formula (10), strain relief effect is not expected,

and if the difference is larger than the range defined by
formula (10), separation of the contact layer and/or high

conductive layer takes place.
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0.025t:=w,;=0.5t, e (8)
0.003D=d,=0.085D . (9)
0.1t:=h=0.9t; .. (10)

In the electrical contact according to this embodiment,
the high conductive layer should preferably have a tapered
shape at the face opposite to the contact face.

According to this structure, elongation of the high
conductive layer decreases and warp at the time of turning on
is suppressed. The angle of the tapered face is 1/2 to 1/30
in consideration of effect of warp suppression and
productivity.

The contact layer consists essentially of 15 to 30 wt%
of Cr, 0.01 to 0.2 wt% of Te, the balance being Cu, which may
contain at least one of Mo, W and Nb in a total amount of 30
wt% including Cr.

The contact layer having this composition exhibits
excellent interruption performance and voltage withstanding
characteristics as well as electrical conductivity. If an
amount of Cr is larger than the above, the electrical
conductivity drastically decreases.

If an amount of Te is 0.01 to 0.2 wt%, strength of the Cr-Cu
alloy decreases so that weld contgcts are easily separated.
If an amount of Te is less than the above, separation of weld
contacts becomes difficult. If the amount is larger than the

above, voltage withstanding property will decrease due to
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excess evaporation of Te.

If the contact layer contains at least one of Mo, W and
Nb, of which hard particles are finely dispersed in the contact
layer, welding is prevented and separation of welded contacts
becomes easy.

In the electrical contact according to the embodiment, the
contact layer should preferably have a center hole formed at
the center of the disc, a plurality of slits formed from the
center towards the periphery of the disc, the slits being not
in contact with the center hole, whereby the disc is shaped
into wing forms.

The center hole prevents arc generated at the time of
current interruption from concentrating at the center of the
electrical contact to thereby avoid interruption fault by arc
staying. The slits grooves drive the arc towards the periphery
to accelerate current interruption.

In the electrical contact according to the embodiment, an
amount of solid se¢lution of Cr in the Cu constituting the high
conductive layer should preferably be 10 ppm or less. It is
possible to keep the heat and electric conductivity of the high
conductivity layer high to reduce joule heat at the time of
turning on.

The electrical contact having the above mentioned
advantages are manufactured by sintering method described in

the following.
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A method of manufacturing the electrical contact of the
present invention comprises: press-molding layers of mixed
powder comprising ingredients for constituting a contact layer,
mixed powder comprising ingredients for constituting an

5 dintermediate layer and copper powder for constituting a high
conductive layer in stacked layers: and sintering the layers.
By press-molding powder materials each constituting each of
the layers in an integrated form, layer separation at the time
of sintering is avoided.

10 The sintering method makes hardness of the contact layer
relatively low, and since there is no solid solution of Cr into
Cu matrix, high conductivity of the contact layer is secured
to reduce contact resistance with an opposed contact layer and
suppress Jjoule heat.

i5 Since solid solution of Cr into the high conductive layer
of Cu matrix, an amount of Cr can be 1imlited to 10 ppm or less.

The sintering is carried out in a reducing atmosphere or
in an inert gas atmosphere so that densification of the Cu
matrix is accelerated to produce a sound sintered structure

20 and to produce an electrical contact with excellent heat and
electrical properties.

The electrical contacts according to the embodiment can
be manufactured by infiltrating a low density molding of the
mixed powder with molten Cu; however, the sintering method is

25 capable of producing wing shaped electrical contacts with a
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final shape mold, which can produce the electrical contacts
at a less expensive cost.

The electrode according to the present invention is
produced by integrally bonding the electrode rcod as the
conductive member to the face of the high conductive layer of
the electrical contact having a disc form. Therefore, the
electrode has good conductivity and rapidly leads joule heat
generated at the contact outside the vacuum valve.

The disc form electrical contact should preferably have
the center hole and a wing form divided by slits each having
a spiral form. The central hole can prevent concentration of
arc generated at the time of current interruption in the center
of the bonding point and prevent the arc from staying in the
contact face. The slits assist the arc to move towards the
periphery of the electrical contact to rapidly interrupt
current.

The electrode using the electrical contact of the present
invention can be provided with a cap shaped coil electrode at
the high conductive layer side of the disc form electrical
contact. The electrode rod is connected to the bottom of the
cap electrode. As a result, the arc can be distinguished by
magnetic field generated at the time of current interruption
to obtain excellent interruption characteristics.

The vacuum valve according to the present invention is

provided with at least a pair of a fixed electrode and a movable
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electrode at least one of which is the electrical contact
according to the present invention.

The vacuum circult breaker according to the present
invention comprises a vacuum valve provided with at least a
pair of a fixed electrode and a movable electrode at least one
of which is the electrical contact of the present invention,
conductor terminals connected to each of the electrodes and
leading outside the vacuum valve, and an operating mechanism
for driving the movable electrode. |

The vacuum switchgear according to the present invention
has a plurality of the vacuum valves of the present invention,
thevalves being electrically connected by means of conductors
in series. As a result, the joule heat at the time of turning
and welding of the contacts are suppressed. The present
invention provides vacuum circuit breakers and various vacuum
switches with excellent current characteristics and
anti-welding property.

In the following the present invention will be explained
by reference to the drawings. The scope of the present invention
is not limited to the following examples.

(Examples)

Table 1 shows dimensions and compositions of electrical
contacts of the present invention and comparative electrical
contacts. Table 2 shows dimensions and methods of producing

the electrical contacts of the present invention and
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comparative electrical contacts shown in Table 1. In the
dimension ratio in Table 2, t; is high conductive layer
thickness t, plus intermediate layer thickness.

Tables 3 and 4 show dimensions and compositions of
electrical contacts of the present invention.

Figs. 1A to 5B show various structures of the electrodes
having the electrical contacts according to the present
invention, wherein numeral number 1 denotes the electrical
contact, 2 the spiral slit grooves for driving arc, 3 the stain
prevention plate made of stainless steel for preventing a rear
face of the contact from stain through the slit grooves, 4 the
eiectrode roed, 5 a solder, 44 the central hole, 45 the contact
layer, 46 the high conductive layer, 47 the concentric groove,
48 the intermediate layer, 49 the side face groove, and 50 the

taper formed in the periphery of the high conductive layer.

9 2. 96
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Table 4
No. | Side face groove Remarks
Width |Depth |Distance Temperature rise
W d, from contact | () at end of
(mm) {mm) face h vacuum valve
{mm) after 2000A
X10h current
flow
14 - - 65.0 t]_/t]_'l-tg
22 - - 62.5 = 0.13
s
g 23 - - 61.0
4]
2
3 24 1.5 3 4 62.5
15 - - 73.5 t]_/tl'i"tz
25 - - 70.5 = 0.4
26 - - 68.5
27 1.5 3 3 69.0

The methods of manufacturing the electrical contacts shown

in Tables 1,

2,

3 and 4 are as follows.

Cr powder having a particle size of 75 pm or less, Cu powder

having a particle size of 75 um or less and Te powder having

a particle size of 60 pm or less or Nb powder having a particle

size of 60 pm or less were mixed to prepare compositions shown

in Tables 1 to 4, and the mixtures were mixed in a V-shape mixer

to prepare a raw material for the contact layer.

A raw material for the intermediate layer was prepared in
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Each | ayer Pain's-1111 Ruleaeltll Integrated 110; 81801111 panextl! at ai
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Rati o of Di nension

a similar manner, using the above powder. The intermediate
layer is provided for alleviating strain caused by difference
in shrinkage between the contact layer and the high conductive
layer to prevent warp and layer separation. In order to achieve

5 the functions, the Cr contents therein change stepwise from
the contact layer to the high conductive layer. That is, in
No. 19 in Table 1, only the first intermediate layer was
employed, wherein the Cr content was 10 wt%, which is
intermediate between the Cr content (25wt%) in the contact

10 layer and the Cr content (0 wt%) in the high conductive layer.
In No. 20 in Table 1, the Cr content in the first intermediate
layer was 15 wt® and the Cr content in the second intermediate
layer was 5 wt%. The change of the Cr content in No. 20 is milder
than that in No. 19.

15 In case Mo or W is contained, when Mo or W is contained
besides Nb, Mc or W powder is mixed to prepare a raw material
for the contact layer. The powder mixtures for the contact layer
and intermediate layer were filled in layers in a disc form
mold, and Cu powder as the powder material for the high

20 conductive layer was filled on the above layers. The filled
layers were press-molded under a pressure of 400 MPa with a
hydraulic press.

Amounts to be filled in the mold were controlled so that
the thicknesses of the respective layers are shown in Table

256 1. For comparison, regarding some of the samples, each layer
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was filled in the mold and press-molded. A relative density
{(with respect to the theoretical density) of the press-molded
products was about 68 to 73 %.

The molded products were sintered at 1060 C for 2 hours
in vacuum to obtain sintered products. Regarding the
press-molded products wherein each of the layer powders were
press-molded separately, the contact layer, the intermediate
layer and the high conductive layer were stacked in the order
and the stacked layers were sintered. As a result, sintered
products having a density of 93 to 97 % were obtained, but when
the layers were stacked and sintered (Nc. 10 in Table 2, a stack
method), layer separation took place. Therefore, the stack
metheod was not proper, but the integral sintering was necessary
to obtain sound sintered products.

The sintered products of Nos. 5 and 6 used in the electrode
shown in Figs. 1A and 1B have dimensions outside of the ranges
defined by formulae (1) and (2); the layer separation was
observed in the periphery of the sintered products due to
shrinkage difference in layers. In Figs. 1A and 1B, the
thickness of the contact layer was t;, the thickness of the
high conductive layer was t; and the diameter of the electrical
contact was D.

In case of No. 3, which is outside of the ranges defined
by formulae (1) and (2), the warp after sintering was remarkably

large. From this result, the relationships among t;, t; and D
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defined by (1) and (2) were essential to obtain satisfactory
sintered products. In these embodiments, for comparison,
electrical contact 1 was prepared by an infiltration method
in the following manner. As raw materials, the Cr powder, Cu
powder and Nb powder mentioned above were used. Cr powder of
55 wt%, Cu powder of 40.5 wt % and Nb powder of 4.5 wt? were
mixed in the V shaped mixer and filled in the disc form mold.
The powder mixture was press-molded under a pressure of 145
MPa to obtain a skeleton (low density molding).

The skeleton was placed in a graphite crucible and a copper
ingot was placed on it. The skeleton and copper ingot were
heated at 1200 C for 2 hours in vacuum to infiltrate copper
into the skeleton. As a result, the electrical contact of No.
1l in Tables 1 and 2 was obtained wherein the high conductive
layer and contact layer were integrated.

The resulting sintered products and the infiltrated
product were machined to produce the electrical contacts having
the compositions and dimensions shown in Figs. 1A to Fig. 5B
and Tables 1 and 2. In order to investigate influence of warp
on the interruption performance, the contact surfaces of Nos.
2 and 3 were not machined to leave the warp as it is.

The powders can be filled in a mold capable of forming a
final product having slit grooves 2, followed by sintering the
molding to obtain the electrical contact 1. This method

eliminates machining to produce the contact easlly. Then,
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electrodes were manufactured in the following mannher. An
electrode rod 4 was oxygen free copper. The stain prevention
plate 3 was prepared from stainless steel (SUS304) by machining.
Solder material 5 was disposed between the electrical contact
5 1, stain prevention plate 3 and electrode rod 4, respectively.
The assembled member was heated in 8.2 .><10“‘ Paor less at 970 C
for 10 minutes to produce the electrode shown in Figs. 1A and
iB.
The electrode was used for a vacuum valve having a rated
10 voltage of 24 kV, a rated current of 1250 A, and a rated
interruption current of 25 kA. The stain prevention plate 3
plays a reinforcing plate for preventing an excess deformation
of the electrical contact 1 at the time of switching operation,
but 1f the electrical contact has a sufficient strength, it
15 may be omitted.
Next, a vacuum valve having a rated voltage of 24 kV, a
rated current of 1250 A and a rated interruption current of
25 kA was assembled. Fig. 6 shows a vacuum valve having
electrical contacts la, 1b to which the present invention is
20 applied. In Fig. 6, la denotes a fixed contact, 1b a movable
contact, 3a, 3b stain prevention plates, 4a a fixed side
electrode rod, and 4b a movable side electrode rod. These
members constitute a fixed side electrode 6a and movable side
electrode 6b.

25 In these examples the grooves on the fixed side and the
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movable side were formed sc¢ as to ccoincide each other. The
movable electrode 6b was soldered to the movable side holder
12 through the movable shield 8 for preventing scattering of
metal vapor at the time of interruption.

The members were soldered in high vacuum with the fixed
side end plate, the movable side end plate 9b, and the
insulating cylinder 13, and the fixed side electrode 6a and
the movable side holder 12 are connected outside conductor with
screws. The insulating cylinder 13 has a shield 7 for preventing
scattering of metal vapor at the time of interruption in the
inner face thereof. Further, a guide 11 for supporting a sliding
part is disposed between the movable side end plate 9b and the
movable side holdexr 12.

The bellows 10 is disposed between the movable side shield
8 and the movable side end plate %b so that the movable holder
12 moves up and down keeping vacuum in the vacuum valve to
thereby open and close the fixed electrode 6a and the movable
electrode 6b. The vacuum circuit breaker with the vacuum valve
mentioned above was assembled.

Fig.7 shows a diagrammatic view of the circuit breaker
having the vacuum valve with the electrical contacts to which
the present invention is applied. The vacuum circuit breaker
has the operating mechanism disposed at the front position,
and the vacuum valve 14 is supported at the rear position. The

vacuum valve has a three phase packaged epoxy resin cylinder

on
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15. The vacuum valve 14 is operated though the insulating rod
16 by means of the operating mechanism.

When the circuit breaker is ON sate, current £lows the upper
terminal 17, electrical contact 1, collector 18 and lower
terminal 19. A contact force between the electrodes is
maintained by a spring 20 disposed to the insulating operation
rod 16. The electromagnetic force by short-circuit current and
contact force between the electrodes is maintalned by a
supporting lever 21 and a prop 22.

When the closing coil 30 is excited, the plunger 23 pushes
up the knocking rod 24 from the open state to rotate the main
lever 26 and close the electirodes. The supporting lever 21
maintains this state. In a state where the circuit breaker is
free to trip, a trip coll 27 is excited and a trip lever 28
trips a prop 22 and rotates the main lever 26 to open the
electrodes.

In case where the circuit breaker is in an open state,
after the electrodes are opened, a link recovers by a reset
spring 29 and the prop 22 fits. When the closing coil 30 is
excited, the electrodes becomes closed.31 denotes an evacuate
cylinder. As having explained above, the circuit breaker of
the rated voltage of 24 kV, the rated current of 1250 A and
the rated interruption current of 25 kA was assembled using
the vacuum valve 14 having the electrical contacts 1.

{(Evaluation)
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Regarding the electrical contacts shown in Tables 1 and
2, the contacts disposed in the vacuum circuit breaker were
investigation by interruption of 25 kA and separation of
electrodes after 25 kA current flow.

5) In Tables 1 and 2 showing compositions of the electrical
contacts, dimensions, molding methods and interruption test
results, Nos. 1 - 10 are comparative, and Nos. 11 - 21 are
inventive. In the molding method in Table 1, "each layer" means
that each of the contact layer, intermediate layer and high

10 conductive layer are separately molded and they were laminated
or stacked. "Integrated” means that the three or more layers
are integrated by stacking the powder layers and molded.

The warp size in Table 2 is represented by a difference
between the periphery and the center portion when the sintered

15 products are placed in such a manner that the high conductive
layer is at bottom. Among the electrical contacts, layer
separation was observed in Nos. 5, 6, and 10, and therefore,
they were not subjected to interruption test.

The electrical contacts produced by infiltration method

20 did not have any problems such as warp or separation and they
satisfy current Iinterruption properties, but separation was
impossible after the current flow. Since Cr, which is a contact
material, dissolves into Cu of the high conductive layer during
infiltration to lower heat and current conductivity of the high

25 conductive layer, the effect of the high conductive layer for



Si de face groove Renmarks Wdth W2 (nm) Depth d2 (mm) D stance from
contact face h (nmm Tenperature rise (t ) at end of vacuum val ve
after 2000A XI Oh current flow Inventive 14 - - - 65.0 tiltii-t2 =
0.13 22 - - - 62.5 33

suppressing joule heat is insufficient.

Ne. 2 1s an electrical contact constituted only by the
component of the contact layer. In this case, since the high
conductive layer is absent, conductivity of the whole

5 electrical contact is relatively low, interruption property
is insufficient, and the contacts welded by increase in
temperature due to Jjoule heat and separation thereof was
impossible. Nos. 3 and 4 have high conductivity, but the
dimension relationships (diameter D of the contact and

10 thickness t; and t;) thereof are outside of the ranges defined
by formula (2). No. 3 had a large warp after sintering, and
it was not subjected to testing. No. 4 had a warp within an
allowable range, but a thickness of the contact layer is too
large so that conductivity was low and welding occurred.

15 Welding was not separated.

No. 7, similar to Nos. 5 and 6, which brought about layer
separation, had relationships outside range defined by formula
(1). In this case, although the warp after sintering is within
an allowable range, the thickness of the contact layer was too

20 large and the conductivity of the contact layer was low and
welding occurred. On the other hand, Nos. 11 to 16, whose
relationships of thicknesses of respective layers {(t;, t;) and
diameter D of the contact are within the range defined by
formulae (1) and (2), interruption propertied and separétion

25 after the current flow were satisfied. Accordingly, it was
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confirmed that the electrical contacts according to the present
invention were particularly useful as contacts having
eicellent interruption characteristics and anti-welding
property.

5 It has been confirmed that in order to suppress the warp
within an allowable range, to avoid welding by contact
resistance joule heat, and to produce electrical contacts that
satisfy required characteristics, the relationships defined
by formulae (1) and (2) are desired. Nos. 19 and 20, which have

10 intermediate layers, are not limited to the above results. That
is. in case the intermediate layer is formed, the relationships
among the diameter D and thickness of each layer (t;, t3) should
be within the ranges defined by formulae (3) and {(4). As shown
in Table 2, the warp and welding were suppressed and sufficient

15 interruption characteristics were obtained. On the other handg,
Nos. 8 and 9 have compositions of Cr outside of 15 to 30 wt %.
Since No. B is short Cr for the arc resistive metal, voltage
withstanding was insufficient and interruption property was
not satisfactory. No. 9, which is excessive for Cr,

20 conductivity of‘ the contact layer was low and temperature rise
due to joule heat was large, and welding occurred because of
the warp.

The sample Nos. 17 and 18 of which Cr amounts are within
the range mentioned above exhibited satisfactory performance.

25 No. 21, which has the contact layer containing Nb of 3 wt%



26 - - - 68.5 27 1.5 3 3 69.0 The met hods of manufacturing
the electrical contacts shown in Tables 1, 2, 3 and 4 are as foll ows.
Cr powder having a particle size of 75 pmor |ess, Cu powder 5 having
a particle size of 75 pmor less and Tg powder having a particle size
of 60 pmor |ess or Nb powder having a particle size of 60 pmor |ess
were m xed to prepare conpositions shown in Tables 1 to 4, and the

m xtures were mxed in a V-shape mxer to prepare a raw material for
the contact layer. 10A raw material for the internmediate | ayer was
prepared iras 2ama aknNéarl nEroirced) diynGnf hetadbien powte protioeed by
intermedi ate layer is provided for alleviating strain caused by

di f f er ence dimtelihgkaged iMversollheionnsfctr liamyjer canghase waglsmall
conductive layer to prevent warp and | ayer separation. In order to
achi eve 5 tan@ heédied fensad hingh Gondoeteti 8yt Rer &irksanangthe topne haftr om
the contact layer to the high conductive layer. That is, in No. 19 in

Table 1, ORlag hipgptesséditd aixmdiat ﬂebaggarwaiseﬂaﬁm wherein the
Cr content was 10 wt% which is internedi ate between the Cr content

(25wt 99 5i N t he AgORARLAg Haehnad escidbbd N@ner pfiENtintBnMi 84 privviiaes
hi gh conductive layer. In No. 20 in Table 1, the C content in the

first interTediateal AiTtaAS , 1520k Ao vehen v oie Bt b £ h-eaeend
internedi ate | ayer was 5 W % The change of the Cr content in No. 20

is mlder tA3R £Rab1idnMNointetruptiBnCpetmdbndd Wd artQniBhAeHg wWhen
Mo or Wis contained besides Nb. Mo of Wpowder is mxed to prepare a

raw materi grobeet{he contact |ayer. The powder mxtures for the
contact |ayer and internediate layer were filled in layers in a disc

form ol d, sgagysd Polf‘glf’ﬁﬁlﬁ.sattl% ROWEELIR! BIFAki d eréa'i%r@' gh 20

conductlve Iayer was ' ed on the above | ayers. The f |IIed | ayers
wer e prgss- nol gednynggs @a&ﬁﬁﬁ%%eu% $AhGRA AWskhinge8 YL asﬂé QbBYESS-

Amounts to be filleéd in the nold were controlled so that the

thi ckness e%m%diﬂﬂ%lnf OSRAC Halke th@ygiéc\‘?lfﬁaﬁh %Wﬂthﬂt}'a?ﬂx&n? Sinl Tab9bs

conparison, regarding sone of the sanples, each |ayer
3 and 4, current flow tests were conducted to evaluate warp

during the current flow.
In this investigation, the electrical contacts No. 14 and
15 No. 15 were employed. The electrodes shown in Figs. 1A to 5B
were prepared and warp suppression effect of the concentric
aroove 47, the side face groove 49 and the taper 50 were
investigated at the time of the turning on.
The grooves and taper were formed by machining. Since an
20 amount of warp during the current flow, a temperature rise at
an end of the vacuum valve after the current flow of 2000 A
for 10 hours was measured to evaluate the amount of warp.
Measurement of temperature rise was conducted at 24 C. The
results are shown in Table 4.

256 In Tables 3 and 4, No. 14 and No. 15 are the electrical



was filled in the nold and press-nolded. A relative density (with
respect to the theoretical density) of the press-nol ded products was
about 68 to 73 t. The nol ded products were sintered at 1060for 2
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25l n these exanples the grooves on the fixed side and the 30 novable
side were forned so as to coincide each other. The novabl e el ectrode
6b was sol dered to the novabl e side holder 12 through the novabl e
shield 8 for preventing scattering of gaetal vapor at the tinme of
interruption. 5The menbers were soldered in high vacuumw th the
fixed side end plate, the novable side end plate 9b, and the

i nsul ating cylinder 13, and the fixed side electrode 6a and the
novabl e side hol der 12 are connected outside conductor with screws.
The i nsul achogldegtiaslea dibstasianshield 7 for preventing 10
scattering of netal vapor at the tinme of interruption in the inner
face theregbl2&urther, a guide 11 for supporting a sliding part is
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t hree phasegpagkaged epoxy resin cylinder 31 15. The vacuum valve 14
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up the knocking rod 24 fromthe open state to rotate the main |ever

26 and cl ogerhdie £ aHle’ edfter [HE QHPRYDNBakEYCE7 A ERICA! & ASnAdY: S
state. In a state where the circuit breaker is free to trip, a trip

coi | 27 is¢gpxei f18d Atiaddel Pol§ViRbve Srddi griddatedyPlipPard &@heh M Ot at es
the main lever 26 to open the el ectrodes. I n"case where the
circui g5 bregkegyis in an open state, after the electrodes are opened,
a link recovers by a reset spring 29 and the prop 22 fits. Wen the

closing coil 3Rabp O M idRdr bASeE! £64TOLAS JLGPRBRoGhREEUs e
denotes an evacuate cylinder. As having expl ai ned above, the circuit

breaker of o AetFeHetold] UBI8eRl €4cik\br i Rt EHEEEHE RELLHY A

and the rated interruption current of 25 kA was assenbl ed using the

vacuum val ve 1g, Qﬁeﬁ_ia_flgef,&e( pipRest éi&%i o‘foﬂﬁé%osva%lezélé@%d’e?%gﬁnab 32

Regardi ng the electrical contacts shown in Tables 1 and 2,

contact s di $pagsthdtarilRe thaaHuUEpELACHH ﬁ&%@%ﬂ&%&ﬂf@%&ﬁéﬂi@ by

interruption of 25 kA and separation of electrodes after
currengo f | gyer2tdy )T,a%ﬁéhliéfais%o%lﬁ%ﬁ‘esmfi’l%' b4 P88 vlcuulevessel

el ectrical contact's, dinensions, nolding nethods and interruption

test resul §8, AMOButdr pdPLL 350.{@@1%50%@ a Po N fz&&e o2 kndr @acl’hat

inventive. In the nolding nmethod in Table 1, "each [ayer"” neans t

each of thgnCantaGiodqdy fbre! Bk CAFEH Ao P len@N8£NtBE upper plate
33.Fach outer bellows 38 is fixed at its one end in the axial
direction and the other end i1s fixed to the outer periphery

25 of each movable electrode rod 4b.



10 conductive layer are separately nolded and they were | am nated or
stacked. "Integrated” nmeans that the three or nore |ayers are

i ntegrated by stacking the powder | ayers and nol ded. The warp
size in Table 2 is represented by a diggference between the periphery
and the center portion when the sintered 15 products are placed in
such a manner that the high conductive layer is at bottom Anmong the
el ectrical contacts, |layer separation was observed in Nos. 5, 6, and
10, and therefore, they were not subjected to interruption test. The
el ectrical contIacpsder chucedebyhe rfutiey yacuum ikadasd 30 vaehwottlighre
any problens such as warp or separation and they satisfy current

i nterrupti eitrpctpeet iBes obber Jwddoatsi 88 aves di aposed [Wtethe tnaritthery
current flow Since C, which is a contact material, dissolves into
Cu of the hifgkachntiictugte Hahe36dadlong théiaxiak idirecdioowef kaah and
current conductivity of the high 25 conductive |ayer, the effect of

t he hi gh coedableveléaymsydd aod 38. sSThppregsimeliadel 83heas a4 evacuate

i nsufficient. No. 2 is an electrical contact constituted only by
t he conpongetctof ndhestoomi}acand ey vabnuhhves slsds evaceatdi thrglagh
conductive layer is absent, conductivity of the whole 5 electri cal
contact isthel avhyedye Ipoxt.d nterruption property is insufficient, and
the contacts wel ded by increase in tenperature due to joule heat and
separati on theoaothavagthedphand plac lowes. tircuyth Hobay 89hagh formed in
conductivity, but the dinmension relationships (dianeter D of the
contact andn&Olbweckpas 34 ,aaddt dysuheriarf bashingssttland dilsposatges
defined by fornmula (2). No. 3 had a |large warp after sintering, and
it was not tsubheqiead phertiastdndheNDowdr @ oaghaliPpl o t39 Boadeall keavabl e
range, but a thickness of the contact layer is too large so that
conductipVvi iyweasthugnHolel 36 .ng eLecuTad insh1¥eifg Npweasbaes 41 is
separ at ed. No. 7, simlar to Nos. 5 and 6, which brought about

| ayer sepafake@nto kae HEtEdm OFSEa4EE iNshlattentangsh Orf 4oedA Rb1hmnat! a
(1). In this case, although the warp after sintering is within an

al l owabl e ramgea,sidicel 8t Eki®s $oaf4d he Trdradd iaverthansSenbeal@phaege
and the conductivity of the contact |ayer was | ow and wel di ng
occurred. ©f Bhenoidwsr hayd 4NQs. 11 to 16, whose rel ati onshi ps of

t hi cknesses of respective layers (t1, t2) and diameter D of the
contact are wi trhenléwéer riigrigtehbned »y farmvd aa (¢ Bowbd Dlate 34
interruption propertied and separation 25 after the current flow were

sati sfigd. afecedslidiby, thd i@alaBdngBidHiiREG L0attH@oRELWddeAl1,
contacts according to the present invention were particularly useful

as cont act anhapie9iR%8 @ilaenélédit:Ride Rba 8N aCheh@ En@r oS tthest Bkl side
anti-wel ding property. 51t has been confirmed that in order to

suppress t @eWBfpadirdl fa ah akhavaiilredtabae( 16w vaad ) W dondebYed
contact resistance joule heat, and to produce electrical contacts
that satisky aegabhled FAMEGURLLG WEse) tdBsgd el iRSAERS tHET binesk by
formulae (1) and (2) are desired. Nos. 19 and 20, which have 10

i nter medi akgchayeysSssar snot limted to the above results. That is,
in case the intermediate layer is formed, the relationships anong the
di anet e D andrhbieknams vafiveachs | eefeddohaing) t6henkd Ghddd WiwiRches he
ranges defined by formulae (3) and (4) . As shown in Table 2, the

warp and Wk R0 O SwitEHE £a56 dcaBAmSHAELE HBhelOutdt PAERE vBBsel
characteristics were obtained. On the other hand, Nos. 8 and 9 have

conposi ti 083, @na@adithel 861018t E0a8Q oW a4 s 31868 rNa) By ConfiBRELQ O
for the arc resistive netal, voltage w thstanding was insufficient

and i nter r ypigtRRrARRMIIIYe Vs rifie S3id BY FebREYf AR1eRib0eRabetor
excessive for C, 20 conductivity of the contact |ayer was | ow and

tenperat ur goriGes GHeakOthd WirJaPhoBSoh &l Ghe 20ExYE1L HRGTYL £4

25 1is formed by laminating alternately copper plates and stainless



35 as sane as No. 1 produced by infiltration, was produced by
sintering, and solid solution of & into Cu phase was small and hence
it had high conductivity. As a result, the joule heat was suppressed
to exhibit necessary performance. 5As 3%avi ng been di scussed, the
present invention provides electrical contacts, vacuum val ve and
vacuumcircuit breaker with excellent interruption perneance and
anti-wel ding property. Exanple 7 (Application to vacuum G rcuit
breakers) 10 Using the vacuumcircuit breaker assenbled in the above
enbodi nent Steel RPagtede Eheredl dhe conpettRlalrFvaNd)STabRERSS Hifeld,
current flow tests were conducted to evaluate warp during the current
flow |In tmlatesydavegaurved portidnscin ¢heitohergtlk NoectqoandThs
No. 15 were enployed. The el ectrodes shown in Figs. |Ato 5B were
prepar ed arfdexdibdesoppiectind2eheecthnsfughhbodescthtihroughodvichi thet he
side face groove 49 and the taper 50 were investigated at the tinme of
t he turni ngnoyeblehelegioods radd 4{lapee iwsartfest fredcdynamchaoh mgheSi.nce
an 20 anmount of warp during the current flow, a tenperature rise at
an end éf the \VEeuvarwahwvalyts@ragaredutn ahe éxanplas 280MeAused £o&
hours was neasured to eval uate the amount of warp. Measurenent of

t enper at ur vanisesvescwoonsutt gigedarLduch asTthee deadlsvsl anhe ssitmtaliled
Table 4. 25In Tables 3 and 4, No. 14 and No. 15 are the electrical

36 cont act omshoad shotddees. 1 and 2, No. 22 and No. 25 are electrica
contacts shown in Figs. 5A and 5B. No. 23 and No. 26 are electrical
contacts having the concentric groove 47 in the high conductive

| ayer, which are shown in Figs. 3A and 3B. 5 No. 24 and No. 27 have
side face grooves 49 shown in Figs.4A and 4B. These contacts have no
i nternedi ate | ayers. As shown in Table4, the contacts having any
of the taper 50, the concentric groove 47 and the side face groove 49
exhibited a tenperature rise smaller than the case where taper, 10
etc was not formed. Accordingly, it is presuned that the taper, etc
shoul d suppress the warp. Since the effect of tenperature rise
suppression by the taper, etc in Nos. 25 to 27 is larger than that in
Nos. 22 to 24, it is considered that if the thickness of the contact

| ayer 15 to the total thickness of the contact is sufficiently |arge,
t he suppression effect is |arge. As has been discussed, the
contour of the electrical contacts of the present invention plays a
very inportant role to suppress the warp during the current flow,

whi ch | eads to 20 excellent anti-welding property. Exanple 8
(Application to vacuum sw t chgears) A vacuum swi t chgear was
assenbl ed usi ng the vacuum val ves assenbl ed in the exanpl es descri bed
above. Fig. 8 shows a diagrammatic cross sectional view of the vacuum
swi tchgear for 25 | oad switchgear for transfornmers, which is
installed on road 37 shoul der as a substation. (0126)



The | oad switchgear has a plurality of the vacuum val ves 14 that

correspond to the main switch section in an outer vacuum5 vessel 32.

The outer vacuum vessel 32 is conposed of an upper plate 33, |ower
plate 34 and side plate 35, and edges of the plates are wel ded.

(0127) An upper through holes 36 are #&rmed in the upper plate 10 33
and insul ati ng upper bases 37 are fixed at the peripheries of the

t hough holes 36 to cover the upper through holes. Myvable side

el ectrode rods 4b are inserted into the circular space forned at the
center of the upper bases 37 in such a manner that the el ectrode rods

nove reciprocately and down. 15(0128) Each of the upper bases
and each of the m)g & si de el ectrode rods 4b seal each of the upper
t hrough hol es 36. An axial end (upper side) of the novable

el ectrode rod 4b is connectable to an operating nmechani sm
(el ectro- rrb.gnetAmeE&tniqmpanmcp (1 )wdoropriding i @p‘(ﬁm&damt(ﬂﬁﬁéortMakmutaecon-
vacuum vessel An outer bellows 38 is di se al ong Z‘?&e of

t he each JEBEYV" ﬁPoWP%BI%e%%C%{tCOE‘F?e“@GFt% rRP"@‘PCE'YF‘e a&’ﬁb gl &eoP-
33. Each o fi

directi on%ﬁr e@ﬁ&é 3 gf&grtl tléﬁﬁgg} “It‘%%ty%%gﬁ]g?i g%ﬁ‘pgﬂgrél{/élﬁ%coor}necmd
each rmvattbe:aehmhe!rod.elere)d 4b. In order to make the outer
vacuum vessel 32 vacuum ti ght structure the outer bellows 38 are

di sposed at t h@%@ntﬁﬁbwero(%bsehtam%&v ae e @ndhihenjah wendustive layer
directi Oné%)o‘?‘ﬁ'ﬁ%not \Sgﬁ!ePa3e£‘?ﬁéjh%‘8gnedo%an‘b The upper plate 33 has a

evacuat e vacdum vessel i s evacuated

t hrough the evgmia dq&] goRductive layém(46)ds Qirb@itiethavith aameanerfot Bup p@i@smg
holes 39 are forned in the |Iower plate 34, and insulating bushin

are di spodip (ol thecoptagt pauari(4s) 6?“%%bYéﬂ@PetqwféLfgﬁ¢ Hyrieg ng'eﬂb%@é!aﬁt
each 10 | h ar insulating |ower base 41 is
fixed to %%{‘mét‘{fgéﬁw%é‘gﬁ r%éflﬁb%%éhbushl ng 40. A columar fixed
si de el ect r odechathctérised inpat tredmiehe fdrhﬁlfpm"ﬁsfr@ waipdeelugbseach

| ower base 41. The | ower through holes 39 fornmed in the |lower plate
34 15 are seal etesst onheonsestricaroovg (Bi)s formgd inkOfacé hiethk bigbreobdigtige layer
and the f fixed side

el ect rodel(dr%gdO‘Zﬂa&?%%atﬁlgtgfﬁg?tr%‘g{jﬁr&ﬁ@f?n%}a?glid(ég; alkgﬁ{:onnect ed to a
cabl e (distri batieagt vhe eldedtasd eeched (% ifdendd i bt e Yo oMheehighl con-
32. 20The vacuumvalves 14 corresponding to the main switches of the
| oad swi t d¥eiyedayer{d8bAnefdt ed i n the outer vacuum vessel 32, and
each novabl e e d e

novabl e el ect r%ﬁgﬁéﬁg d'%t% lﬁggr 24%8 LE gﬁ?%lbéwgegér%‘gﬁ]c%t ﬁ(ré]h4‘(2)O %ﬁ %IEW
two curvedspant lt@é\s;ont’aa;elafybems)l ﬁaﬁﬁ@dt&dr@po@taar%terﬁnefdcﬁtawwﬁn that of

| am nating alternately cop pl ates and stainless 39 steel plates,
wherein t @@@Eﬁ%iayﬂféﬂ@sa%@%lpéthﬁ ligh copndegtivpllaxasr{4Bhve curved
portions in their length direction. The flexible conductor 42 has
through holes 43 through which the movable el ectrode rods 4b are

inserted 20 corHeeelechnsd coOhtit -adeoldify Y@ GIAIM Y aiRFeiRr PlRaFRANS Yo h;@p-
exanpl es can be used for various vacuum svvltchgears such as the | oad

swi t ches prassiag wadp drcledreda tnerl (B€), s‘ormeﬁ i thre rearface|afdbe ihighl carshuchet
(1) corrpr ?ér”(%e?oﬁggéc { contgct ayer (455mlgem8 |nclme9 towards the periphery
of the high conductive layer (46) such that the periphery is thinner than the inner

than the other.

3. The electrical contact according to claim 1 or 2, wherein

the means for suppressing warp is the concentric groove (47), and



tact with an opposite electrical contact and a high conductive | ayer
(46) in an opposite side of the contact |ayer (45), the layers (45,

46) being integrally connected to each other, wherein t he
contact l|ayer (45) contains C, Cu and Te, and the high conductive
| ayer (46) contains copper as a main ¢bnponent, t he high

conductive layer (46) is provided with a neans for suppressing warp
of the contact |ayer (45) caused by tenperature rise during current
flow at the time when the contacts are turned on, characterised in

e T RS R LSRR B RS
i t t . v . .

af T oast onghSISRPAALIabPEEI% e tidifbicr B e iy SRRAQIe Dy there

hi gh conduarei the foliywing(réBtipnshipé @mong t4, 1 and iMttee highi cdreluchye layet JA6)

sandw ched between the high conductive | ayer (146)_ and the contact

| ayer (45)having ahlpast OpRHPS BANGSNRTES vl the elertticRd cantarh{ 1)on 4 free op-
contact | Fe (. ' ctive layer (46). 2.
The el ect ?‘lyocétfe tégl)r]]?g@ﬁtaégf%%?%ff%@?g'&{c@a# (?n&?,g&\'/\her ein the neans for
suppressi ng warpispeliydasea, t aper (50), forgmed in the rear face of

t he hi gh conductive | ayer (46% opposite to the contact |ayer (45),

bei ng inclined &8¢t <Be HébltpHer y of.-thé2hi gh conductive |ayer

(46) such that the periphery is thinner than the inner than the
other, 3. The electrical contact according to claim1 or 2, wherein
the nmeans 4 or ShRNIERAENTONRIR akBoldity &OAGIANS WKergioove (47), and 41
provi ded that a thickness of the contact layer (45) is tl, a

t hi ckness of t hke meghsdomuppressing wa i he)inteanediatedayer{48). ansk er of
the electric cgontact.|.s,D ., there ace the foll ow rel ati,o i.0S
arong 11, 1o antPiied It A hiekgRe 8 i BSmagLNRY R A CRT Hilges of
one gr ooVeénhe Rigdedtriductivé ek m])%r@cmeuﬁ@rm_é@@i@@ye.((kh) ist; 2ah@&&diameter
opposite to the contact face of the electrical contact: 8 15t2.5 ti5
1.27t2  pijheeletricicantactss D.5hesg erei e following @Bjationshipsrameng &, its @ad
contact agcording to claim3, wherein the nmeans for suppressing warp
is the inCernediate | ayer (48), and provi ded that a thickness
of the contactpli@yps t,(ddBot;s ti, a total (Fhhickness of the high
conductive | ayer &46) and the internediate |ayer (48) is t3, and a

di aneter of thd9dkletls) £ s8ntMbitttd)s D-.-tfre are the fol | owing

rel ati onships anong t1, t3 and D. 0.15t3 5. ti 0.80t3 (3)
2.94(ti+t3) D 8.10(ti +t3) (4). 5. The electrical contact according

to any ong, of thaidlctdcd CofitacthRicBiding 16 dmyIbheC BNEMfRd Metd 2y RheftelR)the
and the internedi ate | ayer (48) have at | east one groove in a

concent r i bigbi eenduclive Hayere (4)eand i thel intermesiate (layer (48) ane ak deesli eae
contact accordi.ng to_any. one of. clai .tpo 4 ei n provided that

2O dih oropkg H g aleBihe RSt 1 fRetieafeiindtltd a1 B ol ameter s

Di, and a total of the thicknesses of the high conductive |ayer (46)

and the internedi- ate layer (48) is t3, there are the follow ng

rel ati onshi ps Bmelpchi@l sonB@ctvaccErdihd 45Bny Bpe of. D88 b to d] vehededsprd-

vided that a width of the concentric groove is w1, a depth is d4, a diameter is D3,
and a total of the thicknesses of the high conductive tayer (46} and the intermedi-
ate layer (48) is 13, there are the following relationships among wy, d4, {3 D and D4:

0.015D<wy<0.045D = ..... (5)

0.08t3<dy <095t ... (6)

0.35D<Dy<08D ... (7).



(6) 0.350 .5 D1 5 0.85D (7)- 42 7.The el ectrical contact according

to any one of clains 1 to 4, wherein t he hi gh conductive |ayer
(46) or the internediate |ayer (48) has a side groove (49) on a side
peri phery thereof, and provi ded that a width of the side

groove (49) is w2, a depth is d2, and*Aa di stance between a face
opposite to the contact face and the side groove (49) is h, there are
the followi ng relationships anong t3, w2, d2, D and h: 0.025t3 W2 5
0.5t3 (8) 0.0030 d2 5 0.085D (9) 0.1t3 h 0.9t3 (10). 8. The

el ectrical contgct accordin 0 .any,.ong of cl ai 1lto.4 erein the
hi gh conduét i ve ea?%F?r{CEg?mﬂgét agc?éb%q@da%%rbeeoﬁ%@bs ffﬁék‘m‘g n
decreases tovarts iR EHOUBHRY JaykPEEPEr 1R intBFhédIate RYeP(48) 'Ras a sid
t apered shape bei ng51/2 to 1/ 30.),‘99?E %e el e([:tri ca({] con?gcg a)ccor |rsllge
t o any onegrebve48)mn atsidedperiphenctheredieambnt act | ayer (45) consists
essentially of 15 to 30 wt % of , 0.01 to 0.2 wt% of Te, .the bal ance
bei ng Cu, and/ é:im"'de‘j?{hatt%‘é"dgfbﬂ e sie gegovesdP) isoma. A FrPtads faand s
menber selgatedefdtR b b ; ot d f N %
or |ess intgt ot aIe aér?bnun?gﬁ ?:y&a{nd tsth% én@%%%##%ﬁﬁ%ﬁgg'dg grva§Q4§)¢|§ .

there are the following relationships among t3, wa, da, D and h:

0.025t3 <wp<0.5t3 ... (8)
0.003D<d<0.085D ... (9}
0its<h=<093 ... (10).
8. The electrical contact according to any one of claims 1 to 4, wherein the

high conductive layer (46) has a tapered shape whose thickness decreases to-

wards the periphery thereof, an inclination of the tapered shape being 1/2 to 1/30.

9. The electrical contact according to any one of claims 1 to 4, wherein

the contact layer (45) consists essentially of 15 to 30 wit% of Cr, 0.01 to 0.2
wt% of Te, the balance being Cu, and/or

the contact layer (45) contains at least one member selected from the
group consisting of Mo, W and Nb in 30 wt% or less in total amount of Cr and the
member, and/or

an amount of solid solution of Cr in the Cu phase constituting the high con-

ductive layer (46) is 10 ppm or less.

10.  Electrical contact according to any one of claims 1 to 4, wherein the contact
layer {(45) has the shape of a disc with a center hole {44) formed at the center of
the disc, a plurality of siits (2) formed from the center towards the periphery of the
disc, the slits (2) being not in contact with the center hole (44), whereby the disc is

shaped into wing forms,



an anount of solid solution of Cr in the Cu phase constituting the
hi gh conductive |ayer (46) is 10 ppmor less. 10. Electrical contact
according to any one of clains 1 to 4, wherein the contact |ayer (45)
has the shape of a disc with a center hole (44) forned at the center
of the disc, a plurality of slits (2)4¥orned fromthe center towards
t he periphery of the disc, the slits (2) being not in contact with
the center hole (44), whereby the disc is shaped into wwng forns. 43
11. An el ectrode conprising the electrical contact (1) according to

oY e o512 i 2000 655l B (FTERG)8
vacuum val Xﬁ'{nﬂ 3?0?2@&1 ah HedrddR! Fodog&LBedrh%%g%be&%s‘&d@[ ﬁw@aﬂiglﬁ%nductive

novabl e el ectro In a vacuum ch erein at | east one
of the el ealeo@e€$ of fire eléblichlacoritdt (¢).ectrical contact (1) according
to any one of clainms 1 to 4. 13. A vacuumcircuit breaker conprising
a vacuum val ve (14) according to claim 12, the vacuum val ve (14)

a al ve (: cl aim 12, !
(o) “ana 1 He: mfSupRalh Va4 oPRiis TP B ol e B k6l (BRI fiable

term nal s giddtrodedisbyXhendaciging ¢haimber ¢52) hteveia witneadiameesf thdlectasdks
an operating nechanismfor driving the novable electrode (6b). 14. A
vacuum swi (Bahérascibepz!ealrisg eeniadi{ Bl aqoprding yaauy AN &f ¢laing 149 4each
having a pair of fixed electrode (6a) and novabl e el ectrode rods
(4b), wherein the novable el ectrode rods (4b) are electrically

connected 13 eachagblvar cibouitbakep fcofitiding ar sadutid) vaneé o) ofsdoading oto
mechani sm for operating the novabl e el ectrode _(6b2, each of the
.val ves (14¥aitvelhghevactemoravegl4) deirigapiavided witlsat fepst 2 pait cpmpaising the

: d f claj o1 ej j
conduct i vaeapieton, @R &Rt ncefle Fiehubds e HeEthyictdolhnycior
contact faggminhiBg73Ngbpentnting dasee et thavaciish baliber (32)1a38 .an operat-

ing mechanism for driving the movable electrode (6b).

14. A vacuum switchgear comprising a plurality of vacuum val;/es (14) each
having a pair of fixed electrode (6a) and movable electrode rods (4b), wherein
the movable electrode rods (4b) are electrically connected to each other by
means of conductors (42) and an operating mechanism for operating the

movable electrode (6b), each of the valves (14) being one according to claim 12.

15. The electrical contact according to any one of claims 1 to 4, wherein the
high conductive layer (46) has a tapered shape at the face opposite to the contact

face, the angle of the tapered face being 1/2 to 1/30.



