1 TITLE OF THE | NVENTI ON: ELECTRI CAL CONTACT FOR VACUUM VALVE FIELD OF THE
| NVENTI ON: 5 The present invention relates to a new electrical contact that
is used for a vacuumcircuit breaker, vacuum swi t chgear, etc. RELATED
ART: 10 Electrical current sw tches en%l oyi ng vacuumcircuit breakers that
use vacuum as an insul ating nmedi um have | ess influence on environnment and
substitution of gas insulated swtchgears with the vacuum sw tchgears has
been carried out. Enlarged capacity thereof has been desired. Electrical 15

contacts f I nt rtﬁﬁiiﬁbé current should have a high density in order
to secure ﬁfﬁaﬁ]g@[c € l1?12)%?1%'apaci ty and a good thermal conductivity.
Ther ef or e, series._elec G gnt that are used for general
vacuum ci r%qTR{ﬁ@ak%Q%T%eé% %(ﬁ‘& ‘g@{@? ed by infiltration nmethods or
20 sintering methods, which are capable of densifying the contacts.
FIELD OF THE INVENTION:
5 The present invention relates to a new electrical contact

that is used for a vacuum circuit breaker, a vacuum switchgear,

etc.

RELATED ART:

10 Electrical current switches employing vacuum circuit
breakers that use vacuum as an insulating medium have less
influence on environment and substitution of gas insulated
switchgears with the vacuum switchgears has been carried out.
Enlarged capacity thereof has been desired. Electrical

15 contacts for interrupting large current should have a high
density in order to secure a large current flow capacity and
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 is melted and infiltrated into low density
sintered body of Cr-Cu. Patent document No. 2 discloses high

25 density electrical contacts which are produced by sintering



For exanpl e, patent docunent No. 1 discloses electrical contacts in which
Cuis nelted and infiltrated into | ow density sintered body of Cr-Cu.

Pat ent docunent No. 2 discloses high 2§ density electrical contacts which
are produced by sintering 2 high densi‘ty nmolding of Cr-Cu in an inert gas
at nosphere. Patent docunent No. 3 discloses electrical contacts in which

fl ake shaped Cr powder particles are oriented in a specified direction and
are sintered to produce high density sintered 5 product. In this nethod, an

amount of can_be, red d. fent docunent _No, 1:. J nese nt No.
a4, 590 hislt AR REk ki gt Br° tle £ BH T s dm eSS, BAEERE DO

Pat ent docunent No. 3; _Japanese patint 3,.825, 275,10, SUVVA Y,Cﬁ T

| NVENTI ONAoSHRedth Nora® SRECleses) ec6rtEdtalofoBtaghsyBqeds bg ake
infiltration nethod exhibit reduced conductivity and a high _hardness due to
sol i d sol fhapedbCroPqwieF @apHeskes REOCTARERI 11 FfPeateted ore, an
actual contact face area between the 15 contacts becones snaller than a

desi gned \Ginestiiiprc @nde@iref isdnterngd ¢tlo grodugeebigh| degeityusénkernedand
i ncreases a tenperature
5 product. In this method, an amount of Cr can be reduced.
Patent document No. 1; Japanese Patent No. 2,874,522
Patent document No. 2; Japanese patent laid-open 2005-135778

Patent document No. 3; Japanese patent 3,825,275

10 SUMMARY OF THE INVENTION:

Conventional electrical contacts of Cr-Cu produced by the
infiltration method exhibit reduced conductivity and a high
hardness due to solid solution of Cr into Cu phase in the contact
layer. Therefore, an actual contact face area between the

15 contacts becomes smaller than a designed value in current flow,
which generates a large joule heat and increases a temperature
at the contact points. This may lead to weld between the
electrical contacts.

As a means for reducing electric resistance and suppress |

20 the joule heat, a layer whose main component is copper is formed
on the face opposite to the contact face. Since this layer is
formed integrally by the infiltration method, the conductivity
decreases due to solid dissolution of Cr. Therefore, it is
impossible to suppress the joule heat.

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



at the contact points. This my |lead to weld between the electrical
contacts. As a neans for reducing electric resistance and suppress 20 the
joule heat, a |layer whose main conponent is copper is formed on the face
opposite to the contact face. Since this layer is fornmed integrally by the
infiltration nmethod, the conductivity decreases due to solid dissolution of
Cr. Therefore, it is inpossible to suppress the joule heat. 25 On the other
hand, the electrical contacts produced by the 3 sintering nethods, there is
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Cr-Cu conpgsition in order tq inprove productiyity. and since the density
of the pr é‘ﬁh&aﬁrsixs G459 htgﬁﬂfrga"ts (ﬂdpi freR t(?%a/\tr?%]ntjr&q hod" product, the

suppression of joule heat was_ insufficient. Accordin J%&aj n the el ectrical
contacts prodURSEERT ¢ lncg ﬁP@rPHﬁlﬁ%t$%REeF*n9iW%ﬁﬁﬁa dé 6PmeASPd f or med

on the face 10 opposite to the contact face, it nay be possible to suppress
of the Cr-Cu composition in order to improve productivity and

5 since the density of the product is smaller than that of
infiltration method product, the suppression of joule heat was
insufficient.

Accordingly, in the electrical contacts produced by the

sintering method, if a layer 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

layer and the Cu layer is different, there may be curving after
sintering.

If the curving or warp of the sintered bodies is removed

15 Dby machining, temperature rise during the current flow
generates the warp so that the contact area decreases to
indrease 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



joul e heat, but since the sintering shrinkage of the contact |ayer and the
Cu layer is different, there may be curving after sintering. |If the curving
or warp of the sintered bodies is renoved 15 by machining, tenperature rise
during the current flow generates the warp so that the contact area
decreases to increase a contact resistance, which nmay 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 tinme of

sintering ' f Cl hiCit t b V] i e

Struct ur o St Eetelln ShBcA M LobBugtiver aBEf L8 B oPobdrel,
conductivit%? Th resent, i nvention p{ovi es an electricgl coriact 25

conpri si ng® H& Mk atte | AT Hr 1 REEE ng B HIYSEY DRI ah bpPh e 4

el ectrical contact_and a high_conductive |ayer in an opposite side of the
contact | &AMNeqtRA |ty Gacth QgL ndGTaiYy Featast t18YeIcFOBLREPS wher ein
the contact |ayer contains C, Cu and Te, and the high conductive |ayer
contai ns ¢@ppéiu and Te, and the high conductive layer contains copper

5 as a main component, and wherein the high conductive layer is
provided with a means for suppressing warp of the contact layer
at the time of turning on of the contacts.

In the present invention the electrical contact mentioned
above has the means for suppressing warp which includes at least

10 one concentric groove, formed in the high conductive layer,
with respect to the contact layer, at least one side face groove
formed in the side face of the high conductive layer, an
intermediate layer, sandwiched between the high conductive
layer and the contact layer, having a composition intermediate

15 between that of the contact layer and that of the high
conductive layer, and a taper, formed in the rear face of the
high conductive layer opposite to the contact layer, being
inclined towards the periphery of the high conductive layer
such that the periphery is thinner than the inner than the

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

25 warp suppression means includes a concentric groove formed in



5 as a main conponent, and wherein the high conductive layer is provided
with a neans for suppressing warp of the contact layer at the tinme of
turning on of the contacts. In the pregent i nvention the electrical contact
menti oned above has the neans for suppressing warp which includes at |east
10 one concentric groove, forned in the high conductive |layer, with respect
to the contact |ayer, at |east one side face groove forned in the side face
of the high conductive | ayer, i nternmedi ate | ayer, sandw ched between the

an
hi gh conduyctive .layer. and th nt | ayer, ' Ry
internedigﬁg %%ggeféggHCF%XF gFggﬁeggéﬁpgcgnlg$§¥kgnggt%ggpgﬁébhggh?gh
conductive | ayer, and taper, formed_in the rear face, of the hi
conduct | vEaca arbadbhe o BRE donsddim ThE HeRas TorshRg IRvLITRES TEURr ds the
peri phery of the high conductive |ayer such that the periphery_is thinner
than t he ERSE ITPRYE dioamesoin ither sigqedags of dheohielicon € a¥REd to
mean that the high conductive layer is provided with the neans to suppress
the warpThe vax®i syppressiep mgrEspfuEEhpr ineludasaen inyermediateqe
contact during the current flows through the contacts. The

5 layer sandwiched between the high conductive layer and the

contact layer. The intermediate has a composition intermediate
of that of the high conductive layer (copper dominant layer)
and the contact layer (Cr, Cu, Te and/or Mo, W and Nb). The
warp suppression means further includes a tapered high

10 conductive layer formed at the opposite side to the contact
layer. The high conductive layer has a thickness that reduces
in the direction towards the periphery thereof. The above
measures are employed singly or in combination. Details of the
structures and compositions, etc will be explained

15 hereinafter.

An electrical contact according to one aspect of the
present invention comprises a contact layer and a high
conductive layer, the layers being 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 D, t;, t; and D satisfy the following
requirements definedby (1) and (2), the high conductive layer

26 having at least one groove concentric with the electrical



25 warp suppression neans includes a concentric groove fornmed in 5 the high
conductive | ayer around an electrode rod open to a face opposite to the
contact. The nmeans further includes a side face groove fornmed in the side
face of the high conductive |ayer. The warp suppression neans further

I ncludes an internmediate 5 | ayer sandw ched between the high conductive

| ayer and the contact |ayer. The internediate has a conposition
intermediate of that of the high conductive |ayer (copper dom nant | ayer)

dth | : , '
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at the opposite side to the contact [|ayer. The high conductive |ayer has a
t hi ckness $H%3%%duces in the direction towards the periphery thereof. The
above neasures are enployed singly or in conbination. Details of the
structures afdl8mpdar¥loddtzetc will be-expldi ned 15 hereinafter. An
el ectrical contact according to one aspect of the present invention
conpri ses a @oftdti+tayePSamdsa(bitgh) conductd Ve | ayer, the layers being
integrally connected to each

5 An electrical contact according to another aspect of the

present invention comprises a contact layer, a high conductive
layer, and an intermediate layer between the contact layer and
the high conductive layer, the layers being integrally
connected to each other, and the intermediate having an

10 intermediate composition of the adjoining layers (the contact
layer and the high conductive layer), wherein the contact layer
contains Cr, Cu and Te, and the high conductive layer contains
copper as a main component, and wherein provided that a
thickness of the contact layer is t;, a total thickness of the

15 high conductive layer and the intermediate layer is t;, and
a diameter of the electric contact is D, t;, t; and D satisfy

the following requirements defined by (3) and (4).

0.15t;=t;=0.80t, ... (3)
2.94(t1+t3) =D=8.10(t1+t3) s (4)
20 The high conductive layer and the intermediate layer of

the electrical contact according to the present invention has
at least one groove in a concentric circle with the electrical
contact in a face of the high conductive layer opposite to the
contact face of the electrical contact.

25 In the electrical contact according to the present



ot her, wherein the contact |ayer contains C, Cu and Te, and 20 the high
conductive | ayer contains copper as a nain conponent, and wherein provided
that a thickness of the contact |ayer i,s tl1, a thickness of the high
conductive layer is t2, and a diameter of the electric contact is D, t1, t2
and D satisfy the followng requirenents 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

el ectrical, contact. 0. 15t25 . 2 E .

2.94(t 1+t 2")n§ .]'%]('t fftof)l%.e.%. %%.‘5’%(3)"”5‘5%?1 % gcl:lter %’%épvgoﬁ?a%lt' gc%%?‘é?ng to
anot her aspecgt of. the resent inventjon,conprises, a gontac er, a high
conduct i vés ﬁhf/‘é‘ld agjrﬁ? q%?ﬁr"fﬁad‘?aﬁ)é'I%y%ggbte"t%Eﬁsf%ga’@of%?gggw?‘gger and
t he hi gh conductive |ayer, the I&%Frs being integrally connected to each

ot her, an&and tiqns Aefiined RKi(Ry arl & aM redi at e conposition of the

adjoining layers (the contact |[|ayer and the high conductive |ayer), wherein
the contact 0ageBD=owyi:QiA450r, Cu..ahl)Te, and the high conductive |ayer
cont ai ns
5 0.08t:=d,=0.95ts ... (6)
0.35D=D,;=0.85D ... (7)
In the electrical contact according to the present
invention, the high conductive layer or the intermediate layer
has a side groove on a side periphery thereof, provided that
10 a width of the side groove is w,, a depth is d,, and a distance
between a face opposite to the contact face and the side groove

ish, D, 4,, t3, w;andh satisfy the following conditions defined

by (8), (9), (10).

0.025t:5w,=0.5ts e (8)
15 0.003D=d,<0.085D ... (9)
0.1t3=h=0.9t; v (10)

In the electrical contact according to the present
invention, the high conductive layer 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 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 additionally contain at least one member

26 selected from the group consisting of Mo, W and Nb in 30 wt$%



copper as a main conponent, and wherein provided that a thickness of the
contact layer is tl, a total thickness of the 15 high conductive | ayer and
the internediate layer is t3, and a dianmeter of the electric contact is D,
tl, t3 and D satisfy the follow ng reauirerrents defined by (3) and (4). O .
15t35t1s O 80t3 ...... (3) 2.94(t1+t3)SD58. 10(t1+t3) ...... (4) 20 The
hi gh conductive |layer and the internediate |ayer of the electrical contact
according to the present invention has at |east one groove in a concentric
circle wwth the electri,cal _contact.in af of the high conductive |ayer
opposi te 4§ 58S ddhitl SMOWHHt t%ede}l e%$?®ﬁ MMt . 25 In the

el ectrical contact according to thei$resent 7..1invention, provided that a

width of the ghibde i&lSAtTICHe FIPLIGE ACCHRAING; toetls RLESANt D D1, d1

and t3 satisfy the follow n% condi ti ons defi ned b){l (15), (6) and g7).
0. 015DSwismvsadidon, the gpntgch lagessasce aphter hole fermedpatatipe. p150.
85D ...... (7))

center of the disc, a plurality of slits formed from the center

5 towards the periphery of the disc, the slits being not in
contact with the center hole, whereby the disc is shaped into
wing forms.

In the electrical contact according to the present
invention, an amount of solid solution of Cr in the Cu

10 constituting the high conductive layer is preferably 10 ppm
or less.

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,

15 mixed powder comprising ingredients for constituting an
intermediate layer and copper powder for constituting a high
conductive layer in layers; and sintering the layers at a
temperature lower than the melting point of Cu in a reducing
atmosphere or in an inert gas atmosphere.

20 The electrodes using the electrical contacts of the
present invention are constituted by bonding high conductive
layer of the electrical contacts of a disc form to electrode
rods.

A vacuum valve of the present invention comprises at least

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



In the electrical contact according to the present invention, the high
conductive layer or the internediate |ayer has a side groove on a side

peri phery thereof, provided that 10 a yi dth of the side groove is w2, a
depth is d2, and a distance between a“face opposite to the contact face and
the side groove is h, D, d2, t3, w2 and h satisfy the follow ng conditions

defined by (8), (9), (10). 0. 025t3SW2s0. 5t3 ...... (8 ) 15

0. 003DSd250. 085D ...... (9 ) 0. 1t3Sh50.9t3 ....-(10) In the electrical

cont act accord| e.present .i e th hj | gyer has a
t aper ed s %ﬁmgﬁﬁéggeﬁ%%?gﬁsgéa?gﬁﬁFa§fi %Qa%& Qﬁ§;§¥? e?éof an

20 inclination of he t aper ed shape /2 1/ 3 | n the
olectri carnbRpHeEP eisekTRe 35 oot e il ' rO8 ks idad GpBtartsa
contact consists essentlally of 15 to 30 % of Cr, 0.01 to 0.2 wt% of Te,
t he bal andeeigRpdOpPOvEhe contact | ayer may additionally contain at |east

one nenber 25 selected fromthe group consisting of Mo, Wand No in 30 wt% 8
A vacuum circuit breaker according to the present

5 invention breaker comprises the above mentioned vacuum valve,
the vacuum valve being provided with at least of a pair
comprising the fixed electrode and the movable electrode being
connected to conductor terminals extending outside of the
vacuum chamber, and an operating mechanism for driving the

10 movable electrode.

A vacuum switchgear according to the present invention
comprises a plurality of vacuum valves each having a pair of
fixed electrode and movable electrode, wherein the vacuum
valves are electrically connected in series to each other by

15 means of conductors and an operating mechanism for operating
the movable electrode, each of vacuum valves being the one
mentioned above.

(0022)

According 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



or | ess

n total anobunt of C and the nenber. In the electrical cont

according to the present invention, the contact |ayer has a center
formed at the center of the disc, a pJurality of slits fornmed from
center 5 towards the periphery of the sc, the slits being not in
with the center hole, whereby the disc is shaped into wng forns. |
el ectrical contact according to the present invention, an anmount of
solution of Cr in the Cu 10 constituting the high conductive |ayer

preferably 10 p r l.ess. A method of manuyfacgturd the el egtrical
of the pF&?é’l’hI%rgr‘?vg‘ﬁ["ii&? @&rﬁg%?géﬁlcﬁrleé’?-“#ﬂc&i r?f Iq:gV’erpsreosfe i xed
conprising ingredients for constituting a contact |ayer, 15 m xed powder

conpri si ndViedtd@lents for constituting an internmediate |ayer and copper
powder for constituting a high conductive layer in layers; and sint

the layers at Eig+ dipaahaws @ Ivartriadarrngss mactinppbintewfofothe a

reduci ng

5

10

15

20

25

act
hol e
t he
cont act
n the
solid
S
cont act
powder

ering

at nosphere or in an inert gas atnosphere. 20 The el ectrodes using
t he el ect rilealitrodet ahioswnofint Fdg. 1A.

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.

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.

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.

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 of the
electrode shown in Fig. 5A.

Fig. 6 shows a vacuum valve in a sixth example, which is



present invention are constituted by bondi ng high conductive |ayer of the
el ectrical contacts of a disc formto electrode rods. A vacuumvalve of the
present invention conprises at |east 5 a pair of a fixed electrode and a
novabl e el ectrode disposed 9 in a vacuum chanber wherein at |east one of
the fixed electrode and novable electrode is provided with the electrical
contacts nentioned above. A vacuumcircuit breaker according to the present
5 invention breaker conprises t he above nentioned vacuum val ve, the vacuum

val ve bei rovided wt ) | conpr,i sj the fixed el ectrode
and the rré&é’gqlé]e@ é‘b‘tt\rl\'n’ootg‘ ]T’Fj’atrcod%né’%t eﬁ‘ ‘?ﬁﬁr’%ﬁc "gi'btrlrﬁ%al s extendi ng
out side of the_ . vacuum chanber, and an operating nechanismfor driving the
10 novabl e el dkF odShonsa dlagrapmetiGestew o HPﬁb}UF‘(th’?Fé“ptr bxeakeFnventi on
conprises a plurality of vacuum val ves each having a pair of fixed

el ect r ode iand seveatheexarrle s@whigietbpprarentainuantianwas appléedetrical |y

connected in series to each other by
Fig. 8 shows a vacuum switchgear in an eighth example to

5 which the present invention was applied.
Reference numerals used in the figures are:
1 denotes an electrical contact, la fixed side electrical
contact, 1b movable side electrical contact, 2 a slit, 3, 3a,
3b a stain prevention plate, 5 a solder material, 6a a fixed
10 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,
15 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 closing coil, 31 an evacuate cylinder, 32
an outer vacuum chamber, 33 an upper plate, 34 a lower plate,
20 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

25 an intermediate layer, 49 a side groove, and 50 a taper.



15 nmeans of conductors and an operating nechanismfor operating the novable
el ectrode, each of vacuum val ves being the one nentioned above. (0022)
According to the present invention, it.,js possible to 20 provide electrical
contacts having at |east two | ayers vvl{in excel | ent heat and el ectri cal
conductivity, avoiding warp at the time of sintering and the current flow.
BRI EF DESCRI PTI ON OF DRAW NGS: 25 Fig. 1A shows a top plan view of a first
exanpl e of an 10 electrode having an electrical contact of the present
invention. Fig. 1B shows a vertical cross sectional view of the electrode
shown in Fig. A 5 Fig. 2A shows a top plan view of a second exanple of an

hove & v ERARTHEE hEECRGR R, 48 T, etttk AR T Fi g oA

The electrical contact of this example has a disc form and

has two layers in a thickness direction thereof. A contact layer

5 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

10 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

15 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

20 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 joule heat.

25 In addition, the high conductive layer has at least one



10 Fig. 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 electrode ghomm in Fig. 3A. 15 Fig. 4A shows a
top plan view of a fourth exanple of ah® el ectrode havi ng an el ectri cal
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 exanple of an electrode having an electrical contact of the present
i nvention. Fig. 5B shows a vertic cross sectional. view of the electrode
shown | n i9apcknET LS SEop v BT HAE Tadh cRbetie, 85, hd AiArt Fass 85 wh ch
Is 11 provided with the electrode of the present invention. Fig. 7 shows a
di agr anmatihatyadexpagsigaugi Ehe i oh i tiye, laxer vt dodlenBeatt o which

t he present invention was applied.
is suppressed to prevent warp and/or layer separation.

The electrical contact according to this embodiment may

5 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

10 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.

15 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,
t;, and t; should satisfy the following relationships (3), (4).

Further, when the high conductive layer and the

20 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 joule heat during the current flow can be suppressed to

prevent warp or separation.

25 0.15t35t;50.80t, wone ( 3)



Fig. 8 shows a vacuum swi tchgear in an eighth exanple to 5 which the
present invention was applied. Reference nunerals used in the figures are: 1
denotes an electrical contact, la fixed side electrical contact, |b novable
side electrical contact, 2 a slit, 3, , 3b a stain prevention plate, 5 a
solder material, 6a a fixed 10 electrode, 6b a novable electrode, 7 a
shield, 8 a novable side shield, 9a a fixed side end plate, 9b a novabl e
side end plate, 10 a bellows, 11 a guide, 12 a novabl e side holder, 13 an

i nsul ating cylinder, 14 as%gguun1valve, 15 an ?ony resin cylinder, 16 an

i nsul ati ng opetatddrititad, =P=8n 108 5et t1kr mi mat- (415 18 a collector, 19 a

| ower termnal, 20 a contact,  spring, 21 a supporting |ever, 22 a prop, 23 a
pl unger, 24 a ﬁﬁﬁtﬁ%ﬁfqﬁifaliﬂ?Q¥QQﬂIQﬁqogﬂ?QSIﬁﬂrfﬁiﬁuﬁ@bgﬁﬂq?9$ coil, 28

trip lever, 29 reset sgring, 30 a closing coil, 31 an evacuate cylinder, 32
an out er \sWie prekesablyshaye gpegrgodteefogned in\tdre fRgeecOPPOsSBtes side
pl ate, 36 an upper through hole, 37 an upper base, 38 an outer bellows, 39
a | ower thoothe ¢tohactFame haswa atiidtdp obushi aglepith ofl dnwea Ghametdl a
fl exi bl e conductor, 43 a through hole for the flexible conductor, 44 a
cent er 5holaf 45 & tedlacdhickness 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; aﬁd the depth 4, are smaller than that defined

10 by formula (5) or (6), suppression of elongation 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 of the vacuum switch.

15 Further, if the diameter D; is smaller than the value
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

20 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.

25 0.015D=w;=0.045D .. (5)



| ayer, 46 a high conductive |ayer, 47 a concentric groove, 48 25 an
I nternmedi ate | ayer, 49 a side groove, and 50 a taper. 12 DETAILED
DESCRI PTI ON OF THE PREFERRED ENBCDINEN&?: The el ectrical contact of this
exanpl e has a disc formand has two ldyers in a thickness direction thereof

A contact layer 5 of the two |ayers consists of Cr, Cu and Te, and the
| ayer to be connected to a conductor, a high conductive |ayer, contains Cu
as a main ingredient. As the contact layer is made of a C and Cu all oy,
the electrical contact_exhihits excellent  interruption performance and
vol t age mﬁths?a%ﬂ?ﬁ%8$S? ety so 10 t hat~€R& characteristics required for
el ectrical contacts ar satisfied. On the other hand, by providing the high
conductive | a§e35D €§Q-§$%e opposi te to-the contact |ayer, heat and
electrical conductivity of the whole electrical contacts are_inproved 15
t hereby to suppt dde faetaiicdd srntagteageqrding ke thie enbodiBertrent
fl ow and i nprove anti-wel ding property. Wien a thickness of the contact
| ayer i s twhem & lingowsssis dfonmesl Hingtheoraitent \petiphary ©ff Xhehdighdi anet er
of the

5 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.

10 Provided that the side face groove has a width of w,;, a
depth of 4,, 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

15 defined by formulae (8) to (10) should be satisfied.

If the width w,; and depth d, 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.

20 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

25 conductive layer takes place.



electrical contact is D, the ranges of the values should satisfy 20 the
formulae (1) and (2). As a result, it is possible to produce an el ectrical
contact having no defects such as warp,.|layer separation, etc and having
excel | ent heat and el ectri cal conducti%@ty enough to suppress joule heat.
25 In addition, the high conductive |layer has at |east one 13 concentric
groove in the face opposite to the contact face so that an expansion of the
hi gh conductive |layer by joule heat is suppressed to prevent warp and/or

| ayer separation. TQ& eggctrical cont act aﬁcording to this enbodinent may 5
have an int er feBZate=Magel- Wose conpostt8bn is an internediate of the
contact |ayer and high conductive layer. The electrical contact nmay

conpri se thre@-@93ﬁgﬂh§§9y@§§Dstacked-+TIQXs t hi ckness direction. By
forming the internediate |ayer, a strain caused by 10 difference in
shrinkage of Ohttsohta@t9tayer and the-HiQh conductive layer at the tine of
sintering themmay be alleviated to thereby prevent warp, |ayer separation,
etc and to relBasthe electrical contact according to this embodiment,

5 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

10 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

15 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

20 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 contacts 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

25 above, voltage withstanding property will decrease due to



thermal expansion difference to suppress an increase in contact resistance.
15 When the thickness of the contact layer is tl1l, a total thickness of the

hi gh conductive |layer and the internedi te layer is t3, and a di aneter of
the electrical contact is D, t1, and shoul d satisfy the follow ng
relationships (3), (4). Further, when the high conductive | ayer and the 20
I nternmedi ate | ayer connecting to the high conductive | ayer have at | east
one concentric groove in the face opposite to the contact face, the

el ongation of the high caonductg | ayer due to joule heat during the
current flEHSHh & é’(fylf? prevent warp or separation. 25
0.15t3St1S0.80t3 ...... (3) 14 2.94(t1+t3) 15DS8. 10(t1+t3) ...... 4% The

el ectrical contiacditeGBHdGly layathicOndAisH fdndeastosrg pfeMer al %n ave the

groove forned in the face opposite to the contact face has a wwdth of wi, a
depth of &b. afdhimh bard pArtgicles asesfinel v dispererd ke thegrorsaaticti ve
| ayer and the internmediate |ayer of t3, and a dianmeter of the electrical
layer, welding is prevented and separation of welded contacts
5 Dbecomes 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

10 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

15 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 solution of Cr in the Cu constituting the high
conductive layer should preferably be 10 ppm or less. It is

20 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

25 the following.



contact of D, and the following relationships are satisfied to prevent warp
and separation. If the width wi and the depth dl1 are smaller than that
defined 10 by formula (5) or (6), supﬁgession of elongation of the high
conductive layer is not expected. If t 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 of the
vacuum swi tch. 15 Further, if the diameter D1 is smaller than the val ue

e o e AT i RS il AR Bel hnlvaf oo PECt e rou:

which is a conductjve nenber Accordlngl the electrlcal contact |s easily
def or med W%ﬁ?‘}tnﬂdb‘fe‘h'ilqrhé‘?“m@ﬁﬁssvﬁlf Wi reroPt iBi¥tder hand,
if the diameter D1 is larger than the range deflned by formula (7), the
concentri cPQﬂQﬁﬁléom§r#§FW&HQFQ‘H@ME‘CfﬁFt%thﬁtlthQﬂJPé?m}i@qtpﬂléY?rso t hat
suppression of elongation of the high conductive layer is insufficient. 25
0. 015DSw1 St xeibpawder .ddnprilbing ingredients for constituting an

5 1intermediate 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 joule heat.

15 Since so0lid solution of Cr into the high conductive layer
of Cumatrix, an amount of Cr can be limited 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



0. 08t3Sd1S0.95t3 _....(6) 0. 35D<-D1SO. 85D ...... (7 ) In the electrical
contact according to this enbodi nent, when a groove is forned in the outer
peri phery of the high 5 conductive Iaigr and the internediate | ayer
connecting to the high conductive | aye IS possible to suppress inner
strain caused by difference in thernal expansion bet ween the contact |ayer
and the high conductive |ayer so that warp or separation is suppressed. 10
Provi ded that the side face groove has a width of w2, a depth of d2, a

di st bet the fa te t th f t h h,
2 total i EMEBEHe [ dr Rt A PRORRy & <R AR EACBnEoR P Phe |

internmediate later is t3 and a dianmeter of the electrical contact is D, the
condi ti ons28 R FFFHAKBENFBF$FA®RE (8) to (10) should be satisfied. If the
width w2 and depth d2 are smaller than those defined by formula (8) or (9),
strain relief Bp¢celectrogeuaccerdhng tanthefpregenh| iR¥enttonaiger than
those defined by fornmula (8 or (9), strength of the electrical contact
wi || decr gassiu&d |by adhliegioml 1y fbdridindy stlee ceel déctetdeernod has f Elve opposite
5 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
10 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
15 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
20 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

25 provided with at least a pair of a fixed electrode and a movable



to the contact face and the groove is snaller than the range defined by
formula (10) , strain relief effect is not expected, and if the difference
is larger than the range defined by fgﬁnula (10), separation of the contact
| ayer and/or high 25 conductive |ayer“takes place. 16 0 . 025t3SW2S0. 5t3
...... (8) 0. 003D5d2250. 085D ......(9) O . It3-<h<-0.9t3 ......(10) In
the electrical contact according to this enbodinent, 5 the high conductive
| ayer shoul d preferably have a tapered shape at the face opposite to the

contact face. ,Accordi,ng to this structure,. elangatjon of the high
conduot | v leg AL AT A e B4 SR £ RO Qe Rl el Gl e
suppressed. The angle of the tapered face is 1/2 to 1/30 10 in
consi der at3PTHLNG R tthe REGFFRUAIERE P and productivity. The cont act
| ayer consists essentially of 15 to 30 w% of C, 0.01 to 0.2 wt% of Te,

t he bal ance befhg) @CUWR| ¢hrealt RERRkeR 2¢CORGERIoke BRenBregeBRd Nb in a

total anmount of 30
invention comprises a vacuum valve provided with at least a

5 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.

10 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

15 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

20 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

25 the electrical contacts of the present invention and



15 wt % including Cr. The contact |ayer having this conposition exhibits
excel lent interruption performance and voltage wi thstanding characteristics
as well as electrical conductivity. If_an amount of Cr is larger than the
above, the electrical 20 conductivity 3?asti cally decreases. |If an anmount of
Te is 0.01 to 0. 2 ww% strength of the Cr-Cu alloy decreases so that weld
contacts are easily separated. |[If an anmount of Te is |less than the above,
separation of weld contacts becomes difficult. If the anobunt is |arger than

the 25 above, voltage wthstandjn operty will, decrease duge tp 17 excess
evapor at i o‘ﬁorﬂ)?a%t.l‘?? ¢ %C%?%%tg?'gé/%&%o%hﬂ%‘ﬂsl%t'f?%g%t1bn§no$h?vb, W and
Nb, of which hard particles are finely dispersed in the contact |ayer,

wel di ng i sAhreRsiRR Fahie sthatalklen? of tudisidd FofeRductiye, ddfifls easy. In
the el ectrical contact according to the enbodi nent, the contact |ayer
shoul d pr ekieknegshabve plusedindienmedd atey dayest thigknasfer of the disc, a

plurality of slits forned fromthe
Tables 3 and 4 show dimensions and compositions of

5 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

10 prevention plate made of stainless steel for preventing a rear
face of the contact from stain through the slit grooves, 4 the
eiectrode rod, 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

15 taper formed in the periphery of the high conductive layer.



center towards the periphery of the disc, the slits being not 10 in contact
with the center hole, whereby the disc is shaped into wing forns. The
center hole prevents arc generated at éhe time of current interruption from
concentrating at the center of the %ctrical contact to t hereby avoi d
interruption fault by arc 15 staying. The slits grooves drive the arc
towards the periphery to accelerate current interruption. In the electrical
contact according to the enbodi ment, an anount of solid solution of Cr in
the Cu constituting the high conductive |ayer should preferably be 10 ppm
or less. It is 20 p055|ble to keep the heat and eIectrlc conductivity of the

hi gh condugtiviity—t=ay gt redgce—ourerheat—atTtheTtimn T t ur ni ng
on. The eIecti g conract thn thenetl)odve nﬂentionnd d\%ntma%esmare
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powder conprising ingredients for constituting a contact
powder conprising ingredients for constituting an 5 internedi ate |ayer and

copper powder for constituting a hig
and sintering the |ayers.

constituting each of

By press-

h

mor

conductive | ayer
di ng powder
the layers in an integrated form

| ayer,

m X

ed

in stacked | ayers;
mat eri al s each
| ayer separation at

the time of sintering is avoided. 10 The sintering nmethod nakes hardness of
the contact layer relatively low, and since there is no solid solution of
Cr into Cu matrix, high conductivity of the contact |ayer is secured to
reduce contact resistance with an opposed contact |ayer and suppress joule
heat. 15 Sincp-solid solution of C into the high ﬂerd-v"ve_tay f
matri x, an anmpunt of dr |can Beljrgtej to1q ppnof lless.| The gintefing is
carried out ih a reduding“gat ms@eﬁge ﬁr iﬁ%en f nert das atmnspghere sp t hat
densificationfof the Qu{ gptrixAajszactgel er&ied tp praduce| alsourfd [sihtered
structure 20| gnd to gr d;glce ar Ee@ct’ical Econ act (wijt f excel ljent |heat and
el ectrical pro@erties.-ﬁh& el eqti|iZhl | contladt s| agcording folthe enbopinent
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be manufactured by infiltrating a |ow density nolding of the m xed powder
with nolten Cu; however, the sintering nethod is 25 capabl e of producing

wi ng shaped el ectrical contacts with a 19 final shape nold, which can
produce the electrical contacts at a %ss expensi ve cost. The el ectrode
according to the present invention is produced by integrally bonding the
el ectrode rod as the 5 conductive nenber to the face of the high conductive
| ayer of the electrical contact having a disc form Therefore, the

el ectrode has good conductivity and rapidly |eads joule heat generated at
t he contact outside the vacuum val ve. The disc formelectrical contact
shoul d preferably have 10 the center hole and a wing formdivided by slits

each having a.spirgl form The central hgle capn prevent concentration of
arc generated at thg tine off cyrrent|interruptipnfin the center of the
bondi ng point and priegent the drc{fypmistgying | n fthe contact face. The
. . ] ] [} ’ |} H
slits assist the ard ognnmifqmards the 15 péY|phery of the electrica
contact to rap q’ly ifng erF upt| qurient.
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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 formelectrical 20 contact. The electrode rod is connected to
the bottomof the cap electrode. As ZYesult, the arc can be disti ngui shed
by magnetic field generated at the tine of current interruption to obtain
excellent interruption characteristics. The vacuum val ve according to the
present invention is 25 provided with at |east a pair of a fixed el ectrode
and a novable 20 electrode at |east one of which is the electrical contact
accordi ng Tablen present invention. The vacuumcircuit breaker according to
t he presgnt— T nyVentifon conpri Ses a vacuum val ve [provided with at [least_a |5
pair of 4 fixed ¥Pe¢fidgefase TeOVAbl e el ectrode at |east one of REAREKS| &
t he el ectiri cal ront get—of—tjhe—present—invention;—conductor—ternminats
connected to each of wild¢hel |[ddeptidesDantanceadi ng Terpsirmad uteer vae lum val ve
and an operating ne¢hanism| for drijving the novable el ectrode. 10 The vacpum
swi t chgedr accoy di Ngw,0 t he @r esent firomesbheact | (T) at end of

(mm) (mm) face h vacuum valve
(mm) after 2000A

X10h current

flow
14 - - - 65.0 ti/ti+t,
22 - - - 62.5 = 0.13
[
2 23 - - - 61.0
]
g
g 24 1.5 3 4 62.5
15 - - - 73.5 ti/ti+t,
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
5 having a particle size of 75 pm or less and Te powder having
a particle size of 60 pm or less ér 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.

10 A raw material for the intermediate layer was prepared in



has a plurality of the vacuum val ves of the present invention, thevalves
being electrically connected by neans of conductors in series. As a result,
the joule heat at the tine of turning and welding of the contacts are
suppressed. The present 15 invention p?‘bvi des vacuumcircuit breakers and
vari ous vacuum sw tches with excellent current characteristics and
anti-wel ding property. In the following the present invention will be
explained by reference to the drawi ngs. The scope of the present invention
20 is not limted to the foll ow ngae);arrpl esa?sﬁExarrpl es TabI e 1 shows
di nensi on€ SIS e iShs UsAng § nventi on
and conparative electrical contacts. Table 2 shows dlnen5|ons and net hods
of producilayersisherevided ifes aééﬁt’aéﬂiénéfstﬁél%r‘-‘@é@(ﬂd byv@hfferenad 21
conparative electrical contacts shown in Table 1. In the dinension ratio in
Tabl e 2, tih sbrhnlghge drehwsgdn theagentachilayessand2ths bd ghncendudtive | ayer
t hi ckness. Tables 3 and 4 show di nensi ons and conpositions of
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, Mo 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

25 1. For comparison, regarding some of the samples, each layer



5 electrical contacts of the present invention. Figs. |Ato 5B show vari ous
structures of the electrodes having the electrical contacts according to
the present invention, wherein nuneral nunber 1 denotes the el ectrical
contact, 2 the spiral S|It grooves for ﬁr|V|ng arc, 3 the stain 10
prevention pl ate made of stainless steel for preventing a rear face of the
contact fromstain through the slit grooves, 4 the electrode rod, 5 a

sol der, 44 the central hole, 45 the contact Iayer 46 the high conductive

| ayer, 47 the caqncentri ro 8 the ayer 9 the side
face grooVis %T% é@raP rRE&SanPﬁgnaer pﬁ8 griye ﬁ%nﬁF K
conductive | ayer ~aFbb OO0OO0ODb.Db b Nb bFF[~FDbF

FbQ~ &% §eg%£§f'gpt9 fé‘eatﬁﬁe&r&t\)v:ﬁﬁlmi%nﬁ%ﬁi%?ﬁ rFPﬁ—. BTRFATBOLdgdo 0 g |
0 avs? products was about 68 to 73 %.
The molded products were sintered at 1060 C for 2 hours

5 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

10 products having a density of 93 to 97 % were obtained, but when
the layers were stacked and sintered (No. 10 in Table 2, a stack
method), layer separation took place. Therefore, the stack
method was not proper, but the integral sintering was necessary
to obtain sound sintered products.

15 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

20 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

25 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.
1 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 easily. Then,
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electrodes were manufactured in the following manner. 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
1, stain prevention plate 3 and electrode rod 4, respectively.
The assembled member was heated in 8.2 .X 10™* Pa or less at 970 C
for 10 minutes to produce the electrode shown in Figs. 1A and
1B.

The electrode was used for a vacuum valve having a rated
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 if the electrical contact has a sufficient strength, it
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
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.

In these examples the grooves on the fixed side and the
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movable side were formed so as to coincide 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, aguide 11 for supportinga sliding
part is disposed between the movable side end plate 9b and the
movable side holder 12.

The bellows 10 is disposed between the movable side shield
8 and the movable side end plate 9b 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

0
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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 flows 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 maintained 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 electrodes. The supporting lever 21
maintains this state. In a state where the circuit breaker is
free to trip, a trip coil 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.

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
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
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
did not have any problems such as warp or separation and they
satisfy current interruption 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

conductive layer, the effect of the high conductive layer for
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suppressing joule heat is insufficient.

No. 2 is 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
electrical contact is relatively low, interruption property
is insufficient, and the contacts welded by increase in
temperature due to joule heat and separation thereof was
impossible. Nos. 3 and 4 have high conductivity, but the
dimension relationships (diameter D of the contact and
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.
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
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 separation

after the current flow were satisfied. Accordingly, it was

.-1 UH



n OOV IINm1 iC ~[f Wn COZ MNNNTr1NNN NIlnventive 25 Table
4 No. Side face groove Remarks Wdth Depth D stance Tenperature rise W2 d2
fromcontact (t) at end of (rm) (mm gl?ce h vacuumvalve (mm) after 2000A
X10h current flow 14 - - - Otl/tl+t2 22 - - - 62.5=0.13 Z23 - - -
61.0 m p 24 1.5 3 4 62.5

confirmed that the electrical contacts according to the present
invention were particularly useful as contacts having
ekcellent 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 hand,
Nos. 8 and 9 have compositions of Cr outside of 15 to 30 wt %.
Since No. 8 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$



15 - - - 73.5tl/tl+2 25 - - - 70.5=0.4 26 - - - 68.5 27 1.5 3 3 69.0
The nmet hods of manufacturing the electrical contacts shown in Tables 1, 2,

3 and 4 are as follows. C powder haV|n a particle size of 75 pmor |ess,

Cu powder 5 having a particle size of 3575 pmor |less and Te powder having a
particle size of 60 pmor less or Nb powder having a particle size of 60 pm
or less were mxed to prepare conpositions shown in Tables 1 to 4, and the
m xtures were mxed in a V-shape m xer to prepare a raw naterial for the
contact layer. 10 Araw material for the internediate Iayeraaqv\l/gcs (fagiared in

26 a si mdarsaln RS Ndsih PRIBCHHRY JRtdertration naSRE
provided for alleviating strain caused by difference in shrinkage between
t he cont acﬁlﬂ%mgin@r{qgl@% sedidden ¢& CrajBtor GUpPBRERt WkEir BMaAY | ayer
separation. In order to achieve 5 the functions, the Cr contents therein
change st epwl Benteokt haldeh tointcanducdyioni tyo AlRea Nﬁghl(tonbﬂm@tjiwelel hgat. That
R was suppressed to exhibit necessary performance.
5 As having been discussed, the present invention provides
electrical contacts, vacuum valve and vacuum circuit breaker
with excellent interruption permeance and anti-welding
property.
Example 7 (Application to vacuum circuit breakers)
10 Using the vacuum circuit breaker assembled in the above
embodiment that has the electrical contacts shown in Tables
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
groove 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.

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



No. 19 in Table 1, only the first internediate | ayer was enployed, wherein
the C content was 10 % which is internediate between the Cr content
(25wt % in the contact 10 |layer and the Cr content (0O wt% in the high
conductive layer. In No. 20 in Table 38 the O content in the first
internediate |ayer was 15 wt% and the C content in the second internediate
| ayer was 5 wt % The change of the C content in No. 20 is mlder than that
in No. 19. 15 In case Mo or Wis contained, when Mo or Wis contained

besi des Nb, Mo or Wpowder is_ mxed to prepare a raw material for the

contact | £&P&tactse shodeltmTabdess i dnd Be dont & Ay o« #vd 3% er nedi at e

| ayer were filled in layers in a disc form nold, and Cu powder _as the
powder matedeicdirifcgl cRBIBLEE ShovwBniRcEige: |3 and@8 -f NP ed3oAnEMIC above
| ayers. The filled |ayers were press-nolded under a pressure of 400 MPa
with a hyéragkielesesicah\aantias tsohpyingl the doncentrigt greove 4dninol | ed so
that the thicknesses of the respective |ayers are shown in Table 25 1. For
conpar i sorther rfjghdeorisoinieveflayes ,sahptbsareahiowmyarF2gs. 3A and 3B.
5 No. 24 and No. 27 have side face grooves 49 shown in Figs.4A
and 4B. These contacts have no intermediate layers.
As shown in Tabled4, the contacts having any of the taper
50, the concentric groove 47 and the side face groove 49
exhibited a temperature rise smaller than the case where taper,
10 etcwas not formed. Accordingly, it is presumed that the taper,
etc should suppress the warp.
Since the effect of temperature 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 layer
15 to the total thickness of the contact is sufficiently large,
the suppression effect is large.
As has been discussed, the contour of the electrical
contacts of the present invention plays a very important role
to suppress the warp during the current flow, which leads to
20 excellent anti-welding property.
Example 8 (Application to vacuum switchgears)
A vacuum switchgear was assembled using the vacuum valves
assembled in the examples described above. Fig. 8 shows a

diagrammatic cross sectional view of the vacuum switchgear for

25 load switchgear for transformers, which is installed on road



was filled in the nold and press-nolded. Arelative density (wth respect
to the theoretical density) of the press-nolded products was about 68 to 73
% The nol ded products were sintered 1060 t for 2 hours 5 in vacuumto
obtain sintered products. Regarding t press-nol ded products wherein each
of the layer powders were press-nolded separately, the contact |ayer, the
I nternmedi ate |ayer and the high conductive | ayer were stacked in the order
and the stacked | ayers were sintered. As a result, sintered 10 products
having a d nsih¥ of 93 t%bgé %xmere obt ai ned, but when the |layers were
stacked afQCoSfEEr 88 ANSUPEGAtA Rabl e 2, a stack nethod), |ayer separation
took place. Therefore, the stack nethod was not proper, but the integral
sintering(ﬂéQGHecessary to obtain sound sintered products. 15 The sintered
products of Nos. 5 and 6 used in the electrode shown in Figs. 1A and 1B
have di nensi offedoaddevdtchaearhgesa rdamaddd e shauvasupm)vahees 2); the
| ayer separation was observed in the periphery of the sintered products due
to shri nRdgehali cherespeondnté dhermain swiitgh. s€ot tonl inEn phgexovathwkness of
the contact layer was t1l, the thickness of the
5 vessel 32. The outer vacuum vessel 32 is composed of an upper
plate 33, lower plate 34 and side plate 35, and edges of the
plates are welded.
(0127)
An upper through holes 36 are formed in the upper plate
10 33 and insulating upper bases 37 are fixed at the peripheries
of the though holes 36 to cover the upper through holes. Movable
side electrode rods 4b are inserted into the circular space
formed at the center of the upper bases 37 in such a manner
that the electrode rods move reciprocately up and down.
15 (0128)
Each of the upper bases and each of the movable side
electrode rods 4b seal each of the upper through holes 36.
An axial end (upper side) of the movable electrode rod 4b
is connectable to an operating mechanism (electro-magnetic
20 operator), which is disposed outside the outer vacuum vessel
32. An outer bellows 38 is dispose along the edge of the each
upper through hole 36 at the bottom end of the upper plate
33.Each outer bellows 38 is fixed at its one end in the axial

direction and the other end is fixed to the outer periphery

25 of each movable electrode rod 4b.



hi gh conductive |layer was t2 and the dianeter of the electrical contact was
D. In case of No. 3, which is outside of the ranges defined by fornmulae (1)
and (2) , the warp after sintering vvasB%enar kably 25 large. Fromthis
result, the relationships anong ti, nd D 28 defined by (1) and (2) were
essential to obtain satisfactory sintered products. In these enbodi nents,
for conparison, electrical contact 1 was prepared by an infiltration nethod
in the following manner. As raw materials, the C powder, Cu 5 powder and Nb

owder nentioned abpve were. used, Cr ovvder of ovvd [ 40.5 wt
D and N powder SEUPT th Dalks: Ehe, P Eee [t \‘/esﬁfa\gf 2. vashORLaRE 2o D,
the disc form nol d. m Xture was press-npl ded. under ressure of
145 MPa t-oMTRInE 'atgﬁe?EF%ﬁe‘{?JoW"b%r?sai ?§en‘8’rﬂi’?}§ﬁd 3ty t*‘ﬁepgfégggﬁﬂ was
placed in a graph| te crucible and a copper ingot was placed on it. The

skel et on &fd easihdihnangh hedee 3thaony dihe zgtial fGrrectHan ©F eagkuum t o

infiltrate copper into the skeleton. As a result, the electrical contact of
No. 1 inmatdtele kleatrddeasashidd.ndhenppeirnpihgehBghhasnduevagaate

5 port (not shown), and the vacuum vessel is evacuated through
the evacuate port.

On the other hand, a lower through holes 39 are formed in
the lower plate 34, and insulating bushings 40 are disposed
to the peripheries of the lower through holes 39 to seal each

10 lower through hole 39. A circular insulating lower base 41 is
fixed to the bottom of each insulating bushing 40. A columnar
fixed side electrode rod 4a is inserted into the central space
of each lower base 41.

The lower through holes 39 formed in the lower plate 34

15 are sealed by the insulating bushings 40, the lower bases 41,
and the fixed side electrode rods 4a. One end of the fixed side
electrode rod 4a in axial direction (lower side) is connected
to a cable (distributing wire) disposed outside the outer
vacuum vessel 32.

20 The vacuum valves 14 corresponding to the main switches
of the load switches are accommodated in the outer vacuum vessel
32, and each movable electrode rod 4b is electrically connected
to other movable electrode rods by means of a flexible conductor
42, which has two curved portions. The flexible conductor 42

25 1is formed by laminating alternately copper plates and stainless



15 layer and contact |ayer were integrated. The resulting sintered products
and the infiltrated product were nmachined to produce the electrical
contacts having the conpositions and d|nensions shown in Figs. 1A to Fig.
5B and Tables 1 and 2. In order to inVéstigate influence of warp 20 on the
interruption performance, the contact surfaces of Nos. 2 and 3 were not
machined to | eave the warp as it is. The powders can be filled in a nold
capabl e of forning a final product having slit grooves 2, followed by

t th bt t he el ect t thod 25
T A T AL U S BhE Baleec IR g B BBV

wer e manuf act ur ed in the foI | om ng manner. An el ectrode rod 4 was oxygen
free coppé? atgf hqvg (PYH@RAERIONMON Ehed pngth éHnF?‘Eﬁﬁ%'f ai M&ss st eel
( SUS304) :g machi ning. Sol der material 5 was di sposed between the

el ectri calf skt opnducsior A2phagebhrondh hales 4hdhaoughy yhdchothg,

respectively. The assenbl ed nmenber was heated in 8.2 X10-4 Pa or |ess at
970 for Mpvabilg edecdrnodeduodst4le agleednsettedhboucamediysachrothdr. 1B.

5 The vacuum valves prepared in the examples can be used for
various vacuum switchgears such as the load switches installed

on road shoulders.



The el ectrode was used for a vacuum val ve 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 r§|nforcing pl ate for preventing an
excess deformation of the electrical ntact 1 at the time of switching
operation, but if the electrical contact has a sufficient strength, it 15
may be omtted. 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

assenbl ed. .Fi Q. cuum val ve having electrical contacts la, Ib to
whi ch the "B‘F@S IrT(t6 %%]?o]\‘/n% S 20 appl led. In Fig. 6, la denotes a fixed
contact, | b a_novable g g stain greventlog gk es, ﬁga fixed
side electrode %Bdelﬁﬁarﬁﬁa ﬁBQEBF SPURT&FEREr BAEOPLACTTHBYET fiBfbers
constitute a fixed side electrode 6a and npvabl e side electrode 6b., 25 In

t hese exarffikkng pecoftRTeyidh amopposddeselechRriceheaachorbiehiohe were

formed so as to coincide each other. The novable el ectrode 6b was sol dered
to t he mvediduactidee Aalyear in an opposite side of the contact layer, the

5 layers being integrally connected to each other, wherein the
contact layer contains Cr, Cu and Te, and the high conductive
layer contains copper as a main component,
characterized in that
the high conductive layer is provided with a means for

10 suppressing warp of the contact layer at the time of turning
on of the contacts.

2. The electrical contact according to claim 1, wherein the
means for suppressing warp includes at least one concentric
groove, formed in the high conductive layer, with respect to

15 the contact layer, at least one side face groove formed in the
side face of the high conductive layer, an intermediate layer,
sandwiched between the high conductive layer and the contact
layer, having a composition intermediate between that of the
contact layer and that of the high conductive layer, and a taper,

20 formed in the rear face of the high conductive layer opposite
to the contact layer, being inclined towards the periphery of
the high conductive layer such that the periphery is thinner
than the inner than the other.

3. The electrical contact according to claim 2, wherein the

25 means for suppressing warp is the concentric groove, and



12 through the novable shield 8 for preventing scattering of netal vapor at
the time of interruption. 5 The nenbers were soldered in high vacuumw th
the fixed side end plate, the novable side end plate 9b, and the

insul ating cylinder 13, and the fixed éide el ectrode 6a and the novable
side hol der 12 are connected outside conductor with screws. The insul ating
cylinder 13 has a shield 7 for preventing 10 scattering of netal vapor at
the tinme of interruption in the inner face thereof . Further, a guide 11

f t] | i di t, | I d bet t bl id d

bl at o bb aherRn Fatkhfes FHAr porfupRasse o T anad {8Y5E Fhobu bet veen
t he novabl e side shield 15 8 and the novabl e side end plate 9b so that the
nmovabl e hofdeRickness wdsthe hgh fRpuHyienrdavasulit fa IE‘)‘HQ JANREEH ve to

t hereby open and close the fixed el ectrode 6a and the novable el ectrode 6b.
The vacuunPEithaplegteiRaontaat iad vEeetenars fellawing Gedd tdenshinsg
assenbled. 20 Fig.7 shows a diagrammatic view of the circuit breaker having
t he vacuunamahgeti tth am@ k) ddter hdgh contductiveolamecrhhavieg medeast
i nvention is applied. The vacuumcircuit breaker
5 one groove concentric with the electrical contact in a face
opposite to the contact face of the electrical contact.
0.15t,=t,51.27t; e (1)
2.94(t1+t2) SD=5.55(t;+t2) . (2)
4. The electrical contact according to claim 3, wherein the
10 means for suppressing warp is the intermediate layer and
wherein provided that a 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 electric contact
is D, there are following relationships among t;, t; and D.
15 0.15t:=t,=0.80t; ... (3)
2.94(t,+t3)=D=8.10(t;+ts) . (4)
5. The electrical contact according to any one of claims
1 to 4, wherein the high conductive layer and the intermediate
layer have at least one groove in a concentric circle with the
20 electrical contact.
6. The electrical contact according to any one of claims
1 to 4, wherein provided that a width of the groove is w;, a
depth is d4;, a diameter is D;, and a total of the thicknesses

of the high conductive layer and the intermediate layer, there

25 are following relationships among w;, d;, ts D and D;.



has t he operating nechani sm di sposed at the front position, and the vacuum
valve 14 is supported at the rear position. The 25 vacuum val ve has a three
phase packaged epoxy resin cylinder 314 15. The vacuum val ve 14 is operated
t hough the insulating rod 16 by neans f the operating nechani sm Wen the
circuit breaker is ON sate, current flows the upper termnal 17, electrical
contact 1, collector 18 and lower 5 termnal 19. A contact force between
the el ectrodes is maintained by a spring 20 di sposed to the insulating
operation raod 16.51he | ect romagnetic _force by short-circuit current and
contact forc® RN T 042Lct r odesi{S )nmi ntai ned by a supporting |ever 21
and a prop 22. 10 g?en the closing coil 30 is excited, the plunger 23 pushes
up the knockin@8ite Pr8Atshe opem-<tbdte to rotate the main Iever 26 and
cl ose the el ectrodes. The supporting lever 21 nmaintains this state. In a
state where ©Oh@5OIEBLURO B5aker is —:f8k to trip, a trip coil 27 is excited
and a trip lever 28 15 trips a prop 22 and rotates the main | ever 26 to open
the electrod@s.The electrical contact according to any one of claims

5 1 to 4, wherein the high conductive layer or the intermediate
layer has a side groove on a side periphery thereof, provided
that a width of the side groove is w,, a depth is 4,, and a
distance between a face opposite to the contact face and the
side groove is h, there are following relationships among tj,

10 w,, 4, D and h.

0.025t3=w,=0.5t;3 e (8)
0.003D=d,=0.085D .. (9)
0.1t3=h=<0.9t; . (10)

8. The electrical contact according to any one of claims
15 1 to 4, wherein the high conductive layer has a tapered shape
whose thickness decreases towards 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 consists essentially of 15
20 to 30 wt® of Cr, 0.01 to 0.2 wt% of Te, the balance being Cu.
10. The electrical contact according to any one of claims
1 to 4, wherein the contact layer 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.

25 11. Electrical contact according to any one of claims 1 to



In case where the circuit breaker is in an open state, after the el ectrodes
are opened, a link recovers by a reset spring 29 and the prop 22 fits. Wen
the closing coil 30 is 20 excited, the ,l ectrodes becones cl osed. 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

i nterruption current of 25 kA was assenbled using the vacuum val ve 14
having the electrical contacts 1. 25 (Evaluation) 32 Regarding the
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met hods and |nterru tion test results, - 10 are _co aratlve and
Nos. 11 - 9avards thgecheriehery ?ﬁetH%IﬁFﬁﬁ nﬁpﬁoalFﬁsTQBFﬁ 1DOt IR} | ayer”
means that each of the contact layer, internediate |ayer and high 10

conduct i vecpayaet atiths dber seaterbpied wherebw thge Adscaks reiared into

5 wing forms.

12. The electrical contact according to any one of claims
1 to 4, wherein an amount of solid solution of Cr in the Cu
phase constituting the high conductive layer is 10 ppm or less.

13. An electrode comprising the electrical contact

10 according to any one of claims 1 to 4 and an electrode rod bonded
to a disc of the high conductive layer of the electrical
contact.

14. A vacuum valve comprising a pair of fixed electrode and
movable electrode in a vacuum chamber, wherein at least one

15 of the electrodes has the electrical contact according to any
one of claims 1 to 4.

15. A vacuum circuit breaker comprising a vacuum valve
according to claim 14, the vacuum valve being provided with
at least a pair comprising the fixed electrode and the movable

20 electrode being connected to conductor terminals extending
outside of the vacuum chamber, and an operating mechanism for
driving the movable electrode.

16. A vacuum switchgear comprising a plurality of vacuum
valves each having a pair of fixed electrode and movable

25 electrode, wherein the vacuum valves are electrically



or stacked. "Integrated" neans that the three or nore |ayers are integrated
by stacking the powder |ayers and nol ded. The warp size in Table 2 is
represented by a difference between the periphery and the center portion
when the sintered 15 products are plaé d in such a manner that the high
conductive layer is at bottom Anong the electrical contacts, |ayer
separation was observed in Nos. 5, 6, and 10, and therefore, they were not
subjected to interruption test. The electrical contacts produced by
infiltration nmetho 20 di.d n t robl ens su as marp Xl paration
and they CRTSTORE Y SRELSR 4P ﬁﬁ?ﬁoﬂ%gpwee%nsaﬁ" 3R

i npossi ble after the current flow Since Cr, whi IS contact mat eri al ,

di ssol ves ?QHQP?iFFﬁnQfﬂ?qn%ﬂi%ﬂnﬁﬂﬁnﬂgﬁ¥q§%ﬂﬂ'qﬁ&rﬂﬁﬁabﬂﬁfPﬂﬁFéFpgﬁ to | over
heat and current conductivity of the high 25 conductive |ayer, the effect of
t he high arhuf Ve Nakveyrbeing one according to claim 14.

17. The electrical contact according to any one of claims
5 1 to 4, wherein the high conductive layer has a tapered shape
at the face opposite to the contact face, the angle of the

tapered face being 1/2 to 1/30.



