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"ELECTRI CAL CONTACTS" This invention relates to electrical contacts,
gspecially for electric breakers. There are provided strict standards for
el ectrical contacts which are to be used with electric breakers, 05 since
they are greatly concerned with safety. Those standards such'gg=fapanese
I ndustrial Standard: C8370 have a first requirenment that cont& /,JSQ§WId
have a | ow contact resistance and endure varibus tests preceding a short
circuit test, wthout causing welding, and also a 10 second requirenent

t hat they have high refractoriness and | ow consunption characteristics so
that they can reliably perform opening and closing cycles after the short
circuit .test. Although it has been desired to provide electrical contacts
for etectric breakers with 15 such two requirenents, none of the known
contacts has thus proved sati sfact SELECTRICALo EONTACTS!nt i on ains to

provi de el ectrical contacts especially for electric breakers which neet the
above descri bed requirenents. The present invention provides an

20
el ectrical contact, .cqnprising.a base made froma si)ver alloy containing
Lin and indium andTRishhRveRion Ealakas to eleekrifal GomEAFFem oi (her a

silver alloy COQ%%B@Equy for electric breakers.

There are provided st;ict standards for electrical
o contacts which are to be used with electric breakers,
05 since they are greatl} concerned with safety. Those
~ standards such as Japanese Industrial Standard: C8370
have a first requirement'tnat contacts should have a low
contact resistance and endure various tests preceding a
short circuit test, without causing welding, and also a
10 second requirement that they have high retractoriness
and low cbnsumption chéracteristics 80 that they can
reliably_pezform opening and closing cycles after the
sho:tICircuit test. Although it has been desired to
provide electrical contacts for electric breakers with
15 sucn.;wo requirements. none of the known contaéts has
thus pfoved satisfactdry.

Tﬁe present iuveﬂtion aims to provide elecﬁrical
contacts especially for electric breakers which meet the
aboVe.deséribed requirements.

20 The p:eseht invention provides an elect:iéai *
contact; comprising a base made from a silver élloy

containing tin and indium, and a thin layer clad over



cadmium or froma silver alloy containing tin and bisnmuth. the said-sil ver-
al lests having been internally oxidized. Since internally oxidized silver

al-| haw di spersed in their matrices tin and indi um oxi des. ’ >
precipitat ”#Qy means of internal oxidation, neet the above-nentioned _
second reqtilggnent, they are advantageously utilized in this invention as a
base of electrical contacts for breakers. On 2he other hand, since

internally oxidized silver alloys, which contain dispersed therein cadm um

oxi des or tin apdebibaEe made From "@Pthéheaaboyfereallinofe¢dntaiining
requirenent, they are clad over the base. In such electrical contacts for

el ectric breakecadadum)g e rdwve £PDGér uglliopscontalindhgd diaseamd an
internally oxidized silver alloy containing Sn and In is clad at its dﬂﬁg:
surface with a bhsmuttyernchd said heilvet eabdbyy hiavdngebewn igiteddally
containing Cd or Sn and Bi, the thin layer of said silver alloy in which
oxi di zed particbziddizedd or Sn and Bi are dispersedly precipitated
effectively neets a series of tests precedent to a short circuit test.

Al so, after the shostincier duitterrsslly tdeidbzedosilirerehddoyisc dawvimyg act ,
that is the silver alloy in matrices of which particles of Sn and |In oxides
are di spersedl ydpspeirgiedatiod. thedfrmateigesectin andopadingp axiddssi ng
circuit test.

precipitated by means of internal oxidatibn. meet the
above-mentioned sécond Eequiremeht. they'aré
advantageously utilized in this invention as a base of
electrical contacts for breakers.

on the other'hand.'Sidce'internallj oxidized silver
alloys, which contain dispersed therein cadmium oxides
or tin and bismuth oxides, meet the above-mentioned
first requirement, they are clad over the base.

In such electrical cbntacté.fdi electrié breakers
having the above éonétrﬁctions'in_which a base of an
internally oxidized siive: alloy conﬁaining Sn and In is ';)
cléd at its upper su:fa#e.witﬁ.a_ﬁhinllafér'of another
internallf oxidized éiiver alloy dbntaining Cd or Sn and
Bi, the thin léyer of said silver alloy in which
oiidizéd partiéles:of Cd_or Sn and Bi ére &ispersedly
p?eqipitatéd éffectively meeﬁs a series pf tests
precedent to a short circuit test. Also, after the
‘short circuit test, the base of the electrical contact,
that is the silveﬁ 5liqy in mat;ices of whiéh particles
of sh and in.oxides are dispersedly precipitated,

effectively meets an opening and closing circuit test.



3 The electrical contacts in accordance with this invention exhibit good
operation and results as electric breakers. Sn preferably in an ampunt of~™,
srore than 4.5 weight % 05 contained in Ag-Sn-In system alloys whighess Ve
constitute the base of electrical contacts in accordance wth thi&gZ
invention, is successfully internally oxidized on account of thaQ@fE&tence
of ,4~n, and becones precipitated and di spersed as Sn oxides in the alloy
matrices. 10 Neverthel ess, Sn oxides do not disperse uniformy, but tend to
be segregated particularly about outer surfaces of the al | oys. However, in
this invention, the segregation of Sn oxides scarcely occurs, because a
thi n_l ayer of Ag-Cd dhe1slpgrgicagil gontacis dn jacqardanng itk thisernal

oxi dafdn, to partially screen gxygen and allgw it to pass noderately into
the base of the éPKSPFgealeﬁaﬁPéGt.°39cﬁﬂﬂﬁﬁ£%ﬂ%a%ﬂﬁi%ﬁ%ﬁi&ﬁ el 9GEE B
of oxygen into tge Ag-Sn-In all oy prevents Sn from segregate oxidation. 20
1t shall be not eB*PARBERNi I'e the primary solute netal in the base of

282{)7"%6{'? Tt or nal | §52k?aif§.\-‘§§5%ﬁ?win?#s%g@“%n ok, R i 5, U b
mot ori ot 5. 1 kous 2ava el 28" AGESR- 1%, S7REem LAV MRAR Foddhicle ¢

Sn and Bi can bepage of electrical contacts in accordance with this

" invention, is successfully internally oxidized on
account of the existence of In, and becomes precipitated
and dispersed as Sn oxides in the alloy matrices.

10 Nevertheless, Sn oxides do not disperse.uniformly. but
tend to be segregated particularly about outer surfaces
of the alloys.

However, in this invention, the segregation of Sn
oxides scarcely occurs, because a thin layer of Ag-Cd or

15 AgQSn-Bi alloy acts, in the course of internal

. oxidation, to partially screen oxygén_and allow it to
paés moderately into the base of the electrical contact.
Such moderate and g:aduallpenetration of oxygen into the
Ag-Sn-In alloy prevents Sn from segregate oxidation.

20 It shall be noted that while the p;imary solute

. metal in the base of contact materials of this invention
is Sn, and In is essential for completely internally
oxidizing Sn when said Sn is present in an amount of
more than 4.5 weight %, other metal elements can be

25 added to the materials. ULikewise, it is a matter of

course that elements other than Cd, Sn and Bi can be



4 added to the alloy cladding over the base of the cont material. Wen'a, .

a Ag-Cd systemalloy is internally oxidized, and then

bagesclad with .
pu§g§§' OUlaNt 0 contacts 05 of a desired configuration, the remmants of -
th&ba e*sW&%;ladding can be utilized as a starting material of the base by

remel ting -

In this instance, a trace anmount of Cd will inevitably be

contained in the Ag-Sn-In alloy which constitutes the base of the contact

10 nmaterial. It
conprising the
armount of cadm
is a section of

is therefore to be understood that Ag-Sn-In system all oys
base of the contact materials fmy contain a trace or smal

um Reference is made to the acconpanyi ng drawi ng, which 15

added q rthe akloy seladdingcoveanthenbager BE itheesondn f

el ectric breakers, in which nuneral 1 represents a base of the contact™™ and

nuneral 2 a cl a®#%®Fk3er eof .- The invention will be further described with

20 reference to the _follow.n

il ' | . Ag-S wWo%, | 5 W%
Ag-al loy (1) Ag-cCd fg‘%/e%rp%%\%'f?sl rl‘(31 I/g‘/eaEﬁgHBdegys‘:gﬁ- gllﬁw' (12)n Ag- Sn 8

W Bi 0.1 w
Ag-alloys (1).
05
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.the aboye

. R -alloy {3) By enpl.oying
(Eﬁt%ﬁﬂfk¥§,°*idlzég"aﬁg tﬁe& ancHBd Xu@ into contacts
of a desired configuration, the remnants of the base and
cladding can be utilized as a starting material of the
base by remelting them. 1In this instance, a trace

amount of Cd will inevitably be contained in the

.Ag-Sn-In alloy which constitutes the base of the contact °

material. It is therefore to be understood that
Ag-Sn-In system alloys comprising the base of the
contact materials may contain a trace or small amount of
cadmiun. |

Reference is made to the accompanying drawing, which
is a section of an electrical contact in accordance with
thé invention for electric breakers, in which numeral 1
represents a base of the contact, and numeral 2 a
cladding thereof.

The invention will be further described with

reference to the following illustrative Examples.

Ag-Sn 8 wt-In 5 w% " Ag-alloy (1)
Ag-Cd 15 wa-Sn 3 wi-In 1 w Ag-alloy (2)
Ag-Sn 8 wA-Bi 0.1 w | Ag-alloy (3)

By employing the above Ag-alloys (1). (2) and (3),

electrical contacts of this invention having the

- following combinations were made.

"/

®



25 el ectrical contacts of this invention having the follow ng conbinations
wer e nmade. 5 Electrical Contact A = Ag-alloy (2) as surface claddlng (ln
:t he drawi ng, nuneral 2) + Ag-alloy (1) as base (in the draw ng,
El ectrical Contact B = Ag-alloy (3) as surface 05 cladding + Ag-
as base The follow ng conventional contacts were al so nade for $ S
Elestrical Contact C = wholly nmade of Ag-alloy (2) Electrical Contact D =
whol.ly made of Ag-alloy (3) 10 El ectrical Contact E = wholly made of
Ag-alloy (1) The electrical contact [err] was®made by temporarily fixing a
thin layer of the Ag-alloy (2). to a surface of the Ag-alloy (1) by nmeans of
hot -pressing. This Redtnricall IGantacth A enpAgaalleyof2) cas] supfiactl ed, and
15 them cold-rol |l ed. The thus rolled plate was punched out to obtain

movabl e cont act §l@dding, (i the ,drawipg s pumeral (2t prAgratlowndl) as
stationary contacts (l.amx 5 nm x The thi ckness of the thin |ayer 2
of the Ag-al | oy b@8f HddFhey. @armngzomﬁumerq-}]elbom act s thus obtained were

internal ly oxidized,or .48 haur nde ressu atm_a
tenperature of [err lﬁﬁot?ecgarqe qr}%ﬂ]crofflo%lg%-agg (319 &8 bufPic8

05 cladding + Ag-alloy (1) as base

The-following conventional contacts were also made

s for comparison: '

Electrical Contact C = wholly made of-Ag-alloy (2)
Electrical Contact D = wholly made of Ag-alloy (3)
10 Electrical Contact E = wholly made of Ag-alloy (1)
The electrical contact A was made by temporarily
fixing a thin layer of the Ag-alloy (2) to a surface of
the Ag-alloy (1) by means of hot pressing. This was
hot-rolled at a temperature of 600-700°C, annealed, and

15 then cold-rolled. The thus rolled plate was punched out
to obtain movable contacts (1.2 mm x 4 mm x 7 mm) for
electric breakers and stationary contacts (lmm x 5 mm X
S mm). The thickness of the thin layer 2 of the
Ag-alloy (2) became 0.1 mm. '

20 The contacts thus obtained were internally oxidized
for 48 hours under a pressure of 10 atm. and a
temperature of 700°C. No segregation of oxides about
the top surfaces of the bases 1 was observed.

Electrical contacts B were made similarly to the

25 electrical contacts A.

Electrical contacts C. D and E were also made by



rfaces of the bases 1 was observed. Electrical contacts B were .
pdcnt O the 25 electrical contacts A Electrical contacts C.-D
2 S uy-ade by 6 rolling the correspondi ng contact materials, -
QY (2), Ag-alloy (3). and Ag-alloy (1). punching the materials
to the above-nentioned di nensions, and internally oxidizing them 05
The-el ectrical contacts A B. C D and E thus prepared were subjected to
the followi ng tests. Testing conditions (Frame 50): Nomi nal electric
current SOA Noninal electric voltage 220V 10 &) Overload Test: 220V 300A
Manual cl osi ng and manual breaking - 35 times Manual closing and
automati c breaki npllihang nedee Tedrtesponding &6ntacesmategiadsy viz., -240 ¢
ti mes/ hour 15 power factor 0.45-0.5 b) Tenperature Rise Test: Eﬁ’l
termnals - to b&d-aslslahai? b0 Apealieenpd) atand Agsaliloyr €2)hi phachingn
roomtenperature) 20 at contacts - to be less than 100 deg.
the materials to the above-mentioned dimensions, and
internally oxidizing then.
a5 The electrical contacts A, B, C, D and E thus
prepared were subjected to the following tests.
Testing conditions (Frame 56): o ' o/
Nominal'electrié current SOA
Nominal electric voltage 220V
10 @) Overload Test: 220V 300A
Manual closing and manual breaking 35 times
Manual closing and automatic Breakidg 15 times
Total S0 times
frequency 240 times/hour
15 power factor 0.45-0.5
- b) Temperature Rise Test:
at terminals - to be ‘less than 50 deg.
(temperature rise degree higher than
‘room temperature)
20 at contacts - to be less than 100 deg.

¢) Endurance Test: 220V SOA

'powet factor 0.75-0.8%
charged 6000 times
discharged ' 4000 times

25 frequency 360 times/hour

d) 1Insulation Resistance Test:



-

c) .Endurance Test: 220V 50A power factor

6000 ti mes di scharged

360 'ti mes/ hour d)

| nsul ati on Resi stance Test: _ ’
i nsul ati on resistances between each ternm nal and between chargi ng parts

4000 tinmes 25 frequency e

-
7 Measurenent of ez

¢

earth by means of an insulation resistance tester of 500V, the neasured
anount being nore than [err]. 05 e) Short Cprcuit Test: 220V 2.5KA pf =
0.7-0.8 1P 0 2 minutes CO3P O CO f) Judgenent Standards for
Short Circuit Test: Mdhsuremdnd of An£ilibEohchbsibtsakesSpakaklnbeadhl € tO
make O and CO under 220V. 50A wi thout any hindrance, and (ii) Insulation
resi st ances between tamkida) ramdl bdtween chargingnfabesVeaa ehatdi By parts
and earth neasured by an insulation resistance meter of 500V 15 mi nutes
after the test shal Imeangperf iamelindklavient hesiftdke Tosteesbfr soolts were

as shown in the foll ow ng

the measured amount being more than SMQ.

0S5 e) short Circuit Test:

1P O 2 minutes co

3P O

Cco

f) Judgement Standards for Short Circuit Test:

10 (i)

(ii)

15

After the test, breakers shall be able to make
O and CO under 220V, SOA without any

hindrance, and

Insulation resistances between each terminal
and between charging parts and earth measured
by an insulation resistance meter of 500V 15
minutes after the test shall respectively be

more than O.SMQ;

The test results were as shown in the fdllowinq

20 table.
Table

Nntact A B c b E

Test a) oK OK OK OK OK
Test b) _ 42deg 48deg 42deg 48deg 52deg
(at terminals)

Test ¢) OK OK OK OK OK
Test 4d) OK OK OK OK OK

(more than

| 5MQ)

Test e)

(1P O CO) OK OK OK OK OK
(3P O CO) OK OK OK OK OK
Test £)(ii) 2M0 1MQ 0.4MQ | 0.3MQ | 3MQ
Contact small medium large large small
consumption




. Table Contact A B C D E Test a)

K K K Test b) 42deg- 48deg .
. 52deg (at term nals) Test c) XK XK :
' K Test d) K XK K K
than Test e) (1P O CO XK O XK XK
CO) K K K g XK OK Test f)(ii)
[err] [err] [err] [err] Contact snal | medi um
| ar ge | ar ge smal | consunpti on 8 As apparent fromthe above test '

results, the electrical contacts of this invention are excell ent
ticularly wh th e.b _ That. 1.8 initi
P age of Leats vy KY, RBBak8hr rEehl the aBRYE, sk Uadiitnd s . ot
ffectivel . q di 2.:di A by th
¥g2¥ g mﬁgrggi {ﬁ%@ﬁﬁg%@%fcgﬁgtggighgﬁg}%ﬁ?{ﬁaﬁﬁﬁgﬁﬁﬁ% 'gge per orn%d ©

2ﬁLLu;gfigﬁki”9 PAEe PEGRLEDY LHBRCRhEY ar¥ €dr? eIWri¥ Wi¥ailirs. That
is, in the initial stage of tests. viz., the above tests
05 a to e, the cladding 2 performed very effectively, and
then the cladding 2 disappeared or decomposed by tﬁe
test e whereby the base 1 came to the front, while the s
base 1 performed well the making and breaking

thereafter, with a small amountlof'consumption.



T9 CLAIMS 1. An electrical contact, conprising a base nade froma silver

qlioy containing tin and indium and a thin Iaygn ase gapfld
fromeither a silver alloy containing cadm um Iﬂ,a ,'nmmn ﬂ' |1
containing tin and bisnuth, the said silver alloys Kavlkng*been * nt eFral

oxidized. 2. An electrical contact as clainmed in claim1. in which the
silver alloy of the base contains tin in an ahount of nore than 4.5 wei ght
% 3. An electrical contact as claimed in claiml. in which the silver .
all oy of the base contains tin in an anourGLAEM$ore than 4.5 weight % the
said tin having been precipitated as oxide(s) substantially w thout
segregation. 4. An electrical contact as clained in any of clains 1 to 3,

~in whteh the silver _allgy of the base further contaipns, cadmium 5. An
el ectrical contact &ecoPdi fdecSrdicAlmcontAgst FRAMRFISiRg AcParR Baderi bed

in any of the fg;ggogngi v%

gpgﬁiby containing tin and indium, and a
thin layer clad over the base ma&e from either a silver
alloy containing cadmium, or from a silver alloy
containing tin and bismuth, the said silver alloys

L having been internally oxidized.

2. An electrical contact as claimed in claim 1, in
which the silver alloy of the base contains tin inmn an
amount of more than 4.5 weight %.

3. An electrical contact as claimed in claim 1, in
which the silver alloy of the base contains tin in ah
amount of more than 4.5 wéight %, the said tin having
been precipitated as oxide(s) substantially without
segregation. >

4. An electrical contact as claimed in any of
claims 1 to 3, in which the silver alloy of the base
further contains cadmium.

5. An electrical contact according to claim 1,
substantially as herein described in any of the

foregoing Examples.




