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[5 7] ABSTRACT 
The speci?cation discloses an electric circuit inter 
rupting device in which the contacts are enclosed in 

- an evacuated enclosure, and in which the contact ma 
terial comprises a matrix of a low ductility semi 
refractory metal in?ltrated with a metal of high elec 
trical conductivity. , 1 » 

The metals are chosen so that during alternating 
current arcing (a) the loss of heat by vapourisation of 
the metals at the surface of a molten anode spot 
prevents the anode spot rising to a temperature at 
which substantial electron emission occurs, so that the 
ability to'interrupt a high current are at the next 
natural current zero is improved, and (by) precipitation 
alloying of the metals occurs, with consequent 
re?nement of the matrix structure at the contact 
surface so that the performance of the interrupter is 
improved by conditioning of its contacts. Chromium 
and cobalt are speci?cally proposed as matrix metals, 
and copper, silver, and alloys of copper and silver are 
proposed as in?ltrant metals. 

14 Claims, 5 Drawing Figures 
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l 
VACUUM‘ TYPE CIRCUIT INTERRUPTING 

DEVICE WITH CONTACTS OF INFILTRATED 
MATRIX MATERIAL > ' 

This application is a-continuation-in-part of applica 
tion Ser. No. 871,431 ?led Oct. 24, 1969 by A. A. Rob 
inson relating to “Electric Circuit Interrupting De 
vices,” which was a continuation-in—part of application 
Ser. No..64l‘,88 l‘ ?led'May 29, 1967 by‘A. A. Robinson 
“Contacts,” both of which have been abandoned. 
The invention relates to vacuum interrupters, i.e., 

electric circuit interrupting devices comprising a pair 
of cooperating contacts in an evacuated enclosure, the 
contacts being relatively movable between closed and 
open positions to complete or interrupt anelectric 
power circuit under normal load current and fault cur 
rent conditions. , 

Because of the vacuum conditions under which are 
ing occurs between the contacts when they are sepa 
rated to interrupt current, the mechanism of arc extinc 
tion in‘ vacuum interrupters is somewhat different from 
the mechanism of arc extinction in other types of cir 
cuit interrupters in which the arcing occurs in ‘a me 
dium such as insulating gas or oil,‘ and the tendency for 
the contacts to weld together is very much more severe. 
Therefore the choice of contact materials for other 
types of circuit interrupters and related devices, such 
as spark gaps, cannot be taken as relevant to the choice 
of Contact materials for vacuum interrupters. 
Refractory metals, such as tungsten, molybdenum 

and their carbides, have been successfully used for the 
contacts of vacuum interrupters of relatively low cur 
rent interrupting capability. In particular, such contacts 
have been constituted by a porous matrix of refractory 
metal particles metallurgicallybonded together (spe 
ci?cally, a sintered compact of such particles), the in 
terstices of the matrix being in?ltrated with a non 
refractory metal (usually, copper) of lower melting and 
boiling points and higher electrical and thermal con 
ductivities. The refractory matrix provides high me 
chanical strength and good erosion resistance and, the 
matrix metal having little tendency to weld and being 
of low ductility, also maintains smooth contact surfaces 
and consequently high open-circuit dielectric strength. 
The presence of the non-refractory constituent reduces 
the current chopping level, which is excessively high 
with contacts of refractory metal alone. However, the 
current interrupting capability of vacuum interrupters 
having contacts of such in?ltrated refractory matrix 
material is limited to about 10 kilo-amperes (peak) 
owing to excessive thermionic emission from the re 
fractory constituent at higher currents, whereas there 
is a demand for vacuum interrupters of very much 
higher current interrupting capability. 

Until the present invention was made, the develop‘ 
ment of vacuum interrupters of higher current inter 
rupting capability had departed from the use of in?l 
trated matrix contact materials and had concentrated 
on the use of non-refractory alloys (typically copper 
bismuth) in which a major constituent metal is alloyed 
with a minor constituent which forms brittle ?lms at the 
grain boundaries between the crystals of the major con 
stituent. With this alloy material the excessive thermi 
onic emission associated with refractory metals is 
avoided, and the effects of the excessive welding ten-_ 
dency and ductility of non-refractory'metals are re 
lieved by what may be called “inter-crystalline weak 
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, ness” enabling inter-contact welds to be easily broken 
without drawing spikes from the contact surfaces. 
However, the inter-crystalline weakness makes the 
contacts mechanically very much interior to those em 
ploying the in?ltrated matrix material of low ductility. 
Being mechanically weak throughout the structure the 
material does not have the ability of the matrix material 
to retain contact pro?le during operation, for contact 
separation tends to rupture intercrystalline boundaries 
both vnear the original interface and further into the 
body of the material. This mechanical weakness also 
places many-limitations on the mechanical design of 
the contacts, which ideally is determined by the plasma 
physics of the arc. Furthermore, such materials of high 
thermal‘as well as electrical conductivity do not gener 
ally possess an advantage of the above-mentioned in?l 
trated matrix material, namely, a current chopping 
level substantially below that of either of the constitu 
ents. 

In view of the enormous effort that has, on both sides 
of the Atlantic, been put‘ into developing and exploiting 
the idea of using non-refractory alloy material having 
inter-crystalline weakness, despite its many disadvan 
tages, it is apparent that a major inventive contribution 
to the vacuum interrupter art was needed to put the de 
velopment of high-current interrupters back on to the 
right track leading towards the ideal contact material 
for both very high current interrupting capability and 
reasonably low current chopping level. _ 
Such a contribution has been made by the present in 

vention, according to which there is provided a vacuum 
interrupter comprising a pair of contacts having coop 
erating contact-making parts each of which is consti 
tuted by a porous matrix of metal particles metallurgi 
cally bonded together, the interstices of the matrix 
being in?ltrated with another metal of lower melting 
and boiling points and higher electrical and thermal 
conductivities, wherein at least the bulk of said parti 
cles comprises particles of a low ductility semi 
refractory metal which has a melting point substantially 
higher than that of_ ‘copper but lower than that of mo— 
lybdenum and a boiling point not higher than 3,000°C 
and forms a precipitation alloy with the in?ltrated 
metal, but does not otherwise form alloys therewith, so 
that, in, surface regions of the contacts which are 
melted by arcing, the precipitation alloy forms and, on 
subsequent cooling, re-crystallises to re-establish the 
in?ltrated matrix structure with the particle size of the 
semi-refractory metal particles not exceeding 250 mi 
crons, 
The matrix may include minor amounts of particles 

of other metals if desired (say, up to about 5 percent 
by weight of the semi-refractory metal) provided that 
they are virtually insoluble in, or do not adversely mod 
ify the properties of, the major constituents of the in?l 
trated matrix. - 

The term ‘metal’ is not necessarily limited to elemen 
tary metals; it includes suitable metallic alloys. 
By ‘low ductility’ is meant a ductility that is low in re 

lation to that of copper or silver. The ductility of the 
matrix metal should be low enough to cause the in?l~ 
trated matrix to exhibit a percentage elongation in a 
tensile test of less than 5 percent. The percentage elon 
gations, by way of comparison, of copper and silver lie 
in the range of 40 to 50 percent. 
Theterms ‘melting point’ and ‘boiling point’ are de 

?ned as evaluated in “Scienti?c Foundations of Vac 



3 
uum Techniques”v — (Second Edition‘) —‘ Dushman & 

' Lafferty. It will be appreciatedthat the'boiling point, 
being the. temperature atlwhichthe vapour pressure 
equals atmospheric pressure (760mm Hg)‘ is only an 
indirect guide to the‘ materials‘ behaviour in respect of 
vapour emission in the interior of a vacuum interrupter. 
However, , the general similarity of the 
vapour-pressure/temperature relationship for the mate‘ 
rials under consideration enables ‘boiling point’ to be 
used as a convenient ?gure'of merit in respect’of their 
vapour emitting properties and, consequently, also of 
their electron emitting properties which are tempera 
ture dependent. ' - , g 

The American Society. for Metals Handbook, Vol. _1 , 
p. 34, under the heading “De?nitions Relating to Metal 
and Metal Working,” de?nes the word “sinter” as-fol 
lows: ' ‘ 1 , ~ 

“Sinter — to heat a mass of ?ne particles for a pro 
longed time, below the melting point, usually to 
cause agglomeration.” Again, the American Soci 
ety for Metals Handbook, Vol. 4, p. 455, under the 
heading “Sintering," completes a further definition 
thus: . . 

. . . or a compact'may be sintered for a short time 

and then in?ltrated with a molten metal of lower 
melting point". This latter de?nition clearly indi 
‘cates that sintering can produce a porous mass 
which can be in?ltrated with another metal. 

The precipitation alloying property of the two metals 
means that the matrix metal is soluble to a substantial 
extent in the in?ltrated metal when the latter is liquid, 
but the solid solubility is low.(i.e., not more than a few 
percent). Thus the precipitation alloy will be formed in 
contact surface regions which are melted by arcingbe» 
tween the contacts, and the surface structure will be re~ 
fined and improved asa result of re~precipitation on 
subsequent cooling. _ 

If, as is preferred, the particle size of the matrix metal 
particles'does not exceed 250 microns throughout the 
matrix, the performance of the interrupter will be'par 
ticularly good ab initio. However, it is possible to use a 
much larger particle size than 250 microns in manufac 
ture since precipitation alloying during arcing may be 
relied upon to re?ne the surface structure and give im 
proved interrupter performance. This may be achieved‘ 
by a factory conditioning process before the interrupter 
is put into service, or by arcing during normal opera 
tion of the interrupter in service. 

Preferably, the . semi-refractory metal comprises 
chromium, though it may alternatively comprise, for 
example, cobalt or an alloy (or solid solution) consist 
ing substantiallyof desired proportions as they are fully 
soluble in one another in all proportions. Another pos 
sibility is to use a mixture of. particles of more than one 
such semi-refractory metal (e.g., chromium particles 
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and cobalt particles) each of which forms such a pre- _ 
cipitation alloy with the in?ltratedimetal: the'boiling 
point of the in?ltrated metal should then be not greater 
than the boiling point of either of the semi-refractory 
metals, so that any tendency to differential evaporation 
issuch as to increase the ratio'of matrix metal to in?l 
trant metal, since a tendency to decrease this ratio 
would lead to undesirably high strength of inter-contact 
welds and might also lead to loss of the matrix‘ structure 
after arcing. , . ' 

Preferably, the in?ltrated metal comprises copper or 
silver, though it may alternatively comprise an alloy in 

65 

. 4 » .1 

cludin'g'eithe'r or both of copper and'silver with which 
the matrix metal does not form an alloy other than a 
precipitation alloy. 3 

Alloys of copper may include zirconium, tantalum or 
titanium, though only in small ‘proportions; for exam 
ple, the alloy-may consist of ‘99.7 per cent copper and 
0.3 per cent zirconium by weight. Preferably the in?l 
trated metal'occupies between 10 and 35 per cent of 
the volume of the in?ltrated matrix, giving particularly 
low inter-contact weld strength. 
One vacuum interrupter embodying the present in 

vention will‘ now be described by "way of example ‘and 
with reference to" the‘ accompanying drawings, in 
which; i - ' ‘ ' 

F IG. 1 shows‘a vertical cross-section through the in 
terrupter, " . ' g . 

FIG. 2 shows diagrammatically and‘to a very much 
larger scale a vertical cross section through an arcing 
portion of one contact of the vacuum interrupter, 

, FIG. v3 is a photomicrograph of part of a cross-section 
of a vacuum ‘interrupter contact, showing an arc 
re?ned surface layer on :the, unmodi?ed substrate of a 
copper-in?ltrated chromium matrix, and , > 

- FIG. 4 is a graphical representation of test results 
showing the variation with percentage composition of 
the force required to break ‘welds between experimen 
tal copper-in?ltrated chromium vmatrix tipped test 
pieces simulating vacuum interrupter contacts. 
FIG. 4A is a cross-sectional view of a weld test piece. 

' Referring to FIG. 1, the'vacuum interrupter com 
prises a pair of end plates 11, 12 bonded in a vacuum 
tight manner respectively to cylinders 13, 14 of insulat 
ing material. ' The cylinders 13, 14 are bonded to a 
?ange 15 which is trapped between them and carries a 
shield 16 of generally cylindrically form. 
The vacuum interrupter is provided with a pair of rel 

atively separable contacts 17,18, the movable contact 
17 being capable of movement by means of an actuator 
(not shown) towards and away from the ?xed contact 
18. The movable contact 17 has its contact stem 21 re 
ciprocable in a bushing 19,‘ and a flexible conductor is 
provided which is attached to the contact stem 21. A 
bellows device .20 is secured-in a vacuum-tight manner 
to the contact stem 21 and to the base plate 12 to allow 
movement of the contact 17. 
The contact stem>2l has a contact head 22 secured 

to it. The latter is recessed at its centre to afford a ?at 
annular face 23, which co-operates with a similar face 
24 on the cooperating contact 18 when the contacts are 
moved into engagement. The ?xed contact 18 has a 
stem 26, which is secured to the base plate 11 and pro- - 
vides the other terminal of the circuit interrupter, and 
a head 27 which may conveniently be symmetrical with 
that of the movablecontact 17. 
The contact heads 22, 27 are manufactured by com 

pacting commercially-available “pure” chromium 
powder which is not excessively oxidised (e.g., powder 
as made by the “Thermit” process) of particle size not 
exceeding 250 microns, and then sintering the compact 
under high vacuum. The sintered compact is then in?l 
trated with molten copper 'under high vacuum and at a 
high temperature (about I,200° C) just above the melt 
ing point of copper. The copper occupies between 10 
and 35 per cent of the volume of the in?ltrated matrix 
material, as determined by the porosity of the sintered 
compact, and hence as determined by the degree of 
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compaction applied to the compact. If necessary, the 
in?ltrated compact may be shaped by normal machin 
ing methods. The ductility of chromium is low in rela 
tion to that of copper or silver, and the in?ltrated ma 
trix exhibits a low ductility giving a percentage elonga 
tion of about 2 to 3 per cent where the copper content 
is 30 per cent by volume. 
Thus, contrary to the best beliefs of skilled metallur 

gists having regard to the substantial solubility of chro 
mium in molten copper (about 10 per cent at 1,200° C) 
which could well have been expected to result in de 
struction of the matrix structure during in?ltration, the 
present inventor has succeeded in'bringing together 
matrix and in?ltrant with chromium as the matrix and 
copper as the in?ltrant, ‘ 

The solid solubility of chromium in copper is low — 
about 0.7 percent near the melting point of copper, less 
than 0.1 percent at 600° C, and asymptotic to 0.05 per 
cent at low temperatures. 

In place of chromium, other suitable'low ductility 
semi-refractory metals may be used such as, for exam 
ple, cobalt or'an alloy (or solid solution) of chromium 
and cobalt or a mixture of chromium powder and co 
balt powder; and in place of copper at number of other 
metals of good electrical conductivity may be used, in 
cluding silver or an alloy including either or both of 
copper and silver, with which the matrix metal will not 
form an alloy other than a precipitation alloy. 
Alloys of copper may include zirconium, tantalum or 

titanium, though only in small proportions; for exam 
plc, the alloy may consist of 99.7 per cent copper and 
0.3 per cent zirconium by weight. 

In FlG. 2 a typical micro-structure of the contact ma 
terial is shown, the scale marking representing 200 mi 
crons, and each chromium particle 30 is attached to the 
neighbouring particles of chromium 30 (shown 
hatched) and immersed in copper 31 which completely 
fills the interstices. _ 

Since the chromium particle size is limited to 250 mi 
crons. the maximum size of asperities is limited, and 
when such contacts engage under pressure in a vacuum 
interrupter it is believed that micro-deformation oc 
curs. resulting in a large number of well distributed 
contact points. It is considered that this condition 
would tend to result in low resistance between the 
contacts when closed, good distribution of the PR loss 
at high current flow immediately prior to arcing, and 
little tendency to weld. _ 

When such vacuum interrupter contacts separate — 
which is effected at high velocity by actuating means 
well known per se — it is thought that there is a high 

' probability of multiple arcs being formed between the 
faces 23, 24, giving good distribution of the are energy 
and consequently low and uniform erosion. 
Even after arcing, it is thought that the size of asperi~ 

ties tends to be limited to that of the maximum dimen 
sions of the particles of thematrix, so that the local 
electric ?eld stress concentrations and consequent ?eld 
emission for'a given contact separation is low, and the 
breakdown voltage is higher and more predictable than 
'for contacts of similar shapes made mainly of ductile 
materials. 
FIG. 3 of the drawings is a photomicrograph of a sec- , 

tion through a vacuum interrupter contact of copper~ 
in?ltrated chromium matrix material. The photomicro 
graph clearly shows the original in?ltrated matrix struc 
‘ture in the lower part of the picture, and the similar but 
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6 
very much re?ned structure in the upper part where al 
loying and re-precipitation has taken place at the 
contact surface as a result of arcing. The re?ned sur 
face layer was found to be about 1 millimetre thick. It 
can be seen that the particle size of the matrix metal 
particles in the surface layer is very much less than 250 
microns, in fact only a few microns or less. Thus the 
arc-conditioned surface layer is very smooth and gives 
excellent vacuum-interrupter performance in respect 
of dielectric strength when the contacts are open, 
avoidance of serious contact welding when closed on to 
a fault, and avoidance of serious erosion due to explo 
sive removal of 'asperities under through fault current 
and when the contacts are .parted to interrupt the cur 
rent. By chemical analysis it was found that the propor 
tions of chromium and copper in the arced surface 
layer were generally unchanged by the melting process, 
little preferential evaporation of copper occurring. 
Thus it has been found that arcing between the inter 

rupter contacts has vthe unusual effect of maintaining 
and even improving the good arcing and voltage break 
down characteristics of the arcing surfaces and hence 
the good performance of the interrupter, instead of the 
usual effect of degrading the arcing surfaces so that in 
time the performance of the interrupter falls to an un 
satisfactory level. 
Moreover, since the boiling point of the semi 

refractory metal is below 3,000° C, electron emission 
densities following a high-current arcing loop are re 
duced by several orders below that which occurs with 
a tungsten matrix when surface melting occurs, thus al 
lowing a substantial improvement to be achieved in the 
recovery voltage performance. 
Tests on contacts made in accordance with the inven 

tion from chromium compacts impregnated with 30 per 
cent copper by volume have shown that arcs up to at 
least 75 kA peak can be interrupted satisfactorilywith 
low and uniform contact erosion and no detectable 
welding prior to arcing. _ 
As stated above the chromium constituent of the 

contact material may be replaced by other metals such 
as cobalt. 

The main properties of each such semi-refractory 
matrix metal are: 

a. it is capable of being wetted by the impregnated 
metal during in?ltration; 

b. its melting point is higher than that of copper, and 
(with copper as the in?ltrated metal) is preferably 
over l,200° C, so that it is not melted by the in?l 
tration process; 

c. its melting point is lower than that of molybdenum; 

d. its boiling point is not greater than 3,000° C; and 

e. it has low ductility in relation to that of copper and 
silver. ' 

As stated above the copper constituent of the contact 
material may be replaced by other metals such as silver 
or an alloy-including either or both of copper and sil 
ver. ' 

The main properties of each such in?ltration metal 
are: 

1. it has high electrical and thermal conductivity in 
relation to that of the matrix metal; 

2. its melting point is below that of the semi 
refractory matrix metal and is preferably below 
l,200° C; 



, jected or subjected to a different degree. ' 

3;.“ itsjboil'in'g point is not greaterlthama Id ispreferaQ 
, " ibly below, that of the‘ matrix metal; j " 

‘ ' 4. it has highductility' relative l-to'lthat'of thenrnatrix 
metal; ' v ' .- r I 

‘5‘. it has low viscosity when'moltenso as to facilitate 
in?ltration'at a temperature just above its melting 
point. " - ‘i “ 1- ~ ' s * 

:with. the resultthatfin places some of the matrix, mate-l 
rial r'rtight'be ejected under arcing'conditions or be torn 
iawa‘yion parting of the contactsfThe effect ‘offthis 

\ would be that'a considerable area of the'r'noreductile 
",5 

' vFor reference, the melting points and boiling points i 
‘of, thefmetals referred to‘ are given by‘c'e'rtairiauthori 
ties as follows,‘in“degrees Centigrade: 

1 _. - ‘ melting point - boiling point a 

silver (Ag). 1 960.8 ' _ 1 '2200_ v ' ' 

'copper't-cu) ' ‘1083 2570 Y. 

cobalt (Co) i492 ' 3,000 . , 

chromium '(Cr) -' lSQO ‘: ‘2665’ 1 " 
' molybdenum (Mo) 2625 4800 

‘ 3380' _“6000 tungsten (W) ‘' - 

lt will'be observed that contact materials according 
to the ,presentinventiom comprise ‘a relatively semi 
refractory‘metal of-low ductility and-a'rnetal of rela 
tively good electrical and'thermal conductivity; _‘ 
With such a contact‘mat'erial the boiling temperature 

of thesemi-refractory matrix metal -('e.g.; chromium) is 
substantially-belowthe temperature vat which apprecia 
ble electron emission occurs. It, is believed that when 
‘during arcing the temperature of the anode ‘hot spot’ 
approaches or even‘ rises to the point at-which both 
metals boil, the-rate of‘lvapour‘generation increases to 
a point atwhich the loss of heat from vaporisation of 
the metals substantially-balances the heatxinput tov the 
hot spot fromthe are, so that the temperature vof the 

material would then be present, and thiscould‘givje rise 
to the drawing outv‘of. spike formations 'when the 

- contacts subsequently part, with ‘a consequentialreduc- - 
tionv in the voltage withstand ability‘ of the interrupter 

- _ ‘under high source voltage conditions." ' 

10" 
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Degradation of the matrix structure ‘by. alloying, if al 
lowed, would also have'an adverseeffect'on the current - 
chopping-performance, in-so far as thereduction of the 
volume ‘of thematrixmaterial-adjacent-the arcing sur 
face-relative to that oft'he surrounding in?ltrated metal 
would enable more conduction of heat from the arcing 
surface and so .undesirablyreduce the arcing ‘surface 
temperature at'the the, rioot'vo‘f-a, low current ar‘ck‘As'a 
consequence the'arc would extinguishor ‘chop’ at ‘a 
higher current ‘value, 
"It hasalso been found thativacuu'r'n'interruptersfac 

cording to the present'invention exhibit veryv'govod cur— 
' I 'rent‘choppi'ng characteristics, which are, even better 

25 

than those ' obtained with'interrupters 'havingcontacts 
made of copper-bismuth alloys or contacts'of tungsten 
in?ltrated with copper. -It is‘ believed that this results 
from ‘the small sizemof the metal'particlesrfrom which 

_ the matrix~is=compactedg this‘ size "being'le'ss than the 
_ size of a‘ cathode spot; the clothing of the compacted 

30 

hot spot isheld at o'rVnear- the boiling temperature of ‘ 
the jser'ni-refractoryv ‘metal despite: the presence‘ of 
higher temperatures invthe arc itself.v Since this boiling 
temperature of the matrix metal (e.g_., chrom-iurrrlis. 
substantially below, that temperature at which danger 
ously high electron emission-occurs, the densityof the 
electrons inv the inter-contactigap' at and, immediately 
after current zero i's-c‘ontrolled at a level at'whichno 
vre-striking of ‘the arc occurs subsequent to the reversal 
of the polarity across the'inter-contactfgap. Thus, semi 
refractory metals of low ductility and. having a‘ boiling 
point below the vcriticaltemperature at which electron 
emission reaches. a‘dan'gerously high level will suffice. to 
limit; the anodehot spot temperature-to thatwhich will -_ 
enable arc extinction at-the. next current ‘zeroinstant to, 

hold-off characteristics.» Y _ 3 - , , 

vlt should be observed that the matrix and in?ltrant 
metals are chosen so that substantially'no alloying 
other than‘precipitation alloying takeslplace-between 
them, the matrix metal-having low solid solubilityin the 

occur, and thereby provide good voltage-‘recovery, and 
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' high current values and to 

in?ltrated metal. This is desirable since his desired to. > 
preserve, so far as possible, the principal characteristics 
of thetwol‘constituent metals. As the'prior art has 
shown, alloying. of minor. constituent metals with a 

‘ majorconstituent metal results in a substantial modi?- ; 
cation of the properties of'the major constituent. lnthe 
present context alloying would result in-an undesirable 
lack of ‘uniformity in the propertiesfof the electrode‘ 
material, in ‘that parts previously subjected toarcing 
would have different properties from parts not so sub 

ln particular,- alloying of the matrix metal with the in 
?ltrate'd metal would, if,allowe_d,v'undesi_rably increase 
the electrical resistance of the in?ltrated " metal. It 
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would also tend to weaken the strong matrix structure. - 

particles 'of the matrix in the’ higher electrical conducé 
ti'vity-in?ltrated metaljarid the poor thermal conductiv 
ity of the matrix metal which conducts little heat away 
fromthe arcing surfaceadjacenti'a cathode ‘spot. _ '1 ‘ 
v.This achievement of low chopping current levels-is in _ 

clearcontradi'stinction to the technique proposed in 
the prior art for. reducing current chopping. vlevels by 
providing‘ in the cont'act'materials metals having ahigh 
.vapouripress'ure, such as antimony,-.bismuth, and tin. 
However, if azvery low current chopping level is re 
quired an- alloy of copperuwithl percentof, silver can 
beused as the infiltrated'rnetalm ' '7 ' _ v ‘ 

:lndesigning contacts for a vacuum interrupter ac-. 
cording ,to the present invention‘ care must-be takento 
keep the proportions ‘of thematrix ‘and in?ltrant metals 
withinreasonable limits. If the contact material hasv too 
much matrix metal the voids in the'c'ompacted‘matrix 
will be inadequate- to__ give effective in?ltration ,of the 
in?ltrant metal, and, as a result not only will the contact 
material have ‘too high an‘ electricaland thermal resis 
tance, but‘there will be an insufficient-supply of vapour “ 
released.from'theacontact material to sustain‘ the arc at' ' 

ensure good current" chop! 
ping performance. v _ a _, r v 

~ If on the other'hand the ‘contactmaterial'has too little 
matrix metal the “Contact material will be physically 
weak, and there will beinsuf?cient of the low’conduc 
tivity, metal adjacent thearcing surface ‘so that the vcur- ‘ 

' rent chopping’ performance) will be poor. ‘Furthermore, > 
the arcing surface will have a high proportion of the _, ‘ 
more ductile material so that the arcing‘surfaces will ‘be v. 
degraded by the successive opening of the contacts 
since ,spike'formations will be drawn fronithe contact 
surfaces. Hence the voltage withstand performance will 
be poor“ _ 1 a , i , ' 

FIG. 4 of the drawings, shows the results of weld 
break tests von test piecesv as illustrated in that ?gure, > 
having tips of copper-in?ltrated’chromium matrix ma 
terial similar to that of a-vacuum interrupter in accor 



9 
dance with they present invention. It illustrates the ex 
celle’nce of the characteristics of the material in this re 
spect where the in?ltrated matrix contains 70 percent 
or more, by volume, of chromium (i.e., 30 percent or 
less, by_volume, of copper). I ' ' 

The performance of vacuum interrupters having 
contacts of copper-in?ltrated cobalt matrix material is 
believed to be just as good as that which has been de 
scribed with particular reference to copper-in?ltrated 
chromium matrix material. 

I claim: ‘ 

1. A 'vacuum interrupter comprising a pair ‘of 
contacts having cooperating contact-making parts each 
of which is constituted by a porous matrix of metal par 
ticles metallurgically bonded together by sintering 
under high vacuum, said metal particles also being de 
fined as metal particles selected from a group consist 
ing essentially of chromium, cobalt, an alloy of chro 
mium and cobalt, and a mixture of chromium powder 
and cobalt powder; the interstices of the matrix being 
in?ltrated under high vacuum with another metal of 
lower melting and boiling points and higher electrical 
and thermal conductivities, said another metal also de 
fined as a metal selected from a group consisting essen 
tially of copper, silver, an alloy including at least one 
of the group consisting essentially of copper, silver, an ~ 
alloy including at least one of the group copper and sil 
ver with which the matrix metal does not form an alloy 
other than a precipitation alloy, and an alloy of copper 
including at least one of the group consisting essentially 
of zirconium, tantalum and titanium; the in?ltrated 
metal constituting between 10 and 35 percent of the 
volume of the in?ltrated matrix and the matrix consti 
tuting between 65 and 90 percent thereof, wherein at 
least the bulk of said particles comprises particles of a 
low ductility semi~refractory metal which has a melting 
point substantially higher than that of copper but lower 
than that of molybdenum and a boiling point not higher 
than 3,000° C and forms a precipitation alloy with the 
in?ltrated metal, but does not otherwise form alloys 
therewith so that, in surface regions of the contacts 
which are melted by arcing, the precipitation alloy 
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forms and, on subsequent cooling, recrystallizes to re 
establish the in?ltrated matrix structure with the parti 
cle size of the semiwefractory metal particles not ex 
ceeding 250 microns. 

2'. A vacuum interrupter according to claim 1, 
wherein the in?ltrated metal constitutes about 30 per 
cent of the volume of the in?ltrated matrix. ' 

3. A vacuum interrupter according to claim 1, 
wherein the semi-refractory metal comprises chro 
mium. _ - 

4. A vacuum interrupter according to claim 3, 
wherein the in?ltrated metal comprises copper. 

5. A vacuum interrupter according to claim 3, 
wherein the in?ltrated metal comprises silver. 

6. A vacuum interrupter according to claim 3, 
wherein the in?ltrated metal comprises an alloy of cop 
per and silver. . 

7. A vacuum interrupter according to claim 3, 
wherein the in?ltrated metal comprises an alloy con 
sisting substantially of 99.7 percent and 0.3 percent zir 

8. A vacuum interrupter according to claim 3, 
wherein the in?ltrated metal constitutes about 30 per 
cent of the volume of the in?ltrated matrix. 

9. A vacuum interrupter according to claim 1, 
wherein the semi-refractory metal comprises cobalt. 

10. A vacuum interrupter according to claim '9, 
wherein the in?ltreated metal comprises copper. 

11. A vacuum interrupter according to claim 9, 
. wherein the in?ltrated metal comprises silver. 

12. A vacuum - interrupter according to claim 9, 
wherein the in?ltrated metal comprises an alloy of cop 
per and silver. 

13. A vacuum interrupter according to claim 9, 
wherein the in?ltrated metal comprises an alloy con 
sisting substantially of 99.7 percent copper and 0.3 per 
cent zirconium. 

14. A vacuum interrupter according to claim 1, 
wherein the semi-refractory metal is an alloy compris 
ing chromium and cobalt. 

- * * * * >l= 


