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The present invention relates generally to vacuum-type
electric circuit interrupters uniquely adapted for use in
inductive circuits wherein the current interrupted is of
low magnitude.

The phenomena of -electric current interruption in
atmospheric or higher pressures, on one hand, and in
high vacuum, on the other hand, are extremely complex
and basically different in nature, So also, are the prob-
lems which must be overcome in producing operative
devices to perform either function. Thus, for example,
one great problem in non-vacuum circuit interrupters is
the deterioration of the contacts thereof due to the forma-
tion of oxides of the contact metal "and other chemical
compounds due to the presence of atmospheric air, a pro-
tective gaseous atmosphere, or an oil bath, Any com-
pound so formed is readily separated from the interrupter
contacts. Such a continuous formation and removal of
non-metallic compounds rapidly causes the interrupter
confacts to erode and deteriorate.

In the vacuum interrupter, on the other hand, the com-
plete absence of gases or liquids in contact with the inter-
rupter contacts virtually precludes the formation of con-
tact-eroding oxides and compounds,

Other problems, however, not generally considered as
significant in the non-vacuum circuit interrupter, are of
prime importance in the construction of vacuum circuit
interrupters. Vacuum interrupters designed to interrupt
alternating currents  operate substantially as follows:

When an arc is struck between the electrodes of a
vacuum interrupter, as for example, by the opening of
a pair of switch contacts maintained in a vacuum of 10-5
mm. of mercury pressure or less, the arc vaporizes some
of the electrode material. If the contacts have been
properly processed to remove therefrom all occluded
and sorbed gases, only ionized metallic vapor is present
in the arc. The arc continues until the alternating current
sought to be interrupted falls to a natural zero value, as
normally cecurs once each alternation. When this occurs,
the arc is extinguished, and the jonized metallic particles
rapidly diffuse to the cold vacuum chamber walls where
they are cooled, de-ionized, and condensed. When the
interrupted current seeks to rise: again, the arc cannot
be reestablished because of. the high dielectric strength
of the vacuum separating the interrupter contacts. Thus,
in a vacuum circuit interrupter, the current is usually com-
pletely extinguished at the first naturally occurring in-
stantaneous zero value of current.

The foregoing occurs satisfactorily in vacuum circuit
interrupters operating to interrupt alternating currents
of high current ratings, namely of 500 amperes or greater.
For lower values of alternating current, the phenomenon
generally denominated ag “chopping” occurs, At these
low alternating current values, the arc, rather than persist-
ing until the first natural current zero, is abruptly ex-
tinguished at some-low current value and falls instan-
tancously from that value to zero. The value of cur-
rent at which instantaneous arc extinction occurs is de-
nominated the “chopping current” of the device. Typical
chopping currents in prior art vacuum interrupters may
be from 10 to 40 amperes. While chopping in vacuum
interrupters associated with capacitive circuits may be
tolerated, it is unacceptable with inductive loads because
of voltage surges induced. therein by the high rate of
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change of current with time (di/dt) when an interrupter
“chops.” This may be seen from the relationship:

V=the surge voltage induced by chopping

ly=the chopping current

L=the equivalent inductance of the circuit
C=the equivalent capacitance of the circuit,

and the fact that the
L

C

value for many inductive devices may be as high as many
tens of thousands chms. :

For most industrial inductive circuit loads, it is neces-
sary to reduce the chopping current level of a vacuum
circuit interrupter to a value of below 4 amperes and,
in most instances to a value of about 2 amperes. )

A second important electrical characteristic of a
vacuum circuit interrupter is the voltage recovery char-.
acteristic. This characteristic reflects the ability of the
interrupter to withstand the rapidly increasing instan-
taneous electrode-to-electrode voltage following arc inter-
ruption. This instantaneous electrode-to-elecrode - volt-
age results from the combined effects of the applied
system alternating current voltage, and any transient voit-
ages associated with arc interruption, lightning, etc. In
any given circuit interrupter application it is essential
that the dielectric strength of the electrode-to-electrode
space shall at all times exceed the actual voltage appear-
ing across the elecirodes. Otherwise the arc may restrike
and thé basic purpose of the circuit interrupter is de-
feated.

In accordance with the present invention, the prop-
erties of low work function materials are advantageously
utilized to minimize the chopping current value of a
vacuum switch. Materials of this class include, among
others, thorium, caesinm, lanthanum, rubidium, barium,
and especially thoriated tungsten. All are characterized
by the ability to produce electrons in the presence of an
electric field, and particularly under the influence of the
strong fields and high temperatures at the points of arc
contact in a vacuum switch, The low work function ma-
terial serves this purpose even though the quantity of.
metallic vapor in the arcing region is otherwise incapable
of maintaining the arc. The low work function material
is homogeneously distributed throughout the material of
at least one of the electrodes, and preferably in both.
When the arc is drawn, the low work function material
provides a copious supply of electrons at the time chop-
ping would otherwise take place, thereby providing a
continued current-conducting . path and prolonging the
period during which the arc is maintained and thus pro-
viding a lower current level at interruption. Insofar as
an interruption, or a series of interruptions, may other-
wise tend to exhaust the availability of the low work
function material at the arcing face of the electrode, dif-
fusion of such material from the more interior portions
of the electrode serves to replenish the material avail-
able at the point of arcing and thereby provide a long’
effective electrode life.

An important aspect of the vacuum circuit interrupter
of the present invention lies in the fact that the electrode
is not, in the absence of the low work function material,
capable of providing a low chopping current. Prefera-
bly the electrode is formed of a refractory matrix im-
pregnated with a low resistance material such as copper.
An electrode so formed is characterized by a high de-
gree. of resistance to the corroding effects of the arc, by
low electricel resistance, and by other desirable charac-
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teristics. It is, however, relatively unsatisfactory in
terms of chopping current, giving a value of perhaps 6
amperes (which cannot be tolerated in some circuits).
This chopping current is due to the inadequate quantity
of ionized electrode material available in the arc path
when the current falls to about 6 amperes. This same
arc starvation in terms of ionized electrode material,
however, is desirable in providing a favorable voltage re-
covery characteristic following interruption. While the
low work function material provided in accordance with
the present invention serves to maintain the arc to 2 more
satisfactory chopping current value, it does not unduly
increase the quantity of vaporized electrode material at
the time of interruption. Since the available -electrons
quickly disperse and disappear upon interruption of the
arc, the recovery voltage of the vacuum circuit inter-
rupter of the present imvention is of the same order as
{he same circuit interrupter in the absence of the low
work function material.

1n accordance with the preferred embodiment of the
present invention, at least one elecirode of the inter-
rupter is formed from a body of tungsten, serving both
as refractory material and as an activating agent for the
low work function material. The low work function
material in this preferred embodiment is thorium, which
has the unusual characteristic of coacting with tungsten
to provide an even lower work function than that of ele-
mental thorium.

It is therefore a general object of the presemt invention
to provide an improved vacuum circuit interrupter in
which chopping current is minimized by the action of a
tow work function material.

An additional object of the present invention is to
provide an improved vacuum circuit interrupter utilizing
a low work function material in conjunction with elec-
trode materials that otherwise produce substantial chop-
ping current, to provide both small chopping current and
a rapid voltage recovery.

Still another and more specific object of the present
invention is to provide an improved vacuum circuit in-
terrupter in which at least one electrode is composed of
2 refractory material having a2 high degree of resistance
to the eroding action of the arc and coacting with a low
work function material to activate the same in a man-
ner providing an especially favorable work function value
and correspondingly low chopping current.

1t is still another object of the present invention to
provide an improved alternating current vacuum circuit
interrupter characterized by low chopping current, a high
recovery voltage rate, ease of manufacture, long life, and
is otherwise constructed and arranged to provide a unit
having a maximum degree of commercial utility.

The novel features believed characteristic of the pres-
ent invention are set forth with particularity in the ap-
pended claims. The invention itself, however, together
with further objects and advantages thereof, may best be
understood by reference to the following description
iaken in connection with the attached drawing in which:

FIG. 1 is a representative view of a vacuum-type cir-
cuit interrupter constructed in accord with the present
invention and,

FIG. 2 is a graphical representation of a sinusoidual
alternating current illustrating the effect of the chopping
phenomenon.

In FIG. 1 an interrupter chamber 10 comprises a wall
member 11 which may be cylindrical in shape and is con-
structed of a suitable insulating material, having at the
ends thereof a pair of metallic end members 12 and 13
closing the volume therein to form an interrupter cham-
ber. Suitable seals 14 are provided between casing i1
and end members 12 and 13 to render the interrupter
chamber vacuum-tight.

Located within chamber 1¢ are a pair of separable con-
tacts or arc-electrodes 15 and 16 which are shown in their
closed circuit or engaged position, Upper contact 15 is
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a stationary contact suitably attached electrically and
mechanically to a conducting rod 17 which, at its upper
end, is united electrically and mechanically with end
member 12. Lower contact 16, mounted upon and elec-
trically united with a suitable conducting rod 18, is mov-
able and is connected through bellows 28 or an equivalent
vecuum tight member permitting reciprocating motion.
Terminal mouvat 18 projects through a suitable orifice in
end member 13, and suitable actuating means may be
connected thereto to impart reciprocating motion to rod
12 to cause contact 16 to enter into engagement with,
and be removed out of engagement with contact 5. For
certain types of interrupters as for example, vacuum
fuses and lightning arresters, clectrode 16 need not be
movable but may be spaced apart from electrode 15 a
suitable distance. The electrical circuit which is sought
to be interrupted by the interrupter device may be com-
pleted by making suitable connections to contact 21, elec-
trically. and mechanically mounted upon end member 12
and terminal 22, electrically and mechanically mounted
upon rod 38. A suitable insulator shield, such as metal-
lic cylindrical member 23, capped with an arc-prevent-
ing ferrule 24 is interposed between electrodes 15—16
and insulator 13 to prevent the latter from becoming
coated with metal.

The volume within interrupter chamber 19 is suitably
evacuated through an exhaust tubulation (not shown)
during the final assembly thereof. For proper opera-
tion of the interrupter as a vacuum-type interrupter of
alternating currents, the pressure within chamber 10
must be maintained at a pressure at least as low as 10-5
mm. of mercury, but is preferably maintained within the
range of 106 to 10~ mm. of mercury. The foregoing
requirement is essential for the operation of the devices
as vacuum interrupters of alternating currents. This re-
quirement is necessary because, in order that the current-
carrying arc struck between electrodes 15 and 16 be ex-
tinguished at the first occuring current zero value, there
must be susbtantially no jomizable gas present within
chamber 18. The occurrence of ionization may be sub-
stantially prevented if the possible breakdown paths be-
tweer electrodes 15 and 34, or their respective supports,
are small with respect to the mean free path of an elec-
iron within the atmosphere obtained with the device.
This mean free path is designated as the statistical dis-
tance which an electron may travel without colliding with
a gas molecule at a given pressure. These conditions
may be established in operative circuit interrupters only
when the pressure within interrupter chamber is below
10—¢ mm. of mercury and preferably below 10-5 mm. of
mercury.

In FIG. 2 of the drawing there is shown, in graphical
form, an illustration of the chopping phenomenon. In
FIG. 2, the instantaneous value of a sinusoidal alternat-
ing current which is sought to be interrupted by a vacuum
circuit interrupter is plotted for ome-half cycle. As the
current depicted by curve A rises from instantaneous
value of zero, the contacts, as for example, contacts 15
and 16 in FIG. 1, are separated at point B causing an
arc discharge to be established therebetween. Initially,
this arc discharge is largely sustained by the metal evapor-
ated from contacts 15 and 16 by the heat generated at
the contact surfaces by the arc. The terminal points of
the arc are known respectively as cathode and anode
spots. As a matter .of practice, most of this evapora-
tion occurs at the cathode, or negatively maintained elec-
trode. It is, however, difficult to predetermine which
electrode is negative at a particular instance when an al-
ternating current circuit is interrupted. In FIG. 2 the
value of current in the arc follows its natural course along
the sinusoid of curve A and, for high current arcs (those
above 500 amperes) follows the dotted line until a zero
value is reached. At this instant the arc is extinguished
and the energized meiallic ions between the electrodes
rapidly diffuse to the cold walls of members 12, 13 and
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23 where they are cooled and dejonized. The arc re-
mains extinguished because, when a high voltage builds
up between contacts 15 and 16, the arc is not reestab-
lished, due to the high dielectric strength of the vacuum
separating the contacts.

In the operation of vacuum circuit interrupters wherein
the current sought to be interrupted is of a relatively low
value, (below 500 amperes) the instantaneous current
value does not follow the dotted line continuously to a

- zero value but, rather, at some low current value, de-
nominated by I, and occurring at a time 0, the arc is
abruptly and prematurely extinguished. This results in
an instantaneous change. of current. from a value of I
to zero. - The value I, is referred to herein as the “chop-
ping current” value for a particular device. As will be
readily appreciated, this almost instantaneous change of
current from I, to zero results in a high rate of change
of current with time (di/df) and results in the produc-
tion of extremely high surge voltages and inductive loads
which may be connected thereto. These surges may cause
the breakdown of insulation and are generally highly in-
jurious to electrical equipment.

In accordance with the copending application of T. H.

Lee and J. D. Cobine, Serial Number 750,784, filed Yune
24, 1958, and assigned to the same assignee as the present
invention, the disclosure of which is incorporated herein
by reference, the chopping current problem is overcome
by an appropriate selection of electrode materials to pro-
vide vapor pressure sufficient to counterbalance vapor
starvation responsible for such large chopping current
values.  This general technique can satisfactorily over-
come the chopping current problem in many vacuum
switch applications. However, in those instances where
the chopping current must be reduced to a rather small
value this technique also may give rise to a somewhat
prolonged availability of vaporized . electrode material,
and ‘hence 'a somewhat unfavorable recovery voltage
characteristic. .
" "In accordance with the present invention at least one,
and preferably both, of the electrode contacts 15 and
16 includes a material having ‘a2 low work function in
conjunction with a major- proportion of material other-
wise having a relatively unfavorable chopping current,
Such’ materials include thorium, caesium, lanthanum,
rubidium, and barium. Thoriated tungsten is an espe-
cially preferred material for the reasons described here-
after. These and other materials with work functions
less than 3.5 electron volis or below -‘may be used. In
the presence of the-electric field and temperature condi-
tions existing at the point of arc contact—even at a low
arc current—the low work function materials supply
electrons in copious quantities. Their action is quite
unlike the current conduction resulting from vaporization
of the contacts 15 and 16 such as when large arc currents
are being carried. In such vaporization the contact ma-
terials assume gaseous form and then disassociate into
conducting ions and other conduction carriers. In con-
trast, the low work function material does not necessarily
vaporize to provide conduction carriers but instead emits
electrons that pass into the vacuum space to conduct the
current,

In accord with my invention I find that a range of
from 2 to 15% by weight of low work junction material
is sufficient to achieve the desired results. If less than
2% is used, there is insufficient thermionic emission to
sustain the arc. If greater than 15% is used the me-
chanical strength of the arc-electrodes is adversely af-
fected and excessive eroding results.

By way of a specific and preferred example of the
construction of the contacts 15 and 16 the contacts may
be composed of a refractory matrix of about 7% thorium,
25% tantalum hydride binder, and the balance tungsten.
The matrix may be made by homogeneously mixing these
materials, pressing the same to the desired contact shape,
and then heating to about 1900° C. in hydrogen for cne
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hour. The contact matrix thus formed is then impreg-
nated with metallic copper, preferably by heating the
same in a vacuum to temperature sufficient to melt copper
and permit the same to impregnate itself into the pores
of the matrix. Tests have demonstrated that the chop-
ping current of a vacuum switch utilizing a pair of con-
tacts formed in this fashion is of the order of 2.5 am-
peres. This value should be compared with the value
of about 6 amperes for the copper substituent of the
electrodes and the very much greater value for the tung-
sten substituent.

In the above embodiment of the present invention the
tungsten serves as a refractory material. That is, it
withstands a high temperature before disintegrating and
hence resists the eroding action of the arc, It also serves
a quite different function in that it coacts with the thorium
to provide an even lower work function than the low
work function of elemental thorium. This action is
thought to arise from a very thin surface layer of thorinm
that is positive in relation to the tungsten body of the
electrode. Whatever the reason for this action, the
thorium-tungsten electrode is characterized by a more
favorable work function than elemental thorium and by
the refractory characteristics of the tungsten.

A highly desirable feature of the present invention
is that it enables the electrodes to be designed upon
the basis of characteristics other than chopping current
value. Thus, refractory materials such as tungsten,
molybdenum, tantalum, and the like may be utilized for
their resistance to the eroding action of the arc, and
low resistance low melting point impregnating materiais
such as silver, copper, etc., may be employed to provide
a low electrical resistance. And, since these materials
are not relied upon primarily to provide conduction car-
riers at the moment of arc interruption, it is unnecessary
to utilize the very high vapor pressure materials that
might otherwise be necessary to reduce the chopping
current. Since very high vapor pressure electrode mate-
rials are not required it is unnecessary to sacrifice a
favorable voltage recovery characteristic in the interest
of attaining a low chopping current value. It will be
appreciated, however, that in some instances it may be
desirable to utilize these materials in conjunction with
the low work function materials of the present inven-
tion.

" While I have shown and described only certain con-
structions within the present invention it will, of course,
be understood that various modifications and alternative
constructions may be made without departing from the
spirit and scope thereof. I therefore intend by the ap-
pended claims to cover all such modifications and alter-
native constructions as fall within the true spirit and
scope thereof. )

In the appended claims, the expression “refractory
material” is used to designate materials such as tungsten,
with melting poinis in excess of 3000° C. and the ex-
pression “low work function material” ‘is used to desig-
nate materials such as thorium with work functions of
less than 3.5 electron volts.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A vacuum alternating current circuit interrupter
comprising; an evacuable envelope evacuated to a pressure
lower than 10~¢ mm, of mercury; a pair of electrical
terminals adapted for connection in an alternating cur-
rent circuit; a pair of electrodes located within said enve-
lope, connected in circuit between said terminals and
disposed in spaced-apart relationship during circuit inter-
rupiing operation to allow for the establishment of a cir-
cuit interrupting are therebetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; at least one of said
electrode regions being formed of a homogeneous porous
matrix having a major proportion of tungsten and a
minor proportion of thorium,
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2. A vacuum alternating current circuit interrupter
comprising; an evacnable envelope evacuated to a pres-
sure lower than 10—% mm, of mercury; a pair of electrical
terminals adapted for connection in an alternating cur-
rent circuit; a pair of electrodes located within said enve-
lope, connected in circuit between said terminals and dis-
posed in spaced-apart relationship during circuit interrupt-
ing operation to allow for the establishment of a circuit
interrupting arc therebetween, each of said electrodes
having a region on which a respective elecirode spot for
a low current arc may be established; at least one of
said electrode regions being formed of a homogeneous
porous matrix composed of substantially 7% thorium,
substantially 25% binding agent, and the balance tungsten,
the mairix being impregnated with copper.

3. A vacuum alternating current circuit interrupter
comprising: an evacuable envelope evacuated to a pres-
sure lower than 10—% mm. of mercury; a pair of electrical
terminals adapted for connection in an alternating cur-
rent circuit; a pair of electrodes located within said enve-
lope, conmected in circuit between said terminals and
disposed in spaced-apait reiationship during circuit inter-
rupting operation to allow for the establishment of a cir-
cuit interrupting arc therebetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; said electrode re-
gions each being formed of materials incapable of pro-
viding a copious supply of vapor under the influence of
the arc at least one of said electrode regions having a 2 to
15 weight percent of low work function material homo-
geneously distributed therein.

4. A vacnum alternating cuirent circuit interrupter
comprising: an evacuable envelope evacuated to a pres-
sure lower than 10—% mm. of mercury; a pair of electrical
terminals adapted for connection in an alternating cur-
rent circuit; a pair of electrodes located within said enve-
lope, connected in circuit between said terminals and
disposed in spaced-apart relationship during circnit inter-
rupting operation to allow for the establishment of a cir-
cuit interrupting arc therebetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; said electrode re-
gions each including 2 major proportion of refractory ma-
terial and incapable of providing a copious supply of
vapor at the instant of arc interruption, at least one of
said electrode regions having 2 to 15 weight percent of a
material selected from the class consisting of thorium,
caesium, lanthanum, rubidium and barium.

5. A vacuum alternating current circuit interrupter
comprising: an evacuable envelope evacuated to a pres-
sure lower than 10—¢ mm. of mercury; a pair of electri-
cal terminals adapted for connection in an alternating cir-
cuit; a pair of electrodes located within said envelope,
connected in circuit between said terminals and disposed
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in spaced-apart relationship during circuit-interrupting
operation to allow for the establishment of a circuit-
interrupting arc therebetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; at least one of said
electrode regions being formed of a homogenous coarse
matrix having a major portion of a refractory metal se-
lecied from the group consisting of tungsten, tantalum
and molybdenum, and a minor portion of a low work
function material selected from a group consisting of
thorium, caesium, lanthanum, rubidium and barium.

6. A vacuum alternating current circuit interrupter
comprising: an evacuable envelope evacuated to a pres-
sure jower than 10—¢ mm. of mercury; a pair of electri-
cal terminals adapted for connection in an alternating
circuit; a pair of electrodes located within said envelope,
connected in circuit between said terminals and disposed
in spaced-apart relationship during circuit-interrupting
operation to allow for the establishment of a circuit-
interrupting arc thercbetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; at least one of said
electrode regions being formed of a homogenous coarse
matrix composed of substantially 2 to 15 weight percent
of thorium, enough binding agent to allow for the forma-
tion of a sintered porous matrix and the balance being
tungsten, the matrix being impregnated with copper.

7. A4 vacunm alferpating current circuit interrupter
comprising: an evaculable envelope evacuated to & pres-
sure Jower than 10—¢ mm. of mercury; a pair of electri-
cal terminals adapted for connection in an alternating
circuit; a pair of electrodes located within said envelope,
connected jn circuit between said terminals and disposed
in spaced-apart relationship during circuit-interrupting
operation to allow for the establishment of a circuit-
interrupting arc therebetween, each of said electrodes
having a region on which a respective electrode spot for
a low current arc may be established; said electrode
region each including a refractory matrix having a
major propertion of refractory material which is incapa-
bie of providing a copious supply of vapor at the instant
of arc interruption, at least one of said electrode matrices
containing 2 to 15 weight percent of a material selected
from the class consisting of thorium, caesium, janthanum,
rubidium and barium.
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