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Our invention relates to an electric protective
apparatus for circuit interrupters and more par-
ticularly to the suppression of arcs which are
formed upon the opening of contacts in electric
circuits, especially direct-current circuits.

It is an object of our invention to provide new
and improved means for quickly and effectively
extinguishing the arc or discharge ordinarily
accompanying the interruption of an electric cir-
cuit.

It is another object of our invention to provide
a new and improved electric protective device
for suppressing arcs in electric switchés so as to
adapt switches to interrupt more severe arcs than.
can be extinguished by mere separation of con-
tacts. )

It is a further object of our invention to pro-

vide a simple and compact circuit-interrupting
apparatus which is arranged to produce an ef-
fective current zero in direct-current circuits so
that interruption with minimum arcing will oc-
cur.
" Purther objects and advantages of our inven-
tion will become apparent as the following de-
scription proceeds and the features of novelty
which characterize our invention will be pointed
out with particularity in the claims annexed to
and forming a part of this specification. ’

For a better understanding of our invention,
reference may be had to the accompanying draw-
ing in which Fig. 1 is a schematic diagram of a
circuit embodying our invention, Fig. 2 represents
an operatlng characteristic of the arrangement
disclosed in Fig. 1 in order to aid in the under-
standing of the invention, and Figs. 3 and 4 rep-
resent certain test data obtained in order to il-
lustrate the advantages of our invention.

Several different arrangements have been pro-
posed for suppressing and extinguishing the arcs
accompanying the operation of electric switches.
" The interruption of alternating-current circuits
is readily accomplished because the arc or dis-
charge occurring upon the separation of the
switch contacts tends to extinguish itself auto-
matically when the alternating current passes
through the zero point of the current wave.
However, in a direct-current circuit, a different
situation obtains for there is no tendency for
the arc to extinguish itself since the current
never goes through zero and, therefore, the in-
terrupting ability of a given switch when used
in connection with such direct-current circuits is
generally very much less than when used in al-
ternating current circuits.

It would be desirable, therefore, to be able fo
obtain a switching device for interrupting direct-
current circuits which would cost approxXimately
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the same as one for interrupting alternsating-
current circuits while still having the same in-
terrupting capacity. This is especially true in
connection with many of the modern appliances
which are provided with universal motors to op-
erate either from a direct-current or an alter-
nating-current source. In apparatus of this
type, it has been necessary to incorporate an
expensive switch of the high-speed break type
so that the circuit may be interrupted properly
in the event that the apparatus is operated from
a direct-current source, whereas, if it were only
to be operated from an alternating-current
source, a much cheaper switch of the slow-break
type could be utilized.

Methods and apparatus bave been proposed
whereby the cheaper slow-break type of switches
could be used efiectively to interrupt direct-cur-
rent circuits. For example, it has been suggested
to, connect a seriaily connected resistor and con-
denser across the contact points of the switch.
However, this switch arrangement has proven
satisfactory only when the capacity of the con-
denser and the value of the resistor have been
carefully adjusted to the particular switch and
load. A change in either of these factors re-
quires new adjustments of the condenser or re-
sistor values.

It has alsc been suggested to shunt a con-
denser permanently across the contacts of the
switch or to suddenly apply either an uncharged -

) condenser or & similarly charged condenser, 1. e.,
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a condenser charged to & potential so as to tend

to increase the current flowing through the arc

at the switch contacts. These methods have
tended to increase the interrupting capacity of:
the switch and, therefore, were & step in the right

direction insofar as providing an interrupting de-

vice which would be satisfactory in applications

such as mentioned above. The results of tests -
which we conducted as set forth in Fig. 3, how-
ever, show that, if 2 condenser charged to &
polarity opposite to that of the potential across
the switch contacts when the circuit is inter-
rupted were suddenly applied in opposition to
this first mentioned potential, the interrupting
capacity of the switch for the same size of con-
denser could be increased ten or more times over
that of a switch wherein a permanently shunted
condenser or a suddenly applied uncharged con-
denser was used as suggested by the above-men-
tioned arrangements. ¥For example, with a .7
microfarad condenser, it was discovered that,
if this reversely charged condenser were applied
across the switch contacts, a circuit of ten am-
peres could be successfully interrupted a great
many times, whereas a current of only one or two
amperes could be successfully interrupted when




this same condenser was suddenly applied in the
uncharged condition or was permanently shunt-
ed across the contacts of the switch, The revers-
ing of the charge of the condenser enables a
condenser of relatively small capacity to be used
for arc quenching purposes. These tests con-
clusively prove that a large increase in inter-
rupting capacity and further a considerable sav-
ing in capacitance is obtained when the reverse-
ly charged condenser method is employed.

In accordance with another feature of our in-
vention, tests which we have conducted show that,
for a given circuit voltage, a given capacitance,
and a given electrode or contact geometry, that
there is an optimum contact separation which
should exist at the instant the arc-quenching con.
dznser is connected across the contacts, which will
give the highest current-interrupting ability for
the apparatus. This is clearly shown in the test
data set forth in graph form in Fig. 4. In these
tests, using the reversely charged condenser ar-
rangement described above with a condenser hav-
ing a particular value of capacitance, the pre-
ferred separation of the contacts before the
shunting of the arc quenching condenser was very
definitely determined for maximum current-
interrupting ability of the apparatus at a deflnite
value of applied voltage. For example, with an
applied voltage of 250, a condenser having a ca-
pacitance of one microfarad, and a contact struc-
ture wherein the contacts have a diameter of the
order of the gap length at optimum contact sepa-
ration, curve I of Fig. 4 was obtained. This curve
represents the current-interrupting ability of -the
apparatus versus contact separation at the in-
stant. of the shunting of the reversely charged
condenser across the contacts. A study of curve
I of Fig. 4 shows clearly that, for the circuit con-
stants given above, the interrupting ability of
the apparatus may vary by a factor as great as
ten depending upon the contact separation at the
instant of inserting the condenser into the circuit
for arc-quenching purposes. With a contact sepa-
ration of three and one-half millimeters at the
instant the reversely charged condenser is con-
nected across the contacts, the apparatus was
capable of reliably interrupting sixteen amperes,
whereas, with a gap length of ten millimeters, only
two amperes could be reliably interrupted. This
remarkable increase in interrupting ability with
decrease in maximum contact separation is an un-
expected new fact, which, however, has been
thoroughly established in careful tests and agrees
with the knowledge of the thermal properties of
arcs as set forth in the theory below.

Curves II, ITI, and IV of Fig. 4 are similar to

curve I except that the applied voltages differ.
Hence, a family of curves is obtained, one for
each different applied voltage. It will be obvious
to those skilled in the art that, unless a designer
utilizes the fact that, for given circuit constants,
there is an optimum contact separation which
~must be obtained before inserting the reversely
charged condenser into the circuit for arec-
quenching purposes, the interrupting ablility of
the apparatus might differ from the maximum ob-
tainable for the optimum contact separation by
8 very large factor. It will also be understood by
those skilled in the art that, although the test
data set forth in graph form in Fig. 4 is based on
the use of a reversely charged condenser shunted
across the contacts after a predetermined sepa-
ration thereof, there is also an optimum contact
separation when a suddenly applied similarly
charged or uncharged condenser is utilized,
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It 13 our bellef that the reason for the resulis
indicated by Fig. 4 showing that there is a pre-
ferred contact separation that should be obtained
before the arc-quenching condenser is connected
across the contacts resides in the following two
factors involved in arc interruption, namely, the

.cooling of the arc and the likelihood of restriking

of the arc. It is obvious, of course, the higher
the applied voltage the greater the danger of
restriking of the arc with small contact separa-
tion and the less the danger of restriking with
relatively large contact separation. On the other
hand, the greater the arc cooling, the easier it
is to interrupt such arc. In the short arc, the
heat lost from the arc column is by free conduc-
tion and convection to the relatively cool contact
surfaces whereas, in the long arc column obtained
by greater electrode separation, the heat loas is
chiefly by the relatively ineficient convection and
conduction to the surrounding gas. In this latter
case, a volume of uncooled, ionized gas remains
between the electrodes and favors the restriking
of the arc. The shape of the curves of Fig. 4
can, therefore, be explained on this basis since,
at a relatively small contact separation, the arc-
cooling factor is the most important although the
likelihood of restriking is greater. The greater
the contact separation prior to shunting the con-
denser for arc-quenching purposes, the less the
arc cooling and the lower the interrupting ability
due to this factor. On the other hand, the likeli-
hood of restriking of the arc is decreased and so
the interrupting ability in this respect is in-
creased. These two factors combine, therefore,
to provide an optimum contact separation for
maximum interrupting ability of the apparatus
for a particular value of applied voltage, thus ex-
plaining the family of curves obtained in Fig. 4.

In connection with the use of circuit-interrupt-
ing devices for the applications referred to above,
it is often essential that such devices be very

" compact since many times the space factor in
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apparatus of the type described above is an im-
portant consideration. Accordingly, our inven-
tion is concerned not only with the use of a re-
versely charged condenser but also its combina-
tion with a switch arranged to have a definite
contact separation for a particular value of ap-
plied voltage ang arc-quenching capacitance so
that maximum interrupting ability of the appa-
ratus is obtained, which is simple and cheap to
manufacture, which requires a minimum amount
of space and which will satisfactorily interrupt
larger values of direct and alternating current
with a minimum amount of arcing than was here-
tofore considered possible.

Referring now to Fig. 1, we have illustrated
our invention as associated with a power supply
circuit {0, which is preferably a direct-current
circuit, and a load circuit including schematically
shown load device {l. A single-pole double-
throw switch (2 of the slow-break type is pro-
vided comprising a moving contact I3 and a
pair of ‘stationary contacts 14 and (5, respec-
tively. When moving contact 3 is engaged with
stationary contact 4, power supply circuit 18
is connected so as to energize load device if.
When moving contact 13 is in engagement with
stationary contact 15, a reversely charged con-
denser 18 permanently connected across sta-
tionary contacts 14 and I8 is arranged to be
connected across the arc drawn between moving
contact I3 and stationary contact 14 thereby
causing high-speed interruption thereof. It is
desirable that the separation of the stationary
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contacts 14 and I5 be relatively small from the

standpoint of the space requirement and also
to reduce the arcing time since condenser 16 is
not applied across contacts 13 and 14 until con-
tact 15 is engaged by movable contact 13. How-
ever, this spacing is primarily determined from
the data discussed above in connection with
Fig. 4 so that the optimum separation for max-
imum interrupting ability is used.

In order that condenser 16 may be charged
to a potential the polarity of which when sud-
denly applied across the contacts of switch 12
is opposed to the potential across the switch
contacts 13 and 14, we provide a high resistance
171 serially connected with capacitor 16 which
series combination is connected permanently
across the load circuit. By this arrangement,
a full charge on condenser 16 is assured and,
therefore, the advantages portrayed by Figs. 3
and 4 are at all times available. An appreciable
charging time is, of course, required for the
condenser but, in practical cases, the values of
capacitance i6 and resistance |1 are such that
this charging time is negligibly small in com-
parison to the period determined by the fre-
quency of operation. Furthermore, connecting
this condenser through its resistor permanently
across the load is greatly superior to an alter-
native arrangement of switching the condenser
from the load circuit to the arc circuit by means
of additional contacts since the malfunctioning
of these additional switching contacts, as for
example, due to excessive contact resistance may
prevent the charging of the condenser and,
hence, its proper arc-quenching functioning.

The operation of our invention will be obvi-
ous to those skilled in the art but will be dis~
cussed briefly with reference to Fig. 2. When
- moving contact 13 engages stationary contact
i4, load circuit {1 is energized from power sup-
ply circuit i6. At the same time, condenser 8
is charged through high resistance 171 to a po-
tential, the polarity of which is opposite to the
potential of the arc drawn between contacts 3
and 18 when switch (2 is open and condenser
{6 is connected thereacross. Upon separating
the contacts 13 ‘and 14, represented by time io
in Fig. 2, an arc is drawn between. said con-
tacts, the potential of which is represented by
the portion A of the curve illustrated in Fig. 2.
At the time ¢ in Fig. 2, moving contact 13 en-
gages with stationary contact {6 whereupon re-
versely charged condenser 16 is connected across
the arc. The condenser discharge current op-
poses the arc current and reduces the arc drop
to a large negative value, as indicated by B in
Fig. 2. Thereafter, the voltage across the arc
again rises and, if the arc has been extinguished,
the voltage across the contacts will rise to line
voltage represented by C in Fig. 2. By using
- the proper value of capacitance for condenser 16,
the arc will not be reestablished and a current
zero is effectively provided for a direct-current
circuit.

We have, therefore, provided a simple and
very compact circuit-interrupting device for di-
rect-current circuits utilizing an optimum con-
tact separation and employing a reversely
charged capacitor for. suppressing arcs during
circuit interruption so as to produce an effec-
tive current zero for direct-current circuits

somewhat analogous to the recurring current zero

of alternating-current circuits.
It should be understood that our invention is
not limited to the specific details and arrange-
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ment thereof herein illustrated and we intend
in the appended claims to cover all such changes
and modifications as fall within the spirit and
scope of our invention.

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

1. In combination, a source of electrical en-
ergy, a load circuit, a switch including a plurality
of contacts for connecting and disconnecting
said source and said load circuit, a condenser,
means for shunting said condenser across said
switch contacts during said disconnecting oper-
ation-only after said contacts have been sepa~
rated to a predetermined distance, the distance
to which said contacts are separated beifore’
shunting said condenser being of such a value
relative to the potential of said source and the

- cgpacitance of said condenser as to obtain maxi-

mum current interrupting ability of said switch.

2. In combination, a source of electrical en-
ergy, a load circuit, a switch including a plurality
of contacts for connecting and disconnecting
said source and said load circuit, a condenser
arranged to be charged to a potential having a
polarity opposite to the polarity of the potential
across said switch when disconnecting said source
and said load circuit, means for shunting said
reversely charged condenser across said switch
contacts during said disconnecting operation only
after said contacts have been separated to a pre-
determined distance, the distance to which said
contacts are separated before shunting said con-
denser being of such a value relative to the po-
tential of said source and the capacitance of said
condenser as to obtain maximum current inter-
rupting ahility of said switch.

3. In combination, & source of electrical en-
ergy, a load circuit, a switch including a plurality
of contacts for connecting and disconnecting
said source and said load circuit, a condenser,
means for shunting said condenser across sald
switch contascts during said disconnecting oper-

~ ation only after said contacts have separated to
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a predetermined distance, said contacts being
separated between three and five millimeters be-
fore shunting said condenser for arc-quenching
purposes, the distance of separation in order to
obtain maximum current-interrupting ability of
said switch being dependent upon the potential
of sald source and the capacitance of said con-
denser.

4. In combination, a source of electrical en-
ergy, & load circuit, a switch including a plurality
of contacts for connecting and disconnecting
said source and said load.circuit, a condenser
arranged to be charged to a potential having a
polarity opposite to the polarity across sald
switch contacts when disconnecting said source
from said load circuit, means for shunting said
reversely charged condenser across said switch
contacts during said disconnecting operation only
after said contacts have been separated to a pre-
determined distance, the distance to which said
contacts are separated before shunting said con-
denser in order to obtain maximum current in-
terrupting ability of sald switch falling within
the range of two to five millimeters depending
upon the potential of said source and the capaci-
tance of sald condenser, said contacts having a
diameter of substantially the same order as the
separation between said contacts when the load
circuit is disconnected from said source.
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