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The invention refers to devices for breaking electric
circuits under load and generally to devices of the type
in which the arc is drawn between at least one stationary
contact and at least one movable contact, such as by
means of an auxiliary or arcing blade which, when the
movable main contact blade leaves the fixed or stationary
contact, breaks the current and draws the arc.

More particularly, the invention refers to- develop-
ments of those arc chambers or arc chutes which comprise
a'pair of plates of insulating, refractory material which,
close together, confine the space within which the arc
drawing contact moves and the arc develops and expands,
and it is an object of the invention to develop these cham-
bers so as to increase their current breaking power and
the rapidity with which -arcs of high intensity as well
as those of low intensity are extinguished.

For achieving this object, the invention contemplates
a formation of this chamber such that the arc, within
the plane of its development, is attenuated to an ex-
tremely thin lamina and at the same time is elongated in
the plane of its development into zig-zag form, the con-
siderable advantage of a substantial elongation of the arc
with an intensive coolmg effect is obtained.

To this purpose, in accordance with a first develop-
ment of the invention, the plates which form the arc
chute, are disposed extremely close to each other, thus
leaving between themselves a space of a width of the
order of about one millimeter or less or slightly more up
to a few millimeters. Within this narrow. space there is
provided a comb-like structure constituted by a base
body and teeth., The teeth project from the base body
and the exit end of the chute into the space of  the
chute and into the path of the arc development and ex-
pansion. The teeth are extended transversely of the
chute space from plate to plate thus are of a height so
as to adjoin over their lengths, closely without gap, the
side walls of the chute space. The teeth are spaced apart
from one another by interspaces of a width so as to allow
the attenuated arc to penetrate into the interspaces and
thus to be deflected and elongated within a plane parallel
to the side walls or plates. At the exit or upper end of
the arc chute, the comb-like structure is so disposed that
the interspaces communicate at the roots of the teeth
with the outside of the arc chute.

A further object of the invention is an arrangement
of the arcing contacts for the control of the magnetic arc
blowing means, an arrangement which within the same

device makes possible to blow out with equal efficiency’

arcs of high current intensity and arcs of low current
intensity.
In this arrangement, two blow coils are provided of

which one, by being wound with wire of larger diameter .

and fewer turns is essentially designed to develop a strong
blow field under heavy current, whereas the other coil
wound with wire of smaller diameter but with a greater
number of turns is designed for the blowing out of arcs
of lower intensity.

-'It*i¢ particularly an object of the invention to make
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the duration of the insertion of these coils into the cir-
cuit independent of the velocity with which the circuit
breaker is operated. To this purpose, the principal coil,
or, in the arrangement of the invention, the coil for
blowing the arc of heavy currents will be connected be-
tween the stationary contact which the arcing blade en-
gages in the closed position and a supplementary auxiliary
contact or electrode provided in the vicinity thereto on
the path of the arcing blade. Thus, however slow the
opening command of the switch may be executed, the
principal coil is switched in series into the circuit at a
precise moment and after the arcing blade or lever had
overcome the frictional resistance resulting of its engage-
ment with the stationary contact of its closed position,
and had reached the succeeding auxiliary contact to which
the second end of this coil is connected.

The second coil for the breaking of weak currents will
be inserted in series with the arc by means of two auxil-
iary contacts provided on the path of the auxiliary blade.
The time period during which this second coil is inserted
into the circuit depends solely upon the duration of the
arc. However the length of this period may still be
further reduced by providing an auxiliary electrode by
means of which the arc may short-circuit the secondary
coil as soon as the arc will have developed to a proper
length, sufficient to cause its extinction.

The arc expansion and extinction chamber or arc
chute with its blow coils and contacts may be developed
as a unitary structure adapted to be removably mounted
as a whole at one of the supply leads or bus bars of the
current interrupter so that the interrupter may be em-
ployed with the chamber as a circuit breaker and without
the chamber as a section switch which holds a line section
separated after the circuit had been opened by a circuit
breaker associated with the section switch.

Further objects of the invention refer to the develop-
ment of the magnetic pole plates of the blow coil so as
to protect the device against the risk of the flash-over of
an arc between these pole plates when they are electrically
charged with a high potential difference relatively to each
other.

Further objects and features of the invention will be-
come apparent as the specific description of the invention
proceeds.. In order to point out more clearly these ob-
jects and features, reference wili now be made to the
accompanying drawings which form part of this specifi-
cation and which by way of example illustrate embodi-
ments of my invention. It will be readily understood how-
ever that these drawings are intended to be illustrative
of the invention but not limitative of its scope. Other
embodiments incorporating the principle underlying my
invention are feasible without departing from the spirit
and ambit of appended claims.

In the drawings:

Fig. 1 is an elevational side view of a circuit breaker
of the invention, with the forward plate of the arc de-
velopment and expansion chamber removed for showing
the interior and rearward part of the chamber;

Figs. 2 and 3 respectively are sections along lines 2—2
and 3—3 of Fig. 1;

Fig. 4 is an elevational veiw of the circuit breaker il-
lustrating the chamber secured to the upper supply lead
of the circuit breaker;

Figs. 5 to 7 are diagrammatic views showing schemati-
cally the various steps of inserting the coils into the cii-

- cuit during the opening movement of the switch;

Fig. 8 is a modification of Fig. 7 showing the arrange-
ment of a supplementary auxiliary contact for short-
gircuiting the low amperage coil through the develop-
ing arc;

Figs. 9 and 10 respectively are a section along line

'9—9 of Fig. 1 and a side view, both on an enlarged
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scale, of a modification of the arc developing and ex-
tinguishing chamber;

Figs. 11 and 12 are similar views of another modifi-
cation.

In the drawings, 11 is the frame of the circuit breaker.
Upon this frame there are mounted the supporting: in-
sulators 12, 13, 14. The supply leads or conductor bars
of the current are designated by 15, 16. They end re-
spectively at the main contacts or terminal pasts 17, 18
of the circuit breaker. The main blade 20 of the cir-
cuit breaker, which in the closed position of the circuit
breaker engages the jaws of contact 18, is pivotally
mounted at the terminal post 17 by means of pivat 21.
22 is the arcing auxiliary blade pivotal about pivot 27
upon main blade 20. The arc drawing lever or arcing
blade, in its closed pesiticn, engages a first stationary,
auxiliary contact 28 connected to conductor bar 16. A
nose 23 of the arc drawing contact. lever 22 is hiased by
a spring 24 secured to blade: 206. The main blade is
operated by means of a coupling rod constituted by an
insulator 32 which on its part is actuated. by the com-
mand lever 36. On operation of the main blade and
when it leaves contact 18, spring 24 will be sufficiently
tensioned to withdraw the contact faces of the arc draw-
ing lever 22 from the clamping jaws of the first sta-
tionary, auxiliary contact 28.

Upon the insulators 12, 13 there is mounted, through
the intermediary of the conductor bar or supply lead
16, the arc developing and expansion chamber or arc
chute, generally designated by 33, conveniently detach-
able by conventional securing means, schematically in-
dicated at 34, 35, Fig, 4.

The arc chute 33 comprises two outer side walls. 40,
41 of insulating material, of any conventional or con-
venient type, held together by screw bolts 42, 43 and
spaced apart from each other by insulating spacing
sleeves or cylinders 44, 45, as may best be seen on Figs.
9 to 12.

Side walls 40, 41, at their inside faces, are covered
with sheets or plates 46, 47 of ceramic or other refrac-
tory, electrically insulating material of any convenient
or conventional type, sheets which thus line the arcing
space proper and protect it against deterioration through
dielectric and mechanism strains caused by the arc.
These refractory linings are just spaced sufficiently from
each other to allow the passage of the moving arcing
blade 22 therebetween. The spacing thus is narrow,
of a width of the order of about one to a few millimeters,
for thus attenuating the developing and expanding arc
into. a thin lamina.

Simultaneously with this attenuation into. a thin: lam-
ina, the arc will be elongated and deflected in its. plane,
a plane parallel to the side walls of the. chute, into zig-

zag form by the provision, between the refractory lin-
ings, of a comb-like structure batween the walls. of the

arc. development and expansion chamber. In the. em-

bodiment illustrated, this element of comb-like: strue-

ture is inserted between the plates 46, 47. This elenvent
comprises teeth 49 of various lengths adjoining closely,
without gap, the. side walls or refractory plates 46, 47,
as Figs, 2 and 3 illustrate. These teeth project, as Fig.
1 illustrates, from a base body 48 at the upper or exit
end of the arc chute towards and into the path of the
arc and transversely thereof leaving between. themselves
interspaces. of a lateral width sufficient. to allow the
attenuated arc to penetrate into the interspaces and’
thus to be deflected and elongated in zig-zag form in
the plane of its development and expansion, a plane
parallel to the side walls of the arc chute. The: base
body of the structure may preoject above. the side walls.
40, 41 of the arc chute or above the inner lining 46,
47 so that the interspaces between the ribs, or openings
50 provided between the ribs at their roots or the base
of the comb-like structure, may communicate with the

10

20

30

35

40

50

65

60

85

70

outside: of the arc chute and thus allow the hot- gases 75

4
generated by the arc to escape from the arc chute to the
outside atmosphere.

The comb-like structure, here illustrated as a separate
body, may be of any proper insulating material having
a certain elasticity, properly inserted between the walls
of the chamber so as to leave, at the interspaces be-
tween the ribs, uncovered escape openings for the hot
gases. Instead of employing a separate comb-like struc-
ture, this structure may be obtained by providing cor-
respondingly shaped. ribs projecting in relief from the
one or from both walls, the ribs being of a height so as
to extend across the chamber spaces from wall to wall.
These ribs project from the upper part or exit end of
the chamber downwards towards and into the path of
the arc and fransversely thereto. The interspaces be-
tween the ribs communicate at their upper ends, or be-
tween the roots of the ribs with the outside of the
chamber.

At their lateral ends, the plates 40, 41 are shaped
with sackets 51 to lodge therein two blow coils 82, 53
whose effect will be enhanced through magnetic pole
plates 54, 55 and 56, 57 provided upon the outside
faces of the insulating plates 40, 41.

In addition to the first stationary, auxiliary contact 28
which the arcing blade 22 engages in the closed. position
of the circuit breaker, thers are at least three more
auxiliary stationary or fixed contacts disposed within
the arc chute and distributed along the path of the arc
drawing movable contact blade and spaced apart from
contact 28 and from one another. The end contact 29,
similar to contact 28, is shaped of a pair of contact
making clamping jaws between which blade 22 entsrs
or which it engages frictionally, whereas the median
contacts 30, 31, Figs. 1 to 3 and 9, are in form of slotted
arc horns of conductive sheet material extended be-
tween the plates 46, 47 of insulating refractory material.
Contact blade 22 passes through: these slots and contacts
the horns when it moves along its path while the circuit
breaker is. heing opened.

Blow coil 52 is connected to the contacts 28 and 30,
those next on the path upon which the arc drawing blade
22 moves when the circuit breaker is opened. This
coil is so designed as to develop a strong blow field un-
der heavy currents, thus with fewer turns and a larger
diameter of the wire. The second blow coil 53, on the
other hand, is designed to develop a strong blow field
under weak currents, thus is of a greater number of
turns wound of a wire of smaller diameter. This coil
is connected to the confacts. 29, 31, thus to those. most
distant from the closed position on the path of the
opening-arc drawing blade 22.

The device then operates as follows:

As long as the circuit breaker is closed, the current
flows from supply lead 15 over terminal post 17, blade
20, contact 18 and supply lead 16. When the cireuit
breaker is opened, blade 20 leaves the main contact
18. The arcing blade 23, however, remains for a cer-
tain. length of time inserted between the jaws: of. con-
tact 28, as indicated in Fig. 5. For this shart period:
of time, the current. flows from supply lead 15 over
post 17, blades 20, 22, contact 28 to lead 16.

While blade 20, when being opened moves along.a cer-
tain length of its path, the. ausiliary blade: 22, retained
at its: contacting end by the: clamping effect of the: con-
tact. jaws: 28, will, turned about contact 28: by its moving
pivot 27, tension: spring 24. Blade. 20, after a certain
length of its path, will bear with its stop 60, Fig. §,
against: the: arcing blade 22, and will thus pull it out of
contact 28. At this moment, when blade 22 is released
from contact 28, the tensioned spring 24 ‘may act upon
blade 22 and this blade will then swing rapidly about
pivot 27 and during its pivoting motion pass rapidly
through the slotted auxiliary contacts 30 and 31, and over
auxiliary contact 29, Figs. 6 and 7, far finally reaching



the open end position out of the arc chute 33, indicated
in dotted lines at 61, Fig. 1. :

With the moment at which blade 22 leaves the sta-
tionary contact 28, a breaking arc is developed, its suc-
cessive phases being shown in Figs. 5 to 7. At the mo-
ment when the arcing blade 22 -passes the electrode 30,
the arc which formed between contact 28 and blade 22
leaves contact 28 and ‘clings to electrode . 30, Fig. 6.
Coil 52 is now inserted into the circuit and traversed by
the current which is to be interrupted.

Continuing this movement, blade 22 passes the auxil-
iary electrode 31 whilst, under the. influence of the blow
field produced by coil 52, the arc with its roots on blade
22 and electrode 30 develops and rises towards the comb-
like structure 48, 49,

As soon as blade 22 reaches the stationary contact 29,
the left hand root of the arc will leave blade 22 and ad-
here to electrode 31, coil 53 thus being inserted into the
circuit in series with the arc and coil 52, Fig. 7.

Both coils are now inserted into the circuit and both
contribute to the rapid expansion of the arc towards the
upper part of the chamber. The arc will now bear
against the ribs 49 of various lengths of the comb-like
structure and will thus be considerably elongated and
will rapidly extinguish, and .this even before blade 22
has left the auxiliary contact 29 in order to reach the
open pesition at 61.

The hot gases produced by the arc will escape through
the openings 56 provided in the base 48 of the comb-
like structure and above the space of the arc develop-
ment and expansion chamber. :

The extinction of the arc, in the case of heavy currents
will generally be accomplished before the auxiliary blade
22 reaches the auxiliary electrode 31, the action of coil
52 alone being sufficient for expanding the arc to the
extent necessary for rapid extinction. Coil 53 in such a
case will not be inserted into the circuit.

If, contrariwise, weak currents are to be interrupted,

coil 52 in view of the small number of its turns will not
suffice to produce a blow field strong enough for extin-
guishing the arc. The arc thus will still subsist when
blade 22 reaches the auxiliary contact 29. Coil §3 thus
is likewise inserted into. the circuit and owing to the
great number of its turns will contribute to.the immediate
extinction of the arc of low current intensity, and, in any
case, within a lapse of time much shorter than that neces-
sary for the auxiliary blade to pass contact 29,

In cases where it is desired to shorten still more the
length of time during which the second coil is inserted
into the circuit a further auxiliary contact such as shown
at 62, Fig. 8, may be provided which through line 63 is
connected to contact 29 and the end of coil 53 connected
therewith. As soon as the arc between contacts 30 and
31 has reached a certain expaunsion, it will bridge, as in-
dicated in Fig. 8, the contacts 31 and 62 and will thus
short-circuit coil 53. . : :

In the position indicated at 61, Fig. 1, both blades 20
and 22 have reached the open end position. The distance
between the blades and the chamber then is such that no
re-igniting of the arc is possible. In this open end posi-
tion the chamber is not subjected to any dielectric strain.
On the other hand, at the moment when the current is
broken, and particularly when the auxiliary blade 22 en-
gages contact 29, the chamber is- subjected to a dielectric
strain which however is transmitted by means of the
pole plates 54, 55, and 56, 57, towards the midst of
chamber 33 which does less impede the extinction of the
arc than if the strain were transmitted to the region of
coil 53. :

From these developments of the circuit breaker .in ac-
cordance with the invention, the following advantages
result among others.

In the apparatus of the invention, the breaking of the
arc is visible and thus may easily be surveyed.

When the circuit breaker is open, the arc breaking
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chamber is not subjected to any dielectric strain. This
strain, however, during the breaking process is transmit-
ted to the midst of the chamber; the problem of insulat-
ing the chamber is simplified and the conditions for the
extinction of the arc improved through more favorable
distribution of the electric field. The chamber is readily
removable from the circuit breaker so that the field of
use of the same construction is widely enlarged.

When the circuit breaker of the invention or other
circuit breakers with a plurality of blow coils is applied
to the breaking of currents in high voltage networks or
in other cases where the magnetic pole plates may be
susceptible, on drawing the arc, to be charged electrically
with considerable potential differences relatively to each
other, a flashover of an arc between pole plates of the
adjacent coils may occur. The inventor has discovered
that this flash-over may be prevented when in accordance
with & further development of the invention the pole
plates 54 and 36 as well as 55 and 57, Figs. 9 and 10, of
the adjacent coils 52, 53, are provided over their surfaces,
or at least at their juxtaposed parts, as the figures show,

* with a cover or hood, or sheet, or layer 65, 66, 67, 68,
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respectively, of insulating material, insulating material
such as is conventional for high tension insulation, e. g.
the polythenes (CH2CHa) <, vinylchloride CoHzCl or poly-
vinylchlorides (CHa:CHCl)4, or others.

The inventor has further discovered that the steep
change, increase or decrease, of the potential gradient
between juxtaposed pole plates may be avoided when in
accordance with a further development of this feature
the potential gradient over the length of the pole plates
is subdivided into steps by subdividing the juxtaposed
parts of the pole plates into segments such as illustrated
at 69, 7¢; 71, 72; and 73, 74; 75, 76 in Figs. 11, 12, each
segment being covered or coated or enveloped with in-
sulating material and separated by air gaps 77, 78, 79,
89, or gaps filled with other non-conductive non-magnetic
material.

For further equalizing and rendering gradual the tran-
sition from the high potential to the lower one, the non-
conductive gaps, as Figs. 11 and 12 likewise illustrate,
may be magnetically but not conductively bridged by
counter segments 83, 84, 85, and 86, 87, 88 likewise
individually covered or enveloped by insulating material
as just described.

I claim: .

1. In a device for extinguishing an electric arc at least
one stationary contact, a main contact blade, and an arc
drawing contact lever resiliently disposed at said main
contact blade for mevement therewith and movement rela-
tively thereto, an arc chute constitutes by a pair of plates
of insulating, refractory material leaving between. them-
selves a space of a width of the order of about one milli-
meter to a few millimeters, thereby to attenuate the arc;
a comb-like structure constituted by a base body and teeth,
said teeth projecting from the base body and the exit end
of the chute into the space thereof and into the path of
the arc development and expansion and extending trans- )
versely of said space from plate to plate; said teeth being
spaced apart from cne another by interspaces of a lateral
width so as to allow the attenuated arc to penetrate into
said interspaces, the arc thus to be deflected and elongated
within a plane parallel to said plates. :

2. In a device for extinguishing an electric arc at least
one stationary contact, a main contact blade, and an arc
drawing contact lever resiliently disposed at sajd main
contact blade for movement therewith and movement
relatively thereto, an arc chute constituted by a pair of
plates. of insulating, refractory material leaving between
themselves a space of a width of the order of about one
millimeter to a few millimeters, thereby to attenuate the
arc; a comb-like structure constituted by a base body and
teeth, said teeth projecting from the base body and the
exit end of the chute into the space thereof and into the
path of the arc edevelopment and expansion and extend-
ing transversely of said space from plate to plate; said
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eeth being spaced apart from one another by interspaces
£ a lateral width so as to allow the attenuated arc to
penctrate into said interspaces and thus to be deflected and
elongated within a plane parallel to said plates; said comb-
Iike structure being disposed in spatial relationship to the
exit of said chute so as for said interspaces to communi-
cate at the roots of the teeth with the outside of the
chute.

3. In a device for extinguishing an electric arc, at least
one stationary main contact, a main contact blade, and an
arc drawing contact lever resiliently disposed at said main
contact blade for movement therewith and movement
relatively theretc, an arc chute constituted by a pair of
plates of insulating refractory material leaving a narrow
space between themselves; two blow coils disposed at said
arc chute for blowing out said arc withim said space, one
of said coiis being designed so as to develop a strong blow
field under heavy currents, the other to develop a strong
blew field under weak currents; said arc drawing lever
having a contact disposed for movement through said
arc chute; at least four stationary, auxiliary contacts being
disposed within said chute and distributed along the path
of -said arc drawing contact and spaced apart from one
another; the first of said auxiliary contacts being connected
to a terminal of said device, said first auxiliary contact
and said movable arc drawing contact being mutually dis-
posed for frictional engagement; the first of said coils
being connected between the first and the second of said
auxiliary conmtacts, the second of said coils being con-
nected between the last two of said auxiliary contacts;
thereby, when the main blade is opened and is moved on
its path, to snap said arc drawing movable contact from
the first of said auxiliary contacts and move it over the
other auxiliary contacts and thus, in rapid succession,
while drawing the arc and causing it to develop and ex-
pand, first to-insert in series with the arc the first named
coil, designed for blowing out arcs of high current in-
tensity, and thereafter to insert, in series with the arc
and the first named coil, the second named coil, designed
for blowing out arcs of low current intensity.

4. In a device for extinguishing an electric arc, at least
omne stationary main contact, a main contact blade, and an
arc drawing contact lever resiliently disposed at said
main contact blade for movement therewith and move-
ment relatively thereto, an arc chute constituted by a
pair of plates of insulating, refractory material leaving
between themselves a space of a width of the order of
about one millimeter to a few millimeters, thereby to
attenuate the arc; a comb-like structure constituted by &
base body and teeth, said teeth projecting from the base
body and the exit end of the chute into the space thereof
and into the path of the arc development and expansicn
and extending transversely of said space from plate to
plate; said teeth being spaced apart from one another
by interspaces of a lateral widih so as to allow the at-
tenuated arc to penetrate into said interspaces and thus
to be deflected and elongated within a plane parallel to
said plates; said comb-like structure being disposed in
spatial relationship to the exit of said chute so as for said
interspaces to communicate at the rcots of the teeth with
the cutside of the chute; two blow coils being disposed at
said arc chute for blowing out said arc within the space,
one of said coils being designed so as to develop a strosg
blow field under heavy currents, the other to develop a
strong blow field under weak currents; said arc drawing
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lever having a contact disposed for movement through
said arc chute;-at least four stationary, auxiliary contacts
being disposed within said arcchute and distributed there-
in along the patly of said arc drawing contact and spaced
apart from one amother; the first of said auxiliary con-
tacts being connected to a termninal of said device, said
first auxiliary contact and the contact of szid arc drawing
movable lever being mutually disposed for frictional en-
gagement; the: first of said coils being connected between
the first and the second of said auxiliary contacts, the
second of said coils being comnected between the last two
of said auxiliary contacts; thereby, when the main blade
is opened and is moved on its path, to snap the arc
drawing movable contact from the first of said auxiliary
contacts and move it over the other auxiliary contacts
and thus, in rapid succession, while drawing the arc, ex-
panding and attenuating the same, first to insert in serfes
with the arc the first named coil, designed for blowing cut

res of high current intensity, and thereafter to insert,
in series with the arc and the first named coil, the second
named coil, designed for blowing out arcs of low current
intensity.

5. A device as set forth im claim 3 wherein said are
chute, including plates, stationary contact, auxiliary con-
tacts, and blow coils, is designed as a unitary structure
adapted to be removably mounted as a whole at one of
the supply leads of a current interrupter, thereby to make
possible employment of the interrupter with said arc
chute as a circuit breaker and without said arc chute
as a section switch.

6. In a device as set forth in claim 3 wherein said
blow coils are provided with pole plates of magnetic
material, said pole plates having at least at their jux-
taposed parts covers of insulating material, thereby, when
the arc is-drawn and the pole plates might electrically
be charged with considerable potential difference relative-
1y to each other, to protect the device against flash-over
of an arc between said pole plates.

7. A device as set forth im claim 6 wherein said pole
plates in the direction of the potential gradient are sub-
divided into a plurality of segments with gaps of non-con-
ductive material therebetween, thereby to subdivide the
potential gradient into steps.

8. A davice as set forth in claim 7 wherein the non-
conductive gaps are magnetically but not conductively
bridged by counter segments:
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