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UNITED STATES

1,896,764

PATENT OFFICE

MAURICE W. BRAINARD, OF LOS ANGELES, CALIFORNIA, ASSIGNOR TO WESTINGHOUSE
ELECTRIC & MANUFACTURING COMPANY, A CORPORATION OF PENNSYLVANIA

CIRCUIT BREAKER

Application filed February 16, 1932. Serial No. 593,236,

My invention relates generally to circuit
breakers and more particularly to devices for
extinguishing large current arcs in air or gas.

The arc extinguisher of my invention is of
the cold cathode-spaced plate type. The arc
is established adjacent to the extinguisher
proper, and is moved, by magnetic action,
through a converging slot into the extinguish-
ing chamber which includes a plurality of
spaced conducting plates. These spaced con-
ducting plates subdivide the arc into a plu-
rality of short arcs which, under the influence
of the flux of a radial field, rotate at a very
high velocity—while existing as cold cathode
ares—until they become extinct.

My invention is a further improvement of
circuit breakers of the type disclosed in Pat-
ent No. 1,784,760, issued to Joseph Slepian,
December 9, 1980, and certain subject mat-
ter described herein is claimed in the appli-
cations for Letters Patent, Serial No. 510,981,

~ filed January 24, 1931, by Frederick B.
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Johnson, and Serial No. 511,010, filed Janu-
ary 24, 1931, by Robert C. Dickinson, all of
which are assigned to the assignee of the
present invention.,

One object of my invention is to provide an
arc extinguishing structure that shall be ef-
fective and reliable in operation and that
shall be economical to manufacture.

Another object of my invention is to gen-
erally simplify the construction of the above-
mentioned type of arc-extinguisher by pro-
viding spacing and aligning means integral
with the plates themselves.

A further object of my invention is to pro-
vide means integral with the unit plates of
the arc extinguishing structure for ventilat-
ing each of the short arcs and for providing
through passages within the structure.

A further object of my invention is to pro-
vide ventilating passages having a width sub-
stantially the same as the width of the con-
ducting plates, and, at the same time to pre-
vent the short arcs from passing out of the
structure through the ventilating passages.

A further object of my invention is to pre-
vent the building-up of gas pressure in ad-
vance of the arc as it moves into the spaces
between the conducting plates, and thus per-

mit the use of a relatively weak blow-in field,
without the provision of heavy, multi-turn,
blow-in coils, for moving the arc into said
spaces.

A still further object of my invention is to
provide a composite plate for use in arc ex-
tinguishing structures that shall have an
edge portion of magnetic material and a cen-
tral portion, upon which the short arcs are
caused to rotate, of non-magnetic conduct-
ing material; the edge portions of said com-

_posite plates having raised edge portions

thereon for engaging and positioning the cen-
tral portions of said composite plates, and for
spacing the composite plates, and having de-
pressed portions extending from the central
portion to the edges of the plates for provid-
ing ventilating passages therebetween.

The features of my invention which I be-

lieve to be new are particularly pointed out *

in the appended claims. For a full under-
standing of the principles of the invention
and the best mode of applying the same, ref-
ence may be had to the accompanying draw-
ings, in which:

Figure 1 is a view in elevation of the arc
extinguishing structure of my invention;

Fig. 2 is a sectional view of my arc ex-
tinguishing structure taken along the line
II—IT of Fig. 1, and illustrating the con-
tact members associated therewith;

Fig. 8 is a sectional view along the line
IIT—IIT of Fig. 2;

Fig. 4 is a sectional view along the line
IV—IV of Fig. 2;

Iig. 5 is an exploded perspective view of
my arc extinguishing structure. In view of
the limited available space, only a few of cen-
trally disposed plates have been shown;

Figs. 6 te 8, inclusive, are detail views of
one of the composite plates embodied in my
structure;

Figs. 9 to 11, inclusive, are detail views
of one of the edge portions of the composite
plates embodied in my structure:

Figs. 12 to 15, inclusive, are detail views
of the two types of central portions used in
forming the composite plates.

Inasmuch as my invention does not pertain
to circuit breaker operating mechanisms, and
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since those mechanisms are well known in
the art, I have illustrated only the contact
member part of a circuit breaker in associ-
ation with my arc extinguishing structure.
A diagrammatic representation has been pro-
vided in order to show the electrical connec-
tions involved. I prefer to mount the struec-
ture of my invention adjacent to the contact
members and in such position that the plane
of the composite plates is substantially nor-
mal to the arc path. This greatly facilitates
the movement of the arc into the structure and
makes for more reliable operation. '
As shown in Fig. 2, the current carrying
plate 1 of copper, which also forms the base
of the arc-extinguishing structure 10, termi-
nates in a raised portion 2 which is used as
the main stationary contact. The contact
members 6 and 7 are, respectively, the main
moving contact and the auxiliary moving
contact. These contact members are con-
nected to the line 3 and to the top plate 40
of the arc-extinguishing structure, as shown
by the diagrammatic representation. An
auxiliary contact plate 14 of copper is pro-
vided; this member is insulated from the
main contact plate 1 by the ‘nsulating plate
12 and has integral therewith (as shown in
Fig. 5) a raised portion 15 which is used
as an arcing contact, conducting members 17,
and a contact portion 16 of arc-resisting con-
ducting material. The arc-resisting conduct-
ing material which I prefer to use is a silver-
tungsten alloy composed of 40% silver and
60% tungsten. Any conducting material,
however, having similar properties would be
quite satisfactory. The contact portion 16
is disposed on top of the raised arcing con-
tact 15 and is utilized as a facing for protect-
ing the contact surface from the arc. Dur-
ing the opening and closing of the circuit
breaker the electrical circuit is first estab-
lished and finally interrupted between the
auxiliary moving contact 7 and the arcing
contact 15. The main moving contact 6 en-<
gages the main stationary contact 2 only

. when the breaker is in the fully closed posi-
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tion.” This construction is in accordance with
the usual high-voltage, high-current circuit
breaker design in which separate members
are used for carrying normal line current and
for establishing the arc when the circuit is
interrupted. This construction is especially
desirable in that a low resistance contact
may be preserved between the main contact
members despite any arcing or pitting of
the auxiliary contact.

Referring more particularly to.the draw-
ings, my invention comprises, generally, a
stack of composite plates 19 disposed sub-
stantially at right angles to the arc path,
and having means assoc’ated therewith for
moving the arc into the spaces between these
composite plates 19 and there rotating at
high speed until extinguished. The current

- 1,896,764

carrying member 1, as has been previously
pointed out, is utilized as a base for the en-
tire structure; it has rigidly fixed thereto a
tubular iron member 11 which is threaded on
the free end. An insulating washer 42 and
an insulating tube 43 are associated with the
tubular member 11 and serve to insulate that
member from the remainder of the structure.
Assembled about the insulating member 43
are the composite plates 19 and a coil as-
semblage 5 which is used for providing a ra-
dial field within the structure.

Beginning with the current carrying plate
1, the next element in the stack structure is
an insulating member 12 having an opening
13 to permit the passage of the tubular mem-
ber 11. This insulating member 12 serves
to separate the current carrying member 1
and the plate member 14. The plate member
14 has a circular opening 34 of sufficient di-
ameter to admit the insulating tube 43. An
insulating plate 20 substantially rectangular
in outline and having a converging slot 31
and an annular opening 32 separates the plate
member 14 from the other plates in the struc-
ture. Four composite plates 19 each. sepa-
rated from the other by one of the insulating
plates 20 are assembled adjacent to the plate
member 14 and its associated insulating plate
20. The coil assemblage 5, which includes
the iron plates 26, comprises the next unit
in the structure. Following this are three
more of the composite plates 19 which are
likewise insulated from each other and from
the coil assemblage 5 by insulating plates 20.
The top plate 40 is of heavy gauge sheet cop-
per and it has a portion 48 which projects
outwardly from the plane of the plate. This
projecting portion 48 facilitates the trans-
fer of the arc from the auxiliary moving con-
tact 7 to the arc extinguishing structure.
The top plate 40 is insulated from the adja-
cent composite plate by one of the insulating
planes 20, and has another insulating plate
41 on the outer side thereof.

All of the composite plates 19 and the iron’
plates 26 have converging slots 81 similar
to those in the insulating plates 20. Thus,
when the arc extinguishing structure is com-
pletely assembled a converging wedge shaped
opening 50 extends inwardly from the arc
path. It is in this opening 50 that the arc
1s moved during the initial stage of the arc
interruption. The barriers 18 of arc re-
sisting insulating material are provided for
protecting the exposed edges of the plates.

The central portion of the composite plates
19, the coil assemblage 5, and the top plate 40
all have the common opening 34 for engag-
ing the insulating tube 43 which surrounds
the tubular iron member 11. This opening
84 provides a convenient positioning means-
and permits the entire structure to be rigidly
fastened together by the nut 45 which engages
the threaded portion on the end of the tubu-
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lar iron member and presses against the iron
washer 44 and the insulating member 42.

Each of the barriers 18 has a slot 39 therein,
This slot 39 is adapted to receive the con-
ducting members 17 which form an integral
part of the plate member 14. A fish paper
insert 197 is provided to assist in securing a
tight fit between each of the members 17 and
the walls of the slot 39. When the plate sec-
tions are completely assembled the outward-
ly projecting ends of the conducting mem-
bers 17 are bent upwards (Fig. 2) and con-
ductively fastened to the nut 45 by the fillister
head screw 46 which passes through the cen-
tral opening in the tubular iron member 11
and its associated nut 47. The resultant
structure is compact, rigid and has consid-
erable mechanical strength.

Referring to Figs. 5 to 15, inclusive, each
of the composite plates 19 comprises an iron
plate 22 and a rectangular copper plate 23
or 24. In each of the iron plates 22 there
is a cutout portion in the center comprising
a converging slot 31 and an annular portion
33 connecting therewith. On the edges of
each of the iron plates 22, there are edge
portions 52 extending outwardly from the
plane of the plate and a raised portion 29
extending from the annular cutout portion
to the edge of the plate. These portions de-
fine three sides of a rectangular depression
into which the copper-conducting plates 23
and 24 fit. The raised central portion 29
not only serves to assist in positioning the
central portion of the composite plate, but,
in addition, it provides a ventilating passage
30 in the plane of the iron plates 22 for each
of the central portions.

Each of the copper plates 23 and 24 used
in forming the composite plates 19 has a slot
37 therein which is adapted to form the con-
tinuation of the slot established by the iron
plates 22 and 26 and their associated insu-
lating members. In addition each of the
plates 23 and 24 has a central opening 34 and
a cutout portion 35 or 36 for preventing the
building up of eddy currents. '

In the assembled arc extinguishing struc-
tures each composite plate 19 having a cen-
tral portion 23 is disposed adjacent to a
composite plate 19 having a central portion
24. This 1s done in order that the cutout
portions 35 and 36 shall not align to form a
continuous opening through the structure.
Except for the position of the cutout por-
tions 35 and 36 the plates 23 and 24 are
identical.

The unitary coil structure 5 is provided for
setting up the radial field within the arc ex-
tinguisher. This structure includes two cop-

_ per, coil-end plates 25 of substantially the

same outline as the copper plates 23 and 24
used in building up the composite plates 19,
three insulating members 21 and four iron

65 members, two of which are the same as the iron

3

plates 22 used in the composite plates. The
coil 28 comprises several turns of copper rib-
bon, each turn being insulated from the adja-
cent turn by an insulating member 29" wound
therewith. One end of the coil 28 is con-
nected to one of the copper, coil-end plates
25 and the other end is connected to the other
copper coil-end plate 25. Disposed about the
coil itself are two iron members 26 insulated
from each other and insulated from the end
plates 22 by suitable insulating plates 21.
These iron members 26 assist in equalizing
the radial field and provide a low reluctance
path in the magnetic circuit. The two iron
plates 22 which engage the copper plates 25
form a structure which is dimensionally the
same as the remainder of the plates in the arc-
extinguishing structure.

The slots 38 in copper plates 25 are of less
depth than the similar slots 87 in the plates
28 and 24; the reason for this will be pointed
out is some detail later. The cutout portion
35 is common to all the copper plates.

In manufacturing the composite plates 19,
I prefer to form the raised portions 52 there-
on by rolling the edges of the plates 22 which
are made of magnetic material. Likewise, I
prefer to form the vent 30 for each of the
mdividual arcs by making a depression 29 in
the magnetic portions 22 of each of the com-
posite plates 19. It is quite conceivable that
a similar result could be accomplished by the
establishing of suitable depressions or raised
means in or upon the central portion of the
composition plates, and it is my wish and in-
tention that the appended claims should read
on structures of either type.

It is also quite conceivable that a magnetic
material other than iron could be used for the
plates 22, and that copper is not the only sat-
isfactory material for the central portions of
the composite plates 19.

The operation of my arc extinguishing
structure may best be described by consider-
ing the sequence of events following the open-
ing of the circuit breaker contacts. Assum-
ing that the contacts begin to separate when
the line potential is such that the current
flows in through the current carrying plate 1,
through the main contacts 2 and 6, and out
the line 3, the first step is the separation of
the main stationary contact 2 and the main
moving contact 6. No arc is established at
this time, but the path of the current through
the interrupter is considerably changed, in-
stead of flowing straight through the current
carrying member 1 to the main moving con-
tact 6, the current now flows through the
upper part of the current carrying plate 1, the
tubular member 11 which extends through
the center of the structure, the paralleled con-
ductors 17, the arcing contact 15, the auxil-
iary moving contact 7, and thence to the out-
going line 3. Next, the auxiliary moving con-
tact 7 moves out of engagement with the arc-
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ing contact 15, and the arc is initially estab-
lished. The separation of the auxiliary mov-
ing contact member 7 and the arcing contact
15 increases until the moving contact 7 has
moved to the full open position. It is to be
noted, at this point, that the top plate 40 of
the arc extinguishing structure is at all times
electrically connected with the moving con-
tacts 6 and 7 and the line 8. Thus, when the
arc is completely established it exists between
the arcing contact 15 and the top plate 40.
Simultaneously with the formation of the
arc, the magnetic effect created by the adja-
cent slotted plates 22 and 26 of magnetic ma-
terial causes the arc to begin to move through
the converging wedge shaped opening 50 to-

ward the copper conducting plates 28, 24, and

25 within the structure. This movement of
the arc is further assisted by the magnetic
attraction existing between the centrally dis-
posed current carrying conductor (the tubu-
lar element 11) and the arc itself, the direc-
tion of current flow in the arc and 1n this con-
ductor being the same, and by the repulsion
between the arc and the paralleled conduc-
tors 17. The combined effect of these mag-
netic forces results in an almost instantane-
ous movement of the are through the converg-
ing wedge shaped opening 50 and into the
structure. '

The arc first makes contact with the coil-
end plates 25—by reason of the shorter slot
38 in those plates. Then, since the imped-
ance of the coil 28 which is connected between
the coil-end plates 25 is considerably less
than the corresponding path of ionized air,
the arc divides into two parts; one on each
side of the coil. The arc current now flows
through the coil 28, and thus establishes a
radial field normal to the axis of the arc.
Upon continued movement of the arc or more
correctly upon continued movement of the
two arcs, the other copper plates 23 and 24
are contacted, and each of the large arcs splits
up into a plurality of short arcs. Under
the influence of the radial field each of these
short arcs is caused to rotate at high speed
about the central-current carrying conductor.

The path of travel of each of the short
arcs is defined by the cutout portion 32 in
the insulating members 20. These insulat-

_ing members 20 also serve to keep the short
" ares within the structure by providing insu-

55

lation across the vent openings 30.
The rapid motion of the short arcs and the
accompanying rapid removal of the heat—

-made possible by the vents 30 and by the inti-
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mate conductive relationship of the copper
and the magnetic plates—combine to effect a
very rapid extinguishing of all of the indi-
vidual arcs existing within the structure.

It will be noted that the arc extinguishing
structure is assembled with the composite
plates 19 facing in opposite directions on the
opposite sides of the central coil assemblage

1,806,764

5. Thisis donein order that the curved slots

37 in the copper plates 23 and 24 shall face
in the same direction as the short arcs are
caused to move by the radial field. The short
arcs must, perforce, rotate in opposite direc-
tions on opposite sides of the coil.

It will thus be seen that I have disclosed
an arc extinguishing structure that is reliable
and effective in operation, that is simple and
economical to manufacture, and that has
means integral with the composite plates of
the structure for venting each of the small
arcs while, at the same time, retaining those
small arcs within the structure.

While, in accordance with the patent stat-
‘'utes, I have given the foregoing details of a
practical embodiment of my invention, it is
to be understood that many of these are mere-
ly illustrative and that variations of their
precise form will be both possible and in some
applications desirable. I desire therefore,
that the language of the accompanying claims
shall be accorded the broadest reasonable con-
struction and that my invention be limited
only by what is explicitly stated in the claims
and by the prior art.

I claim as my invention:

1. In an arc extinguishing structure, a plu-
rality of plates of conducting material, and
a plurality of plates of magnetic material,
some of said plates of magnetic material hav-
ing raised portions on the outer edge thereof.

2. In an arc extinguishing structure, a plu-
rality of composite plates, each of said plates
having a portion of conducting material, a
portion of magnetic material, and raised por-
tions along the outer edges thereof.

3. In an arc extinguishing structure, a plu-
rality of composite plates, each of said plates
having a central portion of non-magnetic
conducting material, an edge portion of mag-
netic material, and raised portions along the
outer edge thereof. :

4. In an arc extinguishing structure, a plu-
rality of plates of non-magnetic conducting
material, and a plurality of plates of mag-
netic material having slots therein, some of
said plates of magnetic material having raised
partions along the outer edge thereof.

5. In an arc extinguishing structure, a plu- .

rality of plates of magnetic material having
raised portions along the outer edge thereof,
and a plurality of plates of conducting ma-
terial, each fitting within and engaging the
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raised portions on one of said plates of mag- .

netic material.

6. In an arc extinguishing structure, a plu-
rality of composite plates, each of said com-
posite plates having a central portion of non-
magnetic conducting material and an edge
tion of magnetic material having a depres-
sion therein; said depression extending out-
wardly from said central portion and defin-
in% a ventilating passage between said plates.

. In an arc extinguishing structure, a
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stack of composite plates, each of said plates
having a central portion of non-magnetic
conducting material and a portion of mag-
netic material, and means for giving the are

5 a rotary motion on said portion of non-mag-
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netic conducting material, some of said plates
having raised portions on the outer edges
thereof for positioning said plates in align-
ment in said stack.

8. In an arc extinguishing structure, a plu-
rality of plates of magnetic material baving
raised ‘portions on the outer edges thereof,
and a plurality of non-magnetic conducting
plates substantially rectangular in shape,
each of said rectangular plates fitting within
the raised portions on one of said plates of
magnetic material.

9. In an arc extinguishing structure, a plu-
rality of composite plates for subdividing the
arc into a plurality of short arcs, and a plu-
rality of insulating members for separating

said composite plates, each of said composite

plates including an edge portion of magnetic
material and a central portion of non-mag-
netic conducting material substantially rec-
tangular in shape, said edge portion of mag-
netic material having a depression therein
extending outwardly from said central por-
tion for ventilating said short arcs. -

10. In an arc extinguishing structure, a
plurality of plates of non-magnetic conduct-
Ing material substantially rectangular in
shape, a plurality of plates of magnetic ma-
terial having annular cutout portions therein
and raised portions on the outer edges there-
of, said raised portions engaging said plates
of non-magnetic material.

11. In an arc extinguishing structure, a

plurality of plates of non-magnetic conduct-
Ing material substantially rectangular in
shape, and a plurality of plates of magnetic
material having a uniform width and raised
portions on the outer edges thereof.

12. In an arc extinguishing structure, a
plurality of plates of non-magnetie conduct-
Ing material, a plurality of plates of insulat-
ing material, and a plurality of plates of
magnetic material, said insulating plates and
said plates of magnetic material having an-
nular cutout portions therein, said plates of
magnetic material having, in addition, de-
pressed portions extending outwardly from
sa;id annular cutout portion to the edge of said
plate. :

13. In an arc extinguishing structure, a
plurality of plates of non-magnetic conduct-
ing material substantially rectangular in
shape, & plurality of plates of magnetic mate-
rial having a substantially annular opening
therein, each of said plates of non-magnetic
conducting material being placed over the
annular opening in one of said plates of mag-
netic material and means integral with said
Pplates for spacing said plates.

14. In an arc extinguishing structure, a

5

plurality of plates of non-magnetic conduct-
ing material, and a plurality of plates of
magnetic material; said plates of magnetic
material having raised portions on the outer
edges thereof, and having other raised por-
tions for providing ventilating passages be-
tween said plates; said raised portions defin-
ing a depression of substantially the same
outline as said plates of non-magnetic con-
ducting material.

15. In an arc extinguishing structure, a
plurality of plates of non:magnetic conduct-
ing material, and a plurality of plates of
magnetic material having an annular cutout
portion therein ; some of said plates of mag-
netic material having raised portions on the
outer edges thereof, and having other raised
portions extending from said annular cutout

portion to the edge of said plates; said raised

portions defining a recess of substantially the
same outline as said plates of non-magnetic
material, '

In testimony whereof, I have hereunto sub-
scribed my name this 11 day of February,

1932. ,
MAURICE W. BRAINARD.
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