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This invention relates to circuit interrupters in
general, and more particularly to arc-extin.
guishing structures therefor.

The general object of my invention is to pro-
vide an improved spaced metallic plate type of
arc chute, in which the estaklished arc is maore
effectively cooled and extinguished than has been
obtained heretofore. |

Another object is to provide an improved com-
Pposite plate structure for a circuit interrupter of
the spaced metallic plate type in which special
provision is incorporated for the interruption of
both low and high currents.

A further object is to provide an improved
spaced metallic plate type of arc-extinguishing
structure in which novel means are utilized to
accelerate movement of the are into the spaced
plate structure and thereacross to become suh-
divided thereby.

A further object is to provide an improved

magnetic structure for such a type of circuit in-
terrupter in which the transverse magnetic field
is intensified at the rear or exhaust end of the
arc chute to facilitate the interruption of the
higher magnitude currents.
- Further objects and advantages will readily
become apparent upon reading the following
speclilcation, taken in conjunction with the
drawing, in which:

Figure 1 is a side elevational view, partially in
vertical section, of an improved spaced plate type
of circuit interrupter incorporating my inven-
tion, the contact structure being shown in the
open circuit position:

Fig, 2 is a fragmentary side elevational view .

of the arc-extinguishing structure of Fig, 1, with
the cover removed from the interrupter:

Figs. 3 and 4 are side elevational and end views
of the plate used in the rear portion of the com-
posite plate structure:

Figs. b and 6 are side elevational and end views
of the plate used in the front or entering por-
tion of the composite plate structure:

Figs, 7T and 8 are side elevational and end views
of the gas-evolving barrier plate employed in my
improved arc chute:

Figs. 9 and 10 are side elevational and front
elevational views of the improved magnetic struc-
ture for my improved arc-extinguishing struc-
ture; and

Fig. 11 is a fragmentary vertical sectional view
of a modified type arc chute with the contact
structure in the open circuit position.

Referring to the drawing, and more partic-

ularly to Fig, 1 thereof, the ref erence numeral 1
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generally designates a circuit interrupter includ-
Ing a molded cover 2 through an aperture of
which extends an operating handle 3. The cover
2 rests upon a molded base 4 which may be
mounted either horizontally or vertically as
shown. The invention is applicable to either
& single-pole circuit interrupter controlling one
line of a circuit, or to a multi-pole circuit inter-
rupter controlling all of the lines of the circuit
to be protected.

Briefly, the circuit through a single pole of
the interrupter includes a terminal stud 6, a flex-
ible strap 7, which may be associated with a
thermal tripping device, not shown, but which
may be utilized to automatically actuate the
cperating mechanism upon the occurrence of
overload conditions. The circuit then extends
through a second flexible conducting strap 8 to
a movable contact 8, the latter being actuated by
a movable operating lever 10 actuated in turn by
any suitable mechanism, not shown. The mech.-
anism is manually operated by operation of the
externally projecting handle 3 in a manner well
known to those skilled in the art.

In the closed-circuit position of the inter-
rupter, not shown, the cireuit extends from the
movable contact 9 to a stationary contact {2, and
thence through a strap conductor {3 to the other
terminal stud 14 of the interrupter.

Associated with the movable and stationary
contacts 9, 12 is an arc chute, generally des-
ignated by the reference numeral 16, and com-
prising a composite conducting plate structure
IT and a magnetic circuit {8. The composite
conducting plate structure 17 includes a plural-
ity of composite arcing plates 19 disposed in.
spaced relationship, as shown in Fig. 1, to receive
the established arc 20 and to cause the subdivi-
sion and movement of the same.

Referring to Figs, 3-6, it will be observed that
each composite plate 12 includes = U-shaped
front or entering masnetic arcing plate 21, the
configuration of which is more clearly shown
in Figs. 5 and 6. The front plate 21 is made of
any suitable magnetic material, such as 1ron,
S0 that the magnetic field surrounding the es-
tablished arc 20 will be distorted and will cause
the arc 20 to be attracted or biased in the direc-
tion 22 of PFig. 5 toward the bight portion 23 of
the U-shaped plate 21. The action of the iron
plate 21 is particularly effective during low-cur-
rent interruption. -

The composite plate 19 also includes a rear
arcing plate 24, more clearly shown in Figs. 3
and 4, Preferably the rear plate 24 is made of
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s, suitable non-magnetic material having the de-
sirable characteristics of being able to withstand
the heat and high temperature of the arc when
it travels across the surfaces of the rear plate 24.
I have found an alloy composed of substantially
809 nickel and substantially 20% chromium to
pe partlcularly suitable for use in fabricating the
rear plate 24. The use of such alloy in such an
arc extmgmshmg plate structure is more par-

~ ticularly described, its characteristics set forth,,
‘and is claimed in my copending application filed

February 16, 1950, Serial No. 144,461, and as-
signed to the assignee of the instant applwatmn

It will be observed that sécured, such as by
spot welding, to the exhaust end of the rear plate

24 is another plate 25, which is also preferably

formed of a nickel-chromium alloy sinlar to

the plate 24, the purpose for which will subse-

quently be explained. I provide a pailr of ceramic
plate holders 26, 26a having grooves 271 provided ¢

therealong. The compomte plates 19 are securely
fastened into p031t10n by being placed” within
the srooves 21, in a4 manner more clearly shown
in Figs. 1 and 2. It will be observed that a'slight
space 28 is present between the two plates 21,
94 of each composite plate 19

TO expedlte the movement of high cu‘rrent
ares aéross the plate structure {7, I provide the
maghetic cireuit 18 more clearly shown in Figs.
9 and 10.
cludes’ a U=shaped. magnetic yoke member 29

havineg a base portion 30 and cutwardly extend-

ing Jeg portions 3i. |
- Preferably the distance “D” between the exX=

- haust erids of thelegs 31 is less than the distance

“D;,” which is the distance between the front
edees 32 of the magnetic circuit’ I8 so that the
trahsverse magnetic field 33" will' be more comn-
céntrated at the rear portion of the arc chute
I8 because of the smaller air gap therebetween,
a§ indicated in Fig. 2. L |

Disposed at the réar end of the arc chute 16,
a3 shown in Figs.” I and- 2, is’ a” perforated gas
evolving barrier plate 3% hiaving staggered aper-
tures 36 provided’ therethrough, the purpose for
which- will- be subsequently explained.. Also a
substantially U-shapéd bent insulating plate
member 37 is providéed about the base portion 30
of the magneétic voke 29 to prevent electrical
contact between’ the yoke 29 and-the strap con-
ductor 13+

The operation of my 1mproved arc chute 6
will' now bbb explained. When it is desired to
open the contact structure, the handle 3 may be
mantally operated. Or if overload conditions
are present, 4 suitable thermal or- magnetic trip=
ping device will be actuated, as is” well known
to those skilled in: the ‘art, to actuate the operat-
ing mechanism (not shown) associated with the
interrupter to caiise séparation of the. movable
contact 9 away from-the stationary contact [2 to
establish an arc 29 therebetween: Because of
the loop circuit 1nclud1ng the operatmg lever {0,
the movable contact 9 and the stationary contact
{2.-the arc 28 will tend to expand, as’ shown by
the reference character 38.
- During the interruption of low amperage cur-
rents the magnetic or iron plates 24 will be par-
ticularly effective to bias or force the arc 38
toward the bight portion 23 thereof, so that the
‘arc 38 will become subdivided by the plurahty of
front plates 21. Such subdivision of the arc 48
into a plurality of arcs 39, as shown in Fig. 1,
brings about intensive coolmg and demmzatmn
of the several short arcs 39 extending between

Briefly the magnetic circuit {8 in> 3
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the front iron plates 2i. Under normal condi-
tions such arcs will be rapidly extinguished, this
all occurring during a time when the magnetic
field 33 is relatively weak due to the small amount
of current.

During the mterruptwn of heavy currents the
single turn wmdmg, as indicated by the current
arrows 42 of Fig. 1, of the magnetic yoke 29 will

create an intense transverse magnetic field 33,

particularly concentrated at the rear portion
of the arc chute (8§, as shown in Fig. 2. In such
case the high amperage arcs 39, having been
prewously subdivided by the iron plates 21, will
contmue thelr lateral movement into the rear

| plates 94 as attracted thereinto by the intense

maghetic - field 33. Moreover, the presence of
the plates 29; Wthh cause the spacing S to be

less than the spacing “Si1,” the distance between

thé frorit edges of the plates 24, will attract the
heavy current arcs 41 to the rear end of the com-
posite plate structure 8. Because of the greater
mass of metal, and because of the intensive mags=
netic field, such lateral movement of the high
current arcs 4! will' be rapid. When the lLiigh

current arcs 41 reach the cuter ends of the plates

25 they will causé the evolution of gas from the
egas-evolving' plate 35, which gas will tend to
move the arcs 41 backward toward the front-of
the arc chute 16.- Interruption soon follows.

Because of the provision of the vents-36 in the
barrier member 25 being disposed in staggered
relation, as shown in Fig. 7; the arcs 81 will'-not
pass out through the barrier 35 to cause flashover
ot the exhaust end of the arc chute 16:

From the foregoing description it Wlll be: ap=-
parent that I have provided' an- improved - arc
chute in combination with: a suitably designed
and located mdagnetic coil to obtain-a more efiec-
tive movement of the arc towards the back of
the arc chute 18.. The front  part of- thie arc
chute 16 is especmlly suitable for the interrup-
tion of small currents, the magnetic field being
too wedk at this time to be effective. On large
currents, such as short=circult: currents however,
the magnetic coil takes up the arc at the throat
of the arc chute (6 and moves it back towards
the rear of the arc chute 8. By having the rear
part of the plates made of an arc-resisting alloy
such as nickel-chromium, the material is hence
non~magnetic and at the same time a cood-con-
ductor. In this way the arc meels little resist-
ance in bemg split up into small arcs and-forced
towards the back of the arc chute 6.

The magnet {3 is placed back far enough in the
arc chute 16 from-the iron part of the plates 21
so that llttle or No magnetm flux 1s shun ed
through the iron. In other words, the flux irom
the 'magnet is located back far enough to be back
out of the influence of the iron part of the t}lates
I8 so that all magnetic forces are eff ecme in
drawing the arc towards the back of the IIC chute
(6. It will furthermore be noted that the U-
shaped magnet 29 by being slichtly wider at the
front end than at the rear end causes a greater

5 air gap at the fronv end with a corresponding

narrower air gap at the rear end. This tends to
keep the magnetic flux towards the rear Qf the
arc chuue i6 and. away fmm the .LI'GII end (o) the
arcing plates 55 The pr esence of iron at tnp
front end of the plates can he Peu*"mllzad some-
what by the narrower air gap at the rear of the
arc chuue 6. It is apparent that the coil eéner-
sizing the magnetic 011'01111: EE is forvned by the
conductor {2 on the one side of the base por tion

20 of the magnetic circuit {8 and by the arc run-
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ner 40 on the top

the arc has travelled to the rear of the are chute
16, there will be, in effect, almost one complete
turn about the core 30.

PFProm the foregoing description it will be ap-
parent that with my improved arc chute | 6, when
the contacts part, the are Immediately comes
under the drawing influence of the front or iron

increasing its resistance. It is cooled more effee-
tively by the sides of the plate holders 26, Z25a
and by the composite plates 18. 1t is deionizeg
Imore eilectively as it is forced t0 move back ta
the comparatively cooler part of the are chute 6.
The wear on the plates {9 ig consequently dimin-
ished because the are is in motion.

By having the rear gaps between the plates 24
slightly smaller than the front gaps between the
plates 24, the arc, in seeking the easiest path, will
travel to the rear of the arc chute 16 where this
path is located. Thus, since the gaps are ar-
ranged so that the total sum of the gap spaces
In the rear is g little less than the sum of the gap
Spaces at the front ends of the alloy plates 2é,
the arc travels to the back of the plates 24 seek-
Ing the shortest path. Thus the lateral movement
of the arc over the plates 24 is expedited.

My improved arc chute 1§ has the following
advantages:

1. There is more effective cooling because the
arc travels to the rear of the arc chute and there-
by comes into contact with the cooler parts of
the plates.

2. Burning at one spot is minimized since the
are is in motion.

3. If the arc should hang on longer, it will be at;
the rear of the plates 24, 25 where damase to the
plates 24, 25 will be less than if the arc played at
the throat; this result is caused by the fact that
the rear of the plate 24 ig thicker than the front
of said plate.

4. Delonization will be mors rapid due to the
more efficient cooling of the arc, and consequently
higher voltage ratinges can be given to the inter-
rupter.

5. There will be increased arc resistance as a
result of more stretching of the arc and a come-
pressing of the arc by the narrow rear end of the
arc chute.

6. Low currents can be quenched by the front
end of the arc chute alone.

1. There is less deterioration of the plates be-
cause the arc is in motion most of the time.

8. The evolution of gas from the gas evolving
barrier plate 35 intensifies the deionizing action
brought to bear upon the are.

Fig. 11 illustrates a modification of my invern-
tion utilizing a modified type arc chute generally
designated by the reference character 43. The
arc chute 43 includes a plurality of spaced me-
tallic plates 44 which are preferably slotted, as
were the plates 21 of Figs. 5 and 6. Again the
stationary contact 12 and the movahle contact S
may be utilized to establish an are 20 which enters
the slots 45 of the several plates 44. If the plates
44 are formed of a nonmagnetic material, it is de-
sirable to utilize a transverse magnetic field to
force the arc 20 into the plate structure to be-
come subdivided thereby. However, if the plates
44 are formed of a magnetic material, such as
iron, such transverse magnetic field is not neces-

of the base portion 30. When
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sary, and the magnetic

6

plates 44 themselves will
sutlice to attract the arc 20 into the slots 45 and
onto the plates 44 to become subdivided thereby.

The important thing, however, is not the mate-
rial of which the plates 44 are made, but the fact
that the sum of the gap distances at the rear ends
46 of the plates 44 is less than the sum of the gap
distances at the front entering edges 47 of the
plates 4§. The advantage acceruing from the use
of such a smaller gap distance at the rear ends 46
0f the plates 44 has pPreviously been set forth in
connection with Pig. 1. Consequently, Fig. 11
merely shows how, instead of utilizing auxiliary
Plates 25, as in Pigs. 3 and 4, one may use
a plurality of single plates and have the plates
slope in such g direction as to make the sum of
the gap distances at the rear ends of the plates
smaller than the sum of the gap distances at the
arc entering ends of the plates.

Although I have shown and described specific
structures, it is to be clearly understood that
the same were merely for the purpose of illus-
tration, and that changes ang modifications may
readily be made therein by those skilled in the
art without departing from the spirit and scope
of the appended claims.

I claim as my invention:

1. A circuit interrupter including means for
establishing an are, an arc chute including s
plurality of spaced composite metallic plates, the
arc entering portion of compnosite plate
veing U-shaped and formed of magnetic material,
the rear portion of each composite plate being
formed solely of non-magnetic material, and
means for forcing the established arc into the
arc chute to become subdivided thereby into a
blurality of serially connected arcs.

2. A circuit interrupter including means for
establishing an are, an arc chute including a
plurality of spaced composite metallic plates, the
arc entering portion of each composite plate
being a slotted plate entirely formed of magnetic
material, the rear portion of each composite
blate being a plate formed solely of non-mag-
netic material, and means for setting up a sub-
stantially transverse magnetic field across the
arc chute especially intensified at the rear por-
tion of the are chute.

3. A circuit interrupter including means for
establishing an are, an arc chute including a
of spaced metallic plates, the estab-
lished arc moving into the metallic plates to
become subdivided thereby into g plurality of
arcs, and the sum of the gap spaces at the rear
ends of the metallie plates being less than the
Sum of the gap spaces at the arc-entering ends
of the metallic plates.

establishing an arc, an arc chute including a
plurality of spaced metallic arcing plates, the
established are moving into engagement with the
arcing plates to become subdivided thereby into
a plurality of short arc portions therebetween,
and a plurality of relatively small additional
metallic arcing plates secured to the rear por-
tions of the first said arcing plates between the
Same so that the summation of the arcing dis-
tances at the rear of the first said arcing plates
is less than the summation of the arcing dis-
tances at the arc-entering ends of the first said
arcing plates and the short arc portions will
correspondingly be reduced in length as they
move rearwardly gzeross the first said arcing
plates.

0. A circuit interrupter Ihcluding means for
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“éstablishitig “an *are, - an :aic “chiute “ineluding “a
“plurality of Spaced coihposite inetallic: plates, the
sie ‘entering portion ~of -each composite -plate
-peire “U-shaped ‘and “formed ' of ~magnetic ‘ma-

-

“terial “the rear portion 6f ‘each:composite plate

“Being Tormed : solely ‘Of non-magnetic material,
“and means including. 'a,"'magnfétic;firoke ‘structure
~Having a gredter air gap at thHe front end theéreof

1 |

“than ‘at the rear end thereof for ‘setfing upa

-’-f"_s'ub'st'&ntially-'t‘ra?nsvérse migernetic field across the
~are ;chute especially intensified at the rear por-

10

exposed to arcing,
thereof, to provide for

8

3. A eireuit :interrupter including fueans or

‘éstablishing an are, an -arc ‘chute including -2
plurality of spaced composite metallic pldtes,-the

arc-entering plate portion of each ‘composite

plate being formed of magnetic material, a non-

magnétic plate  portion ‘positioned ‘beéyoiid the
rearmost portion of each of a plurality ‘of ‘the
‘magnetic plates, the surfaces of -both the Mmag-

netic plates and the ‘non-magnetic plates beéing
at least at the central portions
‘movement ‘of termingls

of ‘short ares thereon; whereby the “established
gre is subdivided into 2 plurality of serially con-
nested ares Wwhose ferminals move across the
plates of both types. |
| ALBERT R. CELLERINI.

fion’of theare chute. |

‘8. A “eircuit “interrupter “including means for
~establishing ‘an d&re, dn arc chute including -a
"phurality of: Spac'e’d‘“-compbsite‘-m’etal‘lic plates, the
sgre~entering plate -portion of each composite
splate being formed of magrietic material, a non-
magnetic -plate . portion positioned beyond ‘the
rearmost portion-of ‘each: of a2 -plurality of the

15
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