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ite second direction (48) of a second arc (50) between the other contact (10) and the second portion (16) as it moves away from the
closed toward the open contact position. The magnetic field causes one arc to enter one arc chamber depending upon current flow
direction between the contacts.
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ELECTRICAL SWITCHING APPARATUS INCLUDING
MAGNET ASSEMBLY AND FIRST AND SECOND ARC CHAMBERS
CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent
Application Serial No. 617557 384, filed November 9, 2011, which 1s incorporated by
reference herein.

BACKGROUND

Field

The disclosed concept pertains generglly o elecirical switching
apparatus and, more particularly, to circuit interrupters, such as circuit breakers.

Backeround Information

Electrical switching apparatus emoploving separable contacts exposed
to atr can be structured 1o open a power circyit carrving appreciable current, These
electrical switching apparatus, such as, for mstance, ciremt breakers, typcally
experience arcing as the contacts separate and commonly incorporate are chambers,
such as are chutes, to help extinguwish the arc. Such are chutes typically comprise a
plurality of electrically conductive arc plates held in 3 spaced relaticns around the
separable contacts by an electrically msulative housing. The are transfers to the are
plates where 1t is stretched, split and cooled until extinguished.

Conrventional nuniature circuit breakers (MCBs) are not specifically
designed for use n direct cugrent {DC) applications. When conventional alternating
current (ALY MOBs are sought to be applied in DC applications, multiple poles are
glectrically connecied in series to achieve the required nterruption or switching
performance based upon the desired svsten DC voltage and system DC current.

One of the challenges in DC current interraptionsswitching, especially
at a relatively low DC curvent, 1s to drive the arc mio the arc chamber. Known DC
electrical switching apparatus employ permanent maguets o drive the arc uso arc
splitting plates. A known problem associated with such perruanent magnets in known
DC electnical switching apparatus is unidirectional current flow operation of the DC
electrical switching apparatus. A proposed solution to provide bi-directional current
flow operation i g molded case cirowt breaker (MCUB) is a double-break design

(e.g., similar to the contact structare of a contactor} wcluding two sets of contacts, and

o
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two separate are chambers with a stack of are plates for each arc chamber, where each
are chunber has a pair of magnets o geserate opposite magnetic felds w drive an are
into a corresponding stack of arc plates depending upon the direction of the current.
This probleny and 1ts proposed sohution make 1t very difficult to implement a
S perntanent magnet design for typical DC MUBs without a significant increase n size
anst cost,
There 1s room for improvement in elecirical switching apparatus that
can switch direct current.
There is also reom for improvement in divect current are chambers,
10 SUMMARY
These needs and others are met by embodiments of the disclosed
concept i which g generally wnidirectional magnetic field causes one of g first arc
and a second are to enter one of first and second arc chambers, respectively,

depending upon a direction of current fow between 3 first contact and a second

—
i

contact.
In accordance with aspects of the disclosed concept, an electrical
switching apparatus comprises: a first are runner; a second arc runner; a first contact
m glecirical commumeation with the Brst arc runner; 8 second contact in electrical
conununication with the second arc runner; a movable contact comprising a first
20 portion and a second portion respectively cooperating with the first confact and the
second contact {o provide a closed contact position i which the miovable contact
electrically engages the first and second contacts, and an open contact position
which the movable contact is disengaged from the first and second comtacts; a fisst are
chamber comprising a first end, an oppostie second end, a longiudinal axis

25 therebetween, and a plurality of first are plates belween the first end and the opposite
second end, one of the fivst arc plates at the fivst end of the first arc chamber bemg
proxumate the first arc runner, another one of the first arc plates at the opposite second
end of the first arc chamber being proximate the first portion of the movable contact
as the movable contact moves from the closed contact posstion loward the open

30 contact position; a second arc chamber comprising a first end, an opposite second end,

a longitudinal axis therebetween, and a plurality of second arc plates between the first

end and the opposite second end of the second arc chamber, one of the second arc
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plates af the first end of the second arc chamber being proximate the second arc
ronner, another one of the second arc plates at the opposite second end of the second
arc chamber being proximate the second portion of the mievable contact as the
movable contact moves from the closed contact position toward the open contact
position; an operating mechamsm cooperating with the movable contact to move the
movable contact between the closed contact position and the open comact position;
and a magnet assembly cooperating with the first and second are chambers to
establish a generally wndirectional magnetic field nornwl 10 the longitudinal axes of
the first and second are chambers, normal to a first direction of a first are between the
first contact and the fivst portion of the movable comtact as the movable contact moves
away from the closed contact position toward the open contact position, and normal to
an opposite second direction of a second arc between the second contact and the
second portion of the movable contact as the movable contact moves away from the
closed contact position toward the open contact position, in order that the generally
giidirectional magnetic field causes one of the first arc and the second arc to enter
one of the first and second are chambers, respectively, depending apon a direction of
current flow between the first contact and the second contaet,

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be gained from the

following description of the preferred embodiments when read in conjunction with the
accompanving drawings in which:

Froare 1y an exploded sometric view of a circait breaker in accordance
with embodiments of the disclosed concept.

Fuzure 2 15 awy isometric view of the circut breaker of Figuwre 1.

Figare 3 15 an isomeinic view of the daal are chamber and magnet
assembly of Figore 1.

Figure 4 15 a cross-sectional view of the dual arc chamber and magnet
assembly of Figure 3.

Figure S s 8 stmplified cross-sectional view of the magnet, ferromagnehic

frame and generally vnidirectional magnetic field of the magnet assembly of Figure 3.
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Frowre 613 2 cross-seciiongd view of an arc chamber and magnet
aasembly including two arc chambers, and a MOV printed civeuit board in accordance
with an envbodiment of the disclosed concept.

Figure 7 is an tsometric view of the MOV prinded circult board of Figure
.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As emploved herain, the term “number™ shall mean one or an integer
greater than one (Fe., a plurality).

As employed herein, the statement that two or move parts are
“connected” or “coupled” together shall mean that the parts are joined together either
directly or jomed throagh one or more intermediate parts. Further, as emploved
herein, the statement that two or more parts are “attached”™ shall wean that the paris
are joined together divectly.

The disclosed concept is described in assoaation with a cirouit
breaker, although the disclosed concept s applicable to a wide range of electricat
switching apparatus (e.g., without Hmitation, a switching device; a relay; a contactor;
a disconnect switch),

Referrimg to Figures 1 and 2, an electrical switching apparatus, such as
the example circuit breaker 2, is shown, The cirount breaker 2 includes a {irst avc
vunner 4. g second are runner 6, a first {fixed) contact 8 in electrical comnunncation
with the first are runner 4, and a second (fixed} contact 14 in electrical
communication with the second arc runner 6. A movable contact 12 of the circuit
breaker 2 includes a first contact portion 14 and a second contact portion 16
respectively cooperating with the first contact B and the second contact 10 to povide
a closed comtact postiion {not shown} i which the movable contact 12 electrically
engages the first and second contacts 8,10, and an open contact position in which the
movable comtact 12 is disengaged from the first and second contacts 8,11

The circult breaker 2 further includes two arc chansbers 15,20, The
first avc chamber 18 includes a first end 22, an opposite second end 24, a longitudinal
axis 26 therebetween, and a plurahity of first arc plates 28 (Figure 3) between the first
end 22 and the opposite second end 24, One 28A of the {irst arc plates 28 at the first

end 22 of the fivst are chamber X 15 proximate the {ivst are runner 4. Another one
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288 of the frst arc plates 28 at the opposite second end 24 of the first are chamber 18
is proximate the first porton 14 of the movable contact 12 as the movable contact 12
moves from the closed contact position toward the open contact position.

The second arc chamber 20 includes a first end 30, an opposite second
end 32, a fongitudinal axis 34 therebetween, and a phurality of second are plates 36
{(Figure 3} between the first endd 30 and the opposite second end 32 of the second are
charaber 20. One 36A of the second arc plates 36 at the first end 30 of the second are
chamber 20 is proximate the second arc runner 6. Another one 368 of the second arc
plates 36 at the opposite second end 32 of the second arc chamber 20 is proximate the
second portion 16 of the movable contact 12 as the movable contact 12 moves from
the closed contact position toward the open contact position.

An operating mechamsm 3X cooperates with the movable contact 12 to
move the movable contact 12 between the closed contact position and the open
contact pusition.

A magnet assembly 40 (best shown m Figures 3 and 4) cooperates with
the first and second are chambers 18,20 1o estabhish a geverally wnidirectional
magnetic field 42 (Figure 3) normal to the longitudingl axes 26,34 of the first and
second arc chambers 18,20, normal to a fst direction 44 (Figure 33 of a first are 46
between the first contact 8 and the first portion 14 of the movable contact 12 as the
movable comtact 12 moves away from the closed contact position toward the open
contact position, and nonmal to an opposite second direction 48 (Figure 3) of a second
arc St between the second contact 10 and the second portion 16 of the movable
contact 12 as the movable contact 12 moves sway from the closed contact position
toward the open contact postiton. As a resull, the generally unidirectional magnetic
field 42 causes one of the first arc 46 and the second arc 50 to enter one of the first
and second arc chambers 18,20, respectively, depending upon the direction of current
flow {e.g.. interruption of divect current flowing from line terminal 71 1o second
contact 141 to movable contact portion 16 {0 movable contact portion 14 to first
contact § through magnetic trip coil 70 {o load terminal 72 causes the ares 46,50 (o
flow in the two respective directions 44,48 shown s Figure 3) between the first

contact 8 and the second contact 19,
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Fach of the first and second arc runners 4,6 has a first portion 32 on
which one of the first and second contacts 8,13, vespectively, is disposed, 4 second
portion 54 nonmal to the first portion 32 and extending along the longitudinal axis
26,34 of one of the first and second arc chambers 18,20, respectively, and a third
portion 36 normal to the second portion 54 and extending porallel to one 284 36A of
the gre plates 28,36 at the fivst end 22,30 of the first and second are chambers 1820,
respectively.

The first divection 44 {Figure 3} of the first arc 46 between the first
contact 8 and the first portion 14 of the movable contact 12 as the movable contact 12
noves away from the closed contact position toward the open contact position is
generally along the longitadimal axis 26 of the first arc chamber 18 and toward the
first end 22 of the first ave chamber 18 With the example dwection of current flow,
the generally unidirectional magnetic field 42 (Figure 5) couses the first arc 46 10
enter the first arc chamber 18, The opposite second direction 48 {Figure 3} of the
secomnd arc 30 between the second contact 10 and the second portion 16 of the
movable contact 12 as the movable contact 12 moves away from the closed contact
position toward the open contact position is generally along the longitedinagl axis 34
of the second arc chamber 20 and away from the first end 30 of the second are
charmber 20, Again, with the example divection of carrent flow, the generally
wiidirectional magnetic field 42 (Figure 3) causes the second arc 50 to avoid the
second arc chamber 20, Since the two fixed contacts 8,14 are disposed to one side of
the crrout breaker 2, current flow operatively associated wath the two are chambers
18,20 s in opposite directions 44 48 (Figure 3), thereby allowing use of the penerally
amdirsctional magnetic feld 42 to cause one of the two arcs 40,530 to be guenched m
one of the two are chambers 18,20 depending apon the direction of the current flow
and, in particudar, the direction of the carrent flowing in the two arcs 46,540

As shown m Figure 3, the [ivst arc plates 28 gt the opposite second end
24 of the first arc chamber 18 and the second arc plates 36 at the opposite second end
32 of the second arc chamber 20 have a first end 58 facing one of the first and second
portions 14,16 of the movable contact 12 and an opposite second end 60 {as shown
with the arc plates 28A,36A). The generally unidirectional maznetic field 42 (Figure

5¥ s structured to cause one of the first are 46 and the second arc 50 o define a
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corresponding one of two stable final are positions 62 amd 63 (Figure 3) amony the
first ave plates 28 and the second arc plates 36, respectively, and toward the opposite
second end 6 of the first and second arc plates 2836, The magnetic Held design (as
best shown in Figure 5} defines the stable {inal split arc position 62 or 63 since as the
are 46 or 54 moves progressively lower {with respect to Figores 1, 3 and 5) in the are
chamber 18 or 20, respectively, the generally nnidirectional magnenic feld 42
reverses al corresponding region 04 or 65 {Figure 5} and causes a halt to the
downward (with respect to Figures 1, 3 and §) progression of the arc. This emplovs,
for example, an “arc motion magnetic field™ 42 as shown in Figure 3.

The disclosed concept enables the direction of current flow between
the first contact 8 and the second contaet 10 to be selected from the group consisting
of alternating current, anidirectional posibive direct curvent, umidirectional negative
direct current, and hi-directional divect current. Qperation with hi-directional current
1s made possible since the gre 46 or 50 13 direcied {0 only one of the two arc chambers
18 or 26 depending upon the divection of the current flow and, thus, the direction of
the current flow in the arc 46 or 30, This intninsically provides bidirechonal
switching by the contacts 8,10,12,

Although the disclosed electnical switching apparatus is @ cireat
mitgrrupter, such as the example circuit breaker 2. 1 will be appreciated that the
disclosed concept 1s applicable to any electnical switching apparatus, such as 8
disconnect switch. In the example embodiment, the operating mechanism 38 mcludes
a trip mechanism 66, The example ttip mechanism 66 includes at least one of a
himetal 68 and a magnetic trip coil 70, The example bimetal 68 is electrically
vonnected to the load terminal 72 by a conductor 73, The example magnetic tnp cvil
7ib is electrically connected between: {1} the load terminal 72 and conductor 73, and
{23 the first comtact 8 and a conductor 77.

The example magnet assembly 40 incluades a permanent magnet 74
{Figures 4 and 3) and a ferromagnetic frame 76 (Figures 4 and 3} A suitable
electrical imsulator, such as the example plastic molded case 84, includes a first
portion 78 holding the fivst arc chamber 18, a second portion 80 holding the second
arc chamber 20, and a third portton 82 holding the permanent magnet 74 between the

first and second arc chambers 18 20, The example permanent magnet 74 is a single
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permanenl magnat, such as for example and withouwt Hmitation, 8 single ceramic
nragnet {e.g., 8 non rare earth permanent magnet). The structure of the example
magnet assambly 40 provides a penmanent arc motion magnetic field 42 (Fizgre 5.
Since there is g single permanent magnet 74, there is sufficient space for a relatively
larger ceramic magnet {e.g., larger than a relatively high energy rave earth permanent
magitet), Alernatively, the permanent magnet 74 can be a rare earth permanent
magnet, such s for example and without limitation, a single Neodvimium mapnet
{e.g., without limitation, a permanent magnet made from an alloy of neodyidum, iron,
and boron to form a NdaFe B tetraponal crystalline stracture), or a SmCo permanent
nragnet. Such rave earth magnets have a relatively stronger magnetic field, thereby
permitting a relatively smaller permanent magnet thickness and allowing the arc chute
width of the arc chambers 18,20 1o be increased. Altematively, a ceramic permanent
magnet has a relatively weaker magnetic field, thereby needing a relatively lavger
thickness of permanent magnet and providing a relatively smaller width of the arc
chattes m the arc chambers 18,20, as shown. I will be appreciated that greater
{smatler) interruption awvent can be provided by a relatively larger (smaller) width of
the arc chambers 1820, Also, both of the ceramic and rare earth permanent niagnets
can be produced as evther sintered or bonded. The bonded permanent magnets
typically bave a relatively much lower magnetic energy and contan up to 10%
polymer by weight.

The example ferromagnetic frame 70 s partially surrounded by the
example molded case 84, As shown m Figore 5, the peroument magnet 74 has 3 first
magnetic polarity (N} disposed toward the first arc chamber 18 and an opposite
second magnetic polarity {S) disposed toward the second arc chamber 20,

in the example embodiment, the last are plate 368 1s oplionally
electrically connected to the load ternunal 72 by a conductor 86 and arc plate 288 1
optionally electrically connected to load terminal 71 by pumper 69 1n order to cause
the gjected are to be eliminated when the arc that enters the arc chute connects o
erther arc plate 288 or 368 (depending on the divection of the current being
interruptedy. It will be appreciated that this “ted” wrrangement is optional and need
not be emploved. Elimination of the gjected are will reduce the peveration of arc

damage and debnis in the “wnused are chamber™ and general mechamsm areas.
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Back-striking can resull when an arc moves and lengthens across wad
into the are plates 28 or 36, thereby increasing the arc vollage. However, if the are
moves too gquickly, then it can breakdown {o 3 previous shorter kensth as caused by
the higher arc voltage and the remaining conductivity of the old arc path. The
disclosed ave nunners 4,6, the sphitter arc plates 28,36, and the magnetic field
magmitude from the permanent magnet 74 and the ferromagnetic frame 76 provide for
effective arc sphitting and minimal back-striking.

Optionally, as shown i Figures 6 and 7, a number of MOV B8 Hm#t
the series voliage of the arc plates 28,30 duning mterruption. MOV printed circuit
(PC) board 90 is installed beneath the magnet 74, Two bridge contacts 92 94 each
wedge into, tor example and without hmitation, the second are plate
2RO IR0 A6C36D (Frgure 3) from a corresponding end 22,30:34 32 (FPigure 3) of the
two arc chambers 1820, Only ove side of the two are chambers 1820 carries the
series volage during an inferruption based upon the polarity of the DC current. In
this example, three MOV B of the PU board 90 are emploved {in series} 1o imcrease
the effective MOV himiting voltage, while emploving relatively smalt MOVsina
relatively small space, although # will be appreciated that any suitable munber of
MOVs can be emploved. The MOV BY are structured to Lt a first voltage across a
plurality of the first avc plates 28 and a second voltage across a plurality of the second
arg plates 36. 1 the example embodiment, the number of MOVs 88 are a plurality
{e.g., three; any suitable number) of MOVs &8 glectrically connectad i series
between a first erminal defined by the fisst bridee contact 92 and a second ternunal
defined by the second bridge contact 94, The first bridge comtact 92 is electncally
connecied to one 28C of the first are plates 28 proximate the first end 22 of the first
are chamber 18 and o one 360 of the second arc plates 36 proximate the first end 30
of the second arc chamber 20, The second bridge contact 94 15 electrically connected
to one 28D of the first arc plates 28 proximate the opposite second end 24 of the fimst
arc chantber 18 and to one 36D of the second arc plates 36 proximate the opposite
second end 32 of the second ave chamber 20, 1t will be appreciated that other saitable
voltage hnuting devices, such as, for example and without hmitation, zener diodes
and transorbs, can be emploved to perform the function described of the example
MOVs.
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Preferably, a nuntber of the first arc plates 28 28B.230 and & nmumber
of the second are plates 36,368,361 have a V-form, which V-form is known from
alternating current cireau breakers. By this V-form, the gre will be forced to move (o
the root of the V. For example and without imiutation, a dihedral form is employed

S that generates a dibedral effect in order to center the arc when moving inte the arc
plates 28 288 28D or 36,368,360,

Preferably, suitable insulators (not shown) are disposed beiween the
arc plate 2588 or 28D and the ends 24 or 32 of the arc chambers 18 or 20, respectively.
Thus avoids flashovers to these are plates 288 or 28D when cooling the arc. increases

10 the air clearance for the avc, dampens vibrations of the line ternunal 71, and provides
an adequate dead stop.
The disclosed concept provides negligible arc flash {e g, negligible
display of relatively high temperature are gas producis).

Many DC switching devices have a specified mintmum interrupt

—
i

current because the magnetic field per ampere requurement increases as the current
decreases in order to assure sudable ave motion. These devices are not able o
interrupt currents below this value. The disclosed concept provides switching
pesformance over the carrent range from zero fo g specified maxinum rated nterrupt
current {e g, without Himitation, up to 1000 amperes) since sufficient magnetic field s
20 present to move a relatively low current arc 46 or 50,
in the example embodiment, the open contact position is structured to
interrapt curvent fow at a voltage of up to about 730 VRO, For example, 600 VDC 1o
1300 VDO solar string and combiner box applications employ a muniature relay or
wircuit breaker to replace fuses and provide a wipable and resetable devive that
25 incorporates solar are fault algorithms. A single disclosed circuit tireaker 2 can
address 606 VDO 1o 750 VDC applications. Two of the disclosed circuit breakers 2
in series can address 1000 VDO to 1500 VDO apphications.
The disclosed concept achieves 730 VDC bidirectional switching with
only one permanent magnet 74, The example permanent magnet 74 and
36 ferromagnetic frame 76 provide a suttable generally umdirectional magnetic field 42

to move example zero to 100 ampere arcs i the splitter are plates 28,36 of one of
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two are chambaers 18,20 where the resualting arc voltage is sufficient to interrupt 750
VD,

Although g single permanent magnet 74 is shown, it will be
appreciated that two magnets can be employed to provide the generally unidirectional
magnetic field 42, For example, the single permanent magnet 74 in the center of the
magitet assembly 40 can be replaced by two {e.g., without limitation, half-thickness)
magnets {not shown) on the two opposing sides of the magnst assembly 40, where
both magnets have the same polarity divection 0 order 1o establish the generally
unidirectional magnetic fiekd 42, Another non-limiting altermative s to add a
fervomagnetic steel plate (not shown) in the center of the magnet assembly 40 instead
of the single magnet 74 in the center.

The disclosed arc chambers 18,20 achieve a velatively higher voltage
{e.g., up to 730 VDO switching i a muniature DC switching device at a reduced cost.

While specific embodiments of the disclosed concept have been
described in detail, it will be appreciated by those skilled in the ant that various
modifications and alternatives to those details could be developed in light of the
overall teachings of the disclosure, Accordingly, the particular arrangements
disclosed are meant to be lhustrative only and not imiting s o the scope of the
disclosed concept which is to be given the full breadth of the claims appended and

any and all equivalents thereof.
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What s Claimed i
k. An electrical switching apparates {2} comprising:

3 fivst are runner {43;

a second arc ranner (6}

a first contact {8) in electrical communication with said first arc
runper {4}

a secomtd contact {10) in electrical communication with said
second are nmner (6}

a movable contact {12) comprising a first portion {14) and &
second portion (16) respectively cooperating with sad first contact (8) and said
second contact (10} to provide a closed contact position i which said movable
contact {13} electrically engages said first and second contacts (8,10}, and an open
contact position in which said movable contact (12} 1= disengaped from said first and
second contacts (8,10}

a first arc chamber (18) comprising a first and (223, an opposiie
second end (24), a longitudinal axis (26) therebetween, and a phurality of fivst are
plates (28) between the fivst end and the opposite second end, one (28A) of the first
are plates (28) at the first end of the first are chamber (18) being proximate said first
are ranner {4}, another one {288 of the first arc plates {(28) at the opposite second end
of the first arc chamber (18) being proximate the first portion {14} of saxd movable
contact {12} as said movable contact {12) moves from the closed contact position
foward the open contact position;

& second arc chamber (20) comprising a first end (30), an
opposite second end {32}, 3 longiudinal axis {34) therebetween, and a plurality of
second arc plates {30} between the first end and the opposite second end of the second
are chamber (20}, one (36A) of the second are plates (36} at the first end of the second
arg chamber (20} being proximate said second are ranner (6}, another one (36B) of the
second arc plates {36} at the opposiie second end of the second arc chamber (26}
being proximale the second portion (16} of said movable contact (12) as said movable

coutact {12} moves from the closed contact position toward the open contact position;
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an operating mechanism (38} cooperating with said movable
contact (12 1o move sald movable contact (12) between the closed contact position
and the open contact position; and

a magnet assembly (40} cooperating with said first and second
are chambers (18,207 to establish a generally unidivectional magnetic field (42)
pormal to the fongitedinal axes (26,34) of said first and second arc chambers (18.20Y,
normal to o first divection {(44) of a first arc (46) between the first contact {¥) and the
first portion {14} of the meovable contact {12} as sald movable comtact (12) moves
away from the closed contact position toward the open comtact position, and normal to
an opposite second direction (48) of & second are (50) between the second contact
(181 and the second portion {16} of the movable contact {12) as said movable contact
{12y moves away from the closed contact posinon toward the open contact position, in
order that said generally unidirectional magnetic field (42) causes one of the first are
{46} and the second arc (M1 1w enter one of said first and second arc chambers
{18,201, respectively, depending wpon a direction of current flow between the first
contact (8) and the second contact (10).

2, The elecirical switching apparatus (2) of Claim 1 whereit each
of said first and second arc runners (4,6) has a first portion {32} on which one of saud
first and second contacts (8,10}, respectively, 1s disposed. a second portion (54)
normal to the last said first portion and extending along the longiudingl axis (26,34}
of one of said first and second arc chambers {18,200, respectively, and a third portion
{36) normat 1o the last said second portion and extending paraliel to one of the first
and second arc plates (28,36 at the first end (22 36) of said first and second wic
chambers (18,20}, respectively.

3 The electrical swilching apparatus (2) of Claim 1 wherein said
another one (36B) of the second arc plates (36} at the opposite second end of the
second arc chamber {20) s elecirically connected to a load temunal (72) in order 1o
eliminate an gjected arc during interruption of the current How.

4, The elecirical switching apparatas (2 of Claim 1 wheremn the
first divection {(44) of the first are (46) between the first contact (8) and the first
portion {14} of the movable contact (12} as sard movable contact {12) moves away

from the closed contact posttion toward the open contact position is generally along
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the longitudmal axis (26) of said first are chamber (18} and toward the first end {223
of the first ave chamber (18); wherem swd generally pnidirectional magnetic field (42)
causes the first arc (46) to enter the first arc chamber {18); wherein the opposiie
second direction (48} of the second arc (30} between the second contact (10} and the
second portion (16) of the movable contact (12} as said movable contact {12} moves
away from the closed contact position toward the open contact position 1s penerally
along the longitudinal axis (34) of said second arc chamber {20} and away from the
first end (30} of the second arc chamber (20); and wherein satd ganerally
unidirectional magnetic field (42} canses the second are {50) to avoid the second are
chamber (2.

s The electrical switching apparatus (2) of Claim 1 wherein a
magnitude of said current flow for mtervuption by said first, second and movable
contacts is from zero mnperes to a predetevmined maximum amperes.

f. The electrical switching apparatas (23 of Claim 1 wherem sad
first avc plates (287 at the opposite second end {24) of ihe first are chamber (18) and
said second arc plates (36) at the opposite second end (32) of the second are chamber
{20 have a first end (58) facing one of the tirst and second portions {14,16) of the
movable contact {12) and an opposite second end {60); and wherein said generally
wmdirectional magnetic field (42} 18 structured to couse said one of the first are (46)
and the second arc {50) to define a stable final arc position (62,63} among said first
arc plates (28} and said second arc plates (30), respectively, and toward the opposiis
seconrd end (68} of smd first and second arc plates (361,

7. The electrical switching apparatas (2} of Claim | wherein said
direction of current flow between the first contact (83 and the second contact {10) 13
selected from the group consisting of alternating Qurrent, positive direct current,
negative divect current, and bi~divectional direct current.

8. The electrical switching apparatus (2) of Claim 1 wherein smd
electrical switching apparatus (2} 1s a civeult interrupler (2); wherein sad operating
mechanism (38) comprises a trip mechanism (66} and wherem said trip mechanism
{66) comprises a bimetal (68) electrically connected to a load terminal {72).

9, The electrical switching apparatus (23 of Claim 8 wherem said

frip mechanism {66} comprises at least one of said bimetal (68} and a magnetic tiip
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coif (70); and wherein said magnetic trip coil (71 is electricallv connected betwaen
said load terminal (72) and said fivst contact {(8).

10, The electrical switching apparatus (2) of Clain 1 wherein said
magnet assembly (40 comprises a permanent niagnet (743, a ferromagnetic frame
(763 and an insulative case (84) including a fivst portion (78) holding said fivst are
chamber {18), a second portion (80) holding said second arc chamber {203, and 4 third
portion (82 holding said permanent magnet {74) between the first and second ar
chambers {18,200

i1, The elecirical switching apparatus (2} of Claim 10 wherein the
insulative case partially surrounds the first and second arc chambers.

12, The electrical switching apparatus (2) of Claim 1 wherein said
magnet assembly (40) comprises a magoet {74} baving a fivst magnetic polarity (N}
disposed toward said first arc chamber (18) and an oppostte second magnetic polarity
{8y disposed toward said second arc chamber (24},

13, The elecirical switching apparatas (2} of Claim 1 wherein the
open contact position Is structured (o interrupt the corrent flow at a voltage of up o
about 750 VRC,

4. The electrical switching apparatus (2) of Clamm 1 wherein said
magnet assembly (40) comprises a magnet selected from the group consisting of a
single Neodymimm permanent magnet {743, a single SinCo permanent magnet, and a
single ceramic magnetl.

15, The electrical switching apparatus {23 of Claim 1 wherem sad
nragnet assembly (407 conynises a number of MOVs (88} structured o limit 8 first
voltage across 8 plurality of the first arc plates (28} and a second voltags across a
plugality of the second arc plates (36); wheren said number of MOVs are a phuality
of MOVs (88} elecincally connected in series between a first terminal (92 and a
second terminal (94); wherein the first terminal (92} 1s electrically connected to one
{28C) of the first arc plates {28) proximate the first end (22) of the frst arc chamber
{18} and to one {36 of the second arc plates {36) proxtmale the first end {30) of the
second arc chamber (20} and wherein the second terminal (94) is electrically

connected to one (28D) of the first arc plates {28) proximate the opposite second end
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{243 of the first arc chambsy (18) and o one (36D} of the second are plates {36)

prosimate the opposiie second end (32} of the second are chamber (200,
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FIG.2
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