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ELECTRICAL SWITCHING APPARATUS AND
DEBRIS BARRIER THEREFOR

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from and claims the benefit of U.S.
Patent Application Serial No. 15/652,619, filed July 18, 2017, which is incorporated

by reference herein.

BACKGROUND

Field

The disclosed concept relates generally to electrical switching
apparatus and, more particularly, to electrical switching apparatus, such as circuit
breakers. The disclosed concept also relates to debris barriers for electrical switching
apparatus.

Background Information

Electrical switching apparatus, such as circuit breakers, are employed
in diverse capacities in power distribution systems. A circuit breaker may include, for
example, a line conductor, a load conductor, a fixed contact and a movable contact,
with the movable contact being movable into and out of electrically conductive
engagement with the fixed contact. This switches the circuit breaker between an ON
or closed position and an OFF or open position, or between the ON or closed position
and a tripped or tripped OFF position. The fixed contact is electrically conductively
engaged with one of the line and load conductors, and the movable contact is
electrically conductively engaged with the other of the line and load conductors. The
circuit breaker may also include an operating mechanism having a movable contact
arm upon which the movable contact is disposed.

Upon initial separation of the movable contact away from the
stationary contact, an electrical arc is formed in the space between the contacts. The
arc provides a means for smoothly transitioning from a closed circuit to an open
circuit, but produces a number of challenges to the circuit breaker designer.
Therefore, it is desirable to extinguish any such arcs as soon as possible upon their
propagation. To facilitate this process, circuit breakers typically include arc chutes

which are structured to break-up the arcs. Each arc chute includes a plurality of



WO 2019/016630 PCT/IB2018/054666

10

15

20

25

30

spaced apart arc plates. As the movable contact is moved away from the stationary
contact, the movable contact moves past the ends of the arc plates, with the arc being
drawn toward and between the arc plates. The arc plates are electrically insulated
from one another such that the arc is either split into multiple short arcs or squeezed
into and extinguished by the arc plates.

Arcs, which extend between the electrical contacts, often result in
metal material (e.g., without limitation, metal material of the electrical contacts or the
movable arm) melting and being vaporized. This metal material creates debris, which
can undesirably accumulate in critical functional areas of the circuit breaker and cause
the circuit breaker to malfunction.

There is, therefore, room for improvement in electrical switching

apparatus and in debris barriers therefor.

SUMMARY

These needs and others are met by embodiments of the disclosed
concept, which are directed to an electrical switching apparatus and debris barrier
therefor.

As one aspect of the disclosed concept, a debris barrier is provided for
an electrical switching apparatus. The electrical switching apparatus includes a pair
of separable contacts and an arc interruption system having an arc chute located at or
about the pair of separable contacts in order to not only extinguish the arc, but also
attract and dissipate debris generated by the arc erosion while the pair of separable
contacts trip open in response to an electrical fault. The arc chute includes a plurality
of splitter plates each having an edge portion and at least one distal portion located
opposite and distal the edge portion. The debris barrier includes a first leg, a second
leg, and a middle portion connecting the first leg and the second leg. The middle
portion is structured to be coupled to one of the pair of separable contacts. At least
one of the first leg and the second leg has a first barrier portion and a second barrier
portion extending from the first barrier portion. The first barrier portion is structured
to be located at or about the distal portion. The second barrier portion is structured to
extend from the first barrier portion toward the edge portion in order to redirect the

debris toward the edge portion.
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As another aspect of the disclosed concept, an electrical switching
apparatus including a pair of separable contacts, an arc interruption system, and the

aforementioned debris barrier is provided.

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
accompanying drawings in which:

FIG. 1 is an isometric view of a portion of an electrical switching
apparatus and debris barrier therefor, in accordance with a non-limiting embodiment
of the disclosed concept;

FIG. 2 is a top plan view of the electrical switching apparatus and
debris barrier therefor of FIG. 1;

FIG. 3 is an isometric view of another portion of the electrical
switching apparatus of FIG. 1, shown with certain components removed to show
hidden features of the debris barrier;

FIG. 4 is an isometric view of the debris barrier of FIG. 3, also
showing a line conductor and a number of laminations of the electrical switching
apparatus;

FIG. 5 is another isometric view of the debris barrier, line conductor,
and laminations of FIG. 4, also showing a movable contact of the electrical switching
apparatus;

FIGS. 6, 7 and 8 are various isometric views of the debris barrier of
FIG. 5;

FIG. 9 is a simplified plan view of a conventional arc chute, without a
debris barrier;

FIG. 10 is a simplified plan view of an arc chute employing a debris
barrier in accordance with a non-limiting embodiment of the disclosed concept;

FIG. 11 is an isometric view of an electrical switching apparatus and
debris barrier therefor, in accordance with another non-limiting embodiment of the

disclosed concept;
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FIG. 12 is an isometric view of the debris barrier of FIG. 11;

FIG. 13 is an isometric view of an electrical switching apparatus and
debris barrier therefor, in accordance with another non-limiting embodiment of the
disclosed concept; and

FIGS. 14 and 15 are various isometric views of the debris barrier of

FIG. 13.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As employed herein, the term “number” shall mean one or an integer
greater than one (i.e., a plurality).

As employed herein, the statement that two or more parts are
“coupled” together shall mean that the parts are joined together either directly or
joined through one or more intermediate parts.

As employed herein, the statement that two or more parts or
components “engage” one another shall mean that the parts exert a force against one
another either directly or through one or more intermediate parts or components.

As employed herein, the terms “generally U-shaped” or “generally U-
shape” or “general U-shape” shall mean that the shape of a corresponding structure
has the general shape of the letter “U” in which the bottom of such letter or structure
is rounded, generally round, square, generally square, or partially round and partially
square, or has the general shape of a base member with two leg (or arm) members

extending normal or generally normal from the ends of the base member.

EXAMPLE 1

FIGS. 1-3 depict different views of an electrical switching apparatus
(e.g., without limitation, multi-pole circuit breaker 2), in accordance with one non-
limiting embodiment of the disclosed concept. The example circuit breaker 2 has a
plurality of poles 4,6.8, as shown in FIG. 2. However, for ease of illustration and
economy of disclosure, only pole 4 will be discussed in detail, although it will be
appreciated that poles 6,8 are configured substantially the same as pole 4. Pole 4 has
an arc interruption system 10, a movable contact (see, for example, movable contact

12, shown in FIGS. 2 and 5), and a line conductor 13 (FIGS. 3-5) having a stationary
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contact 14 (FIGS. 3-5). The movable contact 12 is structured to move into and out of
engagement with the stationary contact 14 in a generally well known manner in order
to close and open an electrical circuit, respectively. Furthermore, the separable
contacts 12,14 are structured to generate debris when tripping open in response to an
electrical fault. In one example embodiment, the arc interruption system 10 includes
an arc chute 16 and a slot motor (e.g., a number of generally U-shaped ferromagnetic
laminations 19). The arc chute 16 is located at or about the separable contacts 12,14
and functions to cool and split an arc that is generated by the separable contacts 12,14
tripping open in response to an electrical fault. The laminations 19 advantageously
assist with accelerating the movable contact 12 during opening, thereby improving the
interruption performance by reducing arcing energies.

The arc chute 16 has a plurality of splitter plates 18 each having an
edge portion 20 and at least one distal portion 22,24 (FIG. 2) located opposite and
distal the edge portion 20. The edge portion 20 is located at a rear portion of the arc
chute 16, for example, opposite and distal the separable contacts 12,14 such that the
movable contact 12 moves in a plane perpendicular to the edge portion 20.
Additionally, although the disclosed concept is being described herein in association
with each of the splitter plates 18 including two opposing distal portions 22,24, it is
within the scope of the disclosed concept for a suitable alternative arc chute (not
shown) to employ splitter plates having only one distal portion opposite an edge
portion. Furthermore, as will be discussed in greater detail below, the circuit breaker
2 includes a novel debris barrier 50 that redirects debris generated from tripping open
of the separable contacts 12,14. This protects critical functional areas of the circuit
breaker 2, thereby minimizing the likelihood that the circuit breaker 2 will
malfunction from debris accumulation.

FIGS. 6-8 show different views of the debris barrier 50. In one
example embodiment, the debris barrier 50 is a unitary component made from a single
piece of thermoset material. By being made of a thermoset material, the debris barrier
50 can better withstand arcing (e.g., is less likely to melt under tough arcing loads), as
compared to a similarly structured thermoplastic debris barrier. Additionally, certain
regulations (e.g., without limitation, regulations in the nuclear industry) prohibit the

use of thermoplastic materials. Furthermore, by being a unitary component,
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manufacture of the debris barrier 50 is advantageously relatively simple in that no
separate assembly steps are required. It will, however, be appreciated that a suitable
alternative debris barrier may be made of multiple components that are separately
assembled together, and/or may be made from other materials (e.g., without
limitation, thermoplastics), without departing from the scope of the disclosed concept.
As shown, the debris barrier 50 is generally U-shaped and includes a first leg 52, a
second leg 54, and a middle portion 56 connecting the first leg 52 to the second leg
54. Referring to FIGS. 4 and 5, the middle portion 56 is preferably coupled to and
reliably maintained on the stationary contact 14. Accordingly, it will be appreciated
that the movable contact 12 is structured to move in a plane located between the first
and second legs 52,54 (see, for example, FIG. 2, wherein the movable contact 12 is
located between the legs 52,54).

As shown in FIGS. 6-8, the legs 52,54 include respective first barrier
portions 58,60, respective second barrier portions 62,64 extending from the respective
first barrier portions 58,60, and respective pocket portions 70,72 extending {rom the
respective first barrier portions 58,60 away from the respective second barrier
portions 62,64. The pocket portions 70,72 are a number of walls that are
cooperatively structured to receive the laminations 19 (FIGS. 1, 2, 4, and 5). As such,
the debris barrier 50 advantageously functions to redirect debris, as will be discussed
below, and further to house and maintain the laminations 19. The first barrier
portions 58,60 include respective barrier surfaces 59,61 that face away from the
respective pocket portions 70,72. The second barrier portions 62,64 have respective
barrier surfaces 63,65 that each extend at obtuse angles from one of the barrier
surfaces 59,61 away from the respective pocket portions 70,72. Furthermore, the
second barrier portions 62,64 have extension portions 66,68 extending from the
respective barrier surfaces 63,65 and being located generally perpendicular to the
respective first barrier portions 58,60.

The novel functionality of the barrier member 50 will now be
discussed in greater detail. As shown in FIG. 2, the first barrier portions 58,60 are
located at or about the distal portions 22,24 of the splitter plates 18. In one example
embodiment, the distal portions 22,24 engage the first barrier portions 58,60.

Furthermore, as shown, the second barrier portions 62,64 extend from the first barrier
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portions 58,60 toward the edge portion 20. Accordingly, the second barrier portions
62,64 are located between the first distal portion 22 and the second distal portion 24.
Stated differently, the second barrier portions 62,64, which are the portions of the
debris barrier 50 extending away from the laminations 19, overlap a portion of the
splitter plates 18 and/or extend into an interior of the arc chute 16. That is, the second
barrier portions 62,64 protrude outwardly from the first barrier portions 58,60 away
from the laminations 19 and past the distal portions 22,24. In other words, the second
barrier portions 62,64 are located substantially closer to the edge portion 20 than the
distal portions 22,24. This is distinct from prior art housings of slot motors (e.g., U-
shaped ferromagnetic laminations) in which the distal-most portions of the housings
are located at (e.g., not past) distal portions of splitter plates. It will be appreciated
that the aforementioned geometry of the barrier member 50, and its placement in the
circuit breaker 2 with respect to the splitter plates 18, advantageously redirects debris
generated by the separable contacts 12,14 tripping open toward the edge portion 20
and away from critical functional areas of the circuit breaker 2.

To illustrate, reference will be made to FIGS. 9 and 10, which show
simplified plan views of a conventional arc chute 116, and the arc chute 16 of the
disclosed concept which is employed with the debris barrier 50, respectively. As
shown in FIG. 9, wherein no debris barrier is employed with the conventional arc
chute 116, debris, which is represented by dashed lines/arrows, is free to move from a
source (e.g., an arcing region proximate a pair of separable contacts 112,114) away
from an edge portion 120 of a splitter plate 118. It will be appreciated that movement
of debris along the paths shown by the dashed lines/arrows in FIG. 9 results in
undesirable accumulation in critical functional areas of the associated circuit breaker,
such as the movable contact arm, operating mechanism, cross bar, and trip unit. As
stated above, this debris accumulation by employing the conventional arc chute 116
without a debris barrier could cause the associated circuit breaker to malfunction.

By way of contrast, as shown in the simplified top plan view of FIG.
10, employing the debris barrier 50 with the arc chute 16 of the instant disclosed
concept results in a redirection of debris away from the critical functional areas and
back toward the edge portion 20. More specifically, after the debris is generated by

the arc erosion of surrounding materials while the separable contacts 12,14 trip open,
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the debris is moved toward the edge portion 20 and then away from the edge portion
20 by walls of the arc chute 16. However, rather than continuing to travel away from
the edge portion 20, the first barrier portions 58,60 and the second barrier portions
62,64 cooperatively function to redirect the debris back toward the edge portion 20.
Furthermore, the obtuse angles with which the barrier surfaces 63,65 extend from the
first barrier portions 58,60 further aide with redirecting debris. Accordingly, the
likelihood that debris will accumulate on critical functional areas of the circuit breaker
2 1s significantly minimized, advantageously prolonging the life of the circuit breaker

2 and minimizing the possibility of a resulting malfunction.

EXAMPLE 2

FIG. 11 shows another example electrical switching apparatus (e.g.,
without limitation, multi-pole circuit breaker 202), in accordance with another non-
limiting embodiment of the disclosed concept. The example circuit breaker 202
includes a novel debris barrier 250, which is also shown in FIG. 12. As shown in
FIG. 12, the second barrier portions 262,264 of the legs 252,254 of the debris barrier
250 each include a corresponding plurality of grooved regions 263,265. It will be
appreciated that the grooved regions 263,265 are structured to receive the distal
portions 222,224 of the splitter plates 218 (see, for example, FIG. 11). That is, the
debris barrier 250, in addition to redirecting debris, further functions to maintain the
splitter plates 218 thereon and also prevents the arc from staying there and causing
erosion of the arc plate legs. Additionally, as shown in FIG. 11, the debris barrier 250

is also structured to receive the U-shaped ferromagnetic laminations 219.

EXAMPLE 3

FIG. 13 shows another example electrical switching apparatus (e.g.,
without limitation, multi-pole circuit breaker 302), in accordance with another non-
limiting embodiment of the disclosed concept. The example circuit breaker 302
includes a novel debris barrier 350, which is also shown in FIGS. 14 and 15. As
shown in FIGS. 14 and 15, the legs 352,354 of the debris barrier 350 each have a first
end 361,365 and a second end 363,367 located opposite and distal the corresponding
firstend 361,365. The second ends 363,367 are located at the middle portion 356.
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Furthermore, as shown most clearly in FIG. 14, the first barrier portions 358,360 of
the legs 352,354 each have a corresponding plurality of grooved regions 369,371
located at a peripheral portion of the legs 352,354. More specifically, the grooved
regions 369,371 extend longitudinally from the corresponding first ends 361,365 to
the corresponding second ends 363,367. It will be appreciated that the grooved
regions 369,371 advantageously function to provide a reservoir for debris (i.e., debris
generated by separable contacts tripping open) to collect. That is, rather than being
entirely redirected toward the second barrier portions 362,364, a significant portion of
the debris is structured to be caught in the grooved regions 369,371, thereby further
protecting critical functional areas of the circuit breaker 302. Moreover, it will be
appreciated with reference to FIG. 13 that the distal portions of the splitter plates are
spaced from the first barrier portions 358,360. In this manner, debris has a pathway
through which to pass, thus minimizing the likelihood that it will get stuck in this
region and short out the splitter plates (e.g., an electrical connection of the splitter
plates), a situation which would reduce the interruption performance and performance
in dielectric testing.

Furthermore, as shown in FIG. 16, the debris barrier 350 is slightly V-
shaped. That is, the legs 352,354 are spaced a greater distance from each other
proximate a top of the debris barrier 350 than at an opposing bottom of the debris
barrier 350. As a result, when the debris barrier 350 is inserted into the circuit breaker
302, the debris barrier 350 will be relatively tightly maintained therein. Additionally,
it will be appreciated that the circuit breaker 302 of the disclosed concept is devoid of
U-shaped ferromagnetic laminations. That is, the debris barrier 350 in the example of
FIGS. 13-15 is not structured to house and maintain U-shaped ferromagnetic
laminations.

While the examples of FIGS. 1-8 and 10-15 have been described in
association with the debris barriers 50,250,350 having the first barrier portions
58,60,358,360 and the second barrier portions 62,64,262,264,362,364, it will be
appreciated that other suitable alternative debris barriers may have barrier portions
having different geometries, without departing from the scope of the disclosed

concept.
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Accordingly, it will be appreciated that the disclosed concept provides
for an improved (e.g., without limitation, better protected against malfunction)
electrical switching apparatus 2,202,302 and debris barrier 50,250,350 therefor, in
which a number of barrier portions 58,60,62,64,262,264,358,360,362,364
cooperatively function to redirect debris generated by a pair of separable contacts
12,14 tripping open away from critical functional areas of the electrical switching
apparatus 2,202,302.

While specific embodiments of the disclosed concept have been
described in detail, it will be appreciated by those skilled in the art 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 illustrative only and not limiting as to 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 is claimed is:

1. A debris barrier for an electrical switching apparatus, said electrical
switching apparatus comprising a pair of separable contacts and an arc interruption
system comprising an arc chute disposed at or about said pair of separable contacts in
order to attract and dissipate debris generated by said pair of separable contacts
tripping open in response to an electrical fault, said arc chute comprising a plurality of
splitter plates each having an edge portion and at least one distal portion disposed
opposite and distal said edge portion, said debris barrier comprising:

a first leg;

a second leg; and

a middle portion connecting said first leg and said second leg, said
middle portion being structured to be coupled to one of said pair of separable
contacts,

wherein at least one of said first leg and said second leg comprises a
first barrier portion and a second barrier portion extending from said first barrier
portion, said first barrier portion being structured to be disposed at or about said at
least one distal portion, said second barrier portion being structured to extend from
said first barrier portion toward said edge portion in order to redirect said debris

toward said edge portion.

2. The debris barrier of claim 1 wherein said at least one of said first leg
and said second leg comprises both of said first leg and said second leg; wherein said
at least one distal portion comprises a first distal portion and a second distal portion
disposed opposite and distal said first distal portion; and wherein said second barrier
portion of said first leg and said second barrier portion of said second leg are each
structured to be disposed between said first distal portion and said second distal

portion.

3. The debris barrier of claim 2 wherein said second barrier portion of
said first leg comprises an extension portion disposed generally perpendicular to said

first barrier portion of said first leg; and wherein said second barrier portion of said
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second leg comprises an extension portion disposed generally perpendicular to said

first barrier portion of said second leg.

4. The debris barrier of claim 2 wherein said first leg further comprises a
first pocket portion extending from said first barrier portion of said first leg away
from said second barrier portion of said first leg; wherein said second leg further
comprises a second pocket portion extending from said first barrier portion of said
second leg away from said second barrier portion of said second leg; wherein said arc
interruption system further comprises a number of U-shaped laminations; and wherein
said first pocket portion and said second pocket portion are structured to receive said

number of U-shaped laminations.

5. The debris barrier of claim 4 wherein said second barrier portion of
said first leg comprises a plurality of first grooved regions each structured to receive a
corresponding first distal portion; and wherein said second barrier portion of said
second leg comprises a plurality of second grooved regions each structured to receive

a corresponding second distal portion.

6. The debris barrier of claim 4 wherein said first barrier portion of said
first leg has a first barrier surface facing away from said first pocket portion; wherein
said second barrier portion of said first leg has a second barrier surface extending at
an obtuse angle from said first barrier surface away from said first pocket portion;
wherein said first barrier portion of said second leg has a third barrier surface facing
away from said second pocket portion; and wherein said second barrier portion of said
second leg has a fourth barrier surface extending at an obtuse angle from said third

barrier surface away from said second pocket portion.

7. The debris barrier of claim 2 wherein said first barrier portion of said
first leg comprises a first plurality of grooved regions disposed at a peripheral portion
of said first leg; and wherein said first barrier portion of said second leg comprises a
second plurality of grooved regions disposed at a peripheral portion of said second

leg.
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8. The debris barrier of claim 7 wherein said first leg has a first end and a
second end disposed opposite and distal the first end of said first leg; wherein the
second end of said first leg is disposed at said middle portion; wherein said second leg
has a third end and a fourth end disposed opposite and distal the third end; wherein
the fourth end is disposed at said middle portion; wherein said first plurality of first
grooved regions extend longitudinally from the first end of said first leg to the second
end of said first leg; and wherein said second plurality of grooved regions extend
longitudinally from the third end of said second leg to the fourth end of said second

leg.

9. The debris barrier of claim 1 wherein said debris barrier is a unitary

component made from a single piece of thermoset material.

10. An electrical switching apparatus comprising:
a pair of separable contacts structured to generate debris when tripping
open in response to an electrical fault;
an arc interruption system comprising an arc chute disposed at or about
said pair of separable contacts, said arc chute comprising a plurality of splitter plates
each having an edge portion and at least one distal portion disposed opposite and
distal said edge portion; and
a debris barrier comprising:
a first leg,
a second leg, and
a middle portion connecting said first leg and said second leg,
said middle portion being structured to be coupled to one of said pair of separable
contacts,
wherein at least one of said first leg and said second leg comprises a
first barrier portion and a second barrier portion extending from said first barrier
portion, said first barrier portion being disposed at or about said at least one distal
portion, said second barrier portion extending from said first barrier portion toward

said edge portion in order to redirect said debris toward said edge portion.
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11. The electrical switching apparatus of claim 10 wherein said at least one
of said first leg and said second leg comprises both of said first leg and said second
leg; wherein said at least one distal portion comprises a first distal portion and a
second distal portion disposed opposite and distal said first distal portion; and wherein
said second barrier portion of said first leg and said second barrier portion of said
second leg are each disposed between said first distal portion and said second distal

portion.

12. The electrical switching apparatus of claim 11 wherein said first leg
further comprises a first pocket portion extending from said first barrier portion of
said first leg away from said second barrier portion of said first leg; wherein said
second leg further comprises a second pocket portion extending from said first barrier
portion of said second leg away from said second barrier portion of said second leg;
wherein said arc interruption system further comprises a number of U-shaped
laminations; and wherein said first pocket portion and said second pocket portion each

receive said number of U-shaped laminations.

13. The electrical switching apparatus of claim 12 wherein said second
barrier portion of said first leg comprises a plurality of first grooved regions each
receiving a corresponding first distal portion; and wherein said second barrier portion
of said second leg comprises a plurality of second grooved regions each receiving a

corresponding second distal portion.

14. The electrical switching apparatus of claim 12 wherein said first barrier
portion of said first leg has a first barrier surface facing away from said first pocket
portion; wherein said second barrier portion of said first leg has a second barrier
surface extending at an obtuse angle from said first barrier surface away from said
first pocket portion; wherein said first barrier portion of said second leg has a third
barrier surface facing away from said second pocket portion; and wherein said second
barrier portion of said second leg has a fourth barrier surface extending at an obtuse

angle from said third barrier surface away from said second pocket portion.
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15. The electrical switching apparatus of claim 14 wherein said electrical

switching apparatus is devoid of U-shaped laminations.



FIG.1



WO 2019/016630 PCT/IB2018/054666
2/9

)
2 B B \
(06060 |
{ ;
o 8O —{oF ol e
N4 \
18-l 20
@64 N ~
il [y
52 SINI | |
191 60 @\
17— :“50
[ H @E® H IH (
LI S S E
J = i L
& |
gr [ ] ]

® @
o |OJJAILO IO Jo
N | | J
FIG.2




WO 2019/016630 PCT/IB2018/054666
3/9




PCT/IB2018/054666

WO 2019/016630

4/9

{ =,

_ /
i

o
e

(X

/




PCT/IB2018/054666

WO 2019/016630

5/9




PCT/IB2018/054666

WO 2019/016630

6/9

019I4

(G
9
\\\\ {86
I AR
¥ Yy ,,__INN
____ _____
! {9 L
1k _ Al
al 1AWA’ 1
! bl
! Bl
_\__L_\ ___
_ _
m_\n_-__ _“_
____ ____
Y TR Hi
TEON TR S
AN S w /|
\ //I\\\\ ////\\\ ]
N
— - ON —_— .

>

L4V 40Iid

6 Il

/ / \
/ \
DA Vol Mo
]

! |
| b
| |1
N Il
" _ . |
| _ 141%4%! __
oot [
1NN |
\nn\ | |
[ ||
8l il |1
1R T 11
_ // \:::/ \\

N N~ ~_~ /

e AN s

N - \ )/ — ya

— — e —_— —_——




WO 2019/016630 PCT/IB2018/054666
7/9




WO 2019/016630 PCT/IB2018/054666
8/9

FiG.13




WO 2019/016630 PCT/IB2018/054666
9/9

369

336

FIG.15



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2018/054666

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1H9/34 HO1H9/36
ADD. HO1H77/10 HO1H71/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 2 717 288 Al (FUJI ELEC FA COMPONENTS & 1-3,
SYS [JP]) 9 April 2014 (2014-04-09) 7-11,15
Y paragraphs [0027] - [0048]; figures 1-9 4-6,
12-14
X CN 103 383 901 B (EATON ELECTRIC LTD) 1-3,
12 August 2015 (2015-08-12) 6-11,14,
15
Y paragraphs [0017] - [0022]; figures 1-5 4,5,12,
13
X US 2009/200272 Al (KANNO TOSHIYUKI [JP] ET 1-3,
AL) 13 August 2009 (2009-08-13) 7-11,15
Y paragraphs [0079] - [0085]; figures 1-3 4-6,
12-14
_/ -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international

filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 October 2018

Date of mailing of the international search report

19/10/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Meyer, Jan

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2018/054666

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

27 April 2006 (2006-04-27)
paragraphs [0031] - [0046]; figures 5A-7

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2007/241081 Al (PUSKAR MICHAEL P [US] 4,5,12,
ET AL) 18 October 2007 (2007-10-18) 13
paragraphs [0021] - [0029]; figures 1, 2,
4
Y US 5 589 672 A (UCHIDA NAOSHI [JP] ET AL) 5,13
31 December 1996 (1996-12-31)
column 1, Tines 8-11
column 5, line 43 - column 7, line 19;
figures 1-3
Y US 2015/348720 Al (SMELTZER JAMES MICHAEL 6,14
[US] ET AL) 3 December 2015 (2015-12-03)
paragraphs [0026] - [0040]; figures 1A-5
A US 2006/086693 Al (YEON YOUNG-MYOUNG [KR]) 1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2018/054666
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2717288 Al 09-04-2014 CN 103262200 A 21-08-2013
EP 2717288 Al 09-04-2014
JP 5682450 B2 11-03-2015
JP 2012243659 A 10-12-2012
KR 20140012034 A 29-01-2014
TW 201314728 A 01-04-2013
US 2013284702 Al 31-10-2013
WO 2012160732 Al 29-11-2012

CN 103383901 B 12-08-2015  NONE

US 2009200272 Al 13-08-2009  CN 101503540 A 12-08-2009
FR 2927465 Al 14-08-2009
JP 4655094 B2 23-03-2011
JP 2009185231 A 20-08-2009
KR 20090086291 A 12-08-2009
US 2009200272 Al 13-08-2009

US 2007241081 Al 18-10-2007 AU 2007237122 Al 18-10-2007
BR PI0709504 A2 19-07-2011
CA 2646381 Al 18-10-2007
CN 101421812 A 29-04-2009
EP 2005459 Al 24-12-2008
IL 194124 A 31-07-2012
Jo 2474 Bl 20-01-2009
US 2007241081 Al 18-10-2007
WO 2007116311 Al 18-10-2007
ZA 200809597 B 25-11-2009

US 5589672 A 31-12-1996 CN 1121634 A 01-05-1996
TW 364141 B 11-07-1999
us 5589672 A 31-12-1996

US 2015348720 Al 03-12-2015 CA 2941256 Al 03-12-2015
CN 106463292 A 22-02-2017
EP 3149755 Al 05-04-2017
US 2015348720 Al 03-12-2015
WO 2015183407 Al 03-12-2015

US 2006086693 Al 27-04-2006 CN 1770351 A 10-05-2006
ES 2285917 Al 16-11-2007
JP 2006120643 A 11-05-2006
KR 20060035194 A 26-04-2006
MY 142559 A 15-12-2010
US 2006086693 Al 27-04-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

