wo 2017/040159 A1 I} 1] A1) 00O YA

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/040159 A1

9 March 2017 (09.03.2017) WIPO I PCT
(51) International Patent Classification: (74) Agents: LEVY, Philip E. et al.; Eckert Seamans Cherin &
HOIH 9/16 (2006.01) HOI1H 85/30 (2006.01) Mellott, LLC, 600 Grant Street, 44th Floor, Pittsburgh,
HOIH 31/12 (2006.01) HO1H 85/46 (2006.01) Pennsylvania 15219 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/048507 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
25 August 2016 (25.08.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
14/840,467 31 August 2015 (31.08.2015) Us SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant: COOPER TECHNOLOGIES COMPANY . L
[US/US]; 600 Travis St. #5600, Houston, Texas 77002 (84) Designated States (uniess otherwise indicated, for every
(US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors: HAENSGEN, Gregg J.; W152N7706 Coun- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

tryside Drive, Menomonee Falls, Wisconsin 53051 (US).
LUCAS, Richard W.; 14681 262nd Avenue NW, Zim-
merman, Minnesota 55398 (US). PITEL, Michael B.;
N77W 7257 Oak Street, Cedarburg, Wisconsin 53012 (US).
HOEPPNER, Bruce D.; 1210 Leon Terrace, Brookfield,
Wisconsin 53005 (US).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SYSTEM FOR MONITORING A FUSE LINK, FUSE TUBE ASSEMBLY AND FUSE CUTOUT INCLUDING SAME

(102).

(57) Abstract: A system for monitoring one or more aspects of a fuse tube
assembly (22) of a fuse cutout (12) comprises: a housing (102) structured to
be disposed adjacent to, and coupled to the fuse tube assembly (22); a power
source (120) disposed in the housing (102); a processing unit (122) disposed
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SYSTEM FOR MONITORING A FUSE LINK, FUSE TUBE ASSEMBLY
AND FUSE CUTOUT INCLUDING SAME

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from and claims the benefit of U.S.
Patent Application Serial No. 14/840,467, filed August 31, 2015, which is

incorporated by reference herein.

BACKGROUND

Field

The disclosed concept relates generally to electrical disconnects, and
more particularly, to fuse cutouts providing current sensing and one or both of
position or motion detecting. The disclosed concept further relates to fuse tube
assemblies which provide current sensing and one or both of position or motion
detecting for use in such cutouts. The disclosed concept also relates to a sensing
system which provides for current sensing and one or both of position or motion

detecting for use with fuse links.

Background Information

The primary purpose of a fuse cutout is to provide protection for power
distribution systems and the various apparatus on those power lines such as
transformers and capacitor banks. An over current in the system can occur under
various conditions, such as an animal or tree contacting the power lines or more than
one power line contacting each other.

Fuse cutouts and fuse links utilized therein are well known. A typical
fuse cutout includes a hollow insulative fuse tube having conductive ferrules mounted
to the opposite ends thereof. One ferrule (often called the "exhaust" ferrule) is located
at an exhaust end of the fuse tube and usually includes a trunnion which interfits with
a trunnion pocket or hinge of a first contact assembly carried by one end of an
insulator. The other ferrule is normally held and latched by a second contact
assembly carried by the other end of the insulator so that the fuse tube is normally
parallel to, but spaced from, the insulator. The insulator is mountable to the cross-arm

of a utility pole or a similar structure. The fuse link is located within the fuse tube



WO 2017/040159 PCT/US2016/048507

10

15

20

25

30

with its ends respectively electrically continuous with the ferrules. One point of an
electrical circuit is connected to the first contact assembly, while another point of the
circuit is connected to the second contact assembly. Often, the insulator and the fuse
tube are oriented generally perpendicular to the ground so that the exhaust ferrule and
the first contact assembly are located below the other ferrule and the second contact
assembly. The fuse tube may include a high burst strength outer portion - for
example, a fiber-glass-epoxy composite having an arc-extinguishing material within
the inner portions thereof. Normal currents flowing through the electrical circuit flow
without affecting the fuse link. Should a fault current or other overcurrent, to which
the fuse link is designed to respond, occur in the circuit, the fuse link operates as
described in more detail hereinafter.

Operation of the fuse link permits the upper ferrule to disengage itself
from the upper contact assembly, whereupon the fuse tube rotates downwardly due to
coaction of the trunnion and the hinge. If the fuse link operates properly, current in
the circuit is interrupted and the rotation of the fuse tube gives a visual indication that
the cutout has operated to protect the circuit, e.g., dropout operation to a so-called
dropout position. However, fuses will often trip when current over a predetermined
threshold is applied, but due to mechanical failure, the fuse will not drop, and thus
appear to be still functional when observed from the ground. Additionally, due to the
force of the fuse blowing, the fuse holder may swing off the bracket and fall to the
ground.

Currently, detection of blown cutout fuses is a manual and reactive
process. Today there is also no data available to determine the reason for the blowing
of a fuse. Utilities will receive calls from customers or reports from downstream
IEDs (intelligent electronic device) that the power has gone out in the area.
Expensive high voltage line crews are then dispatched to find the problem source.
Crews take time driving the lines in the area to find the problem which may be as
simple as a blown fuse or another more complicated issue with the distribution
system. Furthermore, a blown fuse may not be immediately apparent if it has not
dropped as it should due to mechanical failure.

Accordingly, there is room for improvement in fuse cutouts.
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There is thus also room for improvement in fuse links for use in fuse

cutouts.

SUMMARY

These needs and others are met by embodiments of the disclosed
concept, which provides for monitoring of various aspects of a fuse cutout and related
components.

In accordance with one aspect of the disclosed concept, a system for
monitoring one or more aspects of a fuse tube assembly of a fuse cutout is provided.
The system comprises: a housing structured to be disposed adjacent to, and coupled to
the fuse tube assembly; a power source disposed in the housing; a processing unit
disposed in the housing and electrically coupled to the power source; and a motion
detecting unit disposed in the housing and electrically coupled to the processing unit,
the motion detecting unit being structured to detect one or both of position or
movement of the housing.

The system may further comprise a transmitting unit electrically
coupled to the processing unit, the transmitting unit being adapted to transmit
information from the processing unit to one or more receiving units positioned a
distance from the housing.

The system may further comprise a current sensing unit disposed in the
housing and electrically coupled to the processing unit, the current sensing unit being
structured to detect current passing through a fuse link disposed in a fuse tube of the
fuse tube assembly.

The motion detecting unit may comprise at least one of an
accelerometer or a gyroscope.

The housing may be structured to be disposed around a fuse tube of the
fuse tube assembly.

The housing may comprise a first portion and a second portion which
are moveably coupled with respect to each other via a number of hinge members.

The power source may comprise a solar cell.



WO 2017/040159 PCT/US2016/048507

10

15

20

25

30

The power source may comprise an energy harvesting system
structured to harvest energy from a flow of current passing through a fuse link
disposed in a fuse tube of the fuse tube assembly.

The processing unit may be structured to receive and record data along
with relevant time information from one or more of the motion detecting unit and
current sensing unit.

In accordance with another aspect of the disclosed concept, a fuse tube
assembly for use in a fuse cutout is provided. The fuse tube assembly comprises: a
fuse tube structured to receive a fuse link therein; an upper ferrule assembly coupled
to the fuse tube at or about an upper end thereof, the upper ferrule assembly structured
to engage an upper contact assembly of the fuse cutout; a lower ferrule assembly
coupled to the fuse tube at or about an opposite lower end thereof, the upper ferrule
assembly structured to engage a lower contact assembly of the fuse cutout; and a
system for monitoring one or more aspects of the fuse tube assembly. The system
comprises: a housing disposed adjacent to, and coupled to the fuse tube; a power
source disposed in the housing; a processing unit disposed in the housing and
electrically coupled to the power source; and a motion detecting unit disposed in the
housing and electrically coupled to the processing unit, the motion detecting unit
being adapted to detect one or both of position or movement of the housing.

The fuse tube assembly may further comprise a transmitting unit
electrically coupled to the processing unit, the transmitting unit being adapted to
transmit information from the processing unit to one or more receiving units
positioned a distance from the housing.

The fuse tube assembly may further comprise a current sensing unit
disposed in the housing and electrically coupled to the processing unit.

The motion detecting unit may comprise at least one of an
accelerometer or a gyroscope.

The housing may be disposed around the fuse tube assembly.

The housing may comprise a first portion and a second portion which
are moveably coupled with respect to each other via a number of hinge members.

The power source may comprise a solar cell.



WO 2017/040159 PCT/US2016/048507

10

15

20

25

30

The power source may comprise an energy harvesting system
structured to harvest energy from a flow of current passing through a fuse link
disposed in the fuse tube.

In accordance with another aspect of the disclosed concept, a fuse
cutout is provided. The fuse cutout comprises: an insulator; a mounting member
extending from the insulator for securing the cutout to a utility pole or other structural
member; an upper contact assembly coupled to an upper end of the insulator; a lower
contact assembly coupled to a lower end of the insulator; and a fuse tube assembly.
The fuse tube assembly comprises: a fuse tube structured to receive a fuse link
therein; an upper ferrule assembly coupled to the fuse tube at or about an upper end
thereof, the upper ferrule assembly engaged with the upper contact assembly; a
lower ferrule assembly coupled to the fuse tube at or about an opposite lower end
thereof, the upper ferrule assembly engaged with the lower contact assembly of the
fuse cutout; and a system for monitoring one or more aspects of the fuse tube
assembly. The system comprises: a housing disposed adjacent to, and coupled to the
fuse tube; a power source disposed in the housing; a processing unit disposed in the
housing and electrically coupled to the power source; and a motion detecting unit
disposed in the housing and electrically coupled to the processing unit, the motion
detecting unit being adapted to detect movement of the housing.

The system of the fuse cutout may further comprise a transmitting unit
electrically coupled to the processing unit, the transmitting unit being adapted to
transmit information from the processing unit to one or more receiving units

positioned a distance from the housing.

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 a side elevation view of a fuse cutout including a fuse tube
assembly shown in a closed position in accordance with an example embodiment of

the disclosed concept;
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FIG. 2 is a side elevation view of the fuse cutout of FIG. 1 with the
fuse tube assembly shown in an opening position;

FIG. 3 is a side elevation view of the fuse cutout of FIG. 1 showing the
fuse tube assembly exploded from the cutout;

FIGS. 4 and 5 are isometric views of a housing for a system for
monitoring a fuse link in accordance with an example embodiment of the disclosed
concept;

FIG. 6 is an exploded view of the housing of FIGS. 4 and 5;

FIG. 7 is a side elevation view of the fuse cutout of FIG. 1 shown with
the housing of FIGS. 4-6 shown in an uncoupled position; and

FIG. 8 is a schematic diagram of a system for monitoring a fuse link in

accordance with an example embodiment of the disclosed concept.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Directional phrases used herein, such as, for example, left, right, front,
back, top, bottom and derivatives thereof, relate to the orientation of the elements
shown in the drawings and are not limiting upon the claims unless expressly recited
therein.

As employed herein, the word “number” shall mean a quantity of one,
or any 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 are
“selectively coupled” shall mean that the parts are secured together either directly or
through one or more intermediate parts in a manner which may be readily undone.

As employed herein, “processing device” or “processing unit” shall be
used to refer to a microcontroller or any other suitable processing device and related
memory components employed by such device in carrying out electronic processing
operations. Examples of suitable processing devices or units includes, without
limitation, microprocessors, embedded computers, desktop or rack computers,

programmable logic controllers, SCADA systems, and intelligent displays.
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Referring to FIGS. 1-3, there is shown an improved fuse cutout 12 in
accordance with an example embodiment of the disclosed concept. Fuse cutout 12
includes an insulator 14 and a mounting member 16 extending therefrom. The
mounting member 16 permits mounting of the insulator 14 and the fuse cutout 12 to
an upright or a cross-arm of a utility pole or the like (not shown). Affixed to the
upper end of the insulator 14 is an upper contact assembly, generally designated 18.
Further, affixed to the lower end of the insulator 14 is a lower contact assembly,
generally designated 20. The fuse cutout 12 also includes a fuse tube assembly 22
that in the normal closed, circuit-connected or unoperated condition of the cutout 12
may be maintained in the generally vertical, slightly angled position such as shown in
FIG. 1.

Continuing to refer to FIGS. 1-3, details of the fuse tube assembly 22
will now be discussed. The fuse tube assembly 22 includes a removable fuse link 23
(shown in dashed line in FIG. 1) disposed within, and extending generally the length
of an insulative fuse tube 24. Fuse tube 24 may comprise an epoxy-fiber-glass
composite outer shell lined with an arc-extinguishing material or may be formed from
one or more other suitable materials. Mounted or affixed at or about an upper end of
the fuse tube 24 is an upper ferrule assembly 26, while at or about an opposite lower
or exhaust end of the fuse tube 24 is a lower or exhaust ferrule assembly 28. In the
position of the fuse tube assembly 22 depicted in FIG. 1, the lower ferrule assembly
28 is held by the lower contact assembly 20, while the upper ferrule assembly 26 is
held, and latched against movement, by the upper contact assembly 18.

Referring now to FIG. 1, the upper contact assembly 18 includes a
support bar 30 and a recoil arm and contact hood 32 which runs generally parallel to a
portion of the support bar 30. Near the top of the insulator 14, the bar 30 and the arm
32 are mounted by a fastener or the like at 36 to a portion of a connector assembly 40
that s affixed to the top of the insulator 14. The connector assembly 40 facilitates the
connection to the upper contact assembly 18 to a cable or conductor of a high-voltage
circuit.

The upper contact assembly 18 also includes a spring contact arm 42
and a backup spring 44 that is positioned between the spring contact arm 42 and the

recoil arm and contact hood 32. The backup spring 44 provides high contact pressure
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between the contact arm 42 and the top of the fuse tube assembly 22 as will be
explained in more detail hereinafter. As is typical in the power industry, the support
bar 30 at a downwardly bent portion includes attachment hooks 48 for cooperation
with a portable loadbreak tool.

The upper ferrule assembly 26 of the fuse tube assembly 22 includes a
ferrule 50 affixed to the upper end of the fuse tube 24. The ferrule 50 typically
includes a threaded portion (not shown) onto which is threaded a contact cap 52. The
contact cap 52 is configured so as to fit into and be held when the fuse tube assembly
22 is in the position shown in FIG. 1, e.g., by an indentation or concavity (not shown)
formed in the spring contact 42. The ferrule 50 typically also includes a pull ring 54
which may be engaged by a hook stick or the like to move the upper ferrule assembly
26 away from the upper contact assembly 18 while the lower ferrule assembly 28
rotates in the lower contact assembly 20, such as generally shown in FIG. 2.

In view of the nature of high voltage circuits, this opening movement
of the fuse tube assembly 22 must be effected while the circuit connected to the cutout
12 is de-energized or else an arc will form between the upper ferrule assembly 26 and
the upper contact assembly 18. The fuse tube assembly 22 may also be opened by
initially attaching a portable loadbreak tool (not shown) between the attachment
hooks 48 and the pull ring 54. Such a portable loadbreak tool permits the fuse tube
assembly 22 to be opened with the circuit energized, momentarily having transferred
thereto the flow of current in the circuit 10 and interrupting such current internally
thereof.

The lower contact assembly 20 includes a support member 56 attached
to a mount 58 by a fastener or the like at 60. The support member 56 carries a
connector 62, such as a parallel groove connector, to facilitate connection of the lower
contact assembly 20 to another cable or conductor of the high-voltage circuit in which
the fuse cutout 12 is to be used. The support member 56 provides a hinge function via
trunnion pockets 64. The trunnion pockets are designed to cooperate with and hold
outwardly extending portions 66 of a trunnion 68 carried by the fuse tube 24.
Specifically, a lower ferrule 72 affixed to the fuse tube 24 pivotally mounts the
trunnion 68 at a toggle joint 70. Thus, the trunnion 68 functions as a toggle member

and defines a double pivot mounting for the fuse tube 24, the first pivot being defined



WO 2017/040159 PCT/US2016/048507

10

15

20

25

30

at the toggle joint 70 and the second pivot being defined by the extending portions 66
of the trunnion 68 within the trunnion pockets 64 of the hinge support member 56.

As hereinafter described, the trunnion 68 and the ferrule 72 are
normally rigidly held in the relative position depicted in FIG. 1. In this normal
relative position of the trunnion 68 and the ferrule 72, the contact cap 52 is engaged
by the spring contact 42 to maintain the fuse tube assembly 22 in the position depicted
in FIG. 1. When the fuse link 23 within the fuse tube 24 operates, the trunnion 68 and
the ferrule 72 are no longer rigidly held, and the ferrule 72 may rotate downwardly
relative to the trunnion 68 about the toggle joint 70. This movement of the ferrule 72
permits the contact cap 52 to disengage the spring contact 42, following which the
entire fuse tube assembly 22 rotates about the lower contact assembly 20 via rotation
of the extending portions 66 in the trunnion pockets 64.

In use, the fuse link 23 is first installed into the fuse tube assembly 22
by removing the contact cap 52 and inserting the fuse link 23 into the fuse tube 24
from the upper end thereof. A portion of the fuse link 23 abuts a shoulder (not
shown) at the top of the ferrule 50, following which the contact cap 52 is threaded
back onto the ferrule 50. A flexible stranded cable 80 forming a part of the fuse link
exits an exhaust opening at 81 in the lower or exhaust end of the fuse tube 24.

It is to be appreciated that the portions of the fuse cutout 12 and fuse
tube assembly 22 described thus far are generally known and are given for exemplary
purposes only and as such are not intended to limit the scope of the disclosed concept.
Accordingly, it is to be further appreciated that embodiments of the disclosed concept,
described in further detail below, may be employed in fuse cutouts and with fuse tube
assemblies other than those previously described herein without varying from the
scope of the disclosed concept.

Referring again to FIGS. 1-3 as well as to FIG. 8, fuse tube assembly
22 further includes a monitoring system 100 for monitoring one or more aspects of the
fuse tube and/or the fuse link 23 disposed therein. System 100 includes a housing 102
which is disposed adjacent to the fuse tube 24 and thus also the fuse link 23 disposed
therein. As shown in the example illustrated embodiment, housing 102 may generally
encircle fuse tube 24. It is to be appreciated, however, that such arrangement is

provided for exemplary purposes only and that monitoring system 100 may include a
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housing which does not encircle fuse tube 24 and instead is merely disposed adjacent
fuse tube 24.

Referring to FIGS. 4-7, housing 102 includes a first portion 104 and a
second portion 106 which may be selectively coupled with respect to each other to
form a weatherproof enclosure about fuse tube 24. Each of the first portion 104 and
the second portion 106 may be formed from a UV stable plastic or other suitable non-
conductive material or materials. In the illustrated example embodiment, the first
portion 104 and the second portion 106 are moveably coupled with respect to each
other via cooperating hinge-like members 108, 110 (FIG. 6) which cooperatively
engage to generally form hinge members 112 (FIGS. 4 and 7) such that housing 102
may operate generally in a “clamshell” fashion, and thus be positioned around fuse
tube 24 in a manner such as generally shown in FIG. 7. A fastening mechanism 113
(e.g., without limitation, a quarter-turn screw or other suitable mechanism) may be
provided on one or both of first and second portions 104, 106 generally opposite
hinge members 112 in order to effectively lock housing 102 about fuse tube 24, such
as shown in FIGS. 1-3. In order to provide a weatherproof seal with respect to fuse
tube 24, housing 102 may include one or more seal members 114 which sealingly
engage fuse tube 24. It is to be appreciated that such general arrangement of housing
102 provides for monitoring system 100 to be readily retrofit to existing fuse tubes.

As shown schematically in FIG. 8, system 100 further includes a
number of electrical components disposed in or on housing 102 for monitoring one or
more aspects of one or both of the fuse tube 24 and/or the fuse link 23 disposed
therein. In order to accomplish such monitoring, such electrical components include
one or more sources of electrical power 120 (e.g., “Power Source”) electrically
coupled to a processing unit 122 (e.g., “Processor”). Such power source(s) 120 may
include, for example, without limitation, one or more of: a number of batteries, a
number of solar cells 124 (FIG. 5), a system which harvests energy from the power
being conducted through the fuse link 23, or any other suitable source of electrical
power. Some examples of suitable energy harvesting systems are described in U.S.
Application Publication Nos. 2014/0266240 and 2014/0268701 as well as U.S. Patent
Nos. 8,594,956, 8,760,151 and 8,760,254, the contents of which are incorporated by

reference herein.
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A motion and/or position detecting unit 126 (e.g., “Detector”), such as
a 3-axis MEMS accelerometer, gyroscope, or other suitable device, is electrically
coupled to the processing unit 122. The motion and/or position detecting unit 126
detects one or both of position and/or movement of the housing 102 (e.g., without
limitation, resulting from a blown fuse, fuse maintenance, etc.), and thus the fuse tube
24 to which housing 102 is coupled, and communicates such detections to the
processing unit 122.

A current sensing unit 128 (e.g., “Current Sensor”) may be electrically
coupled to the processing unit 122 for detecting current passing through the fuse link
23 disposed in the fuse tube 24. Some examples of suitable current sensing units are
described in U.S. Application Publication Nos. 2014/0266240 and 2010/0085036 as
well as U.S. Patent No. 8,594,956, the contents of which are incorporated by
reference herein.

Continuing to refer to FIG. 8, system 100 further includes a
transmitting device 130 (e.g., “Transmitter”) disposed in the housing for transmitting
information from the processing device 122 to one or more receiving devices 150
(e.g., “Receiver”) located a distance from the system 100. Such information may be
transmitted wirelessly via any suitable means (e.g., without limitation, 900Mhz radio,
cellular, WiFi, Bluetooth, Bluetooth Low Energy, etc.). The receiving device or
devices 150 may be collectors, radios, or other suitable devices which are mounted on
poles or other suitable locations. Such receiving devices 150 may be part of an
existing mesh network (e.g., without limitation, an advanced metering infrastructure
network), one or more cellular towers, a handheld device, or any other suitable
receiving device.

System 100 may further include one or more additional units, shown
generally as 132, which are electrically coupled to processing unit 122 and are
structured to sense and/or monitor other conditions of the fuse link, fuse tube
assembly, environmental conditions (e.g., without limitation, temperature, humidity),
etc. as desired for a particular application.

From the foregoing description, it is to be appreciated that system 100
provides a number of benefits over existing devices. For example, by monitoring the

position/movement of the housing 102 (and thus the fuse tube 24 to which it is
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coupled) via the motion detecting unit 126, system 100 can detect that the fuse link 23
has blown (whether fuse tube 24 has dropped or malfunctioned and stayed in an
operating position) and transmit such information to a receiving device 150. Also,
fuse links 23 are pulled from time to time for maintenance and replacement. Due to
the motion signature differences detected and transmitted by system 100,
embodiments of the present concept are able to report and differentiate a blown fuse
link 23 from a manually removed fuse link 23.

As another example, today there is little to no data available regarding
condition which led up to the blowing of a fuse link. By providing a means for
monitoring/recording current passing through the fuse link 23, system 100 can
determine if the current has exceeded a predetermined threshold that can be
programmed according to the fuse link 23 being used. The system 100 can count such
over-current events at its sample rate and can be configured to report when the fuse
link 23 experiences over-current for a configured number of counts or time. This
allows for a user to investigate the issue before an outage occurs. At the same time,
the system 100 can monitor for transient pulses above a certain configurable threshold
and it can also be set to report on a certain number of transient counts. This provides
diagnostics that are not available today for proactive monitoring of fuse elements that
can ultimately be used to determine fuse aging and notify of issues ahead of time.

As yet a further example, a given fuse link rating might be sufficient
for a specific application 75% of the time, but during the hottest cooling days of
summer with AC on and the link subjected to heating in a cutout at the top of a utility
pole, the link may be under rated. By using a temperature sensor as an additional unit
132 in system 100, the system would allow engineers to validate such theories about
fuse operations and more accurately size fuse links for specific applications.

From the foregoing it is to be appreciated that embodiments of the
present concept not only allow users to quickly identify blown fuses but also to
identify possible issues before an outage occurs and more quickly dispatch crews to
fix such issues, thus resulting in lower costs to troubleshoot problems and reduced
times to correct problems when they do occur.

While example embodiments of the disclosed concept have been

shown with respect to a fuse assembly of a drop out fuse cutout, it is also
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contemplated that the disclosed concept may be employed in other applications where
monitoring of the moveable member would be desirable. An example of such other
application would be a standard cutout which utilizes a similar arrangement as the
fused cutout 12 described herein except there is no fuse element and the fuse tube 24
is simply replaced with a solid copper bar. Indications provided by the monitoring
system could include cutout open, closed, current measurement and other non-fuse
related measurements.

As another example alternate application would be in an air switch
which is similar to a standard cutout except the air switch is a single-piece product
rather than the two-piece switch like the cutout. Functions would be the same as the
standard cutout with the additional ability to include positive latch indication.

Another example alternate application would be in use with an under
oil switch which is designed to go inside oil-filled enclosures. Functions of such an
arrangement are the same as cutouts and air switches. In such an application there is a
greater importance is on communications to provide status of the switch due to the
location and lack of access to the switch. Additional functions of low oil trip, low oil
condition, high pressure and oil quality can be measured and communicated.

In yet further example alternate applications would be in rotary
switches which are similar to under oil switches except contact closure is performed
by rotating a shaft or in magnex switches which are generally special rotary switches
which include safety features of overcurrent protection and low-oil trip. Many of the
functions of the system 100 described herein could be implemented with the inclusion
of radio communication of low oil trip, low oil condition, high pressure and oil
quality.

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 system for monitoring one or more aspects of a fuse tube
assembly (22) of a fuse cutout (12), the system (100) comprising:

a housing (102) structured to be disposed adjacent to, and coupled to
the fuse tube assembly (22);

a power source (120) disposed in the housing (102);

a processing unit (122) disposed in the housing (102) and electrically
coupled to the power source (120); and

a motion detecting unit (126) disposed in the housing (102) and
electrically coupled to the processing unit (122), the motion detecting unit (126) being

structured to detect one or both of position or movement of the housing (102).

2. The system (100) of claim 1, further comprising a transmitting unit
(130) electrically coupled to the processing unit (122), the transmitting unit (130)
being adapted to transmit information from the processing unit (122) to one or more

receiving units (150) positioned a distance from the housing (102).

3. The system (100) of claim 1, further comprising a current sensing
unit (128) disposed in the housing (102) and electrically coupled to the processing
unit (122), the current sensing unit being structured to detect current passing through a

fuse link (23) disposed in a fuse tube (24) of the fuse tube assembly (22).

4. The system (100) of claim 1, wherein the motion detecting unit

comprises at least one of an accelerometer or a gyroscope.

5. The system (100) of claim 1, wherein the housing (100) is structured
to be disposed around a fuse tube (24) of the fuse tube assembly (22).

6. The system (100) of claim 5, wherein the housing (100) comprises a

first portion (102) and a second portion (104) which are moveably coupled with

respect to each other via a number of hinge members (112).

14



WO 2017/040159 PCT/US2016/048507

7. The system (100) of claim 1, wherein the power source comprises a

solar cell (124).

8. The system (100) of claim 1, wherein the power source (120)
comprises an energy harvesting system structured to harvest energy from a flow of
current passing through a fuse link (23) disposed in a fuse tube (24) of the fuse tube
assembly (22).

9. The system (100) of claim 3, wherein the processing unit is
structured to receive and record data along with relevant time information from one or

more of the motion detecting unit (126) and current sensing unit (128).

10. A fuse tube assembly (22) for use in a fuse cutout (12), the fuse
tube assembly (22) comprising:

a fuse tube (24) structured to receive a fuse link (23) therein;

an upper ferrule assembly (26) coupled to the fuse tube (24) at or about
an upper end thereof, the upper ferrule assembly (26) structured to engage an upper
contact assembly (18) of the fuse cutout (12);,

a lower ferrule assembly (28) coupled to the fuse tube (24) at or about
an opposite lower end thereof, the upper ferrule assembly (26) structured to engage a
lower contact assembly (20) of the fuse cutout (12); and

a system (100) for monitoring one or more aspects of the fuse tube

assembly according to claim 1.

11. The fuse tube assembly (22) of claim 10, further comprising a
transmitting unit (130) electrically coupled to the processing unit (122), the
transmitting unit being adapted to transmit information from the processing unit to

one or more receiving units (150) positioned a distance from the housing.
12. The fuse tube assembly (22) of claim 10, further comprising a
current sensing unit (128) disposed in the housing (102) and electrically coupled to

the processing unit (122).
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13. The fuse tube assembly (22) of claim 10, wherein the housing
(100) is disposed around the fuse tube assembly (24).

14. The fuse tube assembly (22) of claim 10, wherein the power source
(120) comprises a solar cell (124)or an energy harvesting system structured to harvest
energy from a flow of current passing through a fuse link (23) disposed in the fuse

tube (24).

15. A fuse cutout (12) comprising:

an insulator (14);,

a mounting member (16) extending from the insulator (14) for securing
the cutout (12) to a utility pole or other structural member;

an upper contact assembly (18) coupled to an upper end of the
insulator (14);

a lower contact assembly (20) coupled to a lower end of the insulator
(14); and

a fuse tube assembly (22) comprising:

a fuse tube (24) structured to receive a fuse link (23) therein;

an upper ferrule assembly (26) coupled to the fuse tube (24) at
or about an upper end thereof, the upper ferrule assembly (26) engaged with the upper
contact assembly (18);

a lower ferrule assembly (28) coupled to the fuse tube (24) at or
about an opposite lower end thereof, the upper ferrule assembly (26) engaged with the
lower contact assembly (20) of the fuse cutout (12); and

a system (100) for monitoring one or more aspects of the fuse

tube assembly (22) according to claim 1.

16



WO 2017/040159 PCT/US2016/048507




PCT/US2016/048507

WO 2017/040159

2 /7




PCT/US2016/048507

WO 2017/040159

3/7




PCT/US2016/048507

WO 2017/040159

4/




PCT/US2016/048507

WO 2017/040159

D




PCT/US2016/048507

WO 2017/040159




WO 2017/040159

PCT/US2016/048507

@ﬁﬁz\wx
150
RECEIVER
102
130 A%
MTRANSITER| | SENSOR |
128 = 126
D b
CURRENT
SENSOR PROCESSOR DETECTOR

POWER
SOURCE

FG.8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/048507

A. CLASSIFICATION OF SUBJECT MATTER

INV. HOlH9/16 HO1H31/12
ADD.

HO1H85/30

HO1H85/46

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

B. FIELDS SEARCHED

HO1H

Minimum documentation searched {classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

abstract; figure 1

[US] ET AL) 18 September 2014 (2014-09-18)

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5 341 265 A (WESTROM ARTHUR C [US] ET 1
AL) 23 August 1994 (1994-08-23)
column 14, 1ine 19 - column 16, line 44;
figures 11-13¢
A US 4 553 188 A (AUBREY DAVID R [GB] ET AL) 1
12 November 1985 (1985-11-12)
column 3, line 54 - column 6, line 21;
figures 1,2
A US 20147266240 Al (HAENSGEN GREGG JAMES 1

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich 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

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot 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

25 October 2016

Date of mailing of the international search report

07/11/2016

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Findeli, Luc

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




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/US2016/048507
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5341265 A 23-08-1994  NONE
US 4553188 A 12-11-1985 AU 558283 B2 22-01-1987
CA 1199098 A 07-01-1986
DE 3369035 D1 12-02-1987
EP 0110929 Al 20-06-1984
GB 2120876 A 07-12-1983
us 4553188 A 12-11-1985
WO 8304347 Al 08-12-1983
ZA 8303848 B 29-02-1984
US 2014266240 Al 18-09-2014 AU 2014244259 Al 10-09-2015
US 2014266240 Al 18-09-2014
WO 2014159995 Al 02-10-2014

Form PCT/ISA210 (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 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

