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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/112104 Al
14 July 2016 (14.07.2016) W P O PCT

(51) International Patent Classification: Brian, Charles; 880 Mitten Road, Suite 105, Burlingame,
H01B 17/20 (2006.01) CA 94010 (US). PARSONS, Mark, A.; 880 Mitten Road,

Suite 105, Burlingame, CA 94010 (US).
(21) International Application Number:

PCT/US2016/012335 (74) Agents: THOMAS, Justin et al; Shay Glenn LLP, 2755
Campus Drive, Suite 210, San Mateo, CA 94403 (US).

(22) International Filing Date:
6 January 2016 (06.01 .2016) (81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(26) Publication Language: English BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Priority Data: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

62/100,420 6 January 2015 (06.01 .2015) US KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(71) Applicant: SENTIENT ENERGY, INC. [US/US]; 880 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

Mitten Road, Suite 105, Burlingame, CA 94010 (US). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(72) Inventors: BAKER, Peter; 880 Mitten Road, Suite 105, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Burlingame, CA 94010 (US). SAXBY, Dennis, Allen; 880
Mitten Road, Suite 105, Burlingame, CA 94010 (US). (84) Designated States (unless otherwise indicated, for every

STEINER, James, E.; 880 Mitten Road, Suite 105, Burl kind of regional protection available): ARIPO (BW, GH,

ingame, CA 94010 (US). KNIGHT, David, P.; 880 Mitten GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Road, Suite 105, Burlingame, CA 94010 (US). HEWETT, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

[Continued on nextpage]

(54) Title: METHODS AND APPARATUS FOR MITIGATION OF DAMAGE OF POWER LINE ASSETS FROM TRAVELING
ELECTRICAL ARCS

(57) Abstract: A power distribution monitoring system is provided that can
include a number of features. The system can include a plurality of power line
sensing devices configured to attach to individual conductors on a power grid
distribution network. The sensing devices can be configured to measure and
monitor, among other things, current and electric -field on the conductors. The
system can further include one or more arc shields positioned near the sensing
devices and configured to prevent damage to the conductor or sensing device
in the event of a traveling arc. Methods of installing and protecting the system
are also discussed.



w o 2016/112104 A i III II II 11 I Illlll 111 III III lllll lllll lllll 11 Hill llll llll 11llll

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, Published:

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, ΓΓ , LT,
— with international search report (Art. 21(3))

LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,

SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).



METHODS AND APPARATUS FOR MITIGATION OF DAMAGE OF POWER LINE ASSETS

FROM TRAVELING ELECTRICAL ARCS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C. 119 of U.S. Provisional Patent

Application No. 62/100,420, filed January 6, 2015, titled "Methods and Apparatus for Mitigation of

Damage of Power Line Assets from Traveling Electrical Arcs", which application is incorporated by

reference as if fully set forth herein.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent application was

specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0003] The present invention generally relates to power distribution networks. More specifically, the

present invention relates to monitoring power distribution systems and preventing damage to line

monitors and to the power distribution systems as a result of traveling arcs.

BACKGROUND OF THE INVENTION

[0004] In providing power to customers, electrical power utility companies employ a power grid

distribution network that includes distribution-line-conductors (which are often referred to as power

lines). Typically, difficulties or faults within the distribution network are identified only after

occurrences of "events." These events may merely result in a temporary loss of power for a limited

number of customers, but more significant problems may occur.

[0005] Protection components and systems are known. "Reactive" components are particularly

common. A reactive component is a device or system that is activated or deactivated by a fault event or

its consequences. For example, a circuit breaker will open a distribution line as a response to excessive

current, thereby protecting power distribution equipment. More sophisticated systems are also available.

[0006] Clearly, there are benefits to identifying conditions that precede fault events. For example, if

it can be determined that a power line from a power transformer is experiencing intermittent fluctuations,

scheduling a replacement of the transformer to avoid an outage event would be beneficial to the utility

provider and its customers. Thus, "predictive" components and systems are desirable. Line monitoring

devices and systems that monitor power parameters of equipment and power lines can provide useful

information for the prevention and identification of power distribution faults or events.

[0007] Electrical arcs can occur in power distribution grids due to a breakdown of insulation on the

conductors, typically at insulators or across open switch contacts mounted on utility poles where the



installation strength is weakest and most easily overcome by an overvoltage event. Electrical arcs may be

overvoltage effects from direct or nearby lightning strikes, coupled with insulator damage and/or

pollution. Traveling arcs typically occur between either two or three high voltage electrical conductors.

Arcs typically travel, or 'motor', away from the generator or source, driven by the Lorentz Force. The

speed of a traveling arc is proportional to the arc current, which in-turn is dependent on available fault

current at the site of the arc. Thus, the speed of an arc is proportional to the distance of the arc location to

the substation. Arcs are driven by magnetic forces, so a change in the magnetic circuit can result in a

change in arc speed. A traveling arc is a column of ionized gas (plasma) that provides a conductive path

for fault current to flow between conductors. This arc plasma is destructive because of a) its ionizing

capabilities and b) high temperatures developed in the gas, approaching 10,000°K.

[0008] Monitoring devices deployed in production environments can cause damage to the surface of

the conductor under traveling arc conditions. When a traveling arc moves along a conductor, it will linger

on any metal structure on or near the conductor. Thus, monitoring devices deployed on power

distribution networks give traveling arcs a place to "hang out" or linger, and act as a physical barrier for

the hot arc gases. This allows the traveling arc to damage both the conductor itself, and also the

monitoring devices, which can cause power outages and expensive damage to the power distribution

network.

SUMMARY OF THE DISCLOSURE

[0009] A system configured to protect a power distribution network and devices mounted on the

power distribution network from damage caused by a traveling arc is provided, comprising a line

monitoring device mounted to a conductor of the power distribution network, a line mount mounted on

the conductor adjacent to the line monitoring device, and a conductive shield attached to the line mount

and comprising a sacrificial conductive material configured to be consumed by the traveling arc when the

traveling arc interacts with the conductive shield.

[0010] In some embodiments, the conductive shield is generally perpendicular to the power line.

[0011] In another embodiment, the conductive shield comprises a generally circular shape.

[0012] In some embodiments, the conductive shield comprises a cutout feature through which the

conductor can pass. In one embodiment, the cutout feature extends from a perimeter of the conductive

shield to a central portion of the conductive shield.

[0013] In some embodiments, the conductive shield further comprises a plurality of holes configured

to improve communications performance of the line monitoring device.

[0014] In one embodiment, the conductive shield has a diameter larger than a diameter or height of

the line device.

[0015] In some embodiments, the line mount comprises a hot line clamp.

[0016] In one specific embodiment, the conductive shield is positioned on the conductor between a

substation of the power distribution network and the line monitoring device.



[0017] In another embodiment, the line mount comprises a first line mount and the conductive shield

comprises a first conductive shield, further comprising a second line mount mounted on the conductor

adjacent to the line monitoring device, the line mount being mounted on an opposite side of the line

monitoring device to the first line mount, and a second conductive shield attached to the second line

mount and comprising a sacrificial conductive material configured to be consumed by the traveling arc

when the traveling arc interacts with the second conductive shield.

[0018] In one embodiment, the conductive shield comprises aluminum. In another embodiment, the

conductive shield comprises the same material as the conductor.

[0019] A method of protecting a power distribution network and devices mounted on the power

distribution network from damage caused by a traveling arc is also provided, comprising mounting a line

mount attached to a conductive shield on a conductor adjacent to a line monitoring device positioned on

the conductor, and allowing the conductive shield to be consumed by the traveling arc when the traveling

arc interacts with the conductive shield.

[0020] A system configured to protect a power distribution network and devices mounted on the

power distribution network from damage caused by a traveling arc is provided, comprising a line

monitoring device mounted to a conductor of the power distribution network, a line mount mounted on

the conductor adjacent to the line monitoring device, and a conductive cage attached to the line mount

and at least partially surrounding the line monitoring device, the conductive cage comprising a sacrificial

conductive material configured to be consumed by the traveling arc when the traveling arc interacts with

the conductive shield.

[0021] In one embodiment, the conductive cage comprises a plurality of conductive bars.

[0022] In another embodiment, the conductive cage comprises aluminum.

[0023] A system configured to protect a power distribution network and devices mounted on the

power distribution network from damage caused by a traveling arc is also provided, comprising a line

monitoring device mounted to a conductor of the power distribution network, a line mount mounted on

the conductor adjacent to the line monitoring device, and a conductive shell attached to the line mount

and at least partially covering the line monitoring device without contacting the line monitoring device,

the conductive shell comprising a sacrificial conductive material configured to be consumed by the

traveling arc when the traveling arc interacts with the conductive shield.

[0024] In some embodiments, the conductive shell is generally rectangular in shape.

[0025] In other embodiments, the conductive shield comprises at least one cutout feature through

which the conductor can pass.

[0026] In one embodiment, the conductive shield comprises one or more plates configured to form

one or more sides of the rectangular shape of the conductive shell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. A illustrates one embodiment of a power line monitoring system.
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[0028] Fig. IB illustrates one embodiment of electrical components disposed in a power line

monitoring device.

[0029] Fig. 2 shows a traveling arc on a power distribution network.

[0030] Figs. 3A-3B show one embodiment of an arc shield having a conductive shield configured to

prevent damage to the conductor or line device in the event of a traveling arc.

[0031] Fig. 3C shows one embodiment of an arc shield having a conductive cage configured to

prevent damage to the conductor or line device in the event of a traveling arc.

[0032] Fig. 3D shows one embodiment of an arc shield having a pair of conductive shields

configured to prevent damage to the conductor or line device in the event of a traveling arc.

[0033] Fig. 3E shows one embodiment of an arc shield having a conductive shell configured to

prevent damage to the conductor or line device in the event of a traveling arc.

[0034] Fig. 3F shows one embodiment of an arc shield having one or more conductive rings

configured to prevent damage to the conductor or line device in the event of a traveling arc.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Methods and devices are provided herein for mitigating against the damage of electrical

conductors beneath and adjacent to a line monitoring device when a traveling electrical arc passes over

the location. Prior to this invention, line monitoring devices deployed in production environments have

been found to cause minor damage to the surface of the conductor under traveling arc conditions.

[0036] Power line monitoring devices and systems described herein are configured to measure the

currents and voltages of power grid distribution networks. Referring to FIG. 1A, monitoring system 00

comprises monitoring devices 102, 104, and 106 mounted to power line conductors 108, 110, and 112,

respectively, of power distribution network 14. The power distribution network can be a three phase AC

network, or alternatively, a single-phase network, for example. The power distribution network can be

any type of network, such as a 60Hz North American network, or alternatively, a 50Hz network such as is

found in Europe and Asia, for example. Power distribution networks, such as in the United States,

typically operate at a medium voltage (e.g., 4kV to 46kV or higher) to reduce the energy lost during

transmission over long distances. The monitoring devices can also be used on high voltage "transmission

lines" or conductors that operate at voltages higher than 46kV.

[0037] Monitoring devices 102, 04, and 106 can be mounted on each conductor of a three-phase

network, as shown, and can be configured to monitor, among other things, current values and wavefomis,

conductor temperatures, ambient temperatures, vibration, wind speed and monitoring device system

diagnostics. In some embodiments, a fourth sensor can be mounted on the ground conductor associated

with the three phase lines. The monitoring devices can measure current in peak amplitude or root-mean-

square (RMS) values and waveforms with, for example, with Rogowski coils, Hall-effect sensors, current

transformers, or other similar current measurement devices.

[0038] In additional embodiments, multiple sensors can be used on a single phase line. The

monitoring devices can be mounted quickly and easily via a hot-stick 16, and can harvest energy from
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the power lines for operation or be self powered (e.g., include batteries or solar panels). The monitoring

devices can further include wireless transmission and receiving capabilities for communication with a

central server and for communications between each monitoring device. Installation of a three

monitoring device array can be placed and configured by a single linesman with a hot-stick and a bucket

truck in less than 20 minutes. Monitoring device communication with the installation crew can be

enabled during the installation process to provide immediate verification of successful installation.

[0039] Fig. 1B is a schematic drawing of the electronics 107 utilized in one embodiment of a

monitoring device 102. In some embodiments, the electronics 107 of the monitoring device 102 can

include sensors and hardware configured to measure current on the conductors and the electric field

surrounding the conductors, can record and analyze power factor signatures, fault event signatures, and

classify event waveforms. Current and electric field waveform signatures can be monitored and

catalogued by the monitoring devices to build a comprehensive database of events, causes, and remedial

actions. In some embodiments, an application executed on a central server can provide waveform and

event signature cataloguing and profiling for access by the monitoring devices and by utility companies.

This system can provide fault localization information with remedial action recommendations to utility

companies, pre-emptive equipment failure alerts, and assist in power quality management of the

distribution grid.

[0040] The electronics 107 of monitoring device 102 can comprise sensing elements 124, a power

supply 126 and battery 128 including energy harvesting components, a microprocessor board 130 and

CPU 132, and high powered communication systems 134, including transmit and receive capabilities,

disposed within a robust mechanical housing (as shown in Fig. 1A) designed for severe service

conditions. The monitoring devices can be configured to withstand temperatures ranging from -40 to

+85C, EMI and ESD immunity, current and voltage impulse resistance, and driving rain and salt fog

survival. The monitoring devices can also be configured to operate at up to 1000A operating current,

monitor fault currents up to 1OkA, with full functionality with a lifespan of at least 10 years in the field.

[0041] The monitoring device can be configured to calculate power parameters related to 3-phase

operation, power delivery and fault conditions. Because the monitoring device 102 has the data from all

three phases, and the data or waveforms are synchronized, calculations for 3-phase vector diagrams and

3-phase power quality can be made. Without relative time synchronization the data transferred to one

CPU cannot be used fully. In some embodiments, time-sync' ed one-way communications is sufficient.

[0042] As described above, monitoring devices 102, 104, and 106 are configured to gain the

performance and information-rich benefits equivalent to having direct voltage data by measuring the

electric field surrounding a power grid distribution network instead. For electric field sensing, the sensing

elements 124 can comprise any type of electrometer, such as a "field chopping" transducer, capacitive

sensing plate with charge amplifier (CCA), or piezoelectric crystals to measure electric field.

[0043] Fig. 2 illustrates an electrical arc 236 traveling along on or more conductors on a power

distribution network 214 as the result of a lightning strike 237. In Fig. 2, the electrical arc 236 is shown

traveling in the direction of arrow 238 (to the left of the page), traveling away from a substation 240



located at some position on the power distribution network to the right of the page. In Fig. 2, the

electrical arc 236 is shown spanning across two conductors as it approaches line monitoring devices 202,

204, and 206. Traveling electrical arcs can occur between either two or three high voltage electrical

conductors.

[0044] As described above, an electrical arc traveling along a power conductor can linger or "hang

out" on any metal structure on or near the conductor. Thus, in the scenario of Fig. 2, the traveling

electrical arc is likely to linger on one or more of the line monitoring devices 202, 204, and/or 206, which

can result in damage to the conductors) and/or monitoring devices.

[0045] Figs. 3A-3B show one embodiment of an arc shield configured to mitigate or prevent damage

to a conductor and/or a line monitoring device in the event of a traveling arc. Figs. 3A-3B illustrate a line

monitoring device 302 installed on a conductor 308 of a power distribution network. In this embodiment,

an arc shield 342 is installed on the conductor adjacent to or near to the line monitoring device. For

example, the arc shield 342 can be installed 0-30cm from the line monitoring device. In some

embodiments, line monitoring devices and arc shields can be installed on each conductor of the power

distribution network (typically 3 conductors). The arc shield can comprise a conductive shield 344 and a

line mount 345. In this embodiment, the line mount is shown attached to the conductive shield and is

configured to attach to the conductor 308 near the line monitoring device 302. The conductive shield can

be bolted, screwed, or welded to the line mount, for example. In one embodiment, the arc shield can be

mounted on the side of the line monitoring device that is likely to be hit by a traveling arc. Since

traveling arcs travel or motor in the direction away from a substation, the arc shield is typically installed

between the nearest substation of the power distribution network and the line monitoring device(s). The

arc shields described herein can be installed anywhere on the power line adjacent to the device to be

protected, and need not be constrained to installation at or near a pole of the power line.

[0046] In various embodiments, the conductive shield 344 of the arc shield 342 can comprise a

variety of shapes and sizes. In the illustrated embodiment, the conductive shield is a generally planar

surface that is circular in shape and includes a cutout feature 346. This particular embodiment can be

considered a "C-shaped" conductive shield comprising a generally circular shape with a cutout that

extends from a perimeter of the conductive shield to a central portion of the shield. The conductor can be

configured to pass through this central portion of the cutout feature. The cutout feature 346 is designed to

allow the conductive shield to be mounted on around the conductor to surround the conductor without

actually touching the conductor itself. The conductive shield is configured to be mounted horizontally on

the conductor so that the conductive shield is substantially perpendicular to the conductor.

[0047] The generally circular design of the arc shield in Figs. 3A-3B is configured to offer a uniform

physical profile to protect against traveling arcs 360° around the conductor. This supports deployment of

a single device on all conductor configurations. The circular design further provides a uniform electric

field profile around the circumference of the shield. This mitigates high e-field gradients on corners that

can 'trap' electric arcs and focus arc damage. The opening or cutout through which the conductor passes

is designed to: a) be of minimum width and, b) have an entry point with rounded corners. Both of these
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features maintain as uniform an e-field as possible around the shield, minimizing the amount of time the

arc will dwell at a particular location on the shield. This is important to minimize the amount of material

that is vaporized by the arc. In addition, the uniform physical and electric field profiles support local

motoring of the arc around the circumference of the shield. This is understood to spread damage around

the surface of the shield. The diameter of the shield determines the degree of protection the asset receives

from the arc flash (arc gases) damage.

[0048] In the embodiment shown in Fig. 3A, the conductive shield 344 further includes a plurality of

holes 348 within the shield. The holes 348 are placed within the conductive shield to reduce weight of

the shield and to improve communication transmissions from the line monitoring device 302. In the

illustrated embodiment, the conductive shield has approximately 9 holes with a 3/4" diameter, and the

holes are positioned at least .0" apart and 1.250" from the outer edge. For this specific embodiment, the

hole size was developed through RF performance testing. Hole clearance from the edge of the shield is

configured to provide sufficient material to support multiple hits from an electrical arc.

[0049] In other embodiments, the arc shield can comprise different shapes and designs. For

example, in the embodiment shown in Fig. 3C, the arc shield 342 can comprise a conductive cage 350

that surrounds some or all of a line monitoring device. This conductive cage 350 can be mounted to the

power conductor with line mount 345 as described above, such that some or all of the conductive cage

surrounds the line monitoring device also mounted to the conductor. As shown in Fig. 3C, the conductive

cage 350 can comprise a plurality of bars 352 which attach to a plate 354 to form the conductive cage.

The plate 354 can be arranged generally perpendicular to the conductor, and the bars can be generally

parallel to the conductor. In some embodiments, the bars 352 can include a distal portion opposite to the

plate that turns inwards to be generally perpendicular to the conductor, as shown.

[0050] Fig. 3D shows another embodiment of an arc shield 342, similar to the embodiment described

above with respect to Figs. 3A-3B. In this embodiment, the arc shield comprises a pair of conductive

shields 356 positioned on each side of the line monitoring device to "pancake" the device. The

conductive shields can be mounted to the power conductor with line mounts 345 as described above.

These conductive shields can further include the cutout feature 346 and holes 348 described above.

[0051] Fig. 3E shows an alternative embodiment in which an arc shield 342 comprises a conductive

shell 358 that partially or completely covers the line monitoring device. In this embodiment, the

conductive shell 358 is mounted to the power conductor with a line mount 345, and surrounds but does

not contact the line monitoring device located on the interior of the arc shield. As seen in Fig. 3E, the

conductive shell can comprise one or more plates 360 that form one or more sides of the rectangular

conductive shell. One or more of the plates 360 can include a cutout feature 346, as described above with

respect to Figs. 3A-3B, to permit passage of the conductor through the conductive shell.

[0052] Fig. 3F is another embodiment in which the arc shield(s) 342 comprise conductive donuts or

rings 362, mounted to the power conductor with line mounts 345. In this embodiment, a pair of

conductive donuts or rings is shown positioned on both sides of the line monitoring device 302, but in

other embodiments a single conductive donut or ring can be placed near the line monitoring device. It



should be understood that in embodiments where two or more conductive rings or donuts are installed

near the line monitoring device, that each conductive donut or ring attaches to the conductor with its own

line mount 345.

[0053] In the embodiments described above, the arc shield can comprise a sacrificial material such

as a metal, e.g., aluminum. A sacrificial material can be any material that is designed and configured to

be eroded or consumed by a lingering traveling arc. In some embodiments, it can be advantageous for the

arc shield to be made out of the same material as the conductor so as to avoid a galvanic reaction between

the conductor and the conductive shield. In other embodiments, the conductive shield can be other metals

such as stainless steel, copper, bronze, etc.

[0054] Referring to the side view drawing of Fig. 3B, the diameter (or height/length) of the

conductive shield can be approximately the height of the line monitoring device. In one specific

embodiment, the conductive shield can be approximately 0.3cm wide x 23cm in diameter. The diameter

of the conductive shield is limited by the spacing between adjacent conductors in a power distribution

network. Thus, the diameter of the conductive shield must be smaller than the distance between adjacent

power line conductors to avoid shorting out the conductors. The conductive shield thickness sets the

number of traveling arc events the shield can sustain. As the conductive shield is made thicker, it

provides: a) more sacrificial material available before enough of the shield has been eroded to expose the

hot line clamp and/or asset to arc damage, b) a thicker shield removes heat from the arc contact point on

the perimeter quicker, minimizing the amount of material the arc vaporizes. The amount of conductive

shield damage (material sacrificed) is determined by the arc fault current and the time the arc dwells in

the device. Higher arc fault currents cause the arc to travel faster (higher Lorentz force), reducing dwell

time. High current arc faults will also clear quicker. The conductive shield is designed to support the

fault current levels and durations expected at a particular installation site as determined by the system

protection scheme.

[0055] The line mounts described above can comprise hot line clamps to ensure robust electrical and

mechanical connections to the power line throughout the device's lifecycle. To prevent the arc from

attaching temporarily to hot line clamp, all features of the clamp can be positioned within the outside

circumference of the conductive shield, conductive cage, conductive shell, or conductive rings. In some

embodiments, the line mount can attach to the conductive shield, conductive cage, conductive shell, or

conductive rings with a threaded screw and hex nuts to space the shield from the line mount. In one

specific embodiment, the line mount can be spaced up to 2cm from the conductive shield. The arc shield

is configured to be deployed by shotgun hot-stick or lineman gloves on electrical power lines ranging

from 4kV to 35kV. The arc shield can be advantageously retrofitted or installed alongside a power line

mounted device and does not require any specialist equipment or planned outages.

[0056] When hit by a traveling electrical arc, the arc shields described herein are configured to

provide a physical barrier for the line monitoring device and conductor, keeping arc gases away from the

adjacently mounted line monitor. This function also keeps hot ionizing gases away from metal and

plastic components that may be melted or burnt respectively.



[0057] The arc shields described herein are also configured to alter the traveling arc behavior at the

power line asset location, slowing down the speed of the arc on one conductor holding the anode of the

arc to the shield of the invention. The arc tends to continue at its nominal speed on the adjacent

conductor, lengthening the arc. The arc will reach a critical point where it will cease to dwell on the

shield, jumping across and clear of the power line asset.

[0058] The arc shields described herein provide a robust electrically conductive location upon which

a traveling arc may dwell. Due to the high temperatures developed by the arc, materials coming in to

contact with the arc are subject to melting or burning. On a bare conductor with a uniform surface, a

'frosting' pattern is observed after a traveling arc passes; this is considered 'normal' or 'acceptable'

damage. For non-uniform surface, where a power system asset such as a power line monitor attaches to

the conductor, further damage may occur around the contact point. This is typically represented by

partial or full melting of one or more outside conductor strands. The arc shield component of the present

disclosure offers a large mass of sacrificial material (such as aluminum) that may be consumed by the arc

while it dwells. Testing has identified that an arc shield can take multiple hits from a traveling arc while

providing robust protection to the adjacent line monitor device.

[0059] As for additional details pertinent to the present invention, materials and manufacturing

techniques may be employed as within the level of those with skill in the relevant art. The same may hold

true with respect to method-based aspects of the invention in terms of additional acts commonly or

logically employed. Also, it is contemplated that any optional feature of the inventive variations

described may be set forth and claimed independently, or in combination with any one or more of the

features described herein. Likewise, reference to a singular item, includes the possibility that there are

plural of the same items present. More specifically, as used herein and in the appended claims, the

singular forms "a," "and," "said," and "the" include plural referents unless the context clearly dictates

otherwise. It is further noted that the claims may be drafted to exclude any optional element. As such,

this statement is intended to serve as antecedent basis for use of such exclusive terminology as "solely,"

"only" and the like in connection with the recitation of claim elements, or use of a "negative" limitation.

Unless defined otherwise herein, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art to which this invention belongs. The breadth of

the present invention is not to be limited by the subject specification, but rather only by the plain meaning

of the claim terms employed.



CLAIMS

What is claimed is:

1. A system configured to protect a power distribution network and devices mounted on the power

distribution network from damage caused by a traveling arc, comprising:

a line monitoring device mounted to a conductor of the power distribution network;

a line mount mounted on the conductor adjacent to the line monitoring device; and

a conductive shield attached to the line mount and comprising a sacrificial conductive material

configured to be consumed by the traveling arc when the traveling arc interacts with the conductive

shield.

2. The system of claim , wherein the conductive shield is generally perpendicular to the power line.

3. The system of claim 1, wherein the conductive shield comprises a generally circular shape.

4. The system of claim 3, wherein the conductive shield comprises a cutout feature through which

the conductor can pass.

5. The system of claim 4, wherein the cutout feature extends from a perimeter of the conductive

shield to a central portion of the conductive shield.

6. The system of claim 1, wherein the conductive shield further comprises a plurality of holes

configured to improve communications performance of the line monitoring device.

7. The system of claim 1, wherein the conductive shield has a diameter larger than a diameter or

height of the line device.

8. The system of claim 1, wherein the line mount comprises a hot line clamp.

9. The system of claim , wherein the conductive shield is positioned on the conductor between a

substation of the power distribution network and the line monitoring device.

10. The system of claim 1, wherein the line mount comprises a first line mount and the conductive

shield comprises a first conductive shield, further comprising:

a second line mount mounted on the conductor adjacent to the line monitoring device, the line

mount being mounted on an opposite side of the line monitoring device to the first line mount; and



a second conductive shield attached to the second line mount and comprising a sacrificial

conductive material configured to be consumed by the traveling arc when the traveling arc interacts with

the second conductive shield.

1. The system of claim 1, wherein the conductive shield comprises aluminum.

1 . The system of claim 1, wherein the conductive shield comprises the same material as the

conductor.

13. A method of protecting a power distribution network and devices mounted on the power

distribution network from damage caused by a traveling arc, comprising:

mounting a line mount attached to a conductive shield on a conductor adjacent to a line

monitoring device positioned on the conductor; and

allowing the conductive shield to be consumed by the traveling arc when the traveling arc

interacts with the conductive shield.

14. A system configured to protect a power distribution network and devices mounted on the power

distribution network from damage caused by a traveling arc, comprising:

a line monitoring device mounted to a conductor of the power distribution network;

a line mount mounted on the conductor adjacent to the line monitoring device; and

a conductive cage attached to the line mount and at least partially surrounding the line monitoring

device, the conductive cage comprising a sacrificial conductive material configured to be consumed by

the traveling arc when the traveling arc interacts with the conductive shield.

15. The system of claim 1 , wherein the conductive cage comprises a plurality of conductive bars.

16. The system of claim 14, wherein the conductive cage comprises aluminum.

7. A system configured to protect a power distribution network and devices mounted on the power

distribution network from damage caused by a traveling arc, comprising:

a line monitoring device mounted to a conductor of the power distribution network;

a line mount mounted on the conductor adjacent to the line monitoring device; and

a conductive shell attached to the line mount and at least partially covering the line monitoring

device without contacting the line monitoring device, the conductive shell comprising a sacrificial

conductive material configured to be consumed by the traveling arc when the traveling arc interacts with

the conductive shield.

8. The system of claim 17, wherein the conductive shell is generally rectangular in shape.



19. The system of claim 17, wherein the conductive shield comprises at least one cutout feature

through which the conductor can pass.

20. The system of claim 18, wherein the conductive shield comprises one or more plates configured

to form one or more sides of the rectangular shape of the conductive shell.
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