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(57) ABSTRACT 

A sensor apparatus for measuring poWer parameters on a 
poWer conductor, such as a high voltage transmission line 
may include a corona structure, an electronics assembly and 
a conductor mountable device. The corona structure may 
de?ne an outer boundary surrounding the electronics assem 
bly and the conductor mountable device. The corona struc 
ture may shield the electronic assembly and conductor 
mountable device from a corona produceable With the poWer 
conductor. The conductor mountable device may be a poWer 
parameter measurement device, such as a current sensor 
assembly. The current sensor assembly may be a split-core 
design that includes multiple transformer cores. The elec 
tronics assembly and the conductor mountable device may 
poWered from a line voltage suppliable on the poWer con 
ductor. Data may be Wirelessly transmitted and received 
With the sensor apparatus. 
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SENSOR APPARATUS 

[0001] This application claims the bene?t pursuant to 35 
USC §ll9(e) of US. Provisional Patent Application Ser. 
No. 60/645,317 ?led on Jan. 19, 2005, Which is herein 
incorporated by reference in its entirety. 

BACKGROUND 

[0002] Instrument transformers for installation on high 
voltage transmission lines, Which may include those trans 
formers used for protective relay and metering, are large and 
expensive. This is especially true for instrument transform 
ers designed for applications involving high transmission 
line voltages. It is also very costly to replace instrument 
transformers due to the necessity to poWer doWn the trans 
mission line during the replacement. One type of instrument 
transformers are referred to as current transformers (CTs). 
CTs may be used to measure a How of current. 

[0003] Current transformer reclassi?cation is the process 
of taking an existing current transformer (CT) and recali 
brating it, using calibration constants. The calibration con 
stants may be used to modify the current measurements 
performed by the CT to improve the accuracy of the mea 
sured current sensor 

[0004] A current transformer reclassi?cation (“sensor”) 
apparatus may be used to aid in the reclassi?cation of an 
existing installed CT. In addition, a sensor apparatus may be 
used to verify end to end system accuracy of CT measure 
ment points in a substation, sWitchyard, or other location. A 
sensor apparatus can also be utiliZed to verify the accuracy 
and/or operability of neW equipment coupled With a trans 
mission line. Currently, meters and instrument transformers 
are calibrated independently in a lab before being installed 
as a complete system in the ?eld. HoWever, once installed in 
the ?eld there is no simple or cost effective Way to verify the 
entire system’s accuracy. 

SUMMARY 

[0005] The invention relates to a system, apparatus and 
method for measuring poWer parameters on a poWer line. 
More particularly, the disclosed embodiments relate to a 
mechanical design and a system operable to be installed and 
monitor poWer parameters on a poWer line, such as a high 
voltage poWer line. The system may also include mecha 
nisms to enable compensation for inaccuracies in the output 
of instrument transformers. The disclosed embodiments 
include a sensor apparatus that is accurate, self contained, 
easy to install, and easy to use. 

[0006] The disclosed sensor apparatus may include a 
corona frame and a conductor mountable device. The corona 
frame may be an open structure that provides an outer 
envelope and an inner volume in Which corona discharge 
may be minimized. The conductor mounted device may be 
a poWer parameter measurement device that is a current 
sensor assembly. The current sensor assembly may be a split 
core design that includes a housing that can contain oper 
ating logic and electronic devices, such as a poWer supply 
and compensation circuitry. The current sensor assembly 
may also include a mechanism to transition a ?rst housing 
assembly and a second housing assembly that form the 
housing betWeen an open position and a closed position. 

[0007] The current sensor assembly may also include a 
carrier. The carrier may be disposed in the housing and 
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contain a plurality of current transformer cores. In a split 
core design, the discrete portions of the carrier may be 
included in both the ?rst housing assembly and the second 
housing assembly, and contain discrete portions of the 
current transformer cores. The carrier, current transformer 
cores and corresponding current transformer Windings may 
form a Winding assembly. Discrete portions of the Winding 
assembly may be included in each of the ?rst and second 
housing assemblies. The carrier and Winding assembly may 
be moveable Within the respective housing assemblies to 
enable contiguous alignment of the discrete core portions 
When the current sensor assembly is placed a closed posi 
tion. 

[0008] The sensor apparatus may also include a global 
positioning system (GPS) and/or time-syncing capabilities 
to alloW end to end accuracy veri?cation of the instrument 
transformers in a poWer system. In addition, the sensor 
apparatus may include an antenna(s) providing telemetry 
data and/or receiving GPS timing/position data to enable 
communication With, and use of, the installed sensor appa 
ratus. The sensor apparatus may also include one or more 
coupling devices. The coupling devices may be insulated 
from the corona frame of the sensor apparatus. Further, the 
sensor apparatus may include environmental protective fea 
tures to extend the service life of the sensor apparatus. The 
sensor apparatus may also include a post installation auto 
positioning feature using Weight distribution, and an instal 
lation guide frame, all of Which may provide for easier 
installation and the ability to install the sensor apparatus on 
a live poWer line Without having to ?rst interrupt and/or 
de-energiZe the line. 

[0009] Some embodiments of the sensor apparatus may 
feature an open corona frame or open corona structure. The 

open corona frame may alloW for modularity in the design, 
by alloWing the addition of components Without requiring 
that those additional components feature a smooth exterior 
or larger bend radius as is typically required by corona 
discharge reduction practices. The open frame also enables 
RF communication With the sensor apparatus and enables 
capacitive body electric ?eld poWering of the sensor appa 
ratus rather than poWering the sensor apparatus directly from 
the magnetic ?eld of a poWer line or from an energy storage 
device such as a battery. The open corona frame may include 
one or more members that are formed as closed curves to 

minimiZe Weight and Wind resistance When the sensor 
apparatus is operational. 

[0010] Other systems, methods, features and advantages 
of the invention Will be, or Will become, apparent to one With 
skill in the art upon examination of the folloWing ?gures and 
detailed description. It is intended that all such additional 
systems, methods, features and advantages be included 
Within this description, be Within the scope of the invention, 
and be protected by the folloWing claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention can be better understood With refer 
ence to the folloWing draWings and description. The com 
ponents in the ?gures are not necessarily to scale, emphasis 
instead being placed upon illustrating the principles of the 
invention. 

[0012] FIG. 1 illustrates one embodiment of a sensor 
apparatus installed on a poWer conductor. 
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[0013] FIG. 2 illustrates a perspective vieW of the power 
conductor and an embodiment of the sensor apparatus of 
FIG. 1. 

[0014] FIG. 3 illustrates a side vieW of the poWer con 
ductor and the sensor apparatus of FIG. 2. 

[0015] FIG. 4 illustrates the poWer conductor and a back 
vieW of the sensor apparatus of FIG. 2. 

[0016] FIG. 5 illustrates the poWer conductor and a bot 
tom vieW of the sensor apparatus of FIG. 2. 

[0017] FIG. 6 illustrates a poWer conductor and a per 
spective vieW of another embodiment of the sensor appara 
tus of FIG. 1. 

[0018] FIG. 7 illustrates a poWer conductor and a per 
spective vieW of yet another embodiment of the sensor 
apparatus of FIG. 1. 

[0019] FIG. 8 illustrates a hot stick and an embodiment of 
a current sensor assembly that can be included in the current 
apparatus of FIGS. 1-7. The current sensor assembly is 
depicted in an open position. 

[0020] FIG. 9 illustrates a hot stick and an embodiment of 
the current sensor assembly of FIG. 8 in a closed position. 

[0021] FIG. 10 illustrates an embodiment of the current 
sensor assembly of FIG. 8 in a closed position With the hot 
stick fully clamped. 

[0022] FIG. 11 illustrates an embodiment of the current 
sensor assembly of FIG. 8 With a portion of the housings 
removed. 

[0023] FIG. 12 illustrates an embodiment of the current 
sensor assembly of FIG. 8 With a portion of the current 
sensor assembly removed. 

[0024] FIG. 13 is a side vieW of an embodiment of the 
current sensor assembly of FIG. 8. 

[0025] FIG. 14 illustrates a partial cross-section of an 
embodiment of the current sensor assembly of FIG. 13. 

[0026] FIG. 15 illustrates a partial cross-section of 
another embodiment of the current sensor assembly of FIG. 
13. 

DETAILED DESCRIPTION 

[0027] FIG. 1 illustrates a sensor apparatus 300, or sensor 
structure installed on a poWer conductor 119. The poWer 
conductor 119 may be a high voltage transmission line or 
any other form of poWer supply line or poWer supply 
mechanism capable of conducting a line voltage and a line 
current. In one application, the sensor apparatus 300 may be 
designed for high voltage (HV) substation installation, such 
as With voltage levels from 38 kV to 765 kV. In other 
applications, the sensor apparatus 300 may be designed for 
any other voltage level and/or any other installation location. 
Example installation locations include transmission lines, 
conductors, generator terminals, sWitchgear, motor termi 
nals, a bus, a bus duct, a bus tube, a sWitch yard, and/or any 
other location Where poWer ?oWs through a poWer conduc 
tor 119. It Will be appreciated that particular performance 
characteristics of the sensor apparatus 300 may be imple 
mented dependent upon the particular application in Which 
the sensor apparatus 300 is to be deployed. 
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[0028] During installation, the sensor apparatus 300 may 
be placed onto the poWer conductor 119 While the poWer 
conductor 119 is “live,” using one or more hot sticks 118. 
The hot sticks 118 may be any form of longitudinally 
extending non-conducting rod having a proximate end con 
?gured to be handled by a user, and a distal end con?gured 
to interface With a device, such as the sensor apparatus 300. 
The hot sticks 118 may permit the manual installation of the 
sensor apparatus 300 While a user of the hot stick 118 may 
be positioned remote from the sensor apparatus 300. Thus a 
user performing such an installation may be spaced aWay not 
only from the sensor apparatus 300, but also from line 
voltage and line current that may be present on the poWer 
conductor 119. Accordingly, the sensor 300 may be installed 
Without deactivation of the voltage and current ?oW through 
the poWer conductor 119. 

[0029] FIG. 2 is a perspective vieW of an example of an 
example sensor apparatus 300. The sensor apparatus 300 
may be coupled With the poWer conductor 119 With one or 
more coupling devices 103, such as a clamp, or any other 
fastener mechanism that maintains the sensor 300 in a 
desired position With respect to the poWer conductor 119. In 
addition, the sensor apparatus 300 may include a conductor 
mountable device that couples to the poWer conductor 119. 
The conductor mountable device may be a measurement 
device, such as a current sensor assembly, capable of mea 
suring poWer parameters. Because the sensor apparatus 300 
may be manually lifted onto the poWer conductor 119 it may 
be advantageous for the sensor apparatus 300 to be as light 
as possible. 

[0030] During operation, the sensor apparatus 300 may be 
located in an outdoor environment and may be subjected to 
a Wide range of Weather conditions. Thus, the sensor appa 
ratus 300 may be designed to be protected from Weather, 
temperature, Water, corrosion, oxidation, sunlight and/or any 
other elements, such as through the use of sealed connectors, 
Weather tight enclosures, corrosion resistant materials, and/ 
or any other methods or devices for environmental protec 
tion. 

[0031] The sensor apparatus 300 may contain a corona 
structure 100 formed to reduce the effects of corona dis 
charge. Corona discharges may form When the intensity of 
an electric ?eld produced in the vicinity of a poWer con 
ductor 119 by a line voltage and line current thereon exceeds 
the breakdoWn strength of air. During such corona dis 
charges, localiZed ioniZation of the air occurs. Radio inter 
ference may be caused and material properties may degrade 
Where corona discharge occurs. Corona discharge is elevated 
by sharp edges on conducting areas of an apparatus Where 
the electric ?eld gradient is sufficiently high. To reduce 
corona discharge, the corner radii of objects employed in 
high voltage applications are often smoothed. In addition, 
objects With sharp edges may be effectively shielded from 
corona discharge by surrounding them at least partially by 
objects having large radiuses of curvature (for example 
corona rings) that may be operated at a potential similar to 
the line voltage. 

[0032] The sensor apparatus 300 and associated electron 
ics may be poWered indirectly from an electric ?eld gener 
ated by the poWer conductor 119 utiliZing a free body 
capacitance of the corona structure 100. The free body 
capacitance of the corona structure 100 may be charged and 
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discharged as a function of a sinusoidal waveform of the line 
voltage. The physical siZe of the corona structure 100 may 
vary since an inverse relationship may exist between the siZe 
of the corona structure 100 and the power generation for the 
sensor apparatus 300. For example the electric ?eld pro 
vided by a power conductor 119 carrying a 138 kV line-to 
line voltage may result in the generation of about 3.5 watts 
of power with a con?guration of the sensor apparatus 300. 
The same con?guration of the sensor apparatus 300, how 
ever, may generate about 7.0 watts of power in a power 
conductor 119 carrying a 230 kV line-line voltage. Thus 
with a ?xed power requirement such as 3.5 watts, as the 
power conductor 119 line-to-line voltage measurement 
increases, the relative siZe of the corona structure 100 may 
be decreased. 

[0033] There also may be a direct relationship between a 
magnitude of voltage on the power conductor 119 and a 
radius of the corona structure 100 to enable a desirably 
reduced corona discharge. Accordingly, based on these rela 
tionships with decreased voltage on the power conductor 
119, there comes a point where the electric ?eld may no 
longer meet the power needs of the sensor apparatus 300. An 
alternate power source, such as a battery, may also be used 
to power the sensor apparatus 300. In this situation, the 
sensor apparatus 300 might be used without the corona 
structure 100. Likewise, as the voltage on the power con 
ductor 119 increases the corona structure 100 can be reduced 
in siZe, but the siZe reduction may be limited by the siZe of 
radii required. In an alternate embodiment, the corona 
structure 100 may be modularly constructed to adjust the 
siZe of corona shield provided by the corona structure to suit 
the speci?c line voltage of the power conductor 119. 

[0034] Referring now to FIGS. 2 through 5, in one 
embodiment the sensor apparatus 300 comprises the corona 
structure 100, guide braces 101, insulators 102, coupling 
devices 103, an electronics assembly 110 and a current 
sensor assembly 120. In other examples, the electronics 
assembly 110 may be incorporated into and form a part of 
the current sensor assembly 120. 

[0035] The corona structure 100 may be a frame that is 
operable to serve a plurality of functions. First the corona 
structure 100 may be a corona shield that distributes the 
electric ?eld to minimiZe the formation of corona on the 
overall assembly. In other words, the electric ?eld potential 
of a line voltage present on a power conductor 119 may be 
reduced to non-ioniZing levels within the corona structure 
100. The electric ?eld may be distributed by presenting a 
large conductive radius of curvature and shielding the 
smaller radius of curvature devices included within an 
envelop de?ned by the corona structure 100. In this embodi 
ment the corona structure 100 may include one more frame 

members extending in a predetermined shape with large 
radius corners to distribute the electric ?eld. Second the 
corona structure 100 may provide enough free body capaci 
tance to power the sensor apparatus 300. Third the corona 
structure 100 may provide locations to mount various sub 
assemblies and components included in the sensor apparatus 
300. 

[0036] The corona structure 100, or corona shield struc 
ture, or corona frame, may be a one or more continuous open 
framework structures formed from one or more members of 
a conductive material. Where there are multiple member 
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components, non-continuous member components may be 
coupled together to form a continuous corona structure 100. 
The continuous corona structure 100 may be an open 
framework of members that longitudinally extend to de?ne 
apertures therebetween. Alternatively, some of the non 
continuous members may be formed with gaps such that the 
corona structure is not continuous, but is instead formed in 
segments with gaps of a determined length between the 
segments. 

[0037] The one or more members may also be formed as 
one or more closed curves, or closed plane curves. As used 
herein a “closed curve” is de?ned as any material or struc 
ture formed with one or more members, no endpoints, and 
which encloses an area. A “closed plane curve” is de?ned as 
any material or structure formed with one or more members 

that resides in a single plane with no endpoints and which 
encloses an area. 

[0038] In one example, the corona material may be formed 
as one or more elongated, hollow, tubular, light weight, 
weather proof, conductive members. For example, the 
corona material may be aircraft tubing formed with alumi 
num or some other suitable tubing formed with conductive 
material. In other examples, the corona structure 100 may be 
formed with one or more members that are solid materials, 
and/or materials in any other cross-sectional shapes, that can 
be formed as a plane curve, and/or a closed plane curve. In 
addition, the corona structure may allow for ease of instal 
lation, provide electrical conductivity and have the ability to 
withstand adverse environmental situations. Alternatively 
the corona structure 100 may be formed with one or more 
materials that are non-conductive materials covered with a 
conductive coating. 

[0039] The corona structure 100 may include one or more 
corona frame structures. In the illustrated embodiments the 
corona structure 100 comprises two corona frame structures 
formed with tubular frames. Each of the corona frame 
structures may be closed plane curves that are formed as 
toroids. In other examples, other shapes and quantities of 
corona frame structures are possible. For example, the 
corona structure 100 may be a single continuous corona 
frame structure formed as a helical coil, a plurality of corona 
frame structures forming segments that are spaced away 
from each other, or a single closed curve corona frame 
structure. 

[0040] In FIGS. 2-5, the corona frame structures reside in 
separate planes on opposite sides of the sensor apparatus 
300. In addition, the corona frame structures may be posi 
tioned to be substantially parallel with respect to each other. 
In other examples, the corona frame structures may reside in 
planes that are non-parallel, or that may form intersecting 
planes. In still another example, the sensor apparatus 300 
may include a single corona frame structure, or three or 
more corona frame structures. 

[0041] During operation, the illustrated corona frame 
structures may be positioned on opposite sides of the power 
conductor 119 to create an outer boundary of the sensor 
apparatus 300 that surrounds a portion of the power con 
ductor 119. In addition, an inner volume may be present 
within an envelop formed between the corona frame struc 
tures and the power conductor 119. Within the inner volume, 
the electric ?eld may be lowered so creation of corona by 
any objects with sharp edges is minimized. Other shaped 
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corona frame structures, such as a circle, an ellipse, etc. may 
also be used for the corona structure 100 so long as the 
conductive radius of curvature(s) included in the shape are 
capable of distributing the electric ?eld to the desired 
degree. Further, the members that comprise the corona 
structure 100 may be fashioned using multiple members or 
forms that emulate a larger radius of curvature. In this Way, 
the same large radius of curvature of the corona structure 
100 is not required for objects that reside inside the volume 
de?ned by the corona frame structure(s) of the corona 
structure 100. 

[0042] The corona structure 100 may be connected With 
guide braces 101 that form a guide brace structure. The 
guide braces 101 may be formed of a lightWeight, loW 
density solid or holloW material With su?icient rigidity to 
perform the functionality described. In the illustrated 
embodiment, the guide braces are tubular structures. In other 
examples, other cross-sectional geometries and/or multiple 
cross-sectional geometries may be used. Each of the guide 
braces 101 may be continuous members, or struts, that 
extend radially outWard and are coupled With one or more of 
the corona frame structures. 

[0043] The guide braces 101 in combination With corona 
structure 100 may form a continuous open framework of 
interconnected members. The interconnected members may 
be coupled to de?ne a plurality of apertures, air spaces, or 
cells Within the sensor apparatus 300. In addition, the 
interconnected members may longitudinally extend a pre 
determined length that is substantially larger than a cross 
sectional area of the interconnected members. In the illus 
trated example, the guide braces 101 are struts With each end 
connected With a different one of the corona frame members. 
A mid-section of each of the guide braces 101 is formed to 
extend to a central region of the sensor apparatus 300 and be 
coupled With the mounting plate 104. 

[0044] The guide braces 101 may also be formed in a 
guide brace structure. The guide base structure may maintain 
the corona structure 100 in a determined position With 
respect to a poWer conductor 119 When the sensor apparatus 
300 is installed. The guide braces 101 may also provide 
support and/or coupling locations for the coupling devices 
103, the electronics assembly 110 and the current sensor 
assembly 120. In addition, the guide braces 101 may include 
a conductor guide portion that is formed to assist in guiding 
the poWer conductor 119 When a poWer conductor 119 
comes into contact With the conductor guide portion of the 
guide braces. 

[0045] During installation of the sensor apparatus 300, the 
conductor guide portion may be utiliZed to help channel the 
poWer conductor 119 toWards the coupling devices 103 and 
the current sensor assembly 120. Accordingly, the conductor 
guide portion of the guide braces may reposition the sensor 
apparatus 300 With respect to the poWer conductor 119 so 
that the coupling devices 103 and the current sensor assem 
bly 120 are moved into a desired predetermined alignment 
With respect to the poWer conductor 119. 

[0046] As seen in FIGS. 3 and 4, a mounting plate 104 
may be coupled With the guide braces 101. The mounting 
plate 104 may provide a mounting position for the insulating 
blocks 102. In addition, the mounting plate 104 may sub 
stantially eliminate independent movement of the guide 
braces 101, and ?xedly maintain the position of the guide 
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braces 101 With respect to each other. In other examples, the 
guide braces 101 may be ?xedly maintained in position by 
Welding, fasteners, or any other rigid coupling mechanism. 
A mounting bar 105 may also provide a location to mount 
both the current sensor assembly 120 and the electronics 
assembly 110. In one embodiment, the current sensor assem 
bly 120 is mounted directly above the electronics assembly 
110, Which alloWs for proper Weight distribution of the 
sensor apparatus 300 after installation and alloWs for self 
leveling in a desired position When the sensor apparatus 300 
is installed on a poWer conductor 119. 

[0047] After installation, the current sensor assembly 120 
may be concentric With the poWer conductor 119. The 
electronics assembly 110 may be mounted on a loWer 
portion of the sensor apparatus 300 such that the center of 
gravity of the sensor apparatus 300 may be beloW the poWer 
conductor 119. The electronics assembly 110 may be posi 
tioned to be at a determined angle beloW the current sensor 
assembly 120 to improve environmental resistance by 
enabling Water to run off the electronics assembly 110 
Without collecting thereon. 

[0048] Referring back to FIG. 2, each of the insulating 
blocks 102 may include an engagement mechanism 108 that 
is electrically isolated from the coupling device 103. In FIG. 
2, the example engagement mechanisms 108 are threaded 
members. Each of the engagement mechanisms 108 may be 
selectively engaged With a hot stick 118. The hot sticks 118, 
once engaged With the engagement mechanisms 108, may 
be used to mount the complete sensor apparatus 300 to a 
poWer conductor 119. The insulating blocks 102 may also 
connect the coupling devices 103 to the corona structure 
100, While maintaining electrical isolation therebetWeen. 
Thus, the coupling device 103 may be at the voltage level of 
the poWer conductor 119, While the insulating blocks 102 
may maintain the remainder of the sensor apparatus 300 at 
a loWer potential. 

[0049] As described later, the ability to maintain a portion 
of the sensor apparatus 300 at a loWer potential enables the 
sensor apparatus to generate poWer as a function of the line 
voltage present on the poWer conductor 119 and an effective 
body capacitance of the corona structure 100. The effective 
body capacitance of an object, such as the corona structure 
100, is a combination of a free body capacitance of the 
object, the effect of the body With respect to earth, and the 
effect of the body With respect to other objects. Free body 
capacitance generally refers to the capacitance of an object 
in free space. 

[0050] The coupling devices 103 may be used to maintain 
the positional relationship betWeen the sensor structure 300 
and a poWer conductor 119. The coupling devices 103 may 
be formed of a conductive material that electrically couples 
one side of a primary Winding of a poWer supply included in 
the sensor structure 300 to the poWer conductor 119, While 
maintaining electrical isolation from the rest of the structure 
through the insulating blocks 102. The coupling devices 103 
may be remotely opened and closed from a distance using a 
hot stick 118 during installation or removal of the sensor 
apparatus 300 from a poWer conductor 119. In one embodi 
ment the coupling devices 103 are opened and closed using 
the engagement mechanism 108, such as a threaded member 
or an I-bolt. Other forms of engagement mechanisms and 
mechanical closing means may also be used, such as a 
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ratchet, spring loaded clamps and/ or any other mechanism to 
maneuver the coupling devices 103 betWeen an opened and 
a closed position. 

[0051] Referring to FIGS. 6 and 7, in another example 
embodiment of the sensor apparatus 300, insulating blocks 
106 may be located betWeen the ends of the guide braces 101 
and the corona structures 100. With this placement, the 
insulating blocks 106 may maintain electrical isolation 
betWeen the corona structures 100 and the coupling devices 
103. Both the coupling devices 103 and a portion of the 
sensor apparatus 300 that includes the electronic assembly 
110 and the current sensor assembly 120, may be at the same 
potential as the poWer conductor 119. The mounting plates 
104 may be ?xedly coupled to the coupling devices 103 such 
that they form integral units. 

[0052] As further illustrated in FIGS. 6 and 7 the mount 
ing plates 104 may be removeably coupled to mounting bars 
107 that are also coupled to mounting bracket 109. Mount 
ing bracket 109 can be used to couple the corona structure 
100 to the current sensor assembly 120. Alternatively, or in 
addition, mounting brackets 122 may be used to connect the 
electronics assembly 110 to the current sensor assembly 120. 

[0053] In the example embodiment of FIGS. 6 and 7, 
mounting plates 104 may be coupled With one or more 
coupling devices 103. As illustrated, a single coupling 
device 103, such as a voltage clamp, can be used and 
connected to a ?rst one of the mounting plates 104 on one 
side of the sensor apparatus 300. An insulating block pad 
121 may be coupled With a second one of the mounting 
plates 104 such that the insulating block pad 121 may 
provide an insulating and mechanical barrier betWeen the 
poWer conductor 119 and the second one of the mounting 
plates 104. A lug 123, such as a hot stick connection bracket 
may be attached to the second one of the mounting brackets 
104 to enable balanced support of the sensor apparatus 300 
While the sensor apparatus 300 is installed on the poWer 
conductor 119. Where tWo coupling devices 103, such as 
voltage clamps, are used, insulation may be disposed 
betWeen at least one coupling device 103 and the remainder 
of the sensor apparatus 300 to prevent line current from 
?oWing through the sensor apparatus 300 rather than the 
poWer conductor 119, Which could affect current measure 
ment accuracy. 

[0054] Referring noW to FIGS. 2-7, the electronics assem 
bly 110 comprises an electronics carriage 111, a sealed 
connector 112, a ?rst antenna 113, a second antenna 114, a 
cover 115, a current sensor line 116 and a poWer supply line 
117. In the illustrated example, the electronics carriage 111 
may form a housing or pan having an interior area (not 
shoWn). The electronics carriage 111 of one example may be 
positioned at the top of the electronics assembly 110. Alter 
natively, the electronics carriage 111 may form the side, 
bottom, top, or any combination, or portions thereof of the 
electronic assembly 110, or may be installed Within a 
housing of the electronics assembly 110. 

[0055] Access to an interior area of the electronics car 
riage 111 for maintenance, etc. may be via the cover 115. 
The cover 115 may be a removable Wall section formed to 
enclose an opening in the electronics carriage 111, or the 
housing. The interior area of the electronics carriage 111 
may provide a mounting area to mount a plurality of 
electronic devices, such as a conductor mountable device, a 
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processor, memory, analog-to-digital converters, ?lters, the 
poWer supply and any other electronic devices used to 
provide the functionality described herein. In addition, elec 
tronic devices such as communication and/or signal pro 
cessing devices associated With the sealed connector 112, 
the ?rst antenna 113, the second antenna 114, the current 
sensor line 116, the poWer supply line 117, and/or any other 
input output related electronic devices may be included in 
the interior area. The electronic carriage 111 also may enable 
coupling of the electronics assembly 110 With the corona 
structure 100 through mounting bar 105. 

[0056] The sealed connector 112 may provide an electrical 
connection to couple With and communicate With internal 
device electronics Without removing the cover 115. For 
example, a computer, such as a laptop, a personal data 
assistant (PDA), a specialiZed terminal, etc., may be coupled 
With the sealed connector 112 to doWnload and upload data, 
perform diagnostics, debug, upgrade, etc. The sealed con 
nector 112 may be any form of multi-contact electrical 
connector that is surface mountable on the electronics 
assembly 110. The sealed connector 112 may also provide an 
environmental seal betWeen the internal electronic devices 
located inside the electronics assembly 110, the multi 
electrical contacts and external environmental conditions, 
such as moisture. The sealed connector 112 may also enable 
a poWered connection to the electronics assembly 110 so the 
sensor apparatus 300 can be poWered prior to installation on 
a poWer conductor 119. 

[0057] The ?rst antenna 113 may enable the sensor appa 
ratus 300 to communicate and receive time and/or position 
data, or send/receive data depending upon the application, 
via an external communication device, such as a satellite. 
For example, the ?rst antenna 113 may include a global 
positioning system (“GPS”) antenna for receiving GPS data 
from a GPS satellite. The ?rst antenna 113 includes a 
proximate end and a distal end. The proximate end may be 
mounted to the electronics assembly 110. The distal end of 
the ?rst antenna 113 may longitudinal extend aWay from the 
electronics assembly 110 a predetermined distance. The 
distal end of the ?rst antenna 113 may be positioned to 
minimiZe exposure of the ?rst antenna 113 to corona dis 
charge. For example, the distal end of the ?rst antenna 113 
may be substantially centered With regard to one or more of 
the corona frame structures included in the corona frame 
100. In addition, the ?rst antenna 113 may be positioned to 
alloW a communication path to one or more satellites. In 
other examples, Where the communication path is unaffected 
by the position of the ?rst antenna 113 and/or the ?rst 
antenna 113 is impervious to corona discharge, the ?rst 
antenna may be located elseWhere. 

[0058] The second antenna 114 may be a radio frequency 
or radio antenna designed to Wirelessly communicate data 
such as telemetry data to a device external to the sensor 
apparatus 300. The second antenna 114 may also be 
mounted on a surface of the electronics assembly 110. The 
second antenna 114 may be used to communicate to a 
ground based station. In one example, the second antenna 
114 may be a planar type antenna. While other types of radio 
antennas may be used, such as a Whip antenna, the use of the 
planar type antenna is advantageous because it is loW pro?le, 
Which minimiZes Wind resistance and corona formation. The 
radio antenna 114 may be advantageously position on a 
surface, such as a bottom surface, of the electronics 




















