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1 MODULAR CORE, SELF- PONERED POWERLI NE SENSOR FI ELD OF | NVENTI ON 5

This invention relates to a nodul ar core, self-powered powerline sensor and
nmor'e particularly to such a sensor which is capable of efficiently
extracting m power | ines having extremely |low | eve rrents. .
RELATED CASWWP This application is a continuati oh’#}ﬁﬂ%&% .
application of U S. application serial no. 08/604,357 filed February 21,
1996 which is a continuation of U S. appli cation serial no. 08/232,702
filed April 25, 1994 (abandoned). BACKGROUND OF | NVENTI ON 15
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BACKGROUND OF INVENTION
15 Monitoring a.c. powerlines, in both overhead and underground and primary and

secondary applications, is a useful practice for electric utility companies in order to
anticipate outages which occur due to faulty equipment and overloads on a.c. powerlines
and which result in loss of service for potentially a large number of customers. The
potential for an outage and for the loss of the greatest number of customers is increased
20 - during peak periods when power usage is at a maximum and delivery of continuous
power is most critical. Outages caused by faulty and overloaded lines, transformers and
other equipment are expensive to repair, dangerous for utility company employees and
costly to the electric utility company in terms of income lost for lost service and in terms
. of damage to the utility’s reputation. The effects of an unexpected outage as a result of a
25  faulty or overloaded powerline are exacerbated if the powerline is underground.
Replacing a damaged underground line requires more man hours and increased safety
precautions due to the fact that the majority of work required occurs underground in
cramped, sometimes wet, and always less than ideal conditions. As a result, repairing
such a damaged underground line is even more costly, time consuming and dangerous.
30 Thus, a.c. powerline sensors which sense electrical conditions, such as power,
voltage and current are very useful to electric utility companies in monitoring a.c.
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Conventional commercial powerline sensors, however, typically require an’
- invasive electrical connection to the power circuit that is being monitored. This type of
. installation is expensive forthe utility company, potentially dangerous for the installer and

15 can cause a service interruption for the customer. Due to these limitations, powerline
sensors have not been widely used:in the electric utility industry. :

One sensor described in U.S. Patent Application Serial No. 08/232,702, filed
April 25, 1994 and assigned to the assignees of the instant invention, overcomes the
deficiencies of the prior art systems. That sensor utilizes a thin but relatively wide core

20 . layer of high permeability ferromagnetic material which is wrapped about the insulating
rubber layer of an a.c. powerline in a completely non-invasive manner. A plurality of
windings are wound about the core layer so that they are substantially parallel to the
direction of the a.c. powerline. The a.c. in the powerline is used to induce a current in
the windings to power the sensor and a controller and to sense the current in the a.c.

25 powerline as well as to measure a non-referenced voltage level. That sensor is very low
in profile and is therefore capable of being easily installed in restrictive volumes and on
very closely spaced lines. Moreover, it operates without an invasive contact to the
powerline and is therefore safely, easily and quickly installed. That sensor does,
however, have shortcomings.

30 First and foremost, it does not efficiently extract power from the a.c. powerline.
In order to get the most efficient extraction of power, the core layer should be toroidal in



rubber | ayer of an a.c. powerline in a conpletely non-invasive manner. A
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.inflexible and difficult to install on portions of powerlines which have radical curvatures.

SUMMARY OF INVENTION
15 It is therefore an object (_)f this invention to provide a modular core, self-powered

powerline sensor that senses conditions in or about an a.c. power line in a completely
non-invasive manner, _
It is a further object of this invention to provide such a modular core, self-
powered powerline sensor which efficiently maximizes the extraction of power from the
20 . a.c. powerline while maintaining a low profile configuration. |
It is a further object of this invention to provide such a modular core self-powered
powerline sensor which is capable of extracting power from powerlines with extremely
low line currents.
_ It is a further object of this invention to provide such a modular core, self-
25 powered powerline sensor which is very flexible.
It is a further object of this invention to provide such a modular core, self-
powered powerline sensor that is powered by low power drawn directly from the a.c.
powerline in a completely non-invasive manner,
It is a further object of this invention to provide such a modular core, self-
30 powered powerline sensor that is capable of transmitting sensed conditions in and about
the a.c. powerline over the powerline itself. .



inflexible and difficult to install on portions of powerlines which have
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powered powerline sensor that may be installed on various size powerlines.
10 - Itis a further object of this invention to provide such a modular core, powerline
' sensor that may be installed on closely spaced cables in restrictive volumes.
It is a further object of this invention to provide such a modular core, self-
powered powerline sensor that has a low profile, is compact in size and is light weight.
It is a further object of this invention to provide such a modular core, self-
15 powered powerline sensor that is mechanically supported by the a.c. powerline.
It is a further object of this invention to provide such a modular core, self-
powered powerline sensor that is inexpensive and disposable. _
This invention results from the realization that a very low profile, self-powcred
powerline sensor that can efficiently extract sufficient power to operate even from an a.c.
20 . powerline having an extremely low line current can be achieved by providing a core
containing a plurality of low profile modular core elements disposed about the a.c.
powerline, each having a number of windings which extract power from the a.c.
powerline, wherein the windings of each of the modular core elements are interconnected,
providing a means for sensing a condition in or about the a.c. powerline and controller

25 means, powered by the windings and responsive to the means for sensing, for receiving a
signal indicative of the condition sensed.

This invention features a modular core, self-powered powerline sensor. The
current extraction device of the sensor includes a plurality of modular core elements for
disposing about an a.c. powerline. There is a winding layer to be energized by the a.c.

30 powerline, including a plurality of windings disposed about each modular core clement.
The windings of each modular core element are interconnected. The current and voltage



I nvasi ve manner. 5 It is a further object of this invention to
provi de such a nodul ar core, self- powered powerline sensor that is
quickly, easily and safely installed without interrupting or affecting
power- service to the custonmer. It is a further object of this invention to
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a.c. powerline, including first and second spaced plates located proximate the a.c.

15 powerline and a dielectric disposed between the plates. The dielectric may be air. The
first and second spaced plates may be coaxially disposed about the a.c. powerline. The
current sensor is an inductor and includes a plurality of windings disposed about the first
and second spaced plates and a separating material. Other sensors may be used to sense a
plurality of other conditions in or about the a.c. powerline.

20 - The controller means may include means for transmitting the signal indicative of
the sensed condition over the a.c. powerline. The means for transmitting may transmit
the signal to a remote base station. The means for transmitting may include a
communications core element disposed about the a.c. powerline and a plurality of

. windings disposed about the communications core element for coupling the signal to the

25 a.c. powerline through non-contacting transformer action. The controller means may
include means for transmitting the signal indicative of the sensed condition over the a.c.
powetline and the means for transmitting may be interconnected with the capacitor to
capacitively couple the signal to the a.c. powerline. The confroller means may include
means for receiving communications from a remote base station and the means for

30 receiving may be interconnected to the capacitor to capacitively couple the
communications from the powerline. The controller means may include means for
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- of windings on the communications core element may couple the communications from
the a.c. powerline through non-contacting transformer action. The controlier means may
include means for statistically manipulating the received signals indicative of the sensed

15 condition over a predetermined time period to establish a nominal condition level and
means for detecting variances from said nominal level. The sensed condition may be
voltage. The means for statistically manipulating ﬁmy include means for averaging the
signals received over the predetermined time period.

2 . ISCLOS E MBODIMENT
Other objects, features and advantages will occur to those skilled in the art from
the following description of a preferred embodiment and the accompanying drawings, in
which: _
_ Fig. 1A is a three dimensional view of a modular core, self-powered powerline
25  sensor according to this invention;
Fig. 1B is a schematic view depicting the interconnection of the windings about
the modular core elements of Fig. 1;
Fig. 1C is a three dimensional view of the sensing device of the modular core,
self-powered powerline sensor as shown in Fig. 1A;
30 Fig. 2 depicts the modular core, self-powered powerline sensor of Fig. 1 with a
protective covering wrapped thereabout and electronics components disposed between the



the signal to a renote base station. The neans for transmtting may include
a conuni cations core el enent disposed about the a.c. powerline and a
plurality of w ndings disposed about the comunications core el enment for
coupling the signal to the 25 a.c. powerline through non-contacting
transforner_aﬁiﬁﬂﬁﬂmThe control | er means may include_neansrkgﬁm&ﬁ %&nitting
the signal indi.cative of the sensed condition over the a.c. powerl'ine and._
the neans for transmtting may be intercgnnected with the capacitor to
capacitively couple the signal to the a.c. powerline. The controller neans
may i nclude neans for receiving comunications froma renote base station
and-the neans, for 30 ., C ivhggﬁga be interconnected to the capacitor to

;
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~.di ion applications; however, this is not a necessary limitation of this invention, as
- sensor 10.may be utilized in overhead, secondary voltage applications and in overhead
and underground primary voltage applications with insulated or uninsulated cable.
15 Power Extraction :

Sensor 10 includes low profile, modular core elements 18, 20 and 22 which are
disposed about powerline 12 by urging apart gaps 19, 21 and 23 therein to install the core
elements on powerline 12 and then allowing them to resiliently return to their original

_ position to secure the core elements in place. The core elements are formed of a highly
20 . magnetically permeable ferromagnetic material such as steel and are typically coated with
insulating material. '

Core elements 18, 20 and 22 are toroidal in shape and have cross-section
thicknesses T which are approximately equal to their widths W, typically approximately

122 inch. Thus, as described in the Background of Invention, they are approximately
25 configured for the most efficient power extraction from a.c. powerline 12. Also as
described in the Background of Invention, with single core systems, in order to improve
the amount of power extraction from the a.c. powerline the width of the core must be
increased and its cross-section thickness must be commensurately increased to maintain
efficiency. But, since the cross-section thickness is increased to maintain efficiency, the

30 © profile of the sensor becomes very large and prohibits its application in restrictive
volumes and on closely spaced lines. According to this invention, the core is comprised



the a.c. powerline through non-contacting transforner action. The
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the center of the core (the primary winding).

10 The three fundamental losses observed in practice are the losses due to the

' resistance of the secondary windings, losses due to magnetic leakage inductance, and the

~ losses due to eddy currents induced in the core material. Other losses exist and can
impact performance 1o a greater or lesser extent depending on design details. However,
the three losses described above have been the major losses observed.

15 In tested embodiments of the sensor, the cores have included designs fabricated
from tape wound magnetic steel material. By tape wound, it is meant that the cores are
built up by winding a continuous strip of steel in a spiral manner, creating a toroidal
shape, much like a roll of common tape. The advantage of this fabrication approach is
that it is relatively easy and inexpensive, and it permits the use of magnetic steel which is

20 - preferentially oriented to have the highest magnetic permeability aligned along the length
of the steel strip. When such an oriented steel strip is wound into a toroidal shape, the
highest magnetic permeability is approximately located along the circular path of the body
of the toroidal core. Thus, the highest magnetic permeability path is aligned with the

. path of magnetic flux generated by the flow of current along the primary conductor

25 passing through the center of the toroidal core. If a tape wound core is fabricated from
magnetic material which is coated with an electrically insulating coating then that material
will result in a core structure which effectively limits the flow of eddy currents along
paths directed radially outward from the center of the primary winding through the core.
Such a structure, however, does not tend to limit the flow of eddy currents along paths in

30 the core which are parallel to the primary winding, and the eddy currents induced in the
core by the primary winding currents, will tend to be along these paralle] paths.



5 Fig. 3 in order to construct a tine based nom nal |evel for a sensed
condition in or about the a.c. powerline to determ ne variances fromthe
noni nal condition in or about the a.c. powerline. There is shown in Fig. 1A
nodul ar core, self-powered powerline sensor 10 according to this invention
di sposed aboutyge, owerline 12. Powerline 12 includes 10 Pgﬁgﬂmﬁ#géve
strands (or a si.ngle core) 14 and an insul ati ng rubber | ayer . e a.c.
powerline 12 shown is a cable of the type9typically used in underground
secondary power distribution applications;” however, this is not a necessary
limtation of this invention, as sensor 10 may be utilized in overhead,

secondary vo e, ap CatIO d Ji.n overhead. and ynder rou.nd rjiary

vol t age appl Nﬁég?t%s"%éﬁ‘ gﬁpﬁp’éﬁ‘d& ‘?Wu LB o Smitiple

Power EXt r acji@By Side e6res WniaE&bmSinkliB/\bdié G(idy| @rrcﬁpﬁkﬂisaﬂarﬂm&) @t piBiahs 18,

20 and 22 which are di sposed about &ﬂi\erl ine 12 by urging apart ?aps 19, 21
WWMM

and 23 t her eMindings; then ghese eddy cupents
al | owi ng the%&fﬁcﬁﬁ'&és Siht¥d With\thém O their original position to secure

the core elenents In ce The core elenents are fornmed of a highly 20
magnet i dal | y per nBieb¢resstsestionrof gheocares eantheraptimized ¢on minimizedessesandl maximize

toFot dal i n S btet By sBe by Sipautdl; °a SeEF T sl n gl Noiae °
appr oxi mat el R, eﬁwai-adhn R, land width W h Theé\/cote/qrossasettionahickmess, 'R tie the différencech.

Thus, as desgr.i be n e Background of Invention, they are approxi mately
25 confi g Most efficient power extraction froma.c.

powerline 12. AI o) as described in the Background of Invention, W|th ngl e
core systens, in order to inprove the LRt B power extraction froﬂﬂ
a.c. powerline the wdth of the core nust be increased and its
cross-section thickness nust be commensurately increased to maintain
efficiency. But, since the cross- sectlon thi ckness |s |ncreased to mai nt ai n
efficielby, anlmabetqunéhqmnw

prohibits it E:FE} H:@r” l&&gé; aced
i nes. Accormg%% hi s |nven I“on e core is c&%ﬁ se %&D

characterized by the length of each secondary wrap on the core or the length of the core
cross-section perimeter (2T + 2W).. By maximizing flux linkage and minimizing the core
cross-section perimeter, core sizing can be optimized. For the ranges of sizes anticipated
15 for the sensor, the optimized core sizing calls for ratios of W to T (W/T) which
approximately range form 1 to 3. As described, the tested embodiments of the sensor
have utilized three cores 18, 20, and 22 each with W/T ratios of approximately one.
A winding layer including windings 24, 26 and 28 is formed by wrapping a wire,
such as a twenty-eight (28) gauge magnet wire, about each core element 18, 20 and 22 in
20 a number of turns and interconnecting the windings of each core element in series as
shown in Fig. 1B. Alternatively, the windings may be connected in parallel. The a.c.
~ power in powerline 12 induces a current in windings 24, 26 and 28 by non-contacting
transformer action. A suitable ratio of windings is chosen such that a desired current will
be induced in the windings when a.c. powerline 12 is energized. The number of turns in
25 the windings determines the ratio between the current induced in the windings and the
current in a.c. powerline 12 up to the point at which the core elements 18, 20 and 22
contain an induced flux density which is at or below their level of saturation. A typical
number of windings for each core element is 75 for extracting sufficient power to operate
sensor 10 with line currents as low as 20 amperes. By increasing the number of core
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8 of a nunber of nodular core elenents, in this case three (3). This

mai ntains the efficiency of the sensor by making the cross-section

t hi ckness of the core el ements approximately equal .to their w dths, and by

using a nunb ! re elenments the cross- section thickness B sensors
can beIimtg@.@gogrfd;intainalowprofile whi | e power 5 338&@3%’%??
i ncreased.” The sizing of core elenents 1 20, and 22 for optim zed povver
extraction is a conbination of mnimzing’losses while nmaxim zing coupling

between the plurality of windings on the core (the secondary w ndings) and

t he- powerl i cable sin of the core (the prinar

wi ndi ng) . g\em “E'?‘ﬁ”ﬁé’glbﬂ&‘e ﬁ%@%ﬂ#&%@%ﬁ% i‘ﬁ’?dﬁﬁ"é%%e.
are the | os uﬁﬂlt@mﬁlmvgrgsd_qﬁamﬁeﬂi t he secondary wi ndings, |osses due
to magnetic 1eakage i nductance, and the | osses due to eddy currents induced

in the core mat c3ensing Voltage Iosses exi st and can irrpact perfornmance to a

greater or Iess$m§6§1fwﬂlﬂg’q§ v hree
| osses descri bed above have been the Jorcq#osses &3 \Q§ F&% 125

t est ed enboliCniVultageis sehsed byrrapacitor 3 having-x ﬁtsb.vmsxdmsurfade condlactor) 38 closely

moant ¢ hat  PAEeR, PRl HYEP TG0 s hRenhE Lo mhBBC e RB 44 oo 1

a spiral neagpacéd fromeinsidecondudton 38. detha:bmmrmhohxmbr disposéd aboixt s.0mon

tape. The advan of . this faprication ap ach Iatlvely
easy and i nBYPE, h%‘?g&) Wd&g?ﬁ‘?ﬂ 6‘8‘2"" #ﬁdﬁ‘é‘(?sca“s?re% % is 20

preferenti abhphcw FNisaided o seAsecvoitige & y EoupRatficin RR! PEREihé 12 whidhoned
along the length of the steel strip. en such an oriented steel strlp i's
wound 1t o I8 prepastional ta the pewesling 12 vgltage andoas-floscribed belows s p recpives; for

appr oxi mat € bahakitiély Sougling 'iﬁghtﬁfquexhc&%hféfnn@%ﬁnﬁ&c&ﬁtﬁs B4t powerline 12.

. Because capacitor 37 is coaxially disposed about powerline 12 it tends to cancel the
effects of power in powerlines other than powerline 12 which may be closely spaced to
powerline 12,

15 To further reduce noise and/or undesired effects from external ficlds, for example
from adjacent powerlines or other sources of electromagnetic fields, inside surface
conductor 38 is electrically connected to additional coaxial plates 39 and 41 which are:
spaced outside of plate 38 in the same manner as plate 40 and with the same dielectric
between plates 39 and 38 and plates 38 and 41. Additional plates 39 and 41 each have

20 . approximately one half of the surface area of outer coaxial plate 40 and are electrically
connected to inner coaxial plate 38 as shown. Therefore, any external signal will tend to
be picked up equally by both inner coaxial plate 38 and outer coaxial plate 40 and not be
present in a differential measurement between inside surface conductor 38 and outside

~ surface conductor 40. There may be only one coaxial plate, e.g. plate 39 which has the

25 ‘same surface area as outer plate 40. Alternatively, there may be three coaxial plates,

-each with one third the surface area of outer plate 40. In general, if there are n plates,

the surface area of each plate is —:'!- of the surface area of outer plate 40.
Sensing Current
Disposed about capacitor 37 is an inductor 43 having a number of current
30 measurement windings 44 wound about toroidal shaped separating material (e.g. foam)



of the toroidal core. Thus, the highest nmagnetic perneability path is
aligned with the path of magnetic flux generated by the flow of current
along the primary conductor 25 passi ng through the center of the
toroidal core. . If a tape wound core is fabricated from magnetic materi al
which is coa an electrically insulating coating th t ha terial
w il result Wgaswgo‘srge structure which effectively limts tﬁ%rf%%{}’g% eddy _
currents al ong paths directed radially oyimard fromthe center of the '
primary w ndi ng through the core. Such a®structure, however, does not tend

tolimt the flow of eddy currents along paths in 30 the core which are
paral | el to h wi ndi n d t{he edd rrents duced in. t core
by the pri %&W&&p@w@mﬁﬁ St Ayl o 6 it o Tsaptional 1

pat hs. Ve X81r mac werline 12, Because inductor 43 is wound about separating

PCT/ US97/ 19736 9 Negl ec ot her |ssues if the toroidal core can be

el ectri cal | pategipkdWhigh ©F fpam mpateeial; it doeggotchspeme saturaied @s dpesks i n
the core ed £ cgn%& Wﬁil:ﬂxﬂ%% th&a these
eddy curren%ﬁpﬁ g&msu stanUaI%y re uce§ along wt h 0sses

(i nef f iki enstcusaje ansisaasientocigiteypretn t hem 5 The cross-section of the

or | mary and scoolaape FRPATASSAF ol € RafFvof Wi 48 00 iR RS

out er radi us ldw ampgheticrpdrmeabllity like dine Separanngrmamﬂdﬁtcmha\tem higherss, T, is

T e i e e o

characteri Zﬁdmte fityss that Wi mgtetisl 6ﬂmqsaoes$ﬁﬁ@m~eymxgned¢ang sitfifakedtamACe and

| eakage |nductance can _be characterized by the | ength of each secondary
wrap ol t hethespereny;sepsed by dndicior 48 bepames Jess thandingarsandimers difficult o iatergrety +

2W. By mexisichlifidar distent iBAsaftRaeRiEbud Bé Bnfdd Sy inict6r3Pand interpreted
accurately, however, this would require somewhat greater complexity in other elements of
the sensor.
Voltage and current sensing device 36 also includes a gap 46 formed therein for
15 installing on and removing it from a.c. powerline 12. Although the voltage sensor device
(capacitor 37) and the current sensor device (inductor 43) of voltage land sensing device
36 are shown disposed about powerline 12 at the same location, this is not a necessary
Iimitation of present invention. They may be disposed adjacent to each other, or even
spaced from each other.
20 . Communications
Communications device 48 is comprised of communications core element 50 and a
plurality of windings 52 wound about core element 50 for non-invasively transmitting
communications from sensor 10 to a.c. powerline 12 by non-contacting transformer
~ action. It is preferred, to use communications device 48 as a high frequency
25 communication transmitter and to use the capacitor 37 of sensor 36 as a higﬁ frequency
communications receiver, in addition to being used as a voltage sensor. Although either
could be used to transmit or receive, or both. Thus, the non-invasive coupling of
communicating signals to and from a powerline according to this invention can generally
be described as reactive coupling to encompass both capacitive and inductive coupling
30 techniques.
Sensor 10 typically includes a protective covering 62, Fig. 2, which provides



cross-section perinmeter, core sizing can be optim zed. For the ranges of

sizes anticipated 15 for the sensor, the optimzed core sizing calls for
ratios of Wto T (WT) which approximately range form1 to 3. As descri bed,
the tested enbodi nents of the sensor have utilized three cores 18, 20, and

22 each wt hwé\gg'mrdﬁt I os of approximately one. A wi nding | %méﬁﬁ;ﬁgl ng
an

w ndi ngs 24 28 is formed by wapping a wre, such as twent y- ei ght
(28) gauge nmagnet wire, about each core _elenment 18, 20 and 22 in 20 a
nunber of turns and interconnecting the ™ ndi ngs of .each core elenent in
series as shown in Fig. 1B. Alternatively, the w ndings may be connected in

par-al | el . The a.c ower lLine 12 i nduce current W d| ngs 24,
Do and 28 sl ioolatie, | CyeRRa.RS s oAy, Fme of mibbes 47 arba
wi ndi ngs i Smﬁmagseﬁy ) &ffsar-vﬂcﬂﬂﬁhg fifie,Cadhése! owb& hoxh@omeﬂuﬁﬁﬁelnseahbe

wi ndi ngs when a.c. powerline 12 is energized. The nunber of turns in 25
t he wi ndi ndRetaiving ties %sndc%wm;ymm sepsor dAdn plage st p#5- t he

Sore. o enpoeiife 3, Cilering 62 perfuiB G hdhndttygchof Aechily epthttls, | 12
bel ow §hei rumberbf decmcempmwﬁﬁmmwQIonrﬂminWthﬁ@ each core
i e ourr oedveed n ] hEGirBd oFp by RR¥Rkekf) SRRAbT paReATRe ) o' "
98/ 20468  windings (Fig. lB) and the electronics components is aeoomphshed by Eledtticito7/ 19736 10
and T her ef GPERGHRL VRN inde e, oyt shovi mpeRataty i fiec . SBRREoRR Vol ¢ age
Py 10 ot ot o ot o e shmta e
surfad® corfeRidEmperape, @%ﬂgé’d MOIHPEL;Cifa 3 H'?‘V‘Fgf“?ﬂ)/' windings
poverline b4 85and98 %Fiﬂ.e 1)5¢tietgised H}%%ﬁﬁétmﬁ(ﬁansformer action thh a.c. powerlme
12, a microcontroller and various other components which are discussed in more detail
below with regard to Fig. 3.
Although all of the electronics componentsdepicted in Fig. 2 are shown secured to
15 flexible circuit board 68, this is not required, as sensors could be disposed off circuit
board 68 and sandwiched between protective covering 68 and the windings, or, sensors
could even be placed on the exterior of protective coating 62 to sense certain types of
phenomenon about the exterior of protective covering 62.
Modular core self-powered powerline sensor 10 is schematically depicted in
20 . system 100 of Fig. 3. Power for modular core, self-powered powerline sensor 10 is
derived from a.c. powerline 12, which may be a single phase powerline which may be
alone or part of a multiphase power transmission or distribution system, by means of
windings 24, 26 and 28 which in this figure are depicted as a single winding for clarity.
 These windings are connected to power supply 102, which is disposed on flexible circuit
25 board 68, by means of lines 103 and 104. Power supply 102, which may be an a.c. to
d.c. regulator integrated circuit, provides 5V d.c. to microcontroller 106 and it also
provides + 12V and +5V outputs which may be utilized by one or more of the sensors
or other electronics components.
Microcontroller 106 may be an 8-bit embedded-controller with an analog to digital
30 converter. Sensors 108-112 are shown interconnected to microcontrolier 106, however,
various numbers of sensors can be utilized. Sensors 108 through 110 are disposed on



spaced frominside conductor 38. Both conductors are coaxially.disposed
about a.c. powerline 12 and contain therebetween is a dielectric 42, such
as air or a foamcore. Capacitor 37 is used to sense vol tage capacitively
coupled froma.c. powerline 12 which 10 is proportional to the powerline

12 vol tage %”@&69680“ bed bel ow, as a receiver for capaggyyéﬁ é_ls%oupl I ng
POWS ¢

hi gh frequency 'l i ne comuni cations from powerline 12

capacitor -37 is coaxially disposed about powerline 12 it tends to cancel
the effects of power in pomerlines ot her 1¥ han powerline 12 which may be

cl osely spaced to powerline 12. To further reduce noise and/or

undesired effects, from exter flel ds | e from adj acent
power | i nes gP”B‘FWEF“‘EB‘Bﬂ‘@ég ‘@ﬁeéF%{erPrﬁgaé?f are;igpoged on the Pﬁ@“@‘iﬂﬁ‘ ace

conduct or 3Brohedtifd Svefing 82, Pig C2.N Oy 84k defsoRJebnkdrana| is weps 39 and
41 which are s aced out si de of plate 38 in the sane m?aner a pI ate 40 and

with the sasupply ¥2¢08 edemmémrs@d%sotmm@xmxaénwgmmsra@s These 41.

'SA\S?:C ;Iangl’ egéngt}rginﬁrgdre coaX| %Wan ar e gﬁﬂe(éét ri W%nnec?e& E (I;e

I nner d&oaxi pimpllatmnﬂiﬁonsembbmribbueécpmulheyl%thﬂdmbnmgmésmdﬁ tend
to be picke al h r oa | al e 38 and.qute axi al

pl ate 40 anglefﬁ??re%‘goﬁhé%ﬁwli? ?a’?ﬁ% 92%“3@5? %%‘Hta“f}é{‘%{s’ﬁ& nsi de
surface congtithQets 38 addatrentsefisofle surface conduct or 40. There may be only
one coaxi al pl at ) ate 39 whi h has_the 2 rfac rea as
outer plate 40. &&H‘Q“% 70 W@P@ W%gﬁ%pégs&&'ﬁ?’gemﬁb‘ﬂﬁ?@% ach with
one third t%ca;ﬁgffaﬁﬁ cﬁﬁo@ameﬁn&mgbfﬂéchendeasgmqawthemfe are n

pl ates, the surface area of each ate is [err] o he surface area of
out er ¥ at ereqoirersents; pfmicrepoptspfler dde aignalfrem veltagesenser 37 is ascapacitivelict or

?gr gf\égrgsﬁga%ggasepaéea | ng iéé}lwael Of?ﬁaﬁﬁwér%s Wﬂﬁgé b3, c%so%&'ﬁﬁ@' 1goout
Voltage sensor 37 does not provide. an absolute voltage reading to microcontroller 106
since there is no reference voltage. An average or nominal voltage level, however, can
‘be determined by monitoring the instantaneous voltage levels supplied by capacitor 37

15 over a period of time and a variation from the nominal voltage level can be resolved from
the instantaneous input from capacitor 37 after the nominal level is established.
Microcontroller 106 can perform other statistical manipulations of the non-referenced
voltage input signal, such as weighting, and can determine deviations from these other
types of statistical determinations. '

20 - Current sensing is performed by inductor 43 which has induced therein a current
proportional to the a.c. line current in powerline 12. The induced current is then
provided to current pickup signal conditioner 117 which amplifies and filters the signal
before providing it to microcontroller 106.

Sensors 108-110 are located on flexible circuit board 68 and sensors 111 and 112

25 are located on the exterior or protective covering 62. These sensors can sense, for

- example, temperature, pressure, gas, moisture, radiation or light (visible or infrared). In
fact, a sensor for sensing virtually any phenomenon could be utilized. Certain sensors,
such as a temperature sensor or a radiation sensor may be installed directly on flexible
circuit board 68: other sensors such as sensors 111 and 112 which may sense, for

30 example, gas and light, would enly operate if located on the exterior of protective
covering 62.
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11 45. Current froma.c. powerline 12 induces a current flow in w ndings 44
proportional to the current flowing in a.c. powerline 12. Because i nductor
43°is wound about separating material 45 which contains air or foam

mat eri al , M‘g ot beconme saturated as does a typical ;tﬁﬂp%gégem

Therefore t d current is nore |inear which makes it _
accurate and easier to interpret. Separating material 45 acts as a formfor
wi ndings 44 and the material thereof had4a [ ow magnetic perneability Iike
air. Separating material 45 can have a higher perneability but care nust be
taken to include gaps or to control the rragnetlc pernmeability so that the
material of for A¢Morsd98d1?aud veltagerand,curral pengen 36 contippopsly sepseyations ¢ he

current Sepsefdi ih B SBoRE 2. 3pRRTRRE mﬁom@ﬂu&baﬁ%n&nfbm%ﬁg&ul ul t

to interpret. A non-linear current neasurenent could be sens ctor

43 and i nt digibsigralsxepresentative of theseseased conditionso The ﬂlmblpf@WQMt great er

dovi ce. o6 Aa e forfeBER el sl IR Moy By PBBGESIE IO PhiE Y 00
IR | o gttt e ML
Sensi no. derREMsedgve T S

| ocati on, tphweﬂinsmieraleaﬁﬁmaaoxmdmpfbméstﬁaeﬁodmmwomﬂumepm They may
be di sposed adj acent to e%ch ot her, or even spaced from each other. 20

Conmruni cat vaieh Adow yoltage, high carrens 4Q Winglings ni cati ons core
el ement 50 36@& cmdﬁ&abh&e/mo Wnidvafiely e wgwuﬁmk&mﬁ%&x RliGo&Rtro& f O

non-i nvasi transmtting conmmuni catrons fromsensor 10 to a.c. powerline

12 bylGon- dﬁﬁpémwQIQtﬂaaq@meed@tthm nen-contasting trapsformer actippe For
ranen ¢ tenSallasdddofi St SodticnClt o ﬁ%@%gﬁ?ﬂ#dj&%@ﬁﬂbﬁ?%ﬁ%ﬂewemy

to lines 118 and 119. Storage device 129 is located at some convenient location
proximate the powerline.

Alternatively, as shown in phantom, the output from driver 122 may be provided

15 over lines 124 and 125 to inside and outside surface conductor 38 and 40, respectively, of
capacitor 37, Fig. 1. In that configuration the signals transmitted from microcontroller
106 are capacitively coupled to a.c. powerline 12 and driver 122 must be configured to
provide a high voltage, low current output pulse. Presently it is preferred to configure
driver 122 to drive windings 52 of communications device 48. Driver 122 may bé a high
20 . voltage amplifier (inverting or non-inverting).

The data transmitted from microcontroller 106 contains an identification code
which identifies powerline sensor 10 and an identification code for each particular
individual sensor (108-112 and 37 and 43) on powerline sensor 10, indicating the type of
data that is being transmitted. That is, the transmission includes information.about the

25 origin of the transmission (many powerline sensors can be utilized in various locations on
an electric utility company’s distribution system) and information about the type of data
being transmitted; i.e. whether it be data regarding voltage, current, temperature,
radiation, etc. The transmission and identification code and data of interest can occur on
a regular basis, on a time basis, when particular threshold values are sensed, or according

30 to any desired criterion. The communications code may follow a selected formal
communications system specification or protocol. The protocol may be based on the OSI



conmuni cations receiver, in addition to being used as a voltage sensor.

Al t hough either could be used to transmt or receive, or both. Thus, the
non-i nvasi ve coupling of communicating signals to and froma powerline
according to this invention can -generally be described as reactive coupling

t o enconpass pacitive and inductive coupling 30 t ' :
Sensor 10 tyB‘iRga Ioflﬁﬁi ncl udes a protective covering 62, Fi QW%% ..
provi des - WD 98/20468

PCT/ US97/ 19736 12 el ectrical insul ati on. Yover ng 62.-is normally forned of
rubber and is affixed to the wi ndings by nmeans of self-vul canizing tape,

adhesive, or.b one other suitagble neaps. Retaining ties 63 .and, 6
emovably S\SRSh SyHERE HiPREE S FreRs Topen for SEnBisatons develoed B IS0,
Covering 62apefiafi6n¥ OrgiZafie for Shmdartdizatidn) Gebeval SRitzelahd.V Any oilpdWi ching a
5 nunber of el ectronics conponents 66 nounted on flexible printed
circuit boafommpnigationgende;that brosudtable forpowerling copmygications capld alsode; i cal

connecti on W.en the windings (Fig. 1B) and the el ectronics conponents is
acconplished by electrical connections not visible in this figure but shown

schema®i cal | y i rill®i dpta ansmitted:frasm sensorc Khisaeasived by gemote basecstation; 1266 Bagpes of

sensors for Sq ' . re,
pressure, r%#@ﬁ?wi&wﬂ@ﬂmﬂgﬁsggﬂﬁ%&re % ndirngs 24,
26 and 28 (R7and1)28xosnagieddo pbyernline 12 ovhicicisiapmrit of the powerline distribotionert h a. c.
powerline 1 a.mcrocontroll| er. and.yari ous, ot her, conponent s i are
i scussed i Fummpiion ayarn s it APIGRBlenhBr bisd, Getire, SA BRGHoS ghe AiftrG . e
el ectroni CSpWﬂﬁﬁ@BWérlﬁeﬂﬁ'%lﬁ_ 8l muRtipha®- systerly, ©Thé) coMhection 46 €ié poveditne
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flexible ciycuit board 68, IS not rogqui red, ,as sensors could be
di sposid of howsven fopld s shed b msan ReRrconiAcHag HapSiomeE AFYOR Bfover i ng 68

and the w nghsBGfve Suplise fSdséribed above with regard to sensor 10. For example, inductor
43’ could be used to provide a connection to the powerline by non-invasive inductive
‘coupling and/or capacitor 37' could be used to provide non-invasive capacitive coupling.
The transmitted data is provided to computer 132 through a standard powerline carrier
15 modem 130 that matches the communications module of sensor 10. Base station 126 is
also capable of transmitting data from computer 132 through powerline carrier modem
130 to a.c. powerline 12, Then, for example, base station 126 could poll modular core, -
self-powered powerline sensor 10 and any another powerline sensors on the system for
sensor information on demand instead of passively awaiting transmissions from the
20 . powerline sensors. Moreover, the powerline sensors could be reprogrammed from base
station 126.
Encoded communications transmitted from remote base station 126 are preferably
received by capacitor 37 by means of the capacitive coupling from a.c. powerline 12.
. These high frequency communications signals are provided to high pass filters 134 and
25 136, are allowed to pass therethrough and are provided to powerline carrier electronics
120. - Powerline carrier electronics 120 decodes the communications signals and then
forwards them to microcontroller 106 on line 119.
Alternatively, windings 52 of communications device 48 could be used to receive
the communications from remote base station 126. This is accomplished by providing
30 lead lines 138 and 139 (depicted in phantom) which interconnect windings 52 to high pass
filters 134 and 136. -



coul d even be placed on the exterior of protective coating 62 to sense
certain types of phenonenon about the exterior of protective covering 62.
Modul ar “core sel f-powered powerline sensor 10 is schematically depicted in
20 - system 100 of Fig. 3. Power for nodul ar core, self-powered

powerline s Is derived froma.c. powerline 12, whi W%a _
singl e phasg‘qggé@‘%% ne which nay be al one or part of a mjlf B B6wer ;
transm ssi-on or distribution system by !geans of wi ndings 24, 26 and 28

which in this figure are depicted as a 5 ngle winding for clarity. These
wi ndi ngs are connected to power supply 102, which is disposed on flexible

i it 25 b 68, f. i 103 d 104. P Y | 102,
O 25, o R o TS b R B S eSS %%,
to m croconbhahinfaticdstheaitdn sénsor FPakl Base d@ffon 126Y daS s o ¥ nebdsiy Bimdltich May

be utilized by one or nore of the sensors or other el ectronics” conponents.
M cr ocont r ¢if|tkis inveationa yDisect gontact powerling camuynicdtion qs| nogpowerlizean anal og to

digital 30 e ﬂcoﬁwjﬂlgdr%f ' to

m crocontroller ,Jshig)uv‘\:/el}égrm,%’)?g?l ous nu é?gﬁg?w;ech@ggsﬁ@g% e utilized.
Sensor§ 10dibeh opticytable] nicrowavt, op alitacsopic comnvBicatisB®eGld be utilized.

PCT/ US97/ 19736 I i j i d. 6 [ ensars. 1 a 112 are
di sposed on the%ogw%?%%m%a%ﬁ%é@% @r"‘&“&@?‘g Wt
sensor, Zermaﬁpnﬂa‘mékaﬂda:puametheml rpwomuﬂﬁéwm:@%r%mtsmeﬁmﬁﬁdnﬁg .
sensors do nof require externa wer, to ,operate., These sensors provi de an
2nal og or eGP Epiical opeEpt ot HSh 31 AFiSRTIBInE AJBoving D6 SYETag, Fi5-ckeephe 5
particul ar tfRR@F iHeQiiné fi? $§AkhrdhizAtion Bipbses, #nd ORMGIS the @nibsunidafiomsbwdean t O
t hose sensors, there are al so shown capacitor 37 which operates as a

vol t ad@ sermesiulascare sslftpowsred powgrlin sensor 10 and base statien 126 ensor .
' Microcontroller 106 can provide base station 126 with actual instantaneons values

of particular sensed conditions, i.e. actual temperature or radiation readings. - However, it
can also provide base station 126 with an indication that a particular condition being
sensed has varied from a nominal level and the amount of such variance. As discussed

15 briefly above, this type of data transmission is required with voltage sensing because there
is no reference level to which the sensed voltage can be compared to determine an
absolute voltage. Therefore, the voltage sensed is compared with a nominal level and the
variance of the sensed voltage from the nominal level is determined and transmitted to
base station 126. The nominal level may be an average voltage level, or, other types of

20 . statistical manipulation may be performed on the sensed voltage data, such as weighting,
and be compared to 2 nominal level to determine variances from the nominal level.
Moreover, although this process is not required to be performed with all types of sensors
(since many sensors provide an absolute value of the condition being sensed), it may be

. used with any condition sensed. In fact, it may be more useful to provide the variance

25 from the nominal level of the condition sensed rather than providing the actual absolute
value sensed. This is so because in many instances the conditions that are being
monitored are not monitored for the actual value, but rather they are being monitored for
a variance from some nominal value,

In order to detect and transmit variances from a nominal level of a sensed

30 condition, microcontroller 106 operates according to flow chart 150, Fig. 4. At step 152

the modular core, seif-powered powerline'sensor is installed and a condition or conditions



Capacitor 37 is interconnected lines 114 and 115 to signal conditioner 116
which perforns anplification and filtering of the sensed signal to match
the input 10 requirenents of mcrocontroller 106. The signal from

vol tage sensor 37 is a capacitively coupl ed voltage which is indicative of

the instanta | tage on a.c. powerline 12. Voltage se es not -
i i e - i inedhordr: |

provi de an absol ute voltage reading to mcrocontroller 106 re is_
no reference voltage. An average or nom pal voltage | evel, however, can be
determ ned by nonitoring the instantaneols voltage | evels supplied by
capacitor 37 15 over a period of tinme and a variation fromthe nom nal

vol tage | evgl cap be resol ved fro |nst nt aneous inpyut from capacitor
37 after thé e‘Bé‘F‘aB?‘P aé?ﬁ%‘ﬂ’t‘?%&pé‘?s%% perform
other stati ﬁmﬁai at’sepi 1341 At s0pS156fa ﬁﬁ@bﬁh&@aﬁ&iﬁ@‘tﬁ@%&ﬁhﬁé&@ vhIg&y ér dnyonal ,

such as weighting, and, can deferm ne deviatjons fromthese other types of
statistical 0‘8@&‘8?‘?79‘?1%?‘}35?% mapipulation, such as wejghting, of thesepsgd W@qm"by

i nductor 4 dGhs Binbted HE Gterinhie mg&q&%}tmﬁr& %ﬂ&p i@ the a.c.

line current In powerllne 12 The current 1s t rovided to

curren® pi chawerkinegnAt thisopointitheinitial calibration i complete methatethmnﬁminaﬁmltfmva
signal befo n r are

| ocat ed on ﬁ’?é‘%‘%ﬁ% %&4‘?@5%@@%@?&%&%&%@ anﬁge t%ﬁg%g&gﬁ%cesgr e
:cocat ed oln tanctalexdnywhere from pevetat s¢conds, wweekslweﬁéhmiﬁngs&dnﬂﬁan&cmh sense,
or exanple, te ture, p npi sture,, radiation or t
(visible or® F@g é@%‘n&f@ﬂ@@w PLOgsSs; is gomp uﬁ'i ?‘?M
phenomenon Mﬁnd&ﬁsvﬁltébﬂﬁﬂedﬂ%al i Cotfighiréd toLE Hormakletd YRR € sensor
or a radiatjon sensor. may be installed dj rectly on flexible circuit board

68: otiRer stialpemipallevelds determined, its coptgually regglculated fromoensiastantencony)
S;‘g{rg'cfl vga%gsie}?f%gm step P60 ﬂ:@&t&fnﬂ{éﬁﬁ?ﬁm@ instantaAEGis SR Vatilrréh the | OF Of
‘nominal level, andlfxtdowamgnal indicating that there is a variance and the extent of
that variance is transmitted to the remote base station at step 162. Whether or not a
variance was detected, the system returns to step 154 where another instantaneous value is
15 obtained and the process continues until the sensor is removed from the a.c. powerline or
a determination of the particular condition being sensed is no longer required.

Although specific features of this invention are shown in some drawings and not
others, this is for convenience only as each feature may be combined with any or all of
the other features in accordance with the invention.

20 . Other embodiments will occur to those skilled in the art and are within the
following claims:
What is claimed is:
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14 Sensors 108-112 and voltage and current sensor 36 conti nijﬂ m HII
c L L} H *

various conditions in and about a.c. powerline 12 and provi
m crocontroller 106 with analog or digital signals representative of these

sensed condiWWhe signal s provided by the sensors areﬁ&éﬁil@% to
digital signals, Tt necessary, by mcrocontroller 106 whic

gener at es.‘communi cati ons data indicative, of the sensed conditioned and t hat
data is provided over line 118 to powerl’rsne carrier electronics 120 which
encodes the data. Powerline carrier electronics 120 then provides the

encoded data to output driver 122 whi M%d to transmt a | ow voltage,
hi gh current pulse to w ndings 52 of cations device 48 to

non-i nyasi vel'y cpupl e hfdulhF @6, ieHjoNereil R WeiTing sQR6F) comipti 106 of
sensor 10 to a.c. powerline 12 through non- contactlng trans orner act i on.
For 1o&alized readout® Riwralityof madylar core W{)m “‘s%noﬂf&g]@"{félﬂece 129

may begconnected to |y yRdin ;om M @aféeiﬁ Sndisdi Q§

sone conveni ent | ocation P I ne. er nat Ive

in pha|4tomOEWMMeWﬂWMMWMWAMmWWOfms 124
and 12 Hﬁ%ﬂ %ér@&ﬁaﬁg&]ductor 38 and 40, respectively, of
capaci W@ﬁg’"m“? t confrgurati'on the signals transmtted from
mcr oc6nt roller 106 ameans fopaensing.act¢ondition|id exiationt the @.c. [powestine;md12 and
‘driver ;7122 nmust be confiqured to_provi 3 hi vol t.age, |.ow cu,rrent out put
pul se. TPresently it icgntb‘ﬁgf Pg ?fy V@g*td]m@f"%? SpidmeAns, i ngs

52 of gommmeaisn@nford-awiﬁ@4&gnﬂrmeduvas?mnaao@sdhkah 20 vol tage
anplifier (inverting or non-inverting). The data transmtted from

m crocontroll er 106 cont ains an identification code which identifies

power l'ijne sensorg 10 W of cRfh sk Sﬁfhsaid
‘i ndi vi dual sensor (10 -112 ang&re'] and 43) ‘on povver I ne sensor %l

i ndi ca®i ng mpdulangere elemgrts are; topnidal én hapeg transmitted. That is, the
transm ssion includes i nformat i on about the 25 origin of t he

transm ssion (many powerline sensors can be utilized in various |ocations
on 1 3. The modular core self-powered powerline sensor of claim 1 in which said

2 modular core elements are low in profile.

1 4.  The modular core, self-powered powerline sensor of claim 1 in which said
2 modular core elements are formed of highly permeable ferromagnetic material.

1 . 5. The modular core, self-powered powerline sensor of claim 1 in which the
2 width of each said core element approximately equals its cross-section thickness.

1 6. The modular core, self-powered poiverline sensor of claim 1 in which said
. modular core elements contain gaps therein which may be urged apart for enabling the
3 powerline sensor to be installed on and removed from the a.c. powerline.

1 1. The modular core, self-powered powerline sensor of claim 1 wherein the
2 windings of each said modular core element are interconnected electrically in series or in
parallel,

1 8. The modular core, self-powered powerline sensor of claim 1 in which said



an electric utility conmpany's distribution system) and infornmation about
the type of data being transmtted; i.e. whether it be dataU Hﬂ |“1”|||||““l
vol tage, current, tenperature, radiation, etc. The transms

VAL Eage, : . . Ms
i dent+ fication code and data of interest can occur on a regular basis, on a

time basis, ticular threshold values are sensed, or Lnhg 30
to any desi r\(ggﬂc}ﬁg rion. The communi cati ons code may foll o‘:ﬁi‘@@%@% ed _
formal comuni cati ons system specificatii)n or protocol. The protocol my be
based on the OSI WD 98/ 20468 9 .

PCT/ US97/ 19736 15 (Open Systens |Interconnect) reference nodel for

comruni cati ons devel oped % t he,|l Sa(l nt ernafi onal Organi zation for

St andarldi zaPlElfy ekwindings Wﬁ _opcontacting transfarmet; acten With thedie t hat
woul d Be supbiddife.f or powerline communications could also be utilized. 5
The data transmtted from sensor 10 is received by renote base station 126.
Base station 126 is interconnected to powerline 12 by neans of direct

el ectrical connegl i onfpe gl dork? getf Shverfind QNG ' df Ufaind 3 MNIARL dofis 2
part of the powerline it I bt bR 0 ransm ssion systemand iS typically
ei t her 2yr oumsansrforisensing aconditipminchudesmeant for séndifigthervoltageamethe han power | i ne
12" (in, a nultinhase system. The connection to the powerline, 10

however, coB?f e’accorrpl i shed by neans of non-contacting transforner
action or capacitive coupling as described above with regard to sensor 10.

For exanpl e, inductor_43' uld be ysed t royi de a cqnpection taq th

pover | ile by noibl'i nvég}e\FE‘.’qC GEﬁﬁgHE%WF‘f GHE BT H & (%mé"/h‘db d be
used t @ Proyjeshy 18P ensifl Y610 ichitis inlcayRRit610f6R &Mﬁv&?%eﬂsin%ﬁ_ﬁ@%ﬁ%@ ofl3hé i S
provided to conputer 132 through a standard powerline carrier 1 modem
130 th& naashpawsrhne, daoluding inner and-ouges spaced platesdopated proximpgsaida-at i on 126

is alsg capgﬁ}b&liﬂé M@@Mimtﬁ&&ﬂgh&wsﬁéf,z t hrough powerli ne

carrier nod
1 11. The modular core, self-powered powerline sensor of claim 10 in which said

2 dielectric is air.

1 12, The modular core, self-powered powerline sensor of claim 10 in which said
2 first and second spaced plates are coaxially disposed about said a.c. powerline.

i 13. The modular core, self-powered powerline seasor of claim 10 further

2 . including n additional plates electrically connected to said inner coaxial plate to reduce

3 noise.

1 14, The modular core, self-powered powerline sensor of claim 13 in which said

2. n additional plates each have a surface area approximately % of the surface area of said

3 outer plate.

1 15. The modular core, self-powered powerline sensor of claim 1 in which said
2 means for sensing includes means for sensing the current of the a.c. powerline.

1 16. The sensor of claim 15 in which said means for sensing includes an



130 to a.c. powerline 12. Then, for exanple, base station 12 I
nodul ar core, self-powered powerline sensor 10 and any anot hgj“m%@mﬁmlyml
sensors on the system for sensor infornation on demand insteadsOtc *
awai ti ng transm ssions fromthe 20 powerline sensors. Moreover, the
powerl i ne segﬁp#ﬁmﬁﬁuld be reprogrammed from base station %QQWHF% d
communi cations .transmtted fromrenote base station 126 are prererably

recei ved by capacitor 37 by nmeans of theaﬁapacitive coupling froma.c.
powerline 12. These high frequency commufircations signals are provided to
hi gh pass filters 134 and 25 136, are allowed to pass therethrough and
are- pr vide%%@p gomerline carrier electronics 120. Powerline carrier

el ectronics % ecodes the communi cations signals and then forwards them

to mcrocontroller 106 on line 119. Alternatively, w ndings 52 of

communi cati ons devi ce 48 coul ed to receive the_comuni catigns from

be y g
renot e base stattfon 188 W@g@“&éém@ﬁé‘é ipducior dncludes,  phisality of ead | i nes
138 an 139&@@@&@9@&:’ RAAdA my{aiasbmiﬂeﬁérsﬂm%ﬁwcﬁw Sabogt the NI gh
pass filters and 136. V%na'% 20468
PCT/ US®$// 19peeerlige.l t shoul d be noted that although it is preferred to use
non-i nvasi ve powerline comruni cati ons between sensor 10 and base station
126, this is not a necessary limtation of this invention. D rect contact
power | ihe comunBcat i The senson @ff claimA7 lin which saidiseparatingamaterial asa 3w RF, phone
l'ine em cable TV |l ular phone, infrared, 5 fiber optic cable,
i cro&%e, B?asﬂ?‘{crp&!‘é%ﬂif *communi cations could be utilized. Mcrocontroller
106 perfornms anal og-to-digital conversion of sensed conditions, nanipul ates

and updates the nenory | ocatigns, which store previous sensed _conditions,
1 19, sensor of claim 17 in which said separating material is foam.

1 20. - The sensor of claim 17 in which said separating material is toroidal in
2 shape.
1 21. The modular core, self-powered powerline sensor of claim 1 in which said

means for sensing a condition includes means for sensing a plurality of conditions in or
3 about the a.c. powerline. '

1 22, The modular core, self-powered powerline sensor of claim 1 in which said
controlier means includes means for transmitting said signal indicative of the sensed
3 condition over the a.c. powerline. ' '

1 23. The modular core self-powered powerline sensor of claim 22 in which said
2 means for transmitting transmits said signal to a remote base station.

1 24. The sensor of claim 23 in which said means for transmitting transmits said
2 signal to a storage device located proximate the powerline.

1 25, The modular core, self-powered powerline sensor of claim 22 in which said
~ means for transmitting includes a communications core element disposed about the a.c.
3 powerline and a plurality of windings disposed about said communications core element



perforns nunerical operations such as determning a noving ti aver a

etc., keeps track of the time for synchronization purposes, tﬂﬂl MHLI Mélj““l
t he communi cati ons between 10 nmodul ar core sel f-powered p

10 and base station 126. M crocontroller 106 can provi de base statlon 12

w th actual | neous val ues of particular sensed conditjons

act ual terrpe%rae or radiation readings. However, it can Mﬁ’sﬂl’%ﬁde base
station 126 with an indication that a pgﬁicul ar condition bei ng sensed has
varied froma nomnal |evel and the ano of such variance. As discussed

15 briefly above, this type of data transmission is required with

vol tage sen because ere,is no reference, | evel to which the sensed

vol tagg nts URling sai &‘BPQ taé'ét‘emweahﬂ%@wsh ~GONtACtine transiermer getion. ¢ e

vol t age sensed S corrpar ed with a nom nal |evel and t he variance of the
sensed voltage frromthe nomnal level is determned and transmtted to base
stati od 126. Th6. nommam%mwmwm@g@magdmwmwmch saidher
types §f 20y0n gt an TR, sensed

vol tagg dat a, ugl&egﬁﬁ%ﬁsxéﬁfchﬁﬁétxln%i% ?e o a nom n *&\%I to

det er nBne veondition everfthe mct powerliné and saidomedns fivbtransmitting isl inferconirectediwithpr ocess

IS not ,requi N s of SISIRTOIAS (since many
sensorg pro%‘ﬁ%’pﬁ%wgg%gqpﬂ&g{;@g%é#Li(fﬂgmééﬁﬁleﬁ%r?oﬂ'g{% sensed), it nmay be
used with any condltlon sensed. In fact, it may be nore useful to provide

the vari ance 25 e noni nal Ievel of the condi{ion sensed rather
t han plovi di ng ¢+he a &‘P"%HBES‘P‘& WW%#E‘“@&“ Wewhish said, nany

i nstanges t Q6 dhdan® B M%@&b&%ﬂmﬁﬁ&aﬁmﬂpﬁrmmegﬁuw the

actual value, but rather they are being honitored for a variance from sone

nom naﬁ va|msa1drm@ne|£¢rw wptemmnqcﬁedrteﬁmd copaciterio sapacitiyelyconplaithe|

| evel &?H@E@“ﬁ%"s Qﬂ% m crocontrol |l er 106 operates accordi ng
to fl ow char ﬁmﬁ step 152 the nodul ar core, self-powered
powerline sensor is |nstaIIed and a condition or conditions

1 28.  The modular core, self-powered powerline sensor of claim 1 in which said

2 controller means includes means for receiving communications from a remote base station
transmitted over the a.c. powerline.

29, The modular core, self-powered powerline sensor of claim 28 iﬁ which said
means for receiving includes a communications core element disposed about the a.c.
powerline and a plurality of windings disposed about said communications core element
for coupling from the a.c. powerline the communications from said remote base station.

B W o -

30. The modular core, self-powered powerline sensor of claim 10 in which said
controller means includes means for transmitting said signal indicative of the sensed
condition over the a.c. powerline and means for receiving communications transmitted
from a remote base station, wherein said means for transmitting and means for receiving
are interconnected to said capacitor to capacitively conple signals transmitted by said
controller means to the a.c. powerline and capacitively couple signals from the a.c.
powerline transmitted by said remote base station.

~N 0N W AW N

ol

31. The modular core, self-powered powerline sensor of claim 25 in which said
2 controller means further includes means for receiving communications from a remote base
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17 (e.g. voltage, current, tenperature, radiation, etc.) are n Hll l”“l
i nst ant aneousl y obt ai ned at step 154. At step 156 a tine bas
t he instantaneous values or any other type of statistical nmanipu atlon

such as wei f the sensed condition over tine perio ducted
to determ ngagﬁ'g%sﬁal level for that condition on the a. Cgctm%;‘mgﬁg
powerline.” At this point the initial calét)ratlon is conplete, in that the
nom nal |evel for the desired type of st%tistical manipul ati on has been
determ ned. The calibration process can take anywhere from several seconds,

to weeks or even nonth 0 og an ac,curate poni nal | evel reading. After
the initial s‘@@ﬂlaﬂfl&%‘fld’iﬂ@%@ faidsommupications; coreselement copple $31d aneous

val ue @bt ai atimalicalib¥rdm he £c %m&otumgﬁhen-m tlafifGimer Akl (he 10
initial nomnal level is deternined, I'S continualTy recal culated from

new i nst ant aneous sensor data. At step 160 it is determned if the

I nst anyaneous vgj ue "nﬁﬁufa& &6k i gnal
i ndi catll ng that Ther \eﬂlés a var| ance an e éer;:’%( of t%'{"?‘ varl ancga“lis
transni2tt edcdntrolléranmsmichxdhsammtfat statntleullysnampmalihg saffi gedeived signalst a

! ot anBanecREegR R i spae SRl et 8 oRRerkBniBld ok ool GRS 1 o
sensor 4i s rmmuad:oﬁdxﬁm lekel and meanofve idetectingOrariancde fromnsaibiominaldével.he

particul ar condition being sensed is no | onger required. Although specific
features of this invention are shown in sonme drawi ngs and not others, this

i's for fconveni egge oniny nivdiulA Edre] - nfé%mo%ﬂcwxﬁbzwwmhsahl of

the other features in accordance with the 1nvention.
enbodi @ent ssensed|copdition istoltagtose skilled in the art and are within the
followng clains: What is clained is:

1 34. The modular core, self-powered powerline sensor of claim 32 in which said |
. means for statistically manipulating includes means for averaging said signals received
3. over said predetermined time period. '

35. A modular core, self-powered powerline sensor system, comprising:

1
2 a plurality of modular core elements for disposing about an a.c. powerline;
3 a winding layer to be energized by the a.c. powerline, including a plurality
4 of windihgs disposed about each said modular core element, wherein the windings of each
5 . said modular core element are interconnected;
6 means for sensing a condition in or about the a.c. powerline; and
7 controller means, powered by said windings and responsive to said means
8  for sensing, for receiving a signal indicative of said sensed condition, for transmitting said
9 received signal over said a.c. powerline to a remote base station and for receiving

10 communications transmitted from said remote base station.
1 36. A sensing device for a powerline, the sensing device comprising:
2 a capacitor for sensing voltage including a pair of spaced inner and outer
3 plates disposed about the powerline and a dielectric medium disposed between said plates;
4 and
5

an inductor for sensing current including a separating material disposed
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PCT/ US97/ 19736 18 CLAI NS 1 1. A nodul ar core, seiﬂll’ﬂﬁﬂﬂmuum“"
powerline sensor, conprising: 2 a plurality off " el
el ements for disposing about an a.c. powerline; 3 a w ndi ng

| ayer to be Wﬁ{agb. d by the a.c. powerline, including a pl ' of

w ndi ngs di spose Zzggout each said nodul ar core el enent, mé’ﬁﬁ?ﬁ’%@% .

wi ndi ngs of each 5 sai d nodul ar core fl enent are interconnected; 6

means for sensing a condition in or abou% the a.c. powerline; and 7

controller means, powered by said wi ndings and responsive to said neans 8
for-sensing, for recei.ving,a signal ;indicative qgf the gcondition sensed. 1
e et mopine 34 R s of Wilies rhteed o e eBar o R o
said 2 nodul ar core el enents are toroidal in shape. 1 3.

The nodul ar core_sel f-powered, powerlipe _sensor of, claiml1 in which said 2

modul ard core el &hent SThgsgnsing device of glajm 36 in which said capacifor furtheriaclydes nt ar
core, |f‘Mﬁ’dnﬁﬂquﬁ¥‘@l @qg,s&aﬁ&{ed . q,?ﬂa. ke thid Yusi i sgodul ar
core e?gmsnts are tor mag&gf i ghl'y pgir)r'rggb e }gﬁomgneﬁ%wngfeeﬁc%lasfl.aol

5. he |12t Xﬂééﬁ_'p'g [t suPRNE bl |34 s Whi ch
the 2 5 %%hlﬁg‘nﬁgg@ﬁ sal cn\rqgt%fj?ament Hzﬁ%%?%é?%?@%ﬁuau? ?l?lg@
cross-section thickness. 1 6. The nodul ar core, self-powered
power|ine sensor of claim1l1l in which said 2 nodul ar core el enents
contain gaps thggein [ i,g?/e wgg : idGhRde al

power | irlne senso?é'to t;lémisﬁg ggﬁgg an 3?2%0%{‘/%% Pomtr?g&]gl.l{g?ﬁlp?%sweaﬁ ine. 1
7. Phe ntonoitlalrin shape, sel f - power ed powerline sensor of claim1 wherein
the 2 wi ndi ngs of each said nodul ar core el enent are interconnected
electrically in series or in 3 parallel. 1 8. The nodul ar

core, 'Sel f-poweB2d pdhersensing dovice®f claim 86 dn wihichi saidvieparitinganaterial has a low
2 magnetic permeability.

1 40, The sensing device of claim 39 in which said separating material is foam.

1 41, The sensing device of claim 39 in which said separating material is toroidal
2 in shape. |

1 42, The sensing device of claim 36 in which said inductor is disposed over said
2 _  capacitor.

1 43, The sensing device of claim 42 in which said wmdmgs are wrapped over

2 said capacitor.

44. A power extraction device comprising:
a plurality of modular core elements for disposing about an a.c. powerline;
and
a winding layer to be energized by said powerline and including a plurality
of windings dxsposed about each said modular core element wherein the windings of each
modular core element are interconnected.

A U AW N
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19 1 plurality of wi ndings are energi zed by non-contacti n “|
action wWith the a.c. 2 powerline. 1 9. The

sel'f-powered powerline sensor of claim1l in which said 2 msans for
sensing a CO%;MGI ncl udes nmeans for sensing the vol tageW :
powerline. 1 10. The nodul ar core, self-powered™p e sensor
of claim9 in which said 2 nmeans for%?enm ng vol tage includes a
capacitor for capacitively sensing the vBftage on the 3 a.c. powerline,

i ncludi ng i nner and outer spaced plates |ocated proxinate said a.c. 4

pomerllne and a, dielegtric disposed,bet d s e s. 1

The nodul ﬁg cor @gﬁeﬂ%ﬁé %ﬁﬁﬁ“ﬁa""‘ H@'«S‘ﬁ”&"o HhePF i n whi ch
sal d 22 abﬁbﬁghfd@m@mmpé, The nodul ar core,
sel f - powered powerline sensor of claim 10 i n whi ch said 2 first and
second spaced plates are coaX|aIIy dlsposed about sald a.c. pomerline. 1
13. Khe nodul gg cor V}{? b@h fL further 2
i ncluding n addl ti ona rﬂ%at es el ect rical y connect to salrd | nner coaxi al
pl at e t20 r eclementsare lowdn peofild, The nodul ar core, self-powered
powerline sensor of claim13 in which sal d 2 n additional plates each
have a surface area approximtely [err] of the surface area of said 3
outer d ?tel 1 47. TmlﬁpbﬁaexﬁbﬁomumfcmfdAmmmchmmnedml arcmwd l'ine f
sensor of claiml in i ans for. sensing i ncl udes neans for
sensi ng t he®EMERIS A fmm?cﬁ&lg mef’q’e cmaterial. 15 The sensor of
claim 15 in which said means for sensi ng i ncludes an

1 48. The power extraction device of claim 44 in which the width of each said
2 core element approximately equals its cross-section thickness.

1 49, The power extraction device of claim 44 in which said modular core
2 elements contain gaps therein which may be urged apart for enabling the powerline sensor
3 to be installed on and removed from the a.c. powerline.
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PCT/ US97/ 19736 20 1 I nductor. 1 17. The sensor of claim16
in which said inductor includes a plurality of 2 .current measurenent
wi ndi.ngs wound about a separating material disposed about the 3

powerline. 1 18. The sensor of claim 17 in whi Glp1Sayosh arating
mat eri al ha§"%?¥%ﬂ?2 magnetic perneability. 1 qniQ. gﬁ%ﬁe -
sensor of -claim 17 in which said separating material is foam 1

20. The sensor of claim 17 in whichygaid separati-ng materi gl wi s toroidal
in 2 shape. 1 21. The nodul ar core, self-pome&bg powerl i ne
sensor of claim1 in which said 2 nmeans for sensin Nelg!

i ncl udes neans for sensing a plurality of conditions ig or 3 ¥ G about the
a.c. powerline. 1 22. The nodul ar coregse f-pomqﬁg& powerl i ne
sensor of claim1 in which said 2 control l er meaaS—pncl udes Weans for
transmtting said.signal indicative of the sensed 3 condition over the

23. The nodul ar core self
n which said 2 neans for trans

a.c. powerling
sensor of cl a

power ed powerline
tting transflds

said signal td N\ e base station. 1 280 The sensor dT—claim
23 in which saiy ~Jor transmtting transmts said si gnal a
storage device I'Qgéited p\oximate the powerline. 1 25. T

i n which saijg 2
enment di spose

@S a conmuni cati ons Cc®-€
d gs digpqged about
Q .=

about the a.c. 3 d.a plurality of wJAth

To Sens
Electron
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21 1 for coupling said signal to the a.c. powerline through
non-contacting transfornmer action. 1 26. The nodul ar core,

sel f-powered powerline sensor of claim10 in which said 2 controller
means inclu s for transmtting said signal indicati sensed-
3 conditﬁgﬁ?gﬁgg the a.c. powerline and said neans for %?gﬁ%zé???ng I S-.
i nterconnected with 4 said capacitor to capacitively couple said signal
to the a.c. powerline. 1 . 27. 2/4The nodul ar core, self-powered
powerline sensor of clainms 10 which said 2 controll er means includes

nmeans for receiving comruni cations froma renote bSE qtion 3 and
said neans for receiving is interconnected to sai djce&paciftor to
capacitively couple the 4 conmmuni cat i ons frg§1 e SYerline. 1

28. The nodul ar core, self-powered powerline n$ claiml in which
said 2 controll er nmeans includes neans for regg uni cati ons
froma renote base station 3 transmtted over t ] poferline. 1

29. The nodul ar core, self-powered powerline seng cl aijm 28 in which
said 2 means for receiving includes a conmuni c§ cordg el enent

di sposed about the a.s:g. 3 gpowerl i@e and %pl ur al ' Wi rjdi ngs di sposed
about said comuni cat+ons cote el ene —for couplling frgmthe a.c.
powerline the communiQati base gLation. < 30
The nodul ar core, se¢ of ClAym 10 ijn which said 2
controll er means i nc [ indi€®ive of
the sensed 3 condj rgrei vi ng
conmuni cations trans - g erem=n said
neans for transmtti $ i 'gg i/t erjconnected to
said capacitor to cap@iti i gna i Bt N by [said 6
controller nmeans to gfeja. L. 1in® dephci ti f cQuplle signals from

the ac. 7 powerline transm

FIG. IC




1 31. The nodul ar core, self-powered powerline sensor of claim
25 i.n which said 2 controller nmeans further includes neans for

recei vi'ng comuni cations froma renote base C L MWD 98/20468

PCT/ US97/ 19736 22 1 station and said plurality of w ndings on said
comruni cations_c r6§ el ement couple said 2 conmuni cat i oSpafidoPiersdIe . C.
power | i ne tm%ff’&ﬁ‘ on-contdacting transforner action. 1 32. The-
nodul ar core sel f-powered powerline sensor of claiml1l in which said 2
control l er means includes neans for sBé#istically nanipulating said
received signals 3 i ndicative of said sensed condition over a
predeterm ned tine period to establish a 4 nom_nal condition |evel -and
nmeans for detecting.yariances fromsaid nonmnal level. 1 33. The
nodul ar core, sel#-poXered powerline sensor of claim32 in which said 2
sensed condition(is voNtage. 1 34. The nodul ar core,

of claim32 in which said 2 means for

recei ved 3 4 defermned tine period. 1 35. A
nodul ar core, i AQNSor system conprising: 2
a plurality of nodul\ar N di sposi ng about an a.c. powerline;

Y XAnergi zed by the a.c. powerline,
\posed about each said nodul ar

Y sai d nodul ar core el enent

are interconnectfed TERNS N sensing a condition in or
about the a.c. . y v controll er nmeans, powered
by sai d w ndi nd for sensing, for
receiving a sig dition, fof\lransnitting
said .




9 recei ved signa
for receiving 10
station. 1

devi ce conprising: 2

pover | e oA

over said a.c.
communi cations transmtted fromsaid renote base

36.

power | i ne

A sensing device for a powerline,

a capacit

spaced i nner and outer 3

ectric medium di sposed between said pl ates;

to a renpte base station and

t he sensing
or for sensing voltage
plates dis t the

4 and- 5

an i nducter for sensing current i ncl ydigng a separating material di sposed
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23 1 about the
separati ng naterla .
which said c
el ectrically copnect
pl ate having apggr oXi
reduce noise. 1

sai d i nner and out "
The sensi ng device

2 magneti c pern&
39 in which said s
devi ce of cIa|n139|
shape. 1

I nductor is dispos d

sensi ng devi ce of dl
sai d capacitor.

WEFPED
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wi ndi ngs w apped about said
ng device of claim36 in

addi tional plates

eprYp saNp7 o tp} the surface area of each said 3
npt e WZB h¢ surface area of said outer plate to
. re—seljsi ng device of 51 aawhlch
pl at es| roEdaI in sHa)q 1(52
aiqqﬁﬁeﬂnuyhl bh sai d separ gty e ! as a | ow
ﬁ"‘ tM ? a0l The f claim
ﬁbah San-kl B fpam 1 The sensing
ai djsepdratipg nateri al in
n acvjce of claim36 in { d
D éﬂsﬁ%iéé Dg"‘%é)agi tor. 1 L 7 %e
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