ELECTRI CAL SAFETY DEVI CES AND SYSTEMS FOR USE W TH

ELECTRI CAL W RI NG AND METHODS FOR USI NG SAME CRCSS

REFERENCE TO RELATED APPLI CATI ONS 5[ 0001] Thi s

Application clainms priority fromU.S. Provisional

Ap docsttzon No. 60/ 820, 197, entitled ACTI VE SREE§RR007/074247
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safety devices and systens used 10in conjunction with

electrical wiring and, nore particularly, to safety
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el ectrical flat wiring. BACKGROUND [ 0003] Mbst hones
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CII'C rotectio be pI'OVI magnet i cal

i %) dORBghn |1 €7ehorest wiga sypterng capieg OF?fl"'ﬁ 0 fbrre%s@kté?suftﬂd in 250
deaths and over $670 million of property damage. Further study by the CPSC based on
40,300 electrical cireuit fires showed that 36% were due (o installed wiring and 16%

were due 1o cord/plugs.

[0005] Today, circuit breakers primarily protect against certain overload and short
25  circuit conditions which occur primarily in fixed wiring. The overload protection is
provided by the slow heating of a bimetal strip that breaks the circuit causing the
breaker.m trip afier a specified period of time. The more current that runs through the
bimetal, the shorter the time it takes to trip the breaker. Short circuit protection may be
provided magnetically, that is, a high level of current may trip a breaker
30 instantancously. The lower limit of the magnetic trip setting may be determined by the

manufacturer such that the device does not nuisance trip on high inrush loads.
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30i nstant aneously. The lower limt of the magnetic

trip setting may be determ ned by the manufacturer

such that the device does not nuisance trip on high
inrush loads. 1 A01735156.1 WO
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return conductor may also be referred to as a grounded
condU@e@i. [OBGwGattsiseie datfietomnali ineallehmeldcrical wiring
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Fault Grcuit Interru
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a 15conventional electrical wire. If the djfference
bet WwaWheonAIE gpq g, PWT‘:%%“W@% ‘%‘WP%UB%"‘WH@ CARAVCIRLTRAEER Biew
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exce
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f%?s%f%l%'flpsaiﬂeﬁwéltli\%&%F or to the ground |ead, or

rough a ‘person.’” Any of these situations may be

haza r[@@ﬁﬁ? S&oit@?sa?e@ﬁe@lce fikad P §omr95r§)a§ﬁ.§15§gzdtirhﬁc(ﬁjicrap#iirih 2

systems is an Arc Fault Cirenit Interrupter {AFCI). An AFCI adds electronic protection
to the standard thermal and magnetic protection provided by circuit breakers. The
circuitry in an AFCI detects specific arcs that are determined to be likely to cause a fire.

25  The AFCI uses electronics to recognize the current and voltage characteristics of the
arcing faults on the electrical wire, and interrupts the circuit when a fault is detected.
Each AFCT has circuit logic, and perhaps centrol logic, that is designed io detect
specific types of arc faults. These arc faults are specific to the type of wiring the AFCI
is designed to be implemented with. Current AFCF s are designed to be used in

30 conjunction with conventional wire systems to detect arc favlts that commonly occur

within those conventional wire systems.
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[ 0008] Anot her safety device that is comonly installed
in electrical wiring systens is an Arc Fault Crcuit
Interrupter (AFCl). An AFCI adds el ectronic protection
to the standard thermal and magnetic protection

prYYPYBBUEY circuit breakers. The circuitry i RCAYSHREYT247
det e j@@og‘f PeC éﬂoﬁle &éﬁﬁ] da%@%f&ﬁél el cﬂ:%@est chQﬁhé;) Efdedigned

to cause"a usesee tronics
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|nterruptsthe circurt when a fault det ect ed.
AFCl Yitss Acliat elggttical wige end mgthpd ﬁéfahrafagna:*bmlﬁ%qmi Wige e described

that ih &.9esl gRedio! m@eb%:mows i af, Nob}’lﬂ?@?ﬁfwlﬁélﬁs mcorpm'ated
faults. Thes faults are specifjc to.th

wi i Ry TERENR %@Fm iR My eodrelin ddpt plscmice! Vigpis g?ﬁé&ﬁ‘(‘"&ﬂ’ %atsw-?ace-
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g?gj 555 C%r'flﬁﬂg#éatt g&%ﬂ%ﬁ?égs nal e Sx?fl %Eglgie n ox%er to alIow it

conv anbe @sidl condenled, fyrskarie, bQ bez#@aﬁ'&l’iﬁ papeied oVWD. Currently
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ectT
desi gmadnyt @sdy ereummpatwlwﬁ] flat eledtdoal wird. h‘-‘wmdmbt # uad bxists for

t hr ee- ' ' | ces
%ngeﬂg%iﬁa%y gév%%ﬁzhtfjég 4 g{t ¢ foHsk Gth ﬂaaeﬁe%{rééaiqﬁ}éct.

are not ned to In W ring systens
include flat electrical wrgywfd@t electrical wire
and nmethod of fabricating the electrical wire are

d escriodex 5 i”ﬂmsLSuﬁimaBaib proAagd to Nﬁ;:odl.'b@/a z&&n@ﬁ& dobeepts bh £5.

B e 0 B0 b b BB BB B P 188 S
d esi gmedied ® lipet the Supd tle-oamal sebieainaitery syst em t hat

can be installed on surfaces such as a wall, ceiling
or I} Addeslagedrye Jevicks, axstegiscand miethads T menifogng a wire such as,

desi g’&%@arﬁ}? e, BR elt::@rh&l ﬁﬁdvufelfg%lnp bEmdrd oﬂﬁgﬁfrest QiréhabifWod t
to be easi conceal ed, for exanple el ng pai nt ed

or papered ce%tiﬂns Aseording fajong gmbsding ﬂ@}{%l&f"’é‘f@“ dhets ig digclosed

aje NQbursdRGick i l‘"o@ @iel wV R @RI W, bﬁxe HSRG defice may include a line

COﬂJ upcti on gl in marp casef I ncog&wtlgg g o

W ¢ S oo sovheBmeifopen Kagicor domgry 2 oo ¢ Gpegide

for Oiilﬁt may rosfighaddad yondﬁit’to(ha&e kidapovat eousddiahdfdl recefveln

use W'lcctrlcai poxgreres{ggzﬁtfrrolmctﬁe ling side pm%eLrJ sourc@Y’I‘he flat wire connection may
be configured to connect to an electrical {lat wire. The at least one relay may be

25  configured to control the communication of the electrical power signal onto the

electrical flat wire, The control unit may be configired to test the electrical flat wire
for at feast one of miswires, wire faults, or abnormal conditions and, based at least in

part on the results of the testing, to control the actuation of the at least one relay.

[0012] According to another embodiment of the inventien, there is disclosed an
30 electrical flat wire system that includes a source device, a destination device, and an
electrical flat wire. The source device may be configured to be coupled to a line side

power source, and the source device may include an active safety device and a first flat
3
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[0010] This Summary is provided to introduce a

sel ection of concepts in a 15sinplified formthat are
further described belowin the Detail ed Description

and is not intended to limt the scope of the clained
sUBP e¥BOHATt er. [0011) Di scl osed are devices, S§IfUSHET074247

and net hods f.or

ex anpr/ge tegwnaél‘o% Cﬂ? rygt at]lqn%Fvwe r?@' 1chud% 8 rsifécof(x)dr ﬁzﬁ w1re t ination.
m swi Tlesslecirical dlaf aitd sy, havs a Sistvod omipled arible msdim; wn‘e termmatxon

Accor Qx'dqgecfg &ﬁ%o&%qgihgg&sncﬁﬁat Lie teﬂ’rﬁ‘ﬁ{&ﬁh ?ﬁk ac{lpeeééﬁtyl device

di scl 0s a source device use wt
flat maysoniphide geamicabflal avice far anlasst oneof misevires, Mrp faulls, ge

i nput abn@mfak &hdﬂ’ﬂ)ffs %ncf 95‘5@@ &4 th PesuiRlor {hg ﬁﬁhltc‘?ﬂg cﬁﬁ}(ﬁlﬂw and

a control wunit I'i'ne side In confi gured
to c owmmmnaf fn ﬂ@trwkz@wawl g@uﬁhe éneaw& poYersepigs tpdhe
an el gedgdack whower signal fromthe line side power
source, The flat wire connection may be configured to
c on nego13jo aNcceidﬂfgttnE ardtler FrhtRbinWhi F the TiR@ntadh, ﬂha‘a&tdﬁ@m&d a

d t t t
of WEPBHLE PGPt R o B JRERPT Py rovded
f @&t Wdtween a Idvece@ndid destination. t Oneay mos: comdubiogwil el clcctritad St wire
thfee' aeful%crtés?ealfor a fg‘ést Y q? swugé‘:wug??% or C?'ﬂﬁoon%‘;i cgr]]&'{%nrs.e%e
| east cammpipionefiant dietricalpevessigik! frdwea peer fovere te the electrical flat

contr
Com Pl L) B,y ot ol

inve n[t()U‘M} tz@&ﬁﬂzrﬂg% sHofie} @aRdinRht cﬁ%c@ﬂ;@ﬁﬁ&n‘ t@n@r’c i didlosed an

wWire systemthat includes a squrce dev
dé3dt i FHYS BRUAEVIFLEr usgdth glecieird dininge éﬂhe T‘i“éi? Saifﬁtﬂf gevicg gy

sour CRcld®\at kest BRyrclReardanbhgill el The abieasCed pdIftmitbeonfigured
line side P‘g&fﬂ‘r source, and the. source [

o o e SRRl of SR ot R ol Fp SPpdpYepovsp,
1735 1dv6rcd asswviiated withrid 4eetd sefety dEiec oles b mmcolrﬂad @ire.CEhe control

may tpncftlnliI 9‘%? ?ont%’%urg@ % tesk %E ﬁlecmgal h% w:rqu‘r ak %ast one cﬁ’ mdss’{nes wire

el ect ' Cat
t B vt orfabmmwco@ﬁtoes mdn@tsqzctm liamln mrtsve Gitmdsuémf the testing, to

coupl g, Qhe L0Ga c}ﬁ‘ﬁ CPRE al LR oW 16, L Q{q ' tQ@con:Ll;Ql%]pft may be

active saf ety device @y noni t or éctri cal
Wi re sgaciagd wtbatslsasmms Ptb’ﬁﬁ)rgwnﬁléyﬂhwi#r@m fawnggfthéfﬂecmcal flat

wire.

[0015} Aspects of the invention described below apply equally to the source

25  device, the flat wire system, and to the method for monitoring a flat wire, For
stmplicity, the aspects are described herein as being applicabie to the source device
embodiment. According to one aspect of the invention, the control unit may be further
configured 1o test the line side power source for at least one of miswires, wire faults, or
abnormal conditions and to control the actuation of the at least one relay based at least

30  in part on the testing of the line side power source.

[0016]  According to another aspect of the invention, the control unit may be

associated with at least one reactive safety component that is utilized in the testing of
4
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5abnormal conditions and, based on the results of the
nmoni toring, control the communication of an electrica
power signal fromthe |ine side power source to the
electrical flat wire. [0013] According to another
erfRAOKEHL60f the invention, there is dlSC|OS€GT&EuWWUMZ”
nmet hod for nonitoring an electrlcal flat wire.

el ectths leptricel fat wirp- rEhcﬁbva% gnedpquyeosé@tyf@mawm bg utilized o

SOUr Cgst @ lcatricts aﬁxlmetsu@eqmme 1R kletEfitiooerdhcl@tivaldfat wire.
t he electrlcal d for at

one. chieat kg prsaeaciiestleh SR TR A1 O SRER {1 2 und ful
The ComdtitintearapterOin a@émaigaxeineimm medvepmmnt pedtgptian safatyom a
t he
F&Sm%g%%ﬁsfgdo%@%‘ind PSRl Pbiting Ry MbEndBY T of
the t A&Qr%g%&%&eﬁg p& .Sﬁh H\%ﬁ&{ e Thadi mn{ay%
the i tlon rels ose an actlve saf ety
devi caesefcmed wish atdeashorg [peestive cafety \ﬂpmrmgm thyhis utilizeq ipghe testing of

saf et t}{T g@c\fﬁ&?ﬂ%}ée ' ‘f‘ﬂé 2 (16t Bhe ﬂr@eﬁﬁ% SARE cB\%B b@ unlxzed to
contro unit. he at | east one rel ay e _con

to cols® ﬂtﬂcleftﬁeai é’étnﬁtﬁﬂf'@é‘l.olﬂéﬁFl??f“ﬁﬁﬁ‘c’é PET&lf plegtegal B%S\)O%TF e a

Si @Naeast bR PrActive @ﬁe@ kSBpdReMEay HRNKIE Sned B10f olih Bl e vire
the active safetr}/ devi ce.onto .an electrical flat wre.

The c‘BﬁE‘H%FO'TER?Pf A2 oa BT TedPElY tPRLE ¢ he

el ect at wire for t east one..of
wire @éf@ul t wo’i‘i'fngé%ﬁlo‘irs%fo f b aysntion, g lic s GJP ‘%}gsf}et
| east compoyzat thatarry b eonfigeud togdapfifitdne ot regrt pm‘g}mt@r@assoclated with
contr
Addi tt%%) ﬁ%@?d&%%fﬁ%&drg nﬁft &e{i}s‘rﬁﬁaﬁ% Qh?ﬁ%‘tetheg}gggrg rlﬁgr?g ntiﬁe{]h
ats | eeps@uc@nveeremﬁmlytmmp@daetﬁhe lineiside medt- i n t he t est i ng
of the electrical flat wire. [00161Aspects of
i nvenPPH dedepidbgde ﬁ’@ﬂ‘@Wsa‘ffﬁPVh@ﬁK@F% afqgd f:“ﬂ%wgﬁi’j‘fe@@ty

25d eVéoﬁ'@one%hﬁatfn{a@%e wlmgmemtceﬂimuame tQesbthRe teeitsiumel ch@rat least
nonitorin

For, si ect.s
ore g o gl e Bty to ;g‘iﬁ’ﬁ"{:%{%lf’émf"iﬁ of g Caisto o
d evi C@xe%ﬂiﬂ@n@lrmﬁ ignaG am;rtdldagmtme witeheaspyadtwios ot Wige faults exist
e control Ay be further configured
t 0te edt‘iﬁ%"{ﬂcﬂ’ewrm erﬁtgm“g“?gurce for at |east one of
mswres, wwre faults, or abnormal conditions and to
contr ol the actuation of the at |east one relay based
at least 30in part on the testing of the line side
power source. [00161According to another aspect of the
i nvention, the control unit may be associated with at
| east one reactive safety conponent that is utilized
in the testing of 4
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A0 1735156.1 the electrical flat wire. The at | east

one reactive safety conponent may be utilized to test

the electrical flat wire subsequent to the
electrification of the electrical flat wire. The at

| $eX2008§d276eact i ve safety conponent may i ncl uBETYROOHYT4247
nore of a ground fault circuit interrupter, an arc
mtigation circuit, an over-current protection safety

compone ity BRI ERHF BV E s AR ASHL T BRAF oo

i nventl , e. cantrol ..umj.t . . ' ' : ,
| o OO i P s L el BRI GRlthiclbihow be
i Nt Weade eehd avgonmfanyifyedreliegy which hre fiptatecaagarily, drappneto ggale, and

I(asastW on .proactive safety conponent may be utilized
to tes}i he el ectrical flat wire prior to the

el eCt[tﬁde‘li] catdr@n 9% sdhBfaR! dBptabd d¥Talfiaf Witd syierh Grclulih@ adRicth@
| east one proactive safety conponent Qgﬁ%i‘fiﬁgﬁt ude one

or mowringpevice AN, ascerdingitg @ Hiystrallieemy BEVERE"a

| oad  si wre integrity conpponent..[.0018] Accordi ng.to
an aéé@i off I?e"r?e“sf’ﬁ %sr'ﬁﬁgtt?ﬁ,“e c]ql""ﬁ’éﬂns"{;l%ar’vsvlla@(ee&i Oﬁ? ‘é’g"rg?“%‘?y
conpagest flahieike thatynal 8e cd fn cpujusdion with deABDS apcaudieg oran

re.conductors..assogiated with the |line side power
sour d “Sg'%aleteglg%f‘é?’gﬁ th%m\y\?]nél?’i!ier the one or nore

i dent[bﬁg%‘idi ﬁﬁggﬁ%%%@m ot BitoNentsCIrh ABHERCing 0%n

line’s ccording to another aspect of

t he iilusapivegmbodimerg afthe ingentigh re i ntegrity conponent

that may be configured to conmunicate, at | east ONe. 1 with
Lost [60%hal AL B tloesgeran e EEMETIRDE bPaY pgssodated with an
el ectA4iS @ordiin@to Mhboimeh®d oNMAinka@ftiomne or nore of the
conductors for one or nore return signals, and to

det erfode WHRIGHS is amyxetnplagyfiavebaroof thy aperafienfitihy cenirod pnit of

17351380 B e e IR e R LS e o

THE W NG(F@} 5 is a schematic diagram of a line side wire integrity component that
may be incorporated into an ASD, according to an embodiment of the invention,
[0027] FIG. 6 is an exemplary flowchart of the operation of a line side wire

20 integrity component that may be incorporated into an ASD according to an embodiment
of the invention,

[0028] FIG. 7 is an exemplary flowchart of the general operation of a load side

wire integrity component, according to an illustrative embodiment of the invention.

j0029] FIG. 8 is an exemplary timing diagram of voltage or current based test
25  signals that may be applied by a load side wire integrity component, according to an

illustrative embodiment of the invention,

10030} FIG. 9A is a schematic diagram of a voltage-based load side wire integrity
component that may be incorporated into an ASD, according to an embodiment of the

invention.

6
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[ 0020] Havi ng thus described the invention in general
terms, reference will now be made to the

acconmpanyi ng drawi ngs, which are not necessarily drawn

to scale, and 5wherein: [0021]FIG 1 is a schematic
dl%?"&?ﬂ"d?-"(’a flat wire systemincluding an AclPFV/élsm‘}m”“z”

SrarL gg{?s ﬂﬁw gFf?Gg ﬁ?i?l)aﬁg,}%%gﬁ? gfﬁglbﬁofﬂ%%ngbaszé fogc? gde Wire intcgrity

CI 0S Scofm@@iiehtifat Wiia@ be Mitorfortited into-galASNA accomsitng ek @kmbodiment of the
prote.ctlve | ayered flat wire that may be used in
conj UREFHBh with an ASD, according to an
10i 11 at i [ ;
31 s P16 S BIHERM Blerk o et pR loos Bk hary
act oragimpepenighatmtilides testingatiaye én moriodngretiat wire ﬂtrlméSWlfeS and inter-
| NV ENblePlhold A2yt af b Rinfnl@fcinhiagl am of a

control” unit that nay associated wth an ASD
accor{dbﬁ'% t orzenid b ERinp1aBf ﬂohhl%rﬂ d’f‘tﬁé%&rﬁﬁbn ofa load side wire

15[ 0025]FIG 4B is an exen‘g ?‘réf Q (gf

oper affﬂie%fﬁy S ROREPL G APiBg o g LIS Ve 720 ‘E)&“‘ &'l:edi’v&f“i’ﬁ‘ﬁ’ to

an il rat.i.wve. .enmbo nt, of t

[o02dP iR S G SRem . P PRy s i v

WO e ihtegritg cortponen pomante itdogioraelymtb en ARD.cacpasding dn jilhwsigative

an ASD C n enbodi nent of the invention.
[002 @P%m%gtoqmggrﬁvteg&gnpl ary flowchart of the

oper a{bbﬁ? ofpid. {4198 s&bﬂ@tlcvﬂlig?an?&ah&ﬁﬁgﬁérﬂﬂarf Q’H@ﬁﬂhe@ﬁ'e
that may be incorporated into an ASD accordi ng

an
enbodiwEiy capropsn thahmaybg :qurpo[ag@?g]; gy &S ,7&0[.;%’('!%10 an illustrative

exenidndolinfehidtaRaivenithn. t he general operation of a | oad
side wire integrity conmponent, according to an

i3 uqon:aaql veFIGntmldamamatafdutghm éfavciratii tba maly 00 Q@}zRd @ tes8for a
L)z S:gﬂ$ gg’f oln%c\(lo}l !':ltadg&m glonQnoadn?e accé{'glké %%% e%ﬁ)ocﬁtﬂgl{t%%e

invention.

[0037] FIGS. 14A-14F are cross-sectional views depicting an example of the

dynamics of a nail or tack penetration of a live multi-planar flat wire.

20 f0038]  FIG. 15 is a representative graph of the voltage and current waveforms

present during a penetration of a flat wire by a nail as provided for in FIGS 13A-13F.

[0039] FIGS. 16A-16D are cross-sectional views depicting examples of the

dynamics of a penetration of a non-live multi-planar flat wire.

[0040] FIG. 17A is a schematic diagram of an exemplary source device connection

to an electrical outlet and a flat wire, according to an illustrative embodiment of the

)
Lh

invention.

[0041] FIG. 17B is a schematic diagram of an ASD with extender outlets,

according to an illustrative embodiment of the invention.
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25 signals that nmay be applied by a load side wire
integrity conponent, according to an illustrative

enbodi ment of the invention. [0030]FIG 9A is a

schematic diagramof a voltage-based |oad side wire

i MeewpsAy276onponent that may be incorporated PREYSHP7T/074247
ASD, accordi\ﬁgg to an_enbodi ment of the invent

) odi ) ion. 6
173516%12] 2B0s? shometis P26 oV SYFeT B’G@%&F@é‘%
9B | S5 SOASRRASS) it dbn RS Slo MRt #liésicoiliectodudakk sama desthation

wre integrity conponent that nma L ncorporated int
Ean ASPYics, dgcgidigigan ﬁu%mﬂwgaﬁ“%'ﬁep'g‘? VEge ‘nvente i oln.n °
003 i s .a schenatic diaqr of . e .
curr éh@:ﬁas ZFSG1 %dﬁla ?ﬁﬁg%d%aémpn‘?g‘é’ [ ﬂef cg@gt D Sevices in g serial
uts | i coneutatisn behag suppoatyd by msimghndotioe fleviesactdrding (i andlluseative
m swi res.and i.nter- | aye ts, according to an

ebod PR i vt bl 0033 FIG 10°is an
exenmhaiy fIMCHAL b s@bmidiQiQRR! @hisRenth whidhORkipk Rerce

wire Tntegrity conponent, accordi n,gl to an ill ustratié{.e
embodiewierstforst a eenteal idenjesribat eRnitqronBiHplE fig wites I arogm, according to

s che gt rslivd 9 88RiREn 8NAlRE FuRMeRIN. | 0ad side wire
10integrity conponent that may be incorporated into an

ABD, [e64B)r di FIG. 110s @BchbhbtiesTiadzenin of@ neodchfsmmte de¥iceshgonitored

i nventi on. 35]FI.G 12 | .sch ' I
anot et e Pitaporsce & LR e P Bg oL eSSt

t hat weytie i ncorporated into an ASD, according to an
illustrative enbodi nent of the invention.

DETAILED DESCRIPTION

15 [0046]  The present inventions now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments of
the inventions are shown. Indeed, these inventions may be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will satisty applicable

20  legal requirements. Like numbers refer to like elements throughout.

[0047]  The invention is described below with reference to block diagrams of
systems, methods, apparatuses and computer program products according to an
embodiment of the invention. Jt will be understood that each block of the block
diagrams, and combinations of blocks in the block diagrams, respeclively, can be

25  implemented by computer program instructions. These computer program instructions
may be loaded onto a general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a machine, such that the
instructions which execule on the computer or other programmable data processing
apparatus create means for implementing the functionality of each block of the block

30  diagrams, or combinations of blocks in the block diagrams discussed in detail in the

descriptions below.

AQ 1735156.3



15[ 0036] FIG 13 is a schematic diagramof a circuit

that may be utilized to test for a flat wire

connection at a destination nodule, according to an

enbodi ment of the invention. [0037] FIGS. 14A-14F a

cr¥¥8 28829 nal vi ews depicting an exanpl e of PFH@J32°°7’074247

dyna nail or tack penetration o

mul ¢ 110881 Tefefemgpianoegep ey ey 166 paored i computer
repr fen‘éﬁi?lﬁlahiemerygliaapﬁm dirﬁ:cthhanmmértoﬂgﬁer@mymabiemma processing
wavef or ns sent .dur | a benetr at

by o Wapredl Rl G RERF A e RS Siol e
16A- mapmberewdabismmg»tpr@ﬂue& amﬂrtmi@f dmpuf@ctturm g!cmlagpiswtlon

LA I S O s

di ag namr@fa ingiuctsrempty atsy be lvaded onigevpppute onibertpragrnpsbly data
an el ;?5&5551‘@%&3%% J& bauSdWhefted drdberiMohfl steRGE BE rf&gnéd(bnfﬂib

illustrati ment of the invention. [0041 I
7B i scompyieniE Rl Rogiirag s Rpprakih o RsTSuLh & MeRETHY mcnted

out | &lrSoessHRGHARA kiR GnskiOctRRs fhhtl eilscufcdh theRo@PRG G R préprammable
the invention. AO 17

2628/ @ME‘?W@’F?W@@WW%WJ?‘“% go Bppienespegified ig the block or blocks.
f
th ?C@b@jf f?«%ﬁ%{ﬂ bl?%l £ Rigt re i Stses[ln Io ¢l u?’r‘naﬂ?ms Sk means

W r esfocgnfoastihetie bipcitibefusaives, des!ﬁmam_&ts ccf ntepzbdvn Eeorming the
accor di nﬂedtﬁ?ncagnslaln Hr%ér%l%titlus\/rﬁct%m%%s %%%rf&tnir}ﬁﬁe specified

i nven I
functions. Tt will also be understoed that each block of the block diagrams, and

15  combinations of blocks in the block diagrams, can be implemented by special purpose
hardware-based computer systems that perform the specified functions or steps, or

combinations of special purpose hardware and computer instructions.

[0050] The inventions may be implemented through an application program

running on an opetating system of a computer. The inventions also may be practiced
20 with other computer system configurations, including hand-held devices,

multiprocessor systems, microprocessor based or programmable consumer electronics,

mini-computers, mainframe computers, etc,

[0051] Application programs that are components of the invention may include
routines, programs, componenis, data structures, etc. that implement certain abstract

25  data types, perform certain tasks, actions, or tasks. In a distributed computing
environment, the application program {in whole or in part} may be located in local
memory, or in other storage. In addition, or in the alternative, the application program
{in whole or in part) may be located in remote memory or in storage to allow for the
practice of the inventions where tasks are performed by remote processing devices

30  linked through a communications network. Exemplary embodiments of the invention
will hereinafter be described with reference to the figures, in which like numerals
indicate like elements throughout the several drawings.

9
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[0043]FIG 19 is a schematic diagramof multiple
destination devices in a serial 5configuration being
supported by a single source device, according to an
illustrative enbodi mrent of an aspect of the invention.

[ OV2200801227620 is a schematic di agramof a systPSWﬁUﬁ?PO'”"'m“"
whi ch nultlple source devi ces devl

L%ég1a central )
that W8It or’dissiesed sp pstems 2d gipthess iqrgogitgring an elgetiey, ‘Eﬁ‘?w&'
to arbmkriculaﬁmg dyviem mgFl G@Lm;ai ahd Wike amtsamexctwmafarmewce (ASD)
i nventi S a sc na a
et we SRt b SRR PR o TR EfHof or e
hub, M&Qﬁldhmgdttrmg &n clebtrifisdtion bf tieelenmivativioe add foflovomethe

5{) ect {Fﬁétpogx rolg (t:tll'zga\li) pi{] H%DEI-g'é\ngli %Pre%ESCF{%aET :s?d\énnﬁedbor getccted
nor e lfyuhd: &S emarltmaé tlertrifigation ofdlicerlativd Wi, thirethe electrical wire
acc 0 ppegferﬂ npge?n trma!i Cﬂaﬁ'ﬁﬁﬁm opulﬁre Pag sjbénuﬂed or

I'n S t hese

enbo nts | ons are .
i nve rﬂeiegmé byrty ASE @mlf@@wm thwisﬂtrcﬂcﬁtf@mémﬂ clegrriep wigpdhen

shoul tqle Q%l&ﬁvﬁ@rﬂ% H'el{ﬁgné}élzéd R i@ Ge bhricheed P A 8 Riag be

set forth herein; Trather, "these enb ISc)‘]men ts are

pFQvi Wiigedsip mapediiferrt &ypay EapREaags Hoh s Lz eyagple; in conjunction

appl i gadofnd®if gl ort @eiehiaB WRRLS As bt &@mpPlRASH m@f&ruuhged to
i ke el ements throughout, | em?%The i nvention. is

descrPYRET S WHER AT e BOBA WA WImalsFeagr igfustrial site.

syst e‘nﬁ,mdﬁﬂbrb@d&tmap\pﬁhghdﬁ BSwiRing Ao fhidfalidd apthe Gication at the
products rdJ n? %Jo an_enbodi nent of the invention.

It wi tI“T‘e a%’P% {08 VIR ock of the bl ock

di agr a

|25 AT 995 B LESH L s
conpute ﬂafml@gtcalrwrrmttm &l ip ﬁ@wnménameﬂiiévatm ergpainent of

| NSt rychlLQRen. MY fﬁpesécﬁﬁmr&@wn @Uﬂﬁ%ﬁahd&%ﬂ@@@ewce 103, a

COITpUt er, Specla pose co ut er

pr ogr BB R aht‘ea“%rpébwwﬁ‘@{%pbé‘?%‘ﬁ}g“ ey '%Fb”d Aden Igad side

mlilc hi d?eﬁmaﬁéimst ﬁ"ﬁéﬁ soﬁﬁ@dév[b%tl(mﬁ‘a&j’ i‘ﬁﬂﬁtéé/ﬂﬁlm BNQAUE Suftd module

the conpute ) (ge at a pr

appar dfudbg é%ﬂaBO %ﬂ”d&aﬁ H%H AR “I'ﬁ% aid an

f unctdxpaioh pdaé macr‘ﬂr ;hir]ms.ks dfthetphﬁerb Ha@ﬂksuﬂ:Oﬁi‘l /&3JD 8005 an

or tions, of bl ocks i

G scuRekha wENge e Sratt ot ulk el e SRR fyon conaining
reactive and/or proactive safety components, circuits, and/or circuitry, as explained in
greater detail below, It will be understood that in some embodiments such as, for

25 example, some commercial embodiments, the source device 163 and its associated

components, circuitry, and modules may be designated as an ASD. While the
illustrative embodiments described herein are in connection with flat electrical wire, an
ASD 100 in accordance with embodiments of the invention is equally applicable to
conventional electrical wiring, such as electric wire comprising elongated cylindrical

30  conductors based on the teaching disclosed herein.

[0054] A variety of flat wires may be used in conjunction with an ASD 100 in

accordance with embodiments of the invention. The flat wire 105 may be a flat

10
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[ 0048] These conputer programinstructions nmay al so be
stored in a conputer- readable nmenory that can direct

a conmputer or other programuabl e data processin
appaPE#A42%60 function in a particul ar manner, pg%@@mmwwmzn
that the instructions stored in the co er-req dab
menorsjecicalaviseT aferdlar iy ks 4R R Of Lz V‘ﬂmge

I NSt ryigd, CATVSRASSInkd aﬁrfdcﬂWire MRiaflaf Wig: F08 m@kdalbywill be made up of

ified in the blqgck
et UG oo S5 B begaial it £ ar Bl i P Bve

ot herlapcigtranembiter ﬂatparaperl ocephhargrragpacs hadng condgwsevithin
? OSSH'S tg?%mgrpﬁagg hé(?dtmon%l drr aSt & éorgolqg? a?ﬁ\grg?ﬁg‘erqa)p%n{aﬂ%ulhpie
conp Lﬂoﬂdqctxvqﬂdgmhbreﬁn-pmub@@ slbsimrs or Aaitstraride The flat wire 105 may
I nstryetl, %ﬁ 0 %ﬁtmo?‘é(&)%gﬁl %30 SllGxah X }%[pb'itaeéat Qfre BLNBLy be used in

progranme ratus provi

i mpl eamﬁanngwm@e ﬁﬁﬁéﬂ? ofthe Is*ﬁﬁé@tnweétepnulﬁdﬂﬁﬁ@%m&% Fgt App-
bl ockyg,, }bH%WEQi’OH%Y{JS %0%5@9@1) dnbiBeddiERGHical Wire and

di agr ans s%p port conbi nations of neanssLor per f %

t He sMetéWq Fabricgtingrtheolectricabien ok fidetspy @P%%fatr“{)gg reference
per f o ik Birdth e()tﬁ&%ﬁ&ﬁpi@d)fﬁhtﬁﬁiek HatmB uaerdqg hkq@bidance with the

i nstruction nmeans erfo

t he
f unctfon il "‘lftthevﬂr‘fSFm éﬂ" IOBQC['I‘H]E? aﬁ{’)‘ ({m’etgec%at BiFstk
of t heiscdis@ik Uk, 2a Ho, 808,768, Haitled il ashitandviaihtc MudtcBurpose

pur podBon b G° BASEa % SBE o YR EROH s PR Plose e

t e SIOSC]Paﬁ iNedl 6,4 9M595) arideddiFlas Swﬁse-anntgchb!inrfarrnomﬁ’lrgf’ and U.S.
speci u

Do C B R A B O ok DB A0

appl i Eaatm:a@ng e Semainhe dwriosngs ofwlaﬁ? wpapapdraed wgit@mﬁ'dﬁrem in
a co gﬁ The i nventions also may be practiced

20wi t h™ ot her’ conput er system configurations, including

hand-jaess] deMiGCES.a chdé- Edcﬁérﬂﬁﬁﬁmrmlﬁﬁ(«ﬁtam,at wire 105 that may be

m cr opr ocessor based or

ePB ot camumsnn ¥ = SaReS ﬂ@%%"ﬁf@rb%dlm%‘itef‘h"

[ 005 Lihfuapbr. Clk iflenwipr 108 LERE. 2 hay basresleoivpdhentrswol stidhed

i nvention may, . include routjn [ et

dat & SPPTETTr LS SedepleR iR e R AR GIS; oFAMENRY B simared
between two retumn conductors 2140, 215, (or neutral conductors) and the two return

conductors 210, 215 may be formed such that the electrifiable conductor 205 is

25  substantially entrapped by the [irst and second return conductors 210, 215. The term
substantially entrapped may be utilized to refer to a situation in which the electrifiable
conductor 205 cannot be contacted by a foreign object (e.g., a nail, screw, staple, etc.)
without the foreign object first contacting one of the return conductors 210, 215. The
term substantially entrapped does not necessarily mean that the return conductors 210,

30 215 completely surround the electrifiable conductor 265 (although such a design is
possible). Instead, the term may mean that any distance between the return conductors

210, 215 may be small enough that a foreign object cannot reasonably go between the
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25data types, performcertain tasks, actions, or

tasks. In a distributed conputing environnent, the
application program (in whole or i'n part) nay be

| ocated in local menory, or in other storage. In

adn 20pe14276r in the alternati ve t he appl i cat P@WU52007/074247
program (in whole or_in part %edlnre

e SBEORGB g 11t ARSHITROE RS ARS bl el ue
| Ve hWRRSrMietmarksosnes, pes. f or ned by renote
processi ng devices 30 I'i nked t hrough a communi cati ons

net wqotse] Ex ewri ajhymaﬁ‘aaﬁﬁémem}é(}xﬁ twdgoinding norddociona22, 225
her ei naf.t er . he bed r.ef .

1 gurBs,ve iR B T e Tl B SRR ot el wire 105 may
t Hr oughsanmbiehin ssevikedabnignaisngsh thg txelerEighls gonguctes@ds is
20081 § St bgl%%lé ﬁz’?“g@ooryugic‘éﬁéh&oi Q9 %h?hﬂﬁ%ﬁ& Bhctor
systerrs an nonitoring an ectrical _wr

or elaseogeientlis i sandyiehpd beyeandhe P STERRAHRE GoRENCy 220, 225, This
Faul tgng f%’ﬁpané%hyﬁe SRkEE ¥ DRG0 AWhsgmMioRe utilized

to per%1 mtests on an electrical wire prior to the

el ectipbdi) CatA&iEtmﬂélM fﬂaumoﬁmafehmiay% ﬂ:@posdiﬂdvﬁ@n tdeB of the
el ectr|f| cation of

©HE oreeira o 4Bt Wi D ThEnsioe PRt mgp pirvéat e §halS

M SW dofd@iorsMf iHR flatkiird 105§roh£b®mh¢tfng eﬁh aptheteing cleathg b ghdrhdreuit
ASDprlortot ecrlflct i on .the. e

wire, nltlﬁ‘éﬁt ‘fnﬁ%ﬂlg' gLaP i %bé? con or msu a ion marteer{s/ﬂ:%{t) nﬁg@?ﬂlf\r{)o%nd the
bei ngel&hﬁ‘mble kfridector 205 amd préveuti theeel@mfmblp eorﬁa@brtzeﬁ gom making

It ﬂ:ntee%lgcltr{ec antac wnﬁ‘fh g\ F onzhnz?or H’vﬂglﬁ Al tlloﬁ)éﬂﬁr}gtum

catl eelecrlc Wwre, then
el ectoondigtor mwlélm}atebel 238 mayibe djFpeaad befweenjhe retysia conductors 210,

appr egisal £hle Eé}ﬁgpo@tﬁﬁné‘ggrﬂm BfdudBitzbd, '2§§Q>fﬂr&eﬁ€ﬁiﬁb)f' irst return

di fferent t{ cations such as
in compdstor PHhram eantasng i comaIPonging 15 eruasipe pRnduA! 250 and o

Wi ngg'eveﬁsth@s@c&ﬁﬂ@éf%@@nd@&orﬁﬁs@frﬁﬂxoﬂ&uﬁﬁ thke lcdreﬁpdrﬂmg second
noni tor electrjcal_ wri ng‘ﬂt hat .is in

ot AR 1228 GIHHI et PR o0 ppRPE T
eb®Ct gppeside thalfirt g@umyr daedusiof 27000t Hhatsedosd gratdiiglcentiveibr 225,

the | o t [ on truc '
r ew r? @‘ g con %cttctro]bsgg{ cﬁc)ggs ay ﬁrcgﬁg\%e?fou%g &gc’hﬁg)ﬁs 226,
Act i ms%ﬁﬁtoyta@mg lag ebj¢cABB)rid@Ohat mpktemrelrw tg flatwize 108 at

el ectrical wire system 101 is shown, according to an
i |1 usiopa8li veAlarmbintlymmaeh condupieeof thiy i iire A0S memeberindiyidually

el ect \Ha? d “Whraﬁ nﬁéﬂ%oﬁ%a}@&l 'Tﬁ‘ﬁus' ANEkAR cohBali&e e!@&ﬂfl&:ﬁ:

103, a at wre | 1 ne side power source%
dest i wadicn u@@vﬁl%ﬁéﬂaml 230 el e Gl Tebodndes D Pppitable

125, Jh8uckRes® selamkeiRe AQGMHBY chitalbid®s aomARDeda oandtors
as Ouzrlcl:}eZIrSm dRetlm(?n conductor insulation material 235 would be disposed on both sides of
each of the return conductors 210, 215 to separate the return conductors 210, 215 from
the electrifiable conductor 205 and the grounding conductors 220, 225. Grounding
30 conductor insulation material 240 would be disposed on both sides of each of the
grounding conductors 220, 225 to separate the grounding conductors 220, 225 from the

return conductors 210, 215 and any objects or surfaces that are external to the flat wire
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20110. The destination device 117 may include a
desti nation nodul e 120 and an expansi on nodul e 122.
For purposes of the present disclosure, an ASD 100 is

an_electri cal safety device, circuit, or nodul e i Ry007/074247
actSrWHAEE Wi th the |nvent| on contai ni ng reacttyd

and/ ofysp mﬁgéﬂc}ﬁgufe a‘figmgﬁ?&%f r‘ﬁshfaﬁ?“ r&ﬁfnaﬂﬁg [iRposed
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for 236 i Chet PR The COHIIELS bfthe AFIARI 10BN Sthet WEdS AURGE
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and ndigut gfgwmyw%@ngggqrwfélteeﬂft wire )5 exisps) whgwhprg ig an%aw in the
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El ect £dngsttor Wit'veire haViE & Radked &ﬁﬁg@yuoh Teial N3 %aﬁc@ai IQMhe ASD 100.
reference in its entirety her exap%es

wi r esThertbree spagucis e w Ia%%raaahﬁ?}@ 'wn@)lﬁ@rlksbsloo

Of t h@bREBSR dntrhppe@8Y il int BRbat@uridshdutoss, Blithd fhiek taducior
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Mul t i wittigni@dieneiis E:mtalmhg ;&raneam cbhianaﬁarileﬂé’qn&?lﬁ of egnidirgibre chay be
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i B¢ or podusteedispryed infh@meli cortfignmtion Within ﬁéﬁweeﬂﬁnp{ ety.

[00551FIG 2 is a cross-section view of a multi-planar
flat WPEY 10%ith Ff-éqreqqﬁyacgéo FIG. 1, in a flat wire system 101, a flat wire 105

may be connected to the ASD 100 through a source module 110. The source module
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20 used in conjunction with an ASD 100, according to
an illustrative enbodi nent of the invention. The fl at
wire 105 of FIG 2 nmay be an electrical flat wire with
st acked conductors. At | east one electrifiable

cona¥P8*2%05 (or hot conduct or) may be si t uat’&d/US007074247
bet we t urn con

cond u}gtlad'i‘a\é’l,\;%c B¢ ﬁ' AT ¢ P e ur ﬁq ?Sci?g]r? G Ict)cr"éa%ﬁ"fl35’%{? f@c?r%l)?d“}e
be f orbmthybe ditegtatesitintd ﬁte ASIDedPr The &bﬂcemoﬁmawtrmy s@96as as

25 su |

ot ur R Bt 8rclobu SR ARG it Grceh e RS AR Ine ASD
ent r aj®8e Thereayioksecondviciorsad thetfigt wies )5, may bg teyiningted rﬂfdhe §oyree

whi ¢ hmlséﬂ% @be%#rﬁxrah@rpﬂo%}t \Qi[ﬁgfr'ﬁl% Qburc IrbdER 1 P haPRclude terminal
contact e orei gn obj ect ., a nail, screw,
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25configuration may be referred to as a NNH N
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to the ASD 100 at the line side input 305. For example, the line side power source 1135
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ASD 106. Further, the one or more relays 310 may control the flow of an electrical
30  signal, which may be an electrical power signal, from a power source through the ASD
100 ta the source module 110, Each of the one or more relays 318 may be, for

example, a double pole single throw (DPST) relay. It will be understood that a
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20flat wire 105 branch circuit applications, the |line
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[ 0065] The | oad side destination 125 may be physically
separate fromthe 25destination device 117 or,
alternatively, the |load side destination 125 may be

i;&ﬁ%{ated into the destination device 117. For
e 08014276 an el ectrical device such as a | akfpT{REPQ7074247
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25  to assist in opening or closing the relay 310 at a point in time that is close to the zero
phase of the input signal. Zero crossing circuits may work on voltage zero CTOSSINGS OF
on current zero crossings. The zero crossing circuit may take inherent turn-on and turn-
off delays associated with the relay 310 into account when making zero crossing
contact closures or breaks of the main relay 310. Since typical power systems in many

30  countries run at 60 cycles per second or Hertz (Hz), a zero crossing occurs
approximately every 8.3 milliseconds (ms). A typical relay 310 may have, for

example, a 5 millisecond actuation time (closing time) and a 3 millisecond break time

18

AQ 17351368



[0068]FIG 3 is a block diagramof the conponents of a
source device 103, 20 according to an illustrative
enbodi ment of the invention. The ASD 100 may include a
i ne side input 305, one or nore relays 310, a flat
WW@2008/014276t er f ace 311, a control unit 312, aR§T/US2007/074247
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30  recognized a miswire or wire fault on flat wire that is monitored by the ASD 100. The

stored data may be utilized during subsequent operations of the ASD 100. For

example, data stored in associated with the operation of a safety component of the ASD
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10 components of the ASD 100. Additionally, the control unit 312 may store data relating
to the status of the flat wire system 101. For example, the control unit 312 may
maintain Hags or states for each of the safety components of the ASD 100 in order to
determine when to trip the relay 310 of the ASD 100 and to indicate, in the eventof a
miswire or fault detection, which safety component identified the flat wire 105 miswire

15  or fault. The control unit 312 may also store measurements data 420 associated with
the operation of the various safety components of the ASD 100. In addition, before the
relay 310 of the ASD 100 is closed, allowing a flat wire 105 to be electrified, the
control unit 312 may cause each safety component to test the flat wire 105 for miswire
and/or wire faults. The control unit 312 may also be configured to take a control action

20  when a miswire or wire fault in the flat wire 105 is detected. A control action may
include, in addition to maintaining or forcing the relay 310 into its open position, an
action that informs a user of the ASD 100 about the miswire or fault detection. For
example, a visual indicator such as an LCD display or one or more LED’s may be
included in the ASD 100, and the display or LED’s may be actuated in such a manner

25 as to inform a user of the miswire or fault detection and the nature of the miswire or
fault detected. As one example, the ASD 108 may include a single LED that is
activated by the control unit 312 when a fault is detected to inform a user of the fault.
As an alternative example, the ASD 100 may include an LED associated with each
safety component of the ASD 100 and, when a miswire or fauit is detected, the control

30 unit 312 may activate the LED associated with the safety component that detected the
miswire or fault. Another control action that may be taken by the control unit 312 is
the transmission of a message indicating the detoction of the miswire or fault. The

control unit 312 may transmit the message to another ASD 108, to a central hub or
25
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limt 5 Fatal non-resetable (internal) Fault Code code
O Non-fatal Limted Resetable Fault Count counter O
Non-fatal Unlimted Resetable Fault Count counter 0 HM

Rel ay Actuation Tinme value O Hot Relay Rel ease Tine
vIQAOHOIEFA| t code 41 count counter PCT/US2007/074247

conirol panel, or to another destination, as will be explained in greater detail below. It

will be understood that other indicators such as audible alarms may also be utilized by

the ASD 100. Indicators that may be used by the ASD 100 beneficially add to the

overall safety of the ASD 100 by informing a user of a fault and potentially pinpointing
5 the fault for the user.

[0082]  The control unit 312 may also include one or more counters and/or timers
422, Counters and/or timers 422 associated with each safety component may be used
by the control unit 312 to track the number of times a particular safety component has
detected a miswire or wire fault in the flat wire 105, Additionally, a universal timer or
10 counter may be used to track the number of times the ASD 160 has detected a miswire
or wire fault in the flat wire system 101. Separate counters may also be utilized to track
detected miswires and detected wire faults, These counters and/or timers 422 may be
used to monitor the flat wire system 101, and may be nsed to gencrate states that
indicate the current condition of the flat wire system 101. The counts and/or states may
15  be used to perform preventive maintenance on the flat wire system 101, The slorage
capability of the counters and/or timers 422 may also be non-volatile such as, for
example, in non-volatile memory, so that information including counts and states are

not lost during a power outage or brown-out condition.

[0083] According to an aspect of the invention, the control unit 312 may

20  additionaily inclhude at least one lifetime counter. It will be appreciated that the relay
310 may have a lifetime associated with it. In other words, the relay 310 may cease to
operate properly after it has been actuated normally for a certain number of times or
after it has been tripped several times as the result of 2 detected high current event. For
normal actuations of the relay 310, the lifetime of the rclay may be a fairly large value

25  such as, for example, the value shown for the Hot Relay Normal Actuations Limit for
End of Life parameter of Table 1. For the number of trips due to detected high current
events, a predicted lifetime of the relay 310 may be similar to a mean trips to failure for
the relay 310 such as, for example, the value shown in the Hot Relay High Current
Actuations Limit for end of Life parameter of Table 1. Different types of relays 310

30 that may be utilized by the ASD 108 may be associated with different lifetimes. A
lifetime counter associated with a refay 310 may be configured to count down from or

up to a predetermined threshold value, The threshold value may be a value that is less

24
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than or equal to the predicted lifetime of the relay 310. For example, if the predicted
lifetime of the relay is 8-10 trips, then the threshold value may be established as 5 trips
of the relay 318. Once the relay 310 has been tripped a number of times equal to the
threshold value, the ASD 100 may deactivate the relay 310 and prevent the relay 310
from being closed by a user event such as, for example, a reset of the ASD 100.
Utilizing the example of the relay 310 with a threshold value established as 5 trips, a
user may reset an ASD 100 and the relay 318 following the first four trips of the relay
310; however, once the relay 310 has tripped for the fifth time, a user will not be
permitted to reset the ASD 100 and the relay 310. In such a situation, the user may be
required to return or send the ASD 100 to a retailer, distributor, manufacturer, or repair
center associated with the ASD 100 in order to have the relay 310 and/or the ASD 100
tested, updated, and/or replaced. It will be appreciated that the lifetime counter may
prevent a situation in which the ASD 100 and the relay 310 is reset, but the relay 310 is

not capable of tripping when a miswire or wire fault is detected by the ASD 180.

[0084]  According to an aspect of the invention, each of the one or more lifetime
counters of the ASD 100 may be associated with specific types of errors detected by the
ASD 100. For example, the lifetime counter may be associated with errors that lead to
a tripping of the relay 310 due to a high current event, thereby causing an electrified
flat wire 105 to be de-energized. It will be appreciated that not all errors detected or
detectable by the ASD 100 will lead to a tripping of the relay 310 as a result of a high
current event. For example, an eiror detected prior to the electrification of the flat wire
105 may not lead to a tripping of the relay 310. According to an aspect of the
invention, there are three different types of exceptions or alarms that may be recognized
by the ASD 160. The first type of alarm is a fatal non-resetable alarm, which may be
recognized if a failure of any of the internal circuitry of the ASD 100 is detected. For
example, a fatal non-resetable alarm may be recognized if a stuck relay is identified, if
a fuse incorporated into the ASD 109 is blown, if a detected signal is outside of a
detectable range, if a failure of self-test circuitry associated with the ASD 100 is
detected, and/or if a lifetime counter has exceeded or reached a threshold value. The
second type of alarm is a non-fatal limited resetable alarm, which may be an alarm that
is associated with a high current event on the flat wire 105. For example, a non-fatal
limited resetable alarm may be recognized if a wire fault is detected on an electrified

flat wire 105. The third type of alarm may be a non-fatal unlimited resetable alarm,
25
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which may be associated with a non-fatal alarm that does not involve a high current
event. It will be understood that the ASD 100 may allow an valimited number of the

third type of alarm to occur; however, it will also be appreciated that a limit may be

- associated with this type of alarm. It will further be appreciated that an ASD 100 in

accordance with the invention may recognize many different types of alarms and that

those alarms described herein are merely exemplary types of alarms.

[0085] FIG. 4B is an exemplary flowchart of the general operation of the ASD 100
of FIG. 3 and the control unit 312 of FIG. 4A, according to an illustrative embodiment
of the invention. The operation described in FIG. 4B may include the operations that
are performed to monitor a flat wire 105 by the ASD 100. At block 453, power may be
applied to the ASD 100, and the ASD 100 may commence operation at block 460. At
block 460, the ASD 100 may test the line side 115 for miswires. If a line side miswire
is detected at block 463, then the ASD 100 may go to block 470 and prevent the relay
310 from being closed, thereby preventing the clectrification of the flat wire 165, If, at
block 465, no line side miswires are detected by the ASD 100, then the ASD 100 may
go to block 475 and test the load side flat wire 105 for miswires and/or wire faults. If,
at block 480, a miswire or wire fault is detected on the flat wire 105, then the ASD 100
may go to block 470 and prevent the relay 310 from being closed, thereby preventing
the electrification of the flat wire 105. If, however, at block 480, no miswires and/ot
wire faults are detected on the flat wire 105, then the ASD 100 may go to step 4385. At
lock 483, the relay 310 of the ASD 100 may be closed, and the flat wire 105 may be
electrified. During the electrification of the flat wire 105 and after the flat wire 105 has
been electrified, the ASD 100 may monitor the flat wire 1035 for wire faults at block
490. 1f a fault is detected on the flat wire 105 at block 495, then the ASD 100 may go
to block 470 and open the relay 310, thereby causing the flat wire 105 to be de-
electrified or de-energized. 1f, however, no wire faults are detected on the flat wire 105
at block 495, then the ASD 100 may go to block 490 and continue monitoring the flat
wire 105.

[0086] 1L also will be understood by those of skill in the art that the tests performed
by the control unit 312 do not necessarily have to be performed in the order set forth in
the logic of FIG. 4B, but instead may be performed in any suitable order. It also will be

understood that the control unit 312 does not have to conduct each test set forth in FIG.
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counter O [0078]Table 1. Data Itens that nmay_be
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4B, but instead may conduct less than all of the tests set forth in FIG. 4B. Additionally,
if a miswire or wire fault is detected by the control unit 312 or by a safety component in
communication with the control unit 312, then an indicator may be stored by the
control unit 312 or the associated safety component, and the indicator may include

5  information as to which test(s) resulted in the detection of the miswire or wire fault.
This indicator maythen be transmitted by the ASD 100 to another device suchasa

second ASD 100, a central monitoring device, or a computer.

j0087] As mentioned earlier, the ASD 100 may include both reactive and/or
proactive safety components. A reactive safety component of the ASD 100 may detect

10 awire fault in the flat wire 105 after the flat wire 105 has been fully electrified. A
reactive safety component may also detect a wire fault during the full electrification of
the flat wire 105 or during the time period that it takes to fully electrify the flat wire
105 after a full electrification signal is allowed to flow onto the flat wire 105. In other
words, a reactive safety component may detect wire faults while a voltage in the range

15  of approximately 90 to 130 VAC (for a standard 120 VAC power system, such as a
North American power system) or a voltage in the range of approximately 220 to 250
VAC (for a standard 240 VAC power system, such as a European power syslem) is
present on the electrical flat wire 105, It will be understood that each country or region
may have differing voltage or current standards that may be taken into account in the

20 design and implementation of the ASD 100. Additionally, it will be appreciated that
one or more reactive tests may be conducted constantly following the electrification of
the flat wire 105. Alternatively, one or more reactive tests may be conducted

periodically following the electrification of the flat wire 105.

[0088] A proactive safety component of the ASD 100 may detect a wire fault prior
25 to full power electrification of the flat wire 185, In other words, a proactive safety

component may perform checks or tests on the electrical flat wire 183 such as, for

example, checks or tests that involve the communication of voltage or current test

signals onto the flat wire 105, prior to allowing full electrification of the flat wire 105.

[0089] Reactive safety components of the ASD 100 may include one or more of a
30 ground fault circuit interrupter (GFCI) 315, an arc mitigation circuit (AMC}) 326, an
over-current protection component 325, and a ground current monitoring component

330. Proactive safety components of the ASD 100 may include one or more of a line
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performed to nonitor a flat wire 105 by the ASD 100.

At Dbl agkss4R5, power may be applied to the ASD 100, and
the ASD 100 may commence operation at bl ock 460. At

bl ock 460, the ASD 100 may test the line side 115 for
mswires. If aline side mswire is detected at bl ock

465, then the ASD 100 may go to bl ock 470 and prevent

the relay 310 from being cl osed, thereby preventing

the electrification of the flat wwre 105. If, at



15 bl ock 465, no line side mswres are detected by

the AS)) 100, then the ASD 100 may go to bl ock 475 and
test the load side flat wire 105 for tniswires and/or
wre faults. if, at block 480, a tniswire or wire

f VD ROOB/RL4ABt ect ed on the flat wire 105, then EREUAGT/074247
100 ma o to block 470 and revent the rel ay ég from
bei ngW ?fgv;/éat gas9s@PLPRLiGYIal R {%c%pﬁléedefqogébwrf jog ttiby dhe

of thenfdv@fober e 105. [f, however, at block 480, no
mswires and/or 20 wre faults are detected on the

flat wWoes] 10%he AMEROhPEeASED ikﬁﬁ)bémaﬁlggm tb edatedhp ad®bot ofitnergy

| ock 48 3 f t h

agg t A d%?rp%e,{a%ure tﬂ{ﬁ{géﬁggasgs an ulgtgglaﬁifrﬁﬁgaf&legﬁﬁgncd

el &ct tyipéd of atciflash cotnts. Hléteﬁ'll'ﬂandmcrsedlm@@paﬂ%tha}mterﬁ on W}rent

flat ifi . e
2 AR BEOR f BELHop b D0 i
490. hfed én thafidtoviied 0% itsel oneg dlso have mdtigating cffgftion arpglgshygvents. The
bl ock ﬂﬁt%ﬁm 1ok ﬁm@)ég&%nﬁ@cﬁwmplamofg&uﬁéa Sorlbh @SS whiéR e

open the rel tereé’causm he flat wire 105

to be fuher b@p@é 9 form aesermtiplly insspargilcsstef sigta. HusRapdipe tephpique
withe teadd b mial tﬁiﬁﬁ'@ﬂ‘dﬁﬁ’ BveBi3 by Qﬁo:fclnatlow& heddAbe terlilep Sorts.

495, then the AS) ma C
cont i AGTYiRAN f@ﬁ?f?ﬁa aonr-‘%a?fo th 3@’9 i@%m[ tt?cfé@fnﬂfj of moge gasily
W || b@edinglpesteoats. adiibese, té loskiidd witaintedriy ednipohdnitiiscussed

the t ts rforms the control un 2 do, not
necesE%?‘f"l ' ﬁea’(%‘ci’g"%‘g %ye‘P*?Yo‘ﬁ?‘ﬁ’éam‘P%‘ak ?i’%‘“%?"&g ‘°‘%?3? bemore
fortheéshytch@nizﬁgl c of FIG 4B, but instead may be

performed in any suitable order. It also will be

urider §1088ld t Rertara signatptardetegtion ofpn arg flashgtbe AMGrominensat 328 may be
condug % Fﬁa?cct sdnSSthe Sfend yHvERrmh Bn Ak @ea@@abﬁQoHééil%vlaasuuable
WO 200 4276PCT1US2007/ 074247 4B, but instead_ ma
conduetreptdicotionalsvigs sucks, fonexample; acustEpt teBTRIEl-nThe

‘d"s Adghy Qﬁ*@id May dnbily2 (hd @w of @haﬂge d’ﬂﬁfe&:ufraﬂ'tﬁe pesk current, and the
etecte

ontr ol It

conpoRs 2 Db etk GHoi PO et (st B P ok grcing
t hen aweni.ndi cator nmay be stored by the control unit
312 or the associated safety conponent, and the
i ndi cHAD0Imas with khed & Ch comfonentdi 3. the /4C canpneng R20 may be
t est (?gs ?@tﬂfﬁ{lﬁgﬂxe pﬂ}éfﬁéapchgz%tsﬁsrtlb ﬂ?if wird s TS Wiebhat, QJ; d1sn.us:~.ed

I'cat or mayet be transmtted
the A@@mioDhetzw(aﬁ‘emmsntd‘é@me:edw&swp@sﬁ%r%@d@n@hmmhm may
100, 3L thethat WRR i1 hofhhit8hydR hiRioud ITHR AMIEYM Rhent m may
t 0087] As nentioned earlier, the ASD 100 may i ncl ud
bdfh PeubrinyebAWER SPVaNaringrenditigns pyd f&?ﬂﬁﬁ&f?&ﬁtcgnd'%?“s A
react heabadifd abnalﬁeﬂaﬁﬁyemtwiwﬁchmg &SR olmam;:dﬁtmmggmg a
10a wire fault in at vvlree?jOSa h
wire fecefe ﬂ&é&ﬁ“‘F’i‘JPFW B BRI EA) 5&“?%68%%?%{9/‘ ¥

COMPOAgwirc By ifakesois d pErRthtion, ;Wnbt&ref @\laty ichiie inagatidndaykbrs2B0
te : Srgt %ﬁlg{y{eegx?e{ eﬁeg%n%{a?le P%{l?g%‘g’t Zﬂ\gn]ame ne 0??}18 Btthgru(,:;)hcp ?lﬁ%sho? he flal wire

widbe 165 Ightlsple dayfrs bf ingllaion mlefpresfatt bawemityn ainducsors of the flat wire
al | 0""?6’561&%5%%: \Q’n\%ﬂ) g F&c?%orrdlu@tgr %Jrﬁel%%ﬁ ag:lei{ésé}g%gﬁc:?uer if each layer
faul t of inhildtien baswdlat’va{ge, gic) ahethe ﬁﬁ@%arqswé‘ipd in close proximity to one
approximately 90 to 130 VAC (fog, a standard 120 VAC

power system such as a North Anerican power system

or a voltage in the range of approximately 220 to 250

VAC (f®kis@:St andard 240 VAC power system such as a

Eur opean power system is present on the electrical

flat wire 105. It will be understood that each country

or region may have differing voltage or current

standards that may be taken into account in the



20desi gn and i npl enentati on of the ASD 100.

Additionally, it will be appreciated that one or nore
reactive tests may be conducted constantly follow ng

the electrification of the flat wire 105.

AV@?068(014%76| y, one or nore reactive tests nayPEEUS2007/074247
conducted periodically followng the electrifi cﬂati an

of t Hsotptatn gheravordsen apqfipsismay ocerdE e pavietion laygr flaws line up

CONMPOREne Qhotlier 8r SR clproFpitd & @6 bindiheti ARart Abshicoptiticamay
25 to full power elegtr,llfJ t he f]| at

| i catign A ire 105,
| n ot q{@rocwgllfdge’ ﬂaéwm: (0535 pepgtral té\j‘{’%gﬂﬁ%}ﬁ%ﬁ?d tﬁ%@enetra%ng
per f osHiacER edtosedlrorh &1 st wire 105, Aaitedivn infpht exist ttwhivhrtes
105 such as, for, exanple, checks qr . Y
LhR COMMRA RRTes MO g g e A bt Rl pedht i
ont 0 iddan blcdlashwhight ot G if ther flaowire 056k tloskiifieg. f ul |
electrification of the flat wire 105. [0089] Reacti ve .
saf et [P0¢@tiporfimre tonriencnh8}9 userrurre sinpiae eAFeitg iR digiriminate
Mor € O wén A0kl SAwirddl dheify Joﬁ&iii&nﬁ/['vgrilhﬁrtﬁémt Rire (63T AMC

315, an arc mtigation circuit (AMC) 320, an, ) f
over - exmmoEmt SHereletcrispreitsfsdentursisienaigs Ahigh e Hpave to fat
CY I eRfre f@n "]}1&}% ﬁﬁﬁx‘%‘gﬁ? 8%&[&&11 c%ﬁ'@ntls@ha&ﬁei dry eftenalifidkont tfhan the
conmponents o e may | ncl ude,.one. o of a

i nb F7 BTGB oE R Vi fg@"i“i“g‘% Bﬁ%@%@ﬁmm
335 agm ey 26N {TEURE toMctc! Ardiiga@hditiynsefigipaing ata R4 in Spicdthat is

of these fety.c onents is,djscussed | g

et ai PgR Dafeanaly prEnen e S TToTRek B i &ing ar
conpofighésin afotliehBat AGD 1096 anafiultstiie & baneentignal wirs that is external to
el.ectri cal asur.ene S i at ' L gl :
S DGR IR 0 PG Lt B s g
that ihs fleowineds edatyalowhdinlsmi, 2 6lya48 isspencd & droaereie hedat
respechl Y6 Yl féd@cﬁgetﬁﬁc&'nﬁg oY BN bt hatedoudsiftthifol deurring.

condition or wre tault exists on either side of the

ASD 1340dihe AP kO Cosaey/flddh bikdatie inbediftanfioaiise arc fault signature of
measurenents to detect m sw i

: t res on the line_.side aof
. AP TOSah AeAg Bt P R EE P I Pe PgT s o
ongt haclub@tstadked @orddbtivie atrs lirsclexe proaittido o dnbiber] Oack an arc {lash

side of the, ASD.100.. The 101,00, .may..inck.ud

o e Frgnpad B st AR v RN Bl o
el ect dimcak tmhaBatvérd 3, digh ssmeiaatredroplets bf qohper gugh dathgrized debris
conduct ors .of it ' s GON

00 T B iy o ek Erad A BN fitind Dof e ofend
be t akemisly detied vulrof e darasapeisenifies AithetflawinsyS1 voe Mgy
€xanp lg?oceeﬁ L OGS rsc%!? tﬁxhogthi%a[t) Wi% 805, kifds i REcSid Ak Eradibd o At aaged

thé conponent sgo nmay. neasure the voI,tage,
cur r eftea. jfﬂpﬁe@gmna gpesds wiehisks léplahhly]d& ﬁ@llzmche into farger

el ect Ligalittafa elfhi Sidafired SfRiEc 2 @dnmhiil 10he fl at
wire 105. For exanple, either the flat wire I/0O
i nt er {Eae3B 1 van bt beicGoBP byt f aifill tnibe ASEat B@Otentjly dangerous
nmeasure the current, present. on_ any of , .
o o Pt oy 1 s ih SEiE B e o3 P PO BAERBHR o i
dei cdulisucit faswie His mente deteaind boenver moksf the otharsalety
exanple the flat, w » f b1 ovt NEecordingly,

1H oneﬁf ofitﬁEeA%%.ﬁgaﬁ, %%%;piﬁgl%/c? I for 3&% hlgee: o cordingly

conpofent e asur e

35

AQ 17351361



20 vol tages present on any of the conductors of a flat
wire 105 with any suitable voltage neasuring device,
such as a signal conditioning circuit or a volt neter.

Each conponent of the ASD 100 may i ncl ude neasurenent
d&NQ H8Y014XI6oci ated Wi th that conponent or, PCT/US2007/074247

alternati,vel one conpo t he AS

use obotegtity.flangesops sifuatl q@ 8"(5”?)9“ %gi’%é'}ay é"a ﬁ’f’ ior to
of t h@e ARhAtiohQan dré flash bk the @atwicka0St ood 25t hat the ASD
100 may al so include a single set of neasurenent

devi c{®91 04) t heofdirgtio wiother 4spe@t piithecinveatien, 3 dver-pratentpreiection
d
use et%corr[pgkbeggﬁ d‘rgas RAQ \9 Wﬁ@ﬁ?ﬁm NRQh vﬂ?bcﬁ@ﬁ%ﬁ to

in Fl {1 ona at wre

i ner hmeasempv@*rcutrm pm@nmwemme@ffﬂﬁ h’éheAsm)cuIrerg PFRigFtion

i nclu 'tgﬂtrﬁ rbr&ﬁc{e%ﬂhﬁa&%n@'& sgc?o\ﬁﬂé}?&ctr-la@&enﬁiﬁrﬁtectmn If too
capab connu i‘cat | ignal onhto one or

of th@u@mﬂtt@iéﬁﬂﬂg“’?ﬁwﬂﬁ‘é tepigh o AN TS e RYehERt B here is 2

circ ch{témngmﬂ 8 VikeCB81d BB VialfR i® AR comBistisleysitidserbod, @a@peaand
curren Sl

Qf onto one or nore of _H';g cond‘gctor
| ayer msts- tHeoYer-girreg} preted 98 corppneny BF M BRIPYICh ¥ over-
Ci1f C Ubdr@ntQlrot6liivh mESdition ot AOVideddykSGndard cinuiviiraleat Typipally,

a current signal onto,pne or e Con L or
he. f P P SR a G U e OFy gy gy Randle i

cur r epldertts apkapenE ad a diehit Bredkesmay bmsqffepmllﬁilt)went flowing

T PSR S b8 xR AR o e bl

addi t I'ng a cu ont o
flat wirreet i@ cirexdirealieri disudi o Biudtion awspdwve%@rrﬁlﬁwr%@twn

cgpablg, rPgJ]en% 53075 Ffst]j 149 n?ay#:ﬁivﬁ& gé’coﬁ&agjr@er-gﬂxteﬁ’t [PPAELLOA.

nore co uctors or ayers o lat 'wre 105,
Sui t abBhenativelvithe Mrrcwmm%w@ Fma@wné 325 pypprovide primary over-.

trans pigfehd feteiol FlicAGS n LitkAR bre@itk @onﬁéb@ed% orfﬂéioetated w1th the line

conductors of the flat wire 105 i Fde,. t % le. th

| i mi t &de Rasver Pl dgRonit aepgsies et "ﬁﬁ‘i i jﬁall'“ét%@ of Sxample, the
dr i Vebge-caitt M@ﬂeé@ﬁ QorhSUER S35 wELﬂ@ frotidepanen bve@i:urfelnemotecnon
ASD 100 g i ncl,ud e.XClta[hl on r cui evi ces

2 28ocH OBHITET AR EOBOREAL S Pt by icthe {Bpy sorpsghe
10 coppmpent of the ASD 100 may make use of an
excitation device used by anot her conponent of the ASD
100. mﬁ)e&oa&smnco@/enayreau psaicdtine pageronent 325 nthe AR} 10§fmay monitor

exci t ﬂi}&%ﬁ%{h el @i\é&tﬁﬁz?oié &n@d&%r BoAdr W flSwhé 5. Ifthe
ac e t t

inter _ e used by al t he conponents,
of t heurggDlopaag th@ggls%mmﬁﬁbhﬁl@dusmfi@”é%E?ﬁ‘P%% g apppximum

gneat GlhesHl ihe, BN 31b I;Leapeﬁ%a itd @R izd eI fRE®iIrdTRYS. MAvill be
used i n conj unction wit ggs LLfbrrent devi

15per ssierstpof by thesegd oidﬁ‘@ryf qu in € Maximun (e cs%o}d current

value may be set at many different values, For instance, the over-current protection
component 325 may cause the relay 310 to open if the current in the electrifiable
conductor 305 exceeds approximately 15 amps (for 120VAC applications). An over-

30 current protection component 325 may also examine the current flowing through any of
the one or more return conductors 210, 215 of an electrical flat wire 105 in a similar

manner to the way in which the electrifiable conductor 205 ts monitored.

34

AQ E7331561



[0092] The reactive and proactive safety conponents of
the A SD 100 may operate i ndependently of one another,
or, alternatively, their operation may be controlled
by the control unit 312. In the illustrative

eMRHBEMof FIG 3 with a single set of nmead T ERET074247

devi c ined wwthin a.flat wir

511 RO nci e Pution Singishias e =R BBl soae

el ect fldi#im nﬁas.whamtosmﬁ eleenifidbie dohdubton205cutrd®. Based on the

i nter e 311 or., alter atlvel .
compoReH by b B LR el fomby AR g sp S
-t he f bundentwiroteetibd @nipobept 3230myade & tariduemiptime, @dime rlmkes to de-
ung t ! o Sitbwabl h
Adgd tl%%gl O‘Sela ﬂ?&g}‘h‘? @b%ﬁ%ﬁ?g% ﬁ%ttxee %ﬂgl?l on‘ga oerm?r%nrt gnt ©
of t hécMabblspsn@atbe@yet glolfFowme prddhasiver-Gurcrotaction gpgiponent 325

shar e ,ong0f 19PLifp Sinkfth the?REQFRAOEME Sotor 205, the tnp time of the
[0093T ccording to an aspect of the i nvention,

gr oun@vef-guiTent REPPign Fompppeit P PR be R nachoat §;:cond The trip
CONMPORGDIayPdrindyBYt BRSSO Bk A6kt Wrb Brotsig coilRichD @dtematwe}y, if

315, TR0 BBRRSAET SIS gy W ALERT T SR AU O v

in a fihebsté 6@:—&1@%&3@&@6’:\1 co%p@hﬂwm hayHetappreximately an immediate

;J gl gtr Ees{gft ’J(To %ﬁeﬁ%ﬁayi%f ttaflyrqé o r?(reon rosgmg S{) dﬁmﬁ uﬁ£ aylongcr
desi gmpdm{eat peeowet-cuent 1¢vels magctrvd th attitigate fplse fblemr@smgtws due

o comEnGt &”cu#e,{tshonf ththae Wik S04 APwinBR u%e?ﬁﬁﬁ%?%o?@&f@ﬂm in
As pr IOUS , N connectl on

fl1at e m thzgmaﬁ@ difka&1 Seartialgorigmswiithia wigpareas of Fippimpemaks used
el ect {i £ :ahkiEn Qlm BRLVGRRGLE fn‘afecﬁ’)tﬂ%oﬁg&eﬁms Bﬁ_tﬁ@pr%!’e:lﬁc ifNention.

nore ret Jrn or neut ré% conductors
conponéditionsis theesip Hep PEBY OYerE TRy RFAUOR FITRROPRI, 32y be 2

bet weghkat ARcih 8EMHE hﬁlétﬂb&ﬁ)\f&%ﬁb&ﬁ'&l&ﬁﬂ&ﬂ% tWeLhﬂeﬁlrpﬁ)t&hon
nore return conductors 210, 2

If t hePRRRPPEAS- FAISTIR R % HiE Hdg‘l'{’“’t ‘?féheé"'srr"é’&'te‘?‘ |?f‘1‘%8?'b°°mp°“e“t
capdugishaydRa ndh-ﬁaf‘l@f amétroarasrﬂah amoma bl averdcueranitrdetatted by the over-
flomﬁn& t hr ou h éﬂf one or nobre return

conduf TSP ITH! jon & ‘m?ﬁ i the GFCl conponent 315 may
cause AS lud
o evelbis SRl B, 0RRE it HndoAFERYD 100 may includ:
the fh atouw wemwmﬁmg sefptapineonentFal rerforguEpEdsniens 15

may C ﬁ%&%nﬁx? QALY ik Qgretfé?re@ RERrdihR aleRIudY ciiebh rhiﬁmtbh@ component
current erential between the electrlf g %

c @A du 3t The gmuntheprer anauBprTIs FeuP ¥Rt tbe .UH iz eragactive

one Okoiihént bh 'éf)rﬂurﬁz%}ﬂ\k’ﬁ{ 1RE §rogclee cotrpdndr@ of Hle-ASlm 100SIn the
approxi mately

S gr, er,. |t w
be u ng@r»g{ed{gagrbg;ﬁllz;&)@ iR, glm)qsi:s qfﬁlsflﬂ%n ft&l{l ﬁlgt! fﬁlrﬁ%l% of the
CEC RBRRA’Kc shbhidmeybelaky ﬁ@hﬁdaﬁt copen oh hgrouslisgcosdtoo?20,

the A 00 d .
di fe f e?gncgf jany ya g at%v?rﬁdggf %ctc[%l{% SIAIS lﬂgﬁg%téfl:glg%c%v%x%géxs present
t he GoCh groomprenenducd®i 520, 235 dfie ﬁat wiee 105 comicelsd thFhet oD 160, a

onent ..315 t 0 .
the cOPPERE A Parahir e PubPleies hil sV halH e thilo 105,
conpordamatBh, 2 foaticexzigpkest lmwmctwéeqtmtai poyver {srheingraipplid to a
assoc 'lo%%i &t Wk Br @a&f@tﬂcﬁ lhowrdli§ ﬁl@!{feéﬂi] a@fo@:ﬂﬁé Bt wir 105 @rough,
faster trip ti e associ ajged a hi gher
current d|fferent|al The trip tine of the GFCI
conmponent 315 nay be a |inear function of the current
di ff enensisal detected by the GFClI conponent 315.



20 Alternatively, the trip time of the GFCI conponent

315 may be a non-linear function of the current
differential detected by the G-FClI conponent 315, such

as that defined by UL943, a standard established

URHR 2008914576 5 Labor at or i es Inc (U d). (0095] K’EE’UF%PW&“‘”

to angt her as of th nt| c.mti

ci r cuft %R n§8 tgf §or t°§§g°’|%g§} e"'a%“é"c?é‘?" g gib
W t h $uek a ASBXidiOfighvenikeciiia ﬁi'ultjf ornanifBfctionihg applishet & beiop eipplied
as an Al nen 20. Th

ot ot SRR Rzt an B p P BRRREDS TG i g
Wwire w%systﬁm Iatmﬂﬂxglmadmdﬂuian may i nclude a high power
di scharge of electrical energy between two or nore
coﬁdul@@%@% Tiiserennd Py UBeRIeR G RemRBReSt 398 monkers the gyrfent

need fl&uﬁﬁ(ﬁﬁﬁ% &{E%r Hl@f R the B4 hdTEERoh @R Ebrd 221]] y.9: 095 ﬂa’;l wire 105
conponent of wi re system 101. The

o iRt ¥ ASP 0%, 8 U BTt S AR rpimam
for emaeamcﬁvazde&ha@tﬁe Mty 380 by Hopanea o deodnerkBO the\iiat Wise 105. It

IQ ﬁ di |e]|§\’] lgaﬁ‘ | Iﬁ%ys od ¢ ;gg:g%%fjt ‘g’}l}%’eggﬂf %@W% ma?_,lg}um threshold

C OOV eqlirietinalue Wiay bagt attnizay eiﬁlemnlaralms:i &oninstayce ahe grownd current
fault current si natjres,

S onaPHEE et gRT l Fy opnbibs g AP iR stk il e ground
cur r ecnduvsas exsérds spphdxageelpdakdlliofipsan el ectrical signal

as opposed to a sinusoidal signature. Arc faults or

ar ci niOfigRll t Accoringsp oeprpecbptihe iy ntion ihs Ayl Wmay figetude a line

M8 OF 5 GAMRERteShity (dr ﬁrﬁﬁvlﬁ:? PG ndn@33H0AR, Blefted thihedin asa
wring as nornmal circuit breakers_do_not re“g&%?ﬁ@
AR Ry

dé? ectousgsdV s Infsel (BVE comppneat 359w B BV RomRMeE
occur §r0ac|t|t. e SBYy @RRetpable Bf dtectipQidk kide fhulty or SgBdts in a flat wire

t enper at ur that c t by .conbustihle
A e S R R
on a Bioaif thei ASD WOSs siwsyd, tierabe al]ow:ing theflgvtiretiRd v barlectrified, the
ar ci ngW? g%ng%@gaén % machs(f% \fﬁp&zilreor_\,lf em %f Srith e'sli(cﬁ and dctermme

conve an - arcing con 1 on on a
106 nedetlre the lisherd poher a:turco w15 Htaabtcn\m;)erﬂv tnmmaw on the line side.

refer F&%u%gscgﬁf tﬁF d@ElS?uré al%rpf'ﬁl‘ll/finé' Qb tﬂ%)p@fer fd aeb%b. er Tk 3Pk input

el i m nat
el ect rnitfffh@ébi)éﬁ” ot wilthe ungesstoagjthas thedine side ma hejagprgntional wire, a

unti | ﬂ&tnﬁretdnr@ecir#ﬂﬁtouﬁetvﬁrEﬁetl‘e@iﬂpﬁt th fheirdenioof i ed and the
relay 310 is opened. The over-current protection

conpomeni 0}325hesHl &dﬁ@ogernowmn@l&reanﬁ:e Emeﬂmts@'fring gf the line side

BB HP UGS OV e PvE o et TR Fledpe sice

W re P 30seTliedina sige poter aturari 1Hmapslivere anglpetricf oydet bat the ASD

faul t 100 is connected to or plugged into. 1t will be appreciated that it is a common mistake

for an electrical outlet to be miswired, even by an experienced electrician. A line side

miswire may include an open conductor of the line side power source 115, which may

30 occur when a conductor of the line side power source 115 is not connected to the line
side input 305 of the ASD 100. Alternatively, a line side miswire may occur when one

or more conductors of the line side power source 115 are improperly connected to the
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15resulting in abnormally high RVS currents. In the

case of arci ng events that result fromohm c or higher

resist ance "shorts,"” there may be an associated arc
nature current that has a hi gh peak-to-peak val

b O 28/f#6val ue that does not exceed the st aﬁﬂypﬁm”m""z”

current limt of 15 M5, Because st.andard arc 1in thei

f aul ez i 305 piBe SSB10% R BHERRO oGl g gversed in thei

sever @hnatiden falling Qid&iﬂﬁtft s, foy elaaplel ithd dhedde pawer source 115 is

respond to are different t f | ashes;.
hat iy Het SHrrs e S ERe S phy el il gEnin
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incorporated into the control unit 312, The signal conditioning circuit 335, either on its
own or in combination with the control unit 312, may allow a small test current to be
transmitted from the line side power source 115 in order to determine whether any line

side miswires are present,

30 [00113] The signal conditioning circuit 535 may be any appropriate signal
conditioning circuit, and the signal conditioning circuit 535 may include any number of

circuit components. The signal conditioning circuit 535 may operate to limit the value
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[00114] Ifthe line side is wired correctly, a current between the electrifiable

circu

30 conductor 505 and the return conductor 510 will be detected by the H-N current sensor
520, a current between the electrifiable conductor 505 and the grounding conductor 315
will be detected by the H-G current sensor 525, and no current between the return

conductor 510 and the grounding conductor 515 will be detected by the N-G current
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bet ween normal and unwanted arcing conditions within

the flat wire 105. The AMC conponent 32.0 may detect
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wre ﬁk@é@&@r&ﬁ%ﬂ@ POif 8ny (83 RONRS m@eﬁeaﬁm%haack 740, then the
conductors of the flat wre 105, as expl ai ned

gr eat RWI gropnonent %ﬂgq B stl&ﬁgrf%phed@ﬁ%@%wtts W Vzowstge oulcome
oNe Odf chlidlt, Of ardeaiPhd @gﬁmﬁmmtaq;a&mwﬁmm ﬁlﬂﬁdati%n

current-based test systemt e fl |
for | mloPas: AT St By ﬁﬁ?‘i‘@égw?fﬁ 4Pﬁ“é‘?“é°£i°é?‘ay be
det ai :ltorbﬂime DWW c@ipoRent 3MACEOF d1er¢gntt00urﬁfﬁn&81ﬁ dﬁtmdbcfatotr ey

i t d
B e L
may | mmbam-en@meﬁpemmﬁu&ﬂ by te ASD 10h & dubiatr dmr:tesuil@a's a second
100 RSB0 S R UL Eor Bl g e
sour cike erptioll wit 31Dmay be aazhdieted with oze dr owe: menerey ﬁenfrqe%w:h g, for
may | &%QQ Gn RIS Eﬁoﬁt&fcoﬁtﬁfﬁ u.g A, Wetable ws%ora Qasm

15i npro connect estination nodul e 20
such laématcfr@andéx smeplueementidate eeritadorid thepperatipreof e RWE e d
in theldofggct ion to the destination module 120. For
exanpl e, the DW conponent 340 may detect a situation

I p5 Whioo{Rg heFIe;l mtarﬂnfmga&i&geancmabuﬁgms 1240 Mmap Belappligd tyfa DWI
the return 4{(]ductg s, 210 hat ?2’ SW tfched V\@%%Winvention
conne®Ed™ b Hase F’r?gt’ ué'ﬁa%gﬂ EHT PE SPRE '
conpoRentntidddd caditie i setiam m:ﬂmtmrdo@&om givhyelidgaandusiodiepp may be
t hen t a 1

to pl‘ geednattel %t’%%'ig f]fj%atu an P%fﬁ. 'te a%nﬁl nqu%gr tg%ﬁfa{e tl%r]oop
[ 001283t ivtsingrteited g Arerdingip heaspess pfétb@ pregen 1h‘éenti¢w tha pigeah used to
the ARRe QQctﬁﬁchﬂgBﬁﬁ?ngQQﬁcﬁ&Eﬂ 18ogs Ynah) 8¢ SyAARI ﬁwth afnlaltczmatmg

condi t1ons in association wt

Wi T e PEOST Suches. fosganplsna 400 HREE (A SPRTCEE Pt athe signal may be

i npor deA0%Ed b)sa hikecharatd abdk ctbuiod clt[ﬁ:t' sigﬁaﬂ Qenllaﬂori d’éﬁi&c and
25 can lead to an_inter- Ia;éﬁ_lr short

o5, SRIRERED Py MBS ShDE ARG % RISt B el
the fﬂ;e&ﬁv ThE @lggﬂﬁway e plsd @tlogh aﬁtﬂ?ﬂﬁacﬁltdt\nbéfhrc(hﬁﬁg edmmunicated
e other conducto .
e e et S TR
par t i sidloakidriyiomdicsrdeas o:dmthetht geuquemtlwcair &®p tzmégrblltndtcowupter loop
105. Var Je0u e I
R
a f| gtroperly ertidted wgltnalfm@t@lai@detaat@@muhﬁ‘%é’lrs m%thagtha relay 310
Wa' | SR id&qnayw@io%l in BEASE b it tﬂQﬂWmh@a &a%%%&nhé’d In

ails, screws, push-pins, nbt acks, stap nife
caﬂ s, addition aflag or sate E@x:iw s£4ipdhedSTHf & mawt%whﬁ?ﬁféfre@aiucmr

di ff %Sﬂ%tare%}ﬁﬂ rld%@%ﬁ)p@l@v W&fngm l(fo?g fmAnslios Mg Kay be used in

hazards. Penetrations nam
conjunction with the results of oYher tests performed by the ASD 140 in order to

determine whether or not the relay 310 of the ASD 100 may be closed. The tests on
47
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A01735156.1 while the flat wire 105 is electrified or
prior to its electrification. Penetrating objects may

or may not be present during the initia

electrification of a flat wire 105. In addition t
|M‘é2ﬁﬂ$/&19é7|6 shorts penetrations of the flat RFT’@S??BK/O"“‘”

220, 4% 858 BB RRL SLfEPLRl R sE LR
ASD 1mroxm@a@mm1mmmndmel§arsdé anidrthenithd dggisien efwhicthsr ermet to
typi 09L4e¥her}9 SPA9 nd) 10 EQEJIB;ra%e H8fe S200 FinBBRicYndt B eH28 may be

device such as a crrcult er to trip. These npre

desi r lessi tean|appioximplely 3T wilissennds | Tt wit)be ppiesiateddhat thediingset

assdeqgy Q{FIGOQQ nﬁh&@f $x§mpﬁ11¥/ﬁi{rﬁ dnY ﬂﬁﬁﬁ%e@léf i Bg ebds or
penetratlon of lat wmre or aft

penet Fapksgray ke biled fyspsordioes Wéwb?ﬁ@e&%of&w@mm ng
b till enmbedded th
Che. pOReR o hregr e P gl Bl e PPy B be

105, ftchedls thaly Wi eonh;cmge B4(biey decpifying ¢snatbor mgremeidattorslof the flat
to provi te CAD
f1 ow, W{rﬁiej(fseagdp %ml%gme or (ir?]gf tﬁ@ o g&{%f&{s‘él‘!r?kq%%{?‘%é ﬁB fo 1731
Addi t s:gmhl Hoyf,xatnlpb p@np}amai i ggatgrb]egd belpy vqxtb mggpncamjgl(}al} one
conpr glsr?c}ré{ Se thdlefifh & gélkmﬁ;%g OAs 'irﬁ 95 Q&‘?ﬂﬁeﬁ %n@&ﬁ%i" oRIo? the

of the at Wire 10 t oget
15conpméestiryef theofa wirprddp l@@frhemid@mred Qféﬂ*feﬁ éOFfaaFfPﬁl}r%ﬂ%‘

Mai Nt idlirds SRR wHE Blujtd May H&txé’énnh@)bﬁied %h@:fs{ in pAft b8 bneldd thore
renoval of the pepetratin {ect

(0]
i nt er ety Egnalin &l byipareeip f’é@& 3 W%fmf‘h@&f’\ h‘g‘éﬁf’&ﬂ't“éed by
| Nk er plb@y®ing SRS nfore ¥iiheCRo1ABIRE SondudidtS TS BX5i dild testing ont oBmore

pri mary saf devi ce such . as a circuit br.eaker |e
i kel grthg %’B%’fé?fs s BT b‘l%ff%’rf"e’ R SiE Rl £t Vi BE SREpscig thet the
may abk or ﬁmfel'bencﬁleﬁoﬁ;ﬁliat on ckitifinbbee@i@g may by eltaryfed for any peried
shortsﬁ:as egg alg cthet&;}eater detail below. The DW
conpoReht® BT HRY5E )7 0act i ve safety device capabl e
of d efo%%h n gA% Helsexgxrn f qp@&&&r]ﬁagle Qorduébr 2005 LEthd 9§t wire 105
prior to the pome? ectrification_ of the flat
wiZBe m@Bbe shicirified fir i peadgtermared egiindof e and ongrs srogsy conductors of

det ai fy gl QW 105 iy EgEgﬁl%P&Qoxtrﬁisﬁ‘"e@nd/%ﬂwné a1t Mbr example, the
conponent 340 may" i ncl ude a conb

&lon of P%oactlv
and r SOVt bR LS 2 “abﬁﬁse%f'c FABCREE 7] opRggzero crossing,
utili ?h@l@by Pt RdnP hdlDdyclk Of ﬁﬁ&ct’rﬁhlép}bw&]s%nblﬂ}d&gthe lipessidd, power

t he onent 34Q checks er. _shor

the f F%‘fce\M 1Y bi 6@11!11%? Oﬁrﬁ)}h%g”ﬁgg‘] @gu% 1881'6 condtuctors of the
peset ﬁéltvhﬂl’lﬂﬁ)fna)t fhen bd radnitaied dor 1@ sifhds Mnd:@tqimpﬁtence of
340 mnXsalgrg%ae g}or w1re Jt OV1\!0{ r%a’tmg Hl?%rehﬁlg Sﬁn-%ill %ﬁgt'éctmrotré or mere
| nt er ef thg/gnmslhxalcmsiupmmtl% 223, atmigwireer inOB-laypf shawh may be present on

inter: r | I t
o L Sy B e L spmoner

and ppmmm Mbetior b eatpbmitdt2 mRepeYeat ‘h&?\ﬁ\f‘éﬂf@sﬁif piog of the
Db CQnRAnges b%ginﬁhﬁ{g tﬁer}@lla gﬁﬁn ROL &Y REGEA V[ewﬁﬂﬂ appreclated

reacti ve conponents, nponent 340 X E

shor t $adhgEging W%c@beﬂahﬂ‘wa(f & amﬁv%%aii y)tinpy the DW Component
el ect By MEG, BPSamhPlc Aldrihg thd WD cldetri Bati SRR CRUN O/ite 1 O Sllowing
of the flat wire 105 and nmonitoring one or nore of the
conductors of the flat wire 1048 or a return signal.
[00126] In both a voltage-based and current-based

nmet hod of testing, the DW conponent 340 may apply or
comunticate a test signal onto one or nore conductors

or 5layers of the flat wire 105 and test for a return
signal on one or nore of the other



conductors or layers of the flat wwre 105. The two
return conductors 210,215 may forma return conductor
| oop and the two groundi ng conductors 220,225 may form

a groundi ng conductor | oop. A loop nmay occur when a
sW%‘H%ﬂOSI{‘#“&VeI s fromthe ASD 100 t hr ough the fP&T/URPOPEO74247

105 vi ne condu t or. fin
aod e BENR R ian el Sara FRE AR el TR AR Bt he
wire maemrmmmem&w mﬂﬂhatmﬂaewanmses ela:trsﬁeg eritestigg/may be

trave wer
conduk fy%g&eéel%?m l=3‘]%\]Be"hegﬁestl ﬁﬁ{aﬁﬁa]{%@éﬁf&%&e‘éﬁﬂmﬁo
back slmaé)ugwwﬁmscm;sadaswnleéeﬂmymfﬂdpﬁ@msecond return
conductor_215. The DW conponent 340 test the

F eBur P08 Ao PeAss REGR BLRAPTY seBRECED PHBY

W th heleRaBAREN thdlncs MINAM B10 2 the B EhdIR pdulé nm dPWk flat
15 conponent 340 may tﬁst the return con&uc

t
and t H&® §rEBHalngeoBlite ¢ sty elfies i 4t OH&f B PP’E§F"‘“ to the
Si gnaline dide saursd nghbetotti@shadsidgadtinatinus®d to test the
return and groundi ng conductor |oops, alternating
peri o133} t e DWW tompogend B40magy Wea valbge-based raghodtth st the flat
L
condudirastly mbpr@ veltegedist Bznal nededied ce@uatp@@élﬂws (stimulated layers)
term pat e Wretl@wl@‘lé’me%girﬁ? ORRR& ﬂ%‘*@malﬁih% ccBchtors or layers

component resune that the electri

condu Weﬁtlrws‘e@ﬁywem wire (pliseorrgyanted C,spféﬂs@vwﬂtween the

term pagdordtin tﬁd’lﬁmd@ﬁbﬂv Bﬁ!‘ilgi@!ﬂqpﬂmw ol Bay be identified by detecting
Al ternatively, the component

addi B Malpege srﬁsepwhﬂéq DO P P dpor e BT 205 i
e L TaAI5, EITOAT: S ARGE REaR s bIeEhiEd DIV Een 340

DW c Glapm}m&tmc&rp@ratcayntd) asASD 60 @b@‘dmg fof dng hdpect of the invention. As

25con 9 @Pé%ﬁgr it g}?i% 7 %giet @?&rdegiﬁts 9 mffel:cg?source device 103

electr conduc orte to one or nore
of t hthap él@ﬂﬁhwmmﬁé@ét dn EIG2%4, thgh@ sifle pewer sgpreuHdiihigeorporated

C 96 du ﬁ'l cﬂf@so%?c@ dev%%aﬁis [ QQE%ZJmaF biGnight dc@uraﬂr ﬁ&'n%ﬂﬁl i#th¥ source

art of general operation of nponent
340 devics ol wglu@fé 3 andard qistricat AN s B H‘E%ﬁc‘i GO girdeciica
i nventrn. The nethodol ogy of FIG 7 may be
i mpl enented by the DW conponent 340 for either a
30vol mg%}baaedmms;t FIS})ISA eThe@bltage-cbaﬂed Biftl-chap@entt3d8 thay include

t
Z%’S bleén acwr :’6%36 %ih cuit 5?@%? B@{? IEE)P orm%r??x%ﬂfgtg%gne%%n 9904 a retwn
b126 ¢ k conti@stor Abnneétimo 1207 ﬁ@;‘outuheg Bluats rproRdion 9334 @nchw or more test

55 LR G0 T8 EORSUEASE RO B 53 o vt

105. Essimilonioonpoiibrrondutraefhefiat wire Mvna@d W‘?éﬂﬁéi“i’f@h‘e

not t ieqGhOYRhd Gt GAB 0 HoPE rdh @R PoIARS w@mea@ae&gtmttﬁdme
properly and whether or not there s a fault in

gr oun 8RR/ sesheitrel BPmaxigst ppes than qop Genduergrpt ﬂ]@fﬂat ‘Fﬂée s
gREUNEIBaneARKWE LA éiﬁﬂﬁtmgspeﬁ&ls% EHe Refk 8@ kighd, & @xplamed in

properly termnate found i n one
e *Ou‘Lz‘&z‘sb ThieRuT yrasei it oo
COoNP OBt 34 0itdgBktsiGniiontl thedectrifibR Rondntten 203 tand/lremonitor the
relay 310 from being closed to grevent electrification
of the flat wire 105. If, however, the grounding
conductor loop is determ ned to be properly term nated
and neofsasthts are found in the groundi ng conductors

220, 225 at block 715, then the DW conponent 340 may
go to block 720. At block 720, the DW conponent 340
may test



10 the return conductor loop of the flat wire 105. The
DW conponent 340 nmay determ ne whether or not the
return conductor |oop has been term nated properly and
whet her or not there is a fault in the return

cOYRIZAOYBIZ76210, 215 at bl ock 725. If the retur RET/US2007/074247
condugt or. .

Cor i FesvanpoRBylfiof s SlaThd)iultabis bhabortbdBaambor. Simiart,
conduthe evusceR&Be cilB 900 mayrtrankrait DWltagoies sigesh onta age argpre the
to bl %ﬁ}?n dondith- 8919, ?@%X@Wm&nﬂ@r dnk lolar%{org qapthé feﬁ}% QElRebrs 210,

cl osed to prevent electrification lat wire
105. M¥5 vidibewsiar condysor pemegtion 88 eﬁf@tﬂaﬁalb’db?ﬁqu@efsense circuit 900

deg er B‘aﬁﬁﬂxsﬁmﬁ a b@lta@é QB%fghM ohBlof AaRdoRh: ARk E&lductors 220,

faults ‘are found I'n the return conductors 210, %

bl ock22Egd/of HEIHEOF P& ODPreof His WA FONgRoms 2P 445 W% BS‘BB'}E"“E
730. Alai@eknnédRn obhe DW conponent 340 may test the
el ectrifiable conductor 205 in order to determ ne

whet hi20186] Nhe voltadeshai2d perstqi@ﬂl tyanéraitted yahedume/sbnwdathie?00

or not there ar ot r

cond uE‘f‘%F c3igy voifags S%’t‘aw 5 CVI? %’a‘%d Pe o Sib%a@% g%%ﬁ ﬁﬁ{e 2] é\?{#@ ata

t he eldogy mﬁapIab:hmatelw Aokt wat 20agenf approxppage A2 yolts, aithough it
termn ﬁ# b%qig?ererst@og\ﬁﬁc?ﬁ gtthér%ldg%% 'Ie%elg ﬁ'nta? B%&gd R!pthg tfb@t signal. As a safety

el ectr| onent
340 nprycaytior tie playisiunagplipdel o@h@meﬁaﬁr@ t?stasrlay rgayoberliogigd to
be' Ng, Spﬂa d&%ﬁﬁely kg volt@ %Yiﬁé{x%ﬁ it wtiﬁge &ldesibbd ﬁ]ht%bés?s@ﬁmk&%no r

term ned properly 25term pated and
w. r e taplingds oagréat%ré!aa@éf) el SRS 846 R EAIPIOABN 1 embodiments of the

C R duglSiio ORdAonk) gogals v&%@a-bise@ﬁsttsrgﬁal B\ be aatved et th34Qnal
may go to bl ock 74
e

he rel a
T s tpming pisnert Btom, By ilarahini s 150 Thesroms s
gnd stiank dotyiaxt l’e&n&arvbltagle sigind] fro@ 18 linaRide pdveer Sdvag lidynd step
e us

to d e&‘ fg{lﬁl ng\ﬂ g{ eﬁgff Vgxmgg 81('%1(1) Jngp C%s% t%nus%gflc% Iﬂnogltf Qﬁ{o ptel%él{nstests
Cl oseoch th30B0LA8}. Far cxdngpde, Wielsourtsésenmn gmﬁ@@dmb;mq;fm@lmge

S k' %‘pai btk 1138 ng’{ % ltIBEf%O {,I’&? eép tﬁf% (PfSU‘VjarBXtcB aﬁt voltage
onen nec sarl ave

per f omm&jﬁq\"m tp héovoralfage sigagl fhropsting (he ﬂ%‘té‘rﬂl ](961 Ehf‘o"fo“Fﬂe@ay be
7, buli i BeE&AisKBY sRE dRAT FMEBRL I BpRK, Glhd &hér@ut&b!é@éwce for
As previ ousl menti oned, sone of the tests % E%% o
in FI @crws’%%e erliige bt Hl@es Henghrsylde uadsTs )5883 y §8 s skjill in
WO 20QgAR 14 %YIﬁﬂgﬁbmgﬁQHﬁaﬁEode’ﬁnﬁ RcuRIPOD hay conktitute an
also wll| be understood hat D\{\i tgo% ne {,- 340
dées Kefpte Beper f*%“%*f?awp é%%cﬁrf‘f%f sigrel L BB MR 105,
7, bu te con s than t
St "t prR AR SRR 4 AR DAY (R OWPLortRert SS cnsuc
executhhiahe ﬂa‘t wirk omotuﬁullyteliﬁ@mﬁeh whiBVit isbonptseiehby BaDWiay
still oI f?\ri St I}\% sﬁ&r{hﬁ\h R @At ﬁéﬁﬁlta@@ st TR Yy gtﬁq&ry%etalaguble—pole

out cofe 5 each e ones
r esul singlathepwpiglay ta.itb@glmtwﬁi b%uﬂdﬁ@iﬂe‘éth?‘dﬁ‘ef Wi qf reé%P'l Y,

i 5o WniMalibnslop re@a% fed usby nI ;n;@or%e ﬁﬁﬂaﬂﬂﬁﬂﬁenﬁ%@the @MVention.

i ndi cator may be Stored by the DW nponent. 340 or by
the cHervsitaggigstrelay 304 igjnd %i%d P%aioe,éhﬁre'%@ahpﬁ&’?d’a’é be

I nf or AREOm S én WRIRsidBRWeBIoufce 318 thRdgH tie ABPB 106 and onto the
detection of a mswire. This indicator may then be
transmtted by the ASD 100 to apot her device such as a
second
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10 ASD 100, a central nonitoring device, or a

conputer. The DW conponent 340 and/or the control

unit 312 nay be associated with one or nore nenory

devi ces such as, for exanple, the nenory 405 of the

c OV POP/OMRAT6t 312, operable to store a vari etyI’GF’USM'W‘”“247

i ndi cat ors apd/ qor neasurepents dat ssoc

Lo ok 185 Yoo rsn S ol i ERt S0 b agest peiph g bpencd

FI G SositRnitheh Siedigeatipodgt @i nof bet;eaimed 1g v Srotrth¢ linvwmide pewer
ﬂo P lu IS ?&%Xﬁm%%@]o %ﬁ{lﬁ %nd%ﬁga ﬂéegi?ag \owgrg Ilégg tI sgcaa,r}hc voltage-based
| nventebtaiznalAdll besltowedtedlosdidi the soutch@ensecitwh 9ehontiurbe Bat wire
S0 R A R GR BIHEL o R TR B BB Bkl 904 may
or der be the bagrl cirtwit asithat hsodfor thh arain as cpyanerrelas 31k as Shown in FIG,
Accor gi ngt Qatﬂgl Pt LB o4 RIEEY onk BYSRE 'séiﬁvatetraﬁys used
si gna used 1o 20 ge the return and groundi ng
condumtcemum@gpylthﬁy Qﬁé‘ @ﬁ?O@F’gﬂ&I with an alternating

period such as, for exa 240Q Her Hz uar e
have L3R Vi tngelfar ohas ot SRR RpEH A ByF ostion e
Migr OssaRfefs@st Gifcuit ehmky msrﬁlt H100mbaunioste @ﬁﬁmga-ﬁasgi’ta#t signal onto

generation device a [ Sat nto th
of t hgnefqr wrwflﬂg CTH:EJ’C'ED g 2[35 | A llég ifngtg l’mél\%e {JOH%FC%OTS of
bel owhe Tiaewisd 138 ﬁr armyrn beltqga.s&& axdniple thglsowacd/senve passt 900 may

filter befor t
0 AP TG G 2O Bt
unwantvee 19fovis the glacttifiabldrandnotor @mnﬁcm@s?@ dhe pwrda/serecircuit 200
r %5 ur fa ng%@ﬁiﬁgﬁ% . QORI ARd D%QHQQVUQQEEI Eb@ﬁ%ltéglé’ggnam)ﬂeﬂ%ﬁmne

per f or e same test signal and, if
d et er Whefew therreare HtNHCTHBEPY tePiaBPLIRERS §F Tpudte preprat edhefiay wire

no faws r @6&1&%@9? S8 QRd b ittel A retdrh Bonlilier coRRRidnIIB2 or the
relay 310 of t D 100 may be clgsed in

r.to .
al | onEeHuling cypdugfor epngesiion !8)3b\‘@e SAUERELSEYSE FikRyit %fﬂ&)ﬁ@a control unit
addi t pn cémbhfghtion wik tk eoumxsmﬁecmtt 900) ntdyaewme:ueﬂ ah Dnter-

i ndi cat e whet her e, .con 0 ter

P :lg pe %p’ V or }grrglgﬂa)a 5{1](& is Prgaeagontté? hq? H}i{e Il@%@eﬂvee rﬂe e? :61 1able
used bdmdmnsrj 205 arid ana oftht Bthérenduatonglof the diht vatd‘ﬂ@ﬁ fnaallaéy the
perfo r b [ :

or not% Cﬁ/esel%‘é% Flrc%lté%mé?g trr{qn%n%%{%@ %8%3%3 ggs'é%f Ly g%ggl‘ggﬁtﬂ%er&um
t est scawduddts A0, 1]7333‘11’561ag_w1w\m5 via the return conductor connection 902 and

2008 191%“’513@1? %ﬁ S sg?f/ﬂg At vhf%tltﬁa lfd?‘a%ltz{&%gﬂﬁ? to determine

conduct e nponent hin afirst tine
of25 apphehdr #ﬁf‘eﬁfﬁya@oﬂﬂrﬁ'ﬁr P"st@??%’ﬁ‘&@“ 810“1* rdwee RO Ofi{RPrE PdbF

t he d?eﬁir§bc91ﬁuc%rs YLt end Ofic cﬁ%oret oF ti5d R cdrlageisre bate Bal Kire 105,
may by a second ti.me

oy DG ORE SISO PPN S IS GBEGhBI g 01 o e
wi |l Qx%uﬁﬁ&’%r c@ﬁdlﬁioe %ﬁl&bﬁbﬂ v3eit tﬂaﬂbeﬂ@tﬁﬁlneéﬁ ﬁ]ﬁf}ﬁ‘ltlﬁleﬂ-lﬁyer or

FI G | S [mer exe ari.et

o ti HIRGOsRaY B PepRRer Rk st oBR s b ol R ked ot
aGgoor dageendihg dfbn&ufd&@diﬁﬁel%&fmfb ﬂmhara Meﬂi‘he once/3QO1@0hit 900
Accordl n to SO

flat e enoua SIS IRy ) Bk bt 520, 225
by el e’i:thof fiftyiined 05) mie tlmrgrmrmheg soA cormsctvh dhanditheggmonitor the
Wi T e A93udd o 52 i MhedBE P8 vTRELs Aol klUicAARIWAIIS frefdlare any
the flat wre for a return 40 signal. For exanple,

as explained in greater detail below with reference to
FIG 11, one or nore of the return conductors 210, 215
may beoekeqntrified and one or nore of the conductors

of the flat wwre 105 may be nonitored or tested for a
return signal. Mswires and/or wire faults may be
identified based at |east in part on one or nore

return signals. It will be appreciated that a simlar

nmet hod may be conducted by 15 electrifying one or nore

of the groundi ng conductors 220, 225 and testing one

or nore of the conductors of the flat wire 105 for a
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el ect PrHyre greitaipncie i vpdercongg! of the DY Lepapgpsnt 49 a8y is:
of a geHdherdsedagarbvEM feQemareiiuct3ALlif ialic samy mbener as the

: FIC(J;E?O[H’B# ee;cgrtgéﬁ%slmuﬁg@isﬂwm%naqun% ! nagf' rst gr%gdlng conductor 226,
pr el i Mhoamyntriatddaignalicomnmyicdpsl qntratednttchantoﬁlle(ﬁrst%undmg
depicts a di ere i do@d test
40 o &onfliesor 22 ﬁé Petc'rr o %te%%Yﬁ%n%gtﬁatﬁﬁgﬁf%?%%@ﬁ.toﬁ%& es
line $Dtﬂme|cgmmﬁmswﬁ¢teor1% ap@thpmgmdmt@doqpnqsdiwmbﬁd above
sour ce,deMl e érplglGaQ da ﬁé?l?at Q8 GhelR el 38sed Shdi DRk ‘t@t@st 111%5eturn
is incorporate nto t | nati1 on devi ce 117. Such

a situation m ght occur, for ex le, if the source

devi ce 103 included a standard el ectrical pl ug that

may be plugged into an electrical outlet and if the

dest i nat-isee devi ce 117 i ncl uded one or electrical
outl ets.



[00146] As shown in FIG 98, the DW conponent 340 nay
be in communication 20with one or nore excitation or
drive circuits 905, 910 and one or npbre sense circuits

915, 920, 925 that are used to detect m swires and 7
Wi 2008084776 the fiat wire 105. The excitat PSWUS%OF”O"“

circuit 0, and the sen i.rcuj 5
oy DSl TRBEEY S brePian £ EoT ey e e i kgt srfieor
Al t eroag. | Afdr y sighdd Rasetxen ttatrhined avermracfirstirgturd @8ndugtd0218sidthe retum

he TR 5 iR Bl b i Rl bl e
conp Ommﬂmc’?wlzb end mtupaorthenoueestmagilevlil§ wia thesedopdreturn
9 0% e {?ngkopgg }@‘}‘éﬁl]‘l;l)’ éleillse%ﬂgunt %? c&iﬁgééédqg &&@e&h%ﬁ’tﬂrﬁ conductor

sense circults
conpoHEmiay b4 oserhtsydethst PR GTOANE OB reir popducigrs 2103 345, The

conneg Gokehd clrblft 38Rt 80, gbﬁﬁné%%ﬁ@nt %%Eﬂorﬁﬁﬁd? [12] aﬁﬁﬁher

prior to the electrification of lat wire

DW  coipiihdayice sapable alseasingg quﬁermnéud% butnay B@i"ﬁﬁg’o‘esﬂ%“‘s

be usggabi, H@Mal BaLd@Evidbt h an 30 electrical flat wire
including an electrifiable conductor 205 and two

r ey ur jpoceEnd Uﬁimf(ﬁng&iﬁh asp&eboffthy imeitian the P¥kiomgorsntidd naf also
L e g Bt SRS S P e A e no
225 f cnnmetbr ofithe fodicrl§s Smcrﬂhanllmmﬁﬁtorﬁ beinig theted gf any lkyen loop.

conbi R?g{lp%lrggyér%%eg ELt%I &e‘f’dﬁd g&cﬁlgrsmgzgén lﬁgsg lgoqEMEa?e a wire fault, It

conduc however e under st ood
by t huildeappreniatidthatyhedkV] ¢ompanenhidtapay diffesantiate brpween a miswire

CQEPoRAntyiddh ltatﬁgegrunge ﬂ'ngn'ith@e dravgdnt Qﬁhaf@:‘l&c@ﬂ ohl 8RS the

in conjunction wth any flat wire (and/or any
conv epthéreprauctags pad/or b\"@d & Hreayrbg el ¢ths ﬂ’tﬂ"fﬁ@‘?s OB Wljich § rent
of cogghiri QESotdaO %ﬁéxﬁﬁﬁle' iNa @btkadent isaﬁpl% Ecﬁa re{uﬁﬂfbﬂtﬁﬂ:tor 210

Referring to FIG é nponent 81 ﬁ]
the f#4eirsetheps arfpafrx"ﬁfrt W‘F@%‘f’g’? SF AHER T 9 %%ﬁgn ¢
curr eaEanlﬁ&sa&oﬁdugmaiosmefmeDm emﬂ;dme:tteno mhy ddugminie dtat the

C 8&1 d uéf%}%ﬂ%fcoqcﬁgo?ﬁg o Iy %%ét 0 < ncIéJhtr%re ?ltﬁlr]ﬁ{les been mrswn‘ed As
For exetipt @pmplasf assouirat adppj Bathuorom c@ﬁdqctvezltb@g a gyt

be t ei%ﬁﬂs d&Ect %El "B Jr]%uét&gbﬁtﬁé hiSideN0s (tﬁJH%teHe@Eurrem

corre or I nstance,
c 0 rrpomnts m@lamvowratﬁwhwdc tﬁarttm feRiTH IR ben %‘F QMI cogpeaent
a firsfo Gy URALRINGONAKCER exBaQn@ihek th@NdIBRIN fQke Bt wire 105
second grgundl ng conductor 225 for a current
i A8 chave Aegpnehaated t93ether oundi ng conduct ors 220, 225 are
wi red correctl Al ternati vel

y RGN | Al AR e BT G BrerB DT T gponeht 4o may

r et ur e Gi@RELGH-Gisc? Adthant dehennawnitieothe aldbme edm daults or inter-

retur ductor 21 rrent.in

retur P\W aﬁiﬁc?fe(%%oxb%&%mﬂg ]%H “?/I\‘/lﬂgrt(}e1 elg'gﬁﬁéahﬁ?&t%a %ngi
grou niﬂhﬂth cantiwotno B4D rﬁaa.()c]cﬂzzﬁmanldyqr ehans an g owdﬂ@tthtrﬁiog flat wire
ig ra%m%m gl&sﬂr e%&r}e)éu ol %&‘i‘e Wy 95%9&&“§uch as the
3 resune ectrifiabl™e conductor

of t héeofﬂhﬁiible\wn@c@o@ﬁ or thipvabcbne et piefdat yre 105 layers, S“Ch as the return
Al ter neRfA0 rRAISQEbor more of the
addi t%ﬁ%ﬁ%%@f%ﬁ?cﬁw@}}??ﬁt hglt%teﬁé flmgatY/ wire 105 is
20term nated properly, as discugsed in greater detail
below with reference to FIG 13. The current that is
tested for may be a predeterm ned threshold current,

whi chagweyisshe, for exanple, 10 millianps. If the

current detected on the associ ated conductor of a flat
wire loop is less than 10 nmillianps, the | oop may not

be wired or termnated correctly at the destination
nodul e 120.



25[ 00148] A nethod and circuit for determ ning whet her

t he groundi ng conductors 220, 225 of a flat wire 105
have been wired correctly will now be described in
greater detail. It will be understood that the sane or

a V&@ P08/81427et hod may be used to deternine V\he?ﬁ'éflus%"%‘mz‘”
return conducé@ f' 1? 215 have tl:e Wi red cortrecg

In ordils aiged@f layess o g remurp purggnt- | Eqpinstance, 3 sypent may oe

exci t @dnk@iftedon thdkbrie oQQSreUétercomﬁtblrsaiﬁ 215 d¢this: flAVWire 105. The
30co ent 3 nd/pr th ntr L [ 2

©r anolVE Sapesiiy 2fne: Gt oahe et cnaliaof B the one or
condumbre grodlng chhdnctprs 20,228 nf:uhe ﬂatlvone 183 foc aretur® OBrenyAs

be an, excitation cur Qhidaktor 208 of the -

ot ¢ apPe e b i b of AR e Aboo B Bolticr 205 e
a 55 MOwir?36366! the D’NI cNpagens aﬁwwwgnmwdkmr@ OT ROKG retum

i ncl ugdi, R@or. g ﬁgtam! i TbheEH o grcmﬁhi'h% BIn8¥&4r$220, 225 of the flat

i sol ators, relays. In order to transmt a current

Si gnanf@kﬂSdOltaHe‘mﬁilcflg?mgr oundi ng conductor 220, a test

si gnal :% be used to drive a vol E’age f o-cur.rent flat wire
convel0PEp3] whiedhWI spmpanept 40y compias Bing &Nemiires dghe fat wir
the pIGS'mﬂMesYihg"'ﬁi' wis faﬁfts dr hﬁerﬂw’ef @oits drthfid: o @es. | For theenple,

g{ ggp‘g’tﬂbm Cld a%‘t(? % ol CI Fffgg’a%f‘A e?t:,]sgégnaglﬁsgtlr%ngquttcél onto the first
pl ac e@komﬂ:ﬁglaaadhbtat zzwmy ¢he kBind tdviaton ginaiit 903, alressse cieehith 15,
]tc Pg q 8§e g le%s;%tggogefe%il & Wh@g&%?’e fggxlﬁéz)ﬂ)ﬂ%m%ﬁs ang miﬁwircs or
f r equintee: jaym}smrtsalms yregiansly wentionak the Exoend seesgicirqity?d§ may be used
A50" llddlnlifl AfbaRPBSEL tthroﬁﬁlﬁn%c%}{cﬁB{o}sQﬁﬂ 208 8k bEGRAPENy

the signal transmt round excjtation
circ utenmg@@i at the fay} side é@dltapnﬁlhea@ém s@Fe dispi S0 WarR| y

1000 {1 @ab@T 5306 kense iRuf YIS rﬁﬂl betiﬁﬁﬁéi m%hxﬂ:lﬁ ﬂie ﬂat wire 105 for a
conmuni cated or transm tted onto the fi ndi n

conduBisyire opteirayer sty 4 4 cuFentzhsedsiey Fﬁfé 7 G oo rewurn

t hagI Losadmclﬁdm@tﬁ% fé’tﬂrﬁh @ﬂﬁ:@lt&hwmﬁtgén th@nwlxt;mpogemanmmg

c uct or . nd the return nduct ar : , -

ded cr fOSTHInG B oK 4 g 7R 0 o qué OBt hE Brounding
Al ter mﬁﬁmﬁ; 320, 225@nd orerce ntordxdﬁedetannguaiuctuséw 285.t Yigilarly, ifa
the groundi du t 1
o1 gnal ERAH EHaTA (ol of B8 R AR lecuinial
| oop. seﬁléh(ﬁrdigt] 92&&:@%& compargit SHGmahdesaming S HETE iscn i@%fe‘?yer
a fir Sd%% hductoR©2025 Bl Melectrifiabl
condugl} 3% g%ddnggf%&ggg&% oper ycot eurcm nated, t htene ?cl’t]ré e
sizgnatondidigr 28Hss t hr ough the destination modul e 120

and returntothe source nodul e 110 V|al Ia @ 53 b
gr oun®0hetlc ofBRPBRPIASCst REFRL[RBPTOEREE! d P pllippsy ) may be
connegieflided odth the 8L eRUnditl @hdidte 2P f defEdte ko053 Shergagund

be used.to det rren resen t i . ,
conduBfegpien ?W“%é%gﬁq$ﬁ%“@égﬁﬁﬂn§eﬁ%§ cwgcu &%Q@mﬁ%?nmmb
be a semsiiangs onlthe ettbnd gransifngremetuctor ZﬁﬁtthMe P& 1gpryponent 340
ot,per SU|tabl

AT LA g B vHE SRRt 2ADS0R phhochf o, 1
and Hhtbvlfevﬁ‘f ﬂhe g!toumi@@nsc siscuif 6 156 notMstscipwenelo prriematey 00
may al r onent 340 ma
25510 AU LEnNBERIEL, SARAEIY Rk RPN B foncn 240 mey
In order to test for correct wiggng, a return

excitation circuit 910 under control of the DW

conponent 340 transmts a current-based signal over a
firstagessnn conductor 210, in the same manner as the
ground excitation circuit 905 transmts a signal over

a first groundi ng conductor 220. The current-based

signal comunicated or transmtted onto the first
groundi ng 30 conductor 220 may be part of an

alternating signal that is used to sinultaneously test
bot h the groundi ng conductor |oop and the return
conductor | oop, as described above with reference to

FIG 8. Alternatively, the current-based signal used



conductor |oop may be a separate signal than that used
to test the groundi ng conductor | oop. After a signal
has been transmtted over a first return conductor

210 the return conductors 210, 215 are pr Eerly
té?Y(;’r?‘Wﬂ?’éa% then the signal will pass throughPERES2007/074247

destinati on nodul e 120 and ret 0 the source ul
110 \A%Frmwetb@@&%ﬁﬂﬂfﬂ@ﬁ&?ﬁ}?ﬂ@%&ﬁ@gﬁ YF 0 PEOPET ‘F‘é‘t‘ﬁf“%’ an{ the
Sensenwi bgmiicher 340 ;ﬁ@rpaeﬁmeﬁh ey BfiHrcSteB@fgi:ld’sa:ttmprevent |

conduct or_ 215 C curre

on t héec}rg‘tcatlmﬁ OEE% ga c"f‘fﬁ@g'z%gd“"ﬂ"f@’ 1f.r'|hcgrrené s lflp ttre]:ctgci & c‘?tﬂgr the
Ci r CUdeton8 28urmayndbeord 1S by this Inguro sensesitcuit 920s bo ﬁmlectoﬁahltt

na n er

cutr e?]otngu%o& ?6%}:{ tges eti%cgrf}%h}% fsg‘%é/ &&:ﬁﬁ gfboﬁx% fhe %I%%ﬂé&d@gt Ho may
i sol adetarpine ghatkhéde islan Eftdrdayer theut |Hc1é&3 flat mfe[lgﬁ)l'gTE]DW component
Accor

conp o‘%‘e %?aygl%g %Rav@tﬁ %]a)gfeltﬂted%% Hﬁg\ét%ﬁgétd(ig Rrewﬁ?e;‘tng\fnic?téon of the
105 i Batmdre 18®r mi nat ed properly if a current is

detected on a conductor of the fl at tgn eo 85 oth 5 915, 920,
t han ORES] o ThscrBPEatoBoR R itEr st MUm g 0gP0 959 SE's 9A%
exp! ay e in FIG.3BE mﬂsmh& cdifi@tion Eiesse drcSitstthia iiap be used in

may alsomdlcateavvlre u at

that 196 WEBITE B ‘“&‘ﬂ’&"‘hﬁlty""&% oo f SR i

m SWi #d/0} Bpeck irauiwintizg b asekd tto thasail a sigoah ofith er memgmt any @éthgf

a current_ si et e¢g S

conduteBITTRe BREES il e Gy Lo sgnal s

condutinsmisted mtwlrhe Eirst groongingentdusion?id) an asdigenabecnécgircpmay be

e)@npll d to' rgo 301ttﬁe$ﬁrsﬁ%ﬁlecgﬁddc§) 2R Gial er@l(}rS?(SrLérr&um signal
condu T urrent f1 I'S approxi mately

equal thatonctimes peinter-dayprshert bfrt\yeqa@p@etr&e prihg greunding conductors

gLeCt 530f 32018 e FRE NG ond@Ror ZiRERWING uwrsté‘danm&eﬁl that

0O may determ ne that the 20 el eetrlflﬁgﬁe condél |
205 aPBeERBEOTHERTT EPUHRTCHARISTER 28 hEsLarE BuR! comecty, any
M SW [h8eliayHShGnBii@h ofX@Hreof thd groundig torRlugiome 020, 235 and the

lied
BRSSP SRR A S

105 (mhﬁtoﬁﬁgmetadnd:mmmhdmogam s may have a | ower
anplitude than the test current), then the DW
conpo [ﬁ)@ﬂﬂiﬁ}34'@)hmyltaﬁem dremits 05 Hrandthpsanee qirguit $15¢9305925 may be

dt f
b It AT i st

aspecPignd fﬁqéeqsﬁ%i@ﬁttﬁ Y, 9210h%25w be Hfhcf:ﬂ&bw‘ﬁe:\lzg Ei’éeéfacc

the cuiy anbBwe oriRhiR d4d QadiRtif E(mlrﬁ!ﬁlldm&t WiH thé harere /O
are any wire faults or mte}ﬁha er shori present on

the finkrfags3d eitlhssdigeinper frgug neeePlt A% ati on of the
flat 105.,..Th 4
i n? ermoa%e]r gﬂﬁp?@lgﬂ%“ﬁ%ﬁ%%& ‘3% $| ‘g@y% at Or&ngonem 34 may

105 bytiltze amsdrintcrd taging reiagsvin cemehctmm mte rtonitduing thg lserge circuits 9153,
si ngl Wre con t I | ble

cond ug%(; %?Stszl‘Sa retu ?g Elthg Ee’stir%l'l'gig{'sqﬁ’ﬁy b?ﬁisaeg tcv?mﬁn'inrt ofré (‘} €

| a9er sqndmhorasyctmmélaWW uﬁn@gﬁ@w@nmlngzmaﬂwm The

the refif actdd€any two
57 A0 oS BRI the s s R B1in GRS BELhchlachhfuny

r et ur penduterepf the fizg wire 463, a#é@rdm&hr’e@? FeaiPe TRi@Np iy assist in locating
transmtted on the one or nore turn conductors 210,

215 of the flat wire 105. The conmponent 340 nay

then nonitor the electrifiable conductor 205 and the

one OkoM®KEA groundi ng conductors 220, 225 of the flat
wre 105 for a return current. As 5 another exanple, a
current may be transmtted on the electrifiable
conductor 205 of the flat wire 105, and the DW

conmponent 340 will nonitor the one or nore return
conductors 210, 215 and the one or nore groundi ng
conductors 220,225 of the flat wire 105 for a return
current. [00153] The DW conponent 340 may conbi ne
testing for mswires in the flat wire



10 105 with testing for wire faults or inter-I|ayer

shorts on the flat wwre 105. For exanple, with

reference to FIG 9B, when a current-based test signha

is transmtted onto the first groundi ng conductor 220

bW Q FE3BEHnd excitation circuit 905, the senSET/US2007/074247
circuits 915, 920, 925 may be used, to, determ,

whet K6 douHng papguciars Bat gy beghipispied AT mlgiﬂﬁ"é%“aé}““’ foults.

| Nt ergd A %empid) 84d Bsting\felapt ¥30, $855hay bﬁﬁﬁﬁdlb? ried)WI doeponent 340 in

ground sense circuit. t et.er m,n
whet Hapiuggtion, with {nﬁféltogp%%\ﬁ E?tﬁéwg@ﬁ g‘ﬁ gtl%)prées ﬁdn erzl?éer F]ho?ts FIG.
bee N 90Yi9 P sohbnaticelagtamaif etlex@in plaheD Wb eging®irehe 340 that utilizes testing

t he retur ens
A s WS S SR T il b SRR
t 0 nowddrding mhe'ta‘id @ bowimeats 016 ngentign. mhss&hpwelwﬁ 9C, when neither
i ntergy hgx-;%[m%%fa;} 930I JSS ?s a {t'dgtéc?&'t, in gﬁ?g'oﬁ’s gngﬁler 6ﬁhe testmg relays
det ec on urn conduct or by t
r et ur¥30.98h ésgn e clogsd |PPSlt932£)a defaylt taterieay Dyt ip &hﬁb h@hihesm"dmg
rmy 2]9%)%3 Rl 1&3'3% ail&%dqo bScoRibldidalolie fRY Rlre BIZOMhile

bet ween one or nore of groun |ng conductors

2HD, zeiheapttheisating el P30, 535 1 AV 6 R IC GRS 0 pytest the

215. 3k Wirk 843 s confpicit @&hﬂ:ﬁ@h&&&ﬁﬁoﬁdmaloopss voeh 6tfiedtesting
on the electrifiable conducta

el eet'PiRY P3F aetuatsd OB n@icfaseH pcos'@% etrﬁa%ﬁwﬂaews%%é’ may e
may Attty Beshbifatio the groend @ns@Rireuit 9965, thastgroreatigylialf of 2 loop

bet ween one o re of din con

220, FEESSHIOCHEN A B (AT EP’S ST DR O gé‘gﬁé"fﬁ’ﬁ'wq

Ass arcofduaivpd X9, 215 asisdne otmore of thegroammndmtoesl 200,205. fan
milli a’benplgc'zyn(rnﬁ) s bg %1 o%”%ﬂq&%%fmg pettlﬂn E&gutftérgﬂﬂ 215 and one
groun I'ng con at wre 10

gr ourd mxemfttkmgmmdmg pamduqtorem, 235 thenghedeapurill be wy?éete and the

circ WillQetSdt HRPhte: Ay R RRIHOSHMBRHE] Whed & d
nlllﬁgwlaigj ?tgaiego% N rodﬁdl%g conducto? 250 6€ﬁmn

en
the Dveie ety SRR fstactaated can %953?1 BeSio Hierefuapetatign cireuit 910

Peungdiyie c@%&b@&%ﬁ&wa 2he Sedorifib® dpheRelst yrdua o1, Haictg.
| f, however ircujt, 915

d t
TR T ST S W

S e c 0 rtﬂktz@rraumd:bmeﬁerzdu Qi Dind2R electrifableohreluBif 208 ot po gmiayer

735156 1 t ' \
C o nd [}g%{%fzgstﬁ w%:ﬂ Bne cr,r én()ﬁe ?%I ﬂbcrr%ntbtrg}rec]ong] %{éafsr%]ﬁg?é g&&;ﬂé a%l‘g]nﬁable
DW copene 205, 34 thelyopprit be pampl¢te andaheal) W ¢@nfopemdHley i getect
ShEo e RIREIFR) FHESLIDE SO S LA e o
t he setion daiayeem, ﬁsmwdwt:mer 2% bggk tp rﬂelrnegtmi 197 dedopdigtates.

circuit 920 or on the electrifiable 5 conductor 205 Qy
the dPeta8li f§lgplkis §l@3ﬁ¢§@lpl§mf&y\icbarg@5he qPEaten gl a csppt-base

CONPORERLiom3AdndiBY 208l BloHphnt 140! acﬁfk}&iﬁlg td 2B ilARtrative embodiment of

ter-| h th
oG eyt Ret I Shet oSy R e v

bei NQietd-OsAfthdd Jpd Rty dedcabddrabbvecaith reforeade 1o RES. PBatf power is

wre 105. 0 The ¢ inati f, exci '

o 1 ouirpBgh e e comancill LRt s R B cifgpeg a0 may
shownga ta botiG1019.1 Bt blscksli0i ithe W beammpohinn 340 roay apply p Frsisiégnal Lo
C|rcu t hat Ceh

pr eseh? firs ent de mpd?%tgr%ﬁ Okﬂeﬂg&g%@? oodewl thpo Componcnt 340
ex0|tat|on CIrCUItS and/ or sense circuits may be used

to transmt a signal onto or nonitor any of the
condugt g 0f the flat wire 105. Using the exanpl e
above, when a test signal is transmtted onto the

first groundi ng conductor 220, an additional sense
circuit may be 15used to nonitor the first return
conductor 210 of the flat wire 105 for a return signa
that indicates an inter-layer short between one or

nore of the groundi ng conductors 220, 225 and the

first return conductor 210. It will be understood,
however, that because the two return conductors 210,



20first return conductor 210 would al so be detected by
the return sense circuit 920 that is nonitoring the
second return conductor 215. [001561 The excitation
circuits 905, 910 and the sense circuit 915, 920, 925
a0 WASAE6r por at ed i nt o the DW conponent 348CT/US2007/074247
Alternatively, the excitatjon circuits 905

Che B e pib oS engt monitep3be e BI0g GOPdE Buom aEpedaios fora

t he fdhein siinkle AtbRck r2e, theD@T acﬁnpaaﬁdnt map detérinéneBiikther the

t,. 340
T & PR e PSS e e e e Sy B Belog e o ot
cont raplappropriate3d@m SHALSTEseschatithiel soroafl grpundiggeconductor 225. If the
t i the
c ug lr e%r}oungmé %a%dﬂ&&ﬂ&’e% i Iu%t'iiggm%é é&%’ﬁ? ﬁ tenﬁﬁ%tecgg% \tlbll DI:JVI
rmm t@mpmgcntm wengs eo lzlqukdt]ﬁst and 911356nt 9!2(96!& 8§ fpp being closed to
ret ugﬂ}e\%ht@i@‘g gcz;ql?:ﬁ ke hétq’ugrerl@g aﬁf%o%%r hge éﬂ&ﬁgjng Qona[ﬂ&.frtiogp

one con UCtOTS or égrs

705 ¢ deored e propey Womstoiak Barie R thema Wi spiignent 34

creat Gol, Do bldgk 1025t ANKlodkabEs/ the TAVI RBipbisdnt :m nm@as:uﬁmmg
the current acraqoss any two, conductors of th Q \%g
thrt‘; #lh and

165, esths ook g)w“tcﬁ%*"t%'é&s brryesdhegraunging ol
| ocat inf @t &8 oErlcordul e of the Blat w;deemsmj: x&etagumoglﬂhmﬁeﬁnmot a retumn

F aul SO PRPLSARE PERE ot eV R TG B e Bl ke

be usgsiddeyor une andAhe somdoectanicoiidbios 215¢ Uy retntsigos] 1wetehted on
Ier:tn Ietr Oqglé)g g,F €0 %uct?rs othEI t@;ﬁ' éedgéolrng{gg gz(}: Yei@r%xt@ ?%{?Z?Sa a Fvgren faglt may
a5 exiengésamyn DAflacwinpthiemd 184DV ¢ratponant $407eay goaxblpgkdl 065 and
r5nr el r§ve§ﬁ9e re%ﬁ%lﬁ R :H‘aélhé 8{»1 05‘% p?e\ eh@iecﬂﬁ%ﬁmﬁ @pné ﬁit w1re 108,

es and ayer shorts according to cert
e nbodlf#@wgsr,@p rethra sighil dsrriciepipd onpapy of BafsondHotpp @hefg@“ the
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[00178] The flat wire 105 nmay be designed to produce a
short between a first groundi ng conductor 220, a first
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return conductor 210. |n hoth FI 14A a 4
C1 cct e FREHI & REORGTEY 315 BE8 R Bl Jp e o5, 0225 may
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1400 has shorted the electrifiable conductor 205, one

of theo#sedirn conductors 210 and one of the

20groundi ng conductors 220. Simlarly, FIG 14D

depicts a situation in which the



penetrati ng object 1400 has shorted the electrifiable
conduct or 205, both of the return conductors 210, 215
and one of the grounding conductors 220. FIG 14E
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secondty 10hyilkthen prpeetdhs 1o ppe i 0 o %Q&’ﬁf{t y of the
t act th h b 1 4
b ciog 810 amer Fpcrprartiae EHh AT Thghd sl g
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testing the flat wire 105 prioryto electrification,

the DW conponent 340 of the ASD 100 nay determ ne

that a short exists between the conductors or |ayers

of the k@ wire 105. The ASD 100 will then prevent

the flat wire 100 frombeing electrified. 25[00185]

FIG |5 is a representative graph of the voltage and
current waveforns



present during a penetration of a flat wire 105. The

vol tage waveform present on the penetrating object

1400 and current waveform present on the electrifiable
conductor 205 nay be captured by an oscilloscgope such
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e 1 P4ltoTw ALD A6ksomoyei i BHGBErIDF Fetps 4 D aHER s el
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howevéf® m%ﬂlsﬁbﬁg@ e oflPeripe %t eﬁ?‘?’&?l gp Snog%hcgg{]w'ré 103y such as the
FI G éﬁ&@{gﬂa}&r bb}ﬁoﬂtl&&hﬁiﬂﬁdonduatoelayér&;oerarsinml:ﬂetaf)l‘tfe to

LBE TRRSRThLR hRY Pk SRS SRANAS REGA ST bins of

connedie@dDti00 whag plebeant fasheser mh)ﬁte!n@tg brs failies Wl'tlﬁhd@t}’é’ét“r “Pon
this | : | Ahd QWABbNS afidvith tﬁ’kﬂﬁ
105" 5ot e“heelsde;g‘%ﬁrr? ekt & R e e Ry
al so Bes bt élilt'ele@ief@\'m ne that the |ayer | oops of the

flat wire 105, such as the roundln
r et ur PO38Hd uyiﬂberpepeégggpg cf'bé?ﬁb 08 penejr g%thfbﬁagtw egﬁf %f?sr th8 I?lat wire
20sal h @al GednlRRctifiad, tﬂ&‘n iR réa@&rets@feb&oﬁtpﬂdeyts akleding ilkiGFAI

The proactive, saf onent

pr ev e FYmARoned Hb%angﬁ nglrtegt 160mto%?%cofnlpg C’;I!@ m W%Xtﬁct the flaw
may OGeihs flaipane 183 a&ﬂtopctrfthﬁ:ﬁtay G0 affthd AED 1 Mathesby de-aBGing the
recogni zi. nglﬂgefects prior to allowing the flat wire

105 t atbvgrf 1y electrified. [00187] If the

penet 9@: §6& dép@c%%e 9&1‘3@4@3%&@9 atﬂgtewﬁcl Ak bW'a Eﬁhlﬂé)@)_]ect

after h Iat Wre been electrifi
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CONPOREHy \34@19@ i dé'\ﬁe & oxxad | alidpRthoIYatiany aig flat wire 105
conponent
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de-energizing the flat wre 105y [00188] FIG 16C
depicts the transverse cut of a flat wire 105 by a
cutting object 301605, such as a pair of scissors. In
FI G X6f3sistshe cutting object 1695 is shown still in



the flat wire 105 during the cut. FIG 16D depicts how

a partially cut flat wwre 105 section woul d appear

once the cutting object 1605 has been renoved. The DM
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gl ec tb rnteﬁulage} shdktstceﬂaﬁaby thebqtt,mgtd’mj}#cﬂ]ﬂbs ;lz:mrpmlbwtngmme to be

e a er 3

wire lilgg elg%t[ﬁ%ie melinghveg/?%% %) c,om nﬁnetrﬁ? %E%Q%a\rbie{}ﬁ g&érﬁﬁnc that

r et ur the Byarichps bithe flayér 105 &p}h aathe gionwtingdbyst woper the refumn

a5 O DGt b i8ly, e fn%o%,gée biloiF il AnEH L Ghck U4 B e runy
proactiv &

p r ev edt:ctlﬁﬂu‘ds ﬁhtsprgactlm safetysompongnts ofthe ABD48heay prwﬁn%ﬁlﬁshes or

may oﬁlﬁMEs (IQ 5118 ?laghla.ﬂgvh% by %er nm/thé' ﬁﬁ%@'lﬁS Sbgreéiﬁflﬁﬁg defects

prlor al 'ow n at " wre

el ect Pfl@ff Ffe%llf’w[f@@@&fb} wirg 185k befifly Piﬁ‘éj“%“lﬁ‘; ect 1605 cuts

the f| at re 105 after t W re
el ct 1Bred, Ftranbreires S s B PLYG: BABER R 105 bes
i ngl upken gzewmecﬁml the RARIvE efity Sdfpoack mhmdlgﬁhuﬁﬁ(ll component

curre itori C ent 330 t

i § hats b e Shs B TR s PP ae S e 8y e e
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various 'circuits. 15A though the various safety

compo LE)@R@@] afrfe \gﬁélfsrsé@@ dolifnBhtDofife Am T} QMaJhare various circuits.
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ot hEasRieay ASBIBG RErPE o R TR Gy e
shar i ng: i9fised b weded by Bych bhe vty carspopenpefetID . t he

ASD 100 may 20 facilitate the construction of a
conpaf01evi The shidgef craugs by, the WeiopSDMPOEnivay thh &SP 148 sdy

I Boa ?agﬁpa%ctk Teorilgll' QR oF a B c@c&vfc@ ﬂcc%fdglyb@é ASH 1@@%9 ¥e
that I's rou ?1 e si ze of a conmon el ectrical

out | eplaced@ra @left?!leedﬂsafﬁ suBBs FDVHERPXgBCaYita thalds foHghly the size of

val | gavihdh ddatcal zﬁtl&heFo?'e dn@é aﬁthQWhﬁ)de{ﬁ&Qd nQrwallltavity
electrical outlet. The ASD 1

conveHet pHapize Prf*U\Ya‘lal‘”tye‘lséﬁ"F ?“bf'é?“%alr%’ﬂep %pe'ﬁglgtlw’@?&be

an ASEyWEG vyaytoRentapl lm-ggne diebtED ware CANMRANIVEIQRAIASDEI may be
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at , out ool he
ASD, TBBL-] e bR HRALBAL AT IRP B e T gL e’ e
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74 AO 1735156.1 situated on the exterior surface of
the ASD 100. These plugs may be common two-prong or
t hree-prong plugs and may be used to power electronic

devi ces. [00192] According to an aspect of the
i WRH0PHA276t he ASD 100 may be configured to r@gm@w’“’m‘”

power and an el ectric froma line side
Povor S5} dha eeiohtiates] BCaSELAHla e PP 05 FomBor o
out |- efrongAd dliréd-Rorad ﬂhyg,s ahd@ayASRscHA0 poveey cloaroanibyvigar ed to
prevent the communication of the electrical power

si gn aloomﬁ] 0 Atverdidga amispet Afde infentionthe 1SS 190 ey b¢ enafigured to
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ToCe domtahet Y Adim MeroRe g A3OO RSP 20y

W th [ RRad ST RatelsORedtBit@iod fokils 17hBhat hratorfighied b plugged
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and
20" ealtP W ALTICE SPTTEPORERg terpigticRiplyss amgyaisgwh the fermination
term pated7al The AQSHERADE WRy befoNhdtakitome pimigation Jeviaf 1710, and

O, e e P iy B RaTORELE Bl o
devi ce730 b1 the ndmnﬁlﬁt:cmmamo:pﬂlat ’éhcmoukmctossuzf ﬁleaﬂg‘f Wfrfolrﬂs may be

S)r( g% %f'rﬂlaat%do% éhLEI: 1 rrmn QL C%le%?@“}l@ﬁ %t %pBJ\%Apnf Qﬁrgg)@{ﬁpa}s Gor Gample,
term matfw - §tcmafradratlhe rFor pramplchegropsing rendyeier %/%’ of Hig flat

flat 511‘88/ HEQ%W.%%QQ fif£ Eﬂ@tﬁ@ttﬁéjothé? cEHdG8brs Hf‘l{hé fatt3@ 105 may

ot her grou I'ng conduct or i's term nated [ 1
b&5 appe eriinaiedn phlat untifing ethertaffémé*ywwor&?s tSﬁ%mma‘ed It wili be

exenp }:;g;l}éélateld Hat %ﬁ\feﬁ tht g?rm?l&%fdf 't}Q%Qezh;ﬂar_t/ AkSwied 1315 |d§¥3‘éﬁl§e6 in this

the f Wre termn orre

r egar diseigurcothe iR e 1@? Shomldive FrRsAE EW waﬂf ﬁgf fohich
t er m paLREhd dofdiktoP LY Bﬂﬁﬁltehhﬁaﬁtccﬁﬁ&ﬂ}wﬁeﬂl-ﬂ@t a G-N-H-N-G

configuration is used a

conduEnbewatfnds ’t‘séi51 FH%%*BE f{ah""‘é? @5 "O%‘B'S,'to’ﬁ em‘ma?etd fn grder
grounethifigy 606 debetingd20duc?2®20, £230193] Wth conti nued
reference to FIG 17A, when the ASD 100 |f§£| u&g
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term B*t%teiegtﬂcalr th‘?et Pﬂis%é so‘Mcle lterzﬁin%t%n*l@:l?ﬂdﬁﬁ?@hﬁﬂsotﬂé cdmected to
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40 1735156.1 the corresponding termnation plugs 1730
of the term nation device 1710. When the MD 100 is
unpl ugged fromthe electrical outlet 1705, the

connection with the term nation device 1710 will al
b&VQUEPIMYS Additional |y, the termination dev?EEmﬁ"%O"“Z”
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cause a SwW |rs destination device 117a to

be 20alwctht @aondmem@éqaf theoflas wire 495 to e elseitifinsh T he flesfinaipn devices
wre Ii]f’?%tn SRNRELHStdn e Filst S ABST dRRE 1 DA Bl \ofSin Ik éane

and the second destination devige 117b to a secondary
segnent of flat wire 1805 rather than a prinmary

segnent of flat wire 105. At this point, the ASD 100

and/ oko tdesidest i nati on devices 1l17a-n nay resune

testing of the flat wwre 105 by testing the secondary
segnent of flat wire 105 that connects the first
destination device 117a and



25t he second destination device 117b. [00203] FIG 20
is a schematic diagramof a systemin which nmultiple
source devices 103a-d forma central device that

nmonitors nultiple flat wires 105a-d in a room
actRPWPY2160 an illustrative enbodi ment of th&CT/US2007/074247

100- bactimylEs e AP pg R g5 17 RHaTEh o BisP O b in e
30 10fawike 18/mbebecishanityekk ASD t0and nyglegindionidewicesiata-n
's ¢ a%g%&?g?oefgzggﬁgti% g tonM% 15']11594 r&d rf%&g Q%‘T‘neﬂﬂ‘ offﬂlaﬁ{ure 105 are

Wre | ng rom
Acc or demidikd/ andtriney be perbiitted do x&eswecpewmﬁ h¢ othenflat wishiegmgnts are

f taAl 1
e
vv| re hiswire befeult Dglat wiratp @éﬁ the dnf wigpt 189 lséiecﬁlﬁed ﬂle ABp 100 may
desti @@5 ORI g% &R lecZé}g;Qe tE Rt “ﬁeéawl mn,tz&eAm 8y e che

sourc evi cé 103a-d may pl aced in or near, one
wal | dﬁﬁtif&t'?‘b@ﬂﬁcah’d?%ﬂﬁ’b’a'f“em? meihod depegibgs} 1 e pamlpabgYeyo
may e?&&]@t@ thefsE Bt &%&Mira ik i QHICE Bie GRMVIRST FQIL QAR and the

wal |l of the room The IVI al

b ASR 18bwdes drerien rsgesrihm oSt Ssifeaion b P gy
the fi@tupWhiilthdNeaned 66thd ORavid 18Xitevhithmig rhiswim drifailt occurs.
conbi ned device. Although the central device of FIG

19 i s[ogepe]ct additenally, chmdliiplatepmentodf foowircHSdeanisedio connect cach
103a-

roy” el TSRO ke £ A v
i nventiZem tb be twegled mrordentotpyst esigabirangiitted pyea e Fakwire 105
1Q§a gu'oué a Leggx%lgér] flaf Jvﬁ'\é e%&eﬂt?atﬁer ﬁﬁﬁ‘@ﬁ%ér? 1164 VALY s@ &it, as

net wor i ncl udes net wor k

S 0 u r c desgithpil aleoye vish rqfqgﬁ}ct: sriag- Hy Uging é}mpfeapauﬁ a}@n@mmr to the

accor glngs Jaf%lﬁﬁ‘ tﬁel flabiei-6 805, M8 nBRBRGE PRDExigéd ﬁlh@egment of flat wire
i nvention. Each of the. source, devi

ma
e DibsHit o Che b deSuTress MR R ORs Il degtygrevice
br anc hem, thebthe aBDA0H fdy taisd hevisoiartiaefirstelstinatonHedce W 7a to be

2??. \é\?hg %%\?X' fche\l;\}osstggtabtl:‘}iS_ Igf:e g’\eﬂ'#]t%gﬁé’]:}r&gr% tlgaggogg%c\t/sgﬁ{ Erst dertmatwn
Wi re anbedl 74 dndthewkdoad ddOmmticmdaice d)ti:'rbeaa e@ombtw\?@@ne!tt hieftat wire
centr ' i IhBASD 100 andior
c Ommzé(}cs ralri{ged%}agg ngmﬁlg%g%n%%t?%t \glgeZﬂﬁr g%%‘fjsl ﬁr@]ﬁna and/or
bui | dilegestifistioh defices b Een mhetumedeskingiikeslap wirg L)fHky teng the
conne FLwHEYIEat L0 ed R iSERAMRLSh dQREN17a and
Accor%ggﬂ?ﬁemgg% M;ou?ce devi ce iOS nﬁy be uéed as a
pdﬁerﬂ@éﬂ¥@4m¥W&UmS@WVFéQ@ an entire room Thls met hod
20 for e an |nex

of wring. ma
tor equa la ﬁmb erkematic g\%ﬁ&? Iogzh%etgxplnbﬁr mﬁ%]ﬁ)lc source
pract deddes lfﬁldﬁhfoﬁﬁa be’mtrsmac@dhﬁteﬁonhdrmlnp@ﬁaewms 105a-dina

electrical wre ende om c .

2105 (™ FEGME 1 ﬂb’“’ﬁﬁ%ﬁ{‘] et ﬁ'g Eé"é bﬂr}%'n%“ B Blrod Wtee

ec onoml:caahy anelinfaa 28CH106. Myholwm IS, 1 9. meresthprogne soures device

%3? 8y QoM 5, Yé@llrlt§ a eri%éﬁ)ev fcBBhat Qggﬂaﬁle S?x‘nl)ﬁlﬁgné’ﬁmlnple

or Solir’ce ev ces

c e nt ebrabtbas offlet wi cwammnﬁlog)ﬁwb%e ﬁﬁlﬁbﬂp?ﬁ C%?ngs a*‘ccordmgl!"» the

gat e SRt mbuliple flat
o e e R e ol

flat wire 105 branch circuits ngy be connected to one

or nore destination devices 117, as previously

described. It will also be understood that each of the

sour cgodgmiices 103 shown in FIG 21 may contain a

single ASD 100 capable of nonitoring one or nore flat

wire 105 branch circuits or, alternatively, each of

the 30 source devices 117 may contain nore than one

ASD 100 for nonitoring flat wire 105 branch circuits,

as described with reference to FIG 20 above. 82 AO

1735156. 1



1002051 Wthin a room each source device 103 may
service any of the walls, ceiling, and floor with a
flat wire 105 branch circuit. Each source device 103
may individually control the flat wire 105 branch

ciWR 9881427 which it is connected. Additional P§T/USHEH074247
sour ce. devi ni ca branch circu
ot (Wi e Ao AR e Do poipfited o

or derdebifhatidn detios ildh-rdC Hotexampiatiye camtlined sotce déviiwd D3t may be
st at revi ousl cussed ,
Gevi o o e i Yol E TR B bl AN Db LR 050 may
an d/ cextead o the@bmbined sobioadevics tq ﬂaclc‘@ﬂmfrﬁheaawm o Rhevingividual

the s %B %glg.g'?\fﬂemﬁm%ézd L Qe A %}uﬁfr oifd Jr‘i‘no?é' (ﬁ"?ﬁé}l

ciTcul e dest na I on evi ce

‘connewiretanchesdB5add ergéngding dinn theqpmbived deav wphéltlpqush thwc?"éml
net wo elﬁlangWI@ e19| is @ég?&eﬁ% ;QOMEIWSGLQEJ debes0B4-a\% Wil be

det ec tionally, each source

devi caspregiteibgt wgmvlafc@amww{@é ToReearqss PSR E the
i NSi dgy it nolidritluicid ¥t a0 Blandles Misk-aat ed nearby.

1002061 Each source device 103 al so may conmmuni cate

wig h [pozeEnt rEG. iﬂubaEdh&ﬁatlc'ﬂ*@raﬁﬁffﬁhahtrthdrsznmeﬁ%mabﬂqﬁa

| ted th

the- TSOKE papifge copioecitsiopLS Rl ELa SR B Al AN ind Bap
cent rigthstiatiNe edb6Emem obthe Siventmt cBach embe sfugcetdevices 403 may include
bui | dj n . | o the
onch QP AT Ll anabit e ol TE o sl LGS b o
el ect sobfck daviden3s tatctrerk way bd ﬂsfablﬁsh@ﬂﬁle which athorepqre glpgiical
19? | DirdsD1 %{ég ti3Q be Jc’ﬂ@enﬁ@x%‘i &ﬂé ardp ﬂ&lﬁ@s [ﬁ%‘% afdlcBihebigd

surface noun or~ nount I nsi de a wal 2071 1f  a
flat betwesn tggenitabinbrRa0d i""th ey by %S'it&@ff‘éc'tl@& CgFmaR ircult breaker

gi Venb&rl%@% r&dnk MU Buildigd) a0 Bf tRdsk Bl@é’tn(!&hﬁ:r&;@ll([ Aby Baddnnected
2105 or the source device 103 control t hat

ci r cuP sogpe 45,51(:1;]103%9 SEPRAF SO - HAGCON Y C gl& S d{:vscenﬁlg may
unus a@:‘ WBePdid pbﬁ&' cahter thdt sdrviedNah Beiroiobar This artlbé sf wiring may be,

atively downstr ea destlnatl o s o
oot il 1 SRR HED e ey AN fopdhbon is no
M swi ]ﬁr@tﬂicﬂj‘suf;}aasl i ;tmirrcﬂdtc hongdsr @metanlgmtgaab twére Amscheprsexiteatied from
e Nl h%% Qﬁfs tg) L ﬂ)@&bﬁé ﬂatl \ﬂreolteg géco}?@{)eg\%coﬁo%ai and feasible
branch ™ ¢ircu e electrified.
| n 25w to dismibnte mowa tmash\pﬁtb@jroem SfWP pijto Breaprans t‘fnﬂlﬂtslﬂf floor.
may b?kher sgﬁ}géa&egfé é"ﬁlg%?ab L& Wb bch?er alntdr 8RBIerdceP Slch ki @fprov:dmg

t he ot branc circlits are not affected, Therefo
a2penegatetay beiween the gleciicalyire2 1P gndghe Hat pite \Mﬁ braggp ctrﬁgts within

cond UGL Mo, @hcrforhileatar Wi ﬁ)s:l@@;cmcuﬁﬁﬁly} BeShMebted b dpOVEROTe
| oss in one branch of the fl

Accor easigtiondexiset Haros Resyioutly B?Sc‘%‘[ﬁ‘?@ ft ﬁ“v]L‘)FI‘rOCI tl‘fr?“h“trﬂ%"dftf’ g pach of
W re $eSouRYeRss 162 6o id IGCDINMMJoRine sﬁigg:rﬁeﬂl}slﬁo'léhm& of

signals may be co i cat bet ween. a

I ot BorBr Ne oot oo Pt 1s el P o P, op Bt
f bat wUﬂ,e ddi&s 1 Fahayexamiplnere thivt dherASDe08 Hoendngofidegiat RDg 105
a sig t be ween CASD 100 in
the 8 E%@%f%é*ﬁ”mﬁgﬁﬁégq'gﬁa%e 18%Q§H§ any of the
destlnatlon devices 117a-n over the flat wire 105.
SSmlarly, with reference to FIG 21, a signal may be
transmtted over the flat wire gh05 from one source
devi ce 103 to another source device 103 or between the
central hub 2105 and one of the source devices 103. It
wi |l kessmeder st ood, however, that devices in 5 a flat
wre network or flat wire branch circuit nmay be in
comuni cation with one another through wres,
conductors, or optical fiber external to the flat wire
105 or, alternatively, through w rel ess conmunication
means such as, for exanple, via a wreless |local area
net wor k.



[ 00209] A comruni cations signal may be transmtted
over any of the conductors of 10 the flat wire 105. A
separate comuni cations signal may be transnitted over

each of the individual conductors of the flat wire 074247
10%0 20088144%al may be communi cat ed onto one or HfSHE2H{742

th f the flat b t

ci v o olOB2E o e o i et et s eSS f Bl il

descr iiag, @b dve whihtalflar @fe105rbemch urcﬁit G:‘.acﬁ BiurcPlilevies W aday
then. b fi

Conc RN e o8 afi0s SERM o8 N PR incliRs.2

such Agditidnally, exchpire, dctlbﬁell)ém@ommpmgﬁtq withdiranch jgisqqit destination

ab? Vecée‘%c‘é@ llnl%tl&rﬂ%%?wggbﬂg lg'grdgﬁo nﬁﬁ u?@u&?ft@@lly%nd él&:@rlﬁcat:on

groundi ng conduct ors l'at wiré 105 nay
be ussiatus. o prvinwen disesichghadegination deviges W7 gy include a relay,
co mm@ét&ﬂfnﬂgrc ?xf( URd/ol en,%m%l QxHﬁ‘ it m‘b@ﬁ%ﬁﬁc&foﬁ with bhe squdbe

may ow voltage sig in the ran
appr osvirat & WU‘BtO!I!“%‘ﬁ%Iﬂ@ “GFE\PE?I“F‘E"“"‘N& lﬂﬁtfp Wf‘&}’ fhy destipgtion device

frequ gmycd%ec&ds ingihdingd) HFRbG e 6fkha A4t @SS nb@rk may be isolated
groundi n

duct ors
or0 ab%‘iﬁ’é Ero e ‘g& ¥l éTtVtefd?)g‘aﬁ-ﬁgmeﬁtre‘?%eﬁ'“ém%oFagﬁf‘?%/‘yeﬁ%me 17
vol t aggy B suffble @bt s R4l orabubiae ingidotiwalil wighia dredennt, or Stuated
220, 225;, therefore, the groundi ng conductors 220, 225
may bBHEWi cial Iy be used to transnit communications
si gnal, L LGE, b 2105.
el ect t 12&2 Eégﬂ%afr%erﬁ%"gé t 3 R\MO nﬁal%éngﬂ%énduct%?@mu 20,
225, Fhewnmal hutc@pﬁmlyslp@tﬁélnem oiyenit hreakeniox Pt loas dn e
t h? r F&I M%g %%Qs'ﬁﬁe BdBevel b tiRfcedral hiidt2108 e lﬂﬁt@d -Hiﬁ)tely

nicated across the return condugt %
2 1 5 nﬁ)ylhcbl@u]gmg OW‘C\Fél‘tfaé@@ p3may cqllget gatg gﬁ@(ga the seurce devices

appr oxe3dmk eloyid® salfet} %d%le@trmﬁttoﬁ stafde €ir it 6nAd wnchtchams 105 in the
frequenwl)l(rgof a SI conmun ted, across .t he

condubfl ﬂcbcen% @ & B’é’l}' gis? ﬁ'e.alﬂfé(ﬁ:d‘gou fed gt m%LB)ged énsu:le a wall.
gg P (r) g Ejﬂgﬁ'@ C gfr?é%c? 16? 61?15\}11}'] i ?’qultn?yetegﬁd %g %\Nﬁ ;%fagght (ﬂrgu it,

fl2at  viden eitibOffic cantrallhei 2 105for thel sourge davicd 103eontpsplinadha bragph circuit,

t hat & Bc’oltt? 91%1/ rell Gt tqapﬁ'gl%ﬂ Cirdlk ARG gﬁd i@&lﬁe it 4Rl thd difdr branches.
ch as exa si gna er that may be

ut ili zsé;grn@t(yeb d@lnwns{hyam Aestingtign @vxcgﬁéﬂ cqnpesfedfigp gource device 103

prevegt,, faks %etn'i&\ﬁ?ed Ry fagﬁ)ebrgﬁch RS Wlisabl@ncigdiak i from the other

conponents of 84 AO 1735156.1 éOOZé ][ d 1

comuBredEs dngts: ‘b‘ﬁ@ﬂ thﬁ‘dva"ab skpuf @nay paie PRt 1 heslerified- In

elygct ki hahbea ﬁ%@ﬂ‘%ér%ult@%n@ﬁ cifchie why B4 reideted uiaﬁb‘éb]e White at

si gnal communi cat ed g s .the el ect i fi ag% enem{mof

205 S BEROR W OT AGEOIST e AT Sl <P

appr o iflalgied 195 Or dmis@ird oOhy dntigutorolth flai wiral tymaytdnly result in

frequency ,of, a ni cat ed, across the
el ect PP‘?’%‘%?F%‘O%%%E%‘&&&S% ttWmlf)e at a frequency at
or ab ppﬁ%&%rﬂﬁ%@)la tﬂé)g&m l'ﬁnﬁilclgﬂ)ﬁlthm“bi% 145 may be used

trans d over ectr| conduct or 205 bot
wén tdwnﬁnuatcatwlg@ﬁlﬂ Ohegest geaﬂé@@:r bef qompnugisefedipravieon gy device ina

flat yir »%re]rgga.drlg'orrm¥ wf?é SratdhichiB@hved the B4 G dB%) Cleor Whakrdple, with
the flat wire 105 used in conjunction with the prese t

di scl exferense tcaFHGe%eflg?aﬂ may bg sommupicrigd heiseandbe 430 1Pt
vol tage signal of approxi matelygl10-130 volts (for
North Anerica applications) 10 or approxi mately

230- 250 volts (for European applications) at a
frequeneysof approxi mately 50-60 Hertz. A
communi cati ons signal, however, may still be
transmtted over the electrifiable conductor 205 using
power line carrier (PLC) or broadband over power |ine
(BPL) technol ogy, as will be understood by those of
ordinary skill in the art. A PLC or BPL signa
transmtted over the electrifiable 15 conductor 205
may be at a voltage of approximately 0.1 to 20 volts.
In an exenplary enbodi ment, thc voltage of the signa



20 range of approximately 2 to 20 MHz, although it

w Il be understood that frequencies up to and greater
than approximately 40 Mz may be used in conjunction
with the present invention. Additionally, as discuss

alY6Q &008/814¢T6gnal may i ncl ude an appropriate |dé’f‘ﬂr§r{qs?‘@?’°7‘”‘”

[ 002111 Accor ct of. the |
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of t hBintlanyg with eefaerat weFIG| 2, a vignad md P be wamymited osetic ﬂai Wu‘e 105
establish commu I _
conn eﬁ'?rg ane[ﬁrfurce ?ﬁfvzctetlhf Q aR%%@&Eceqﬁégé; ﬁrr% oté B&%ﬁeﬂ te central hub
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o RS ot R SRk SRR g
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L T e
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syeh asna o‘ﬂ'@ﬁf sut;lp&ei%'f' eﬁﬁlpieot@n@ bendd SRR &s¥yiel above with reference to
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enbodFieABsApn W@phﬁﬁbﬁé&fwr@ﬁ@ cgrauctors 2Py 2%?@##‘%“1“16 105 may

CoNe §Oyshl ﬁgcénﬁmﬂﬁkﬁnﬁé@lénlaﬁ AThdki énﬁﬁ:oﬂﬁﬂuntc@:e&\&lir@h the pRaRding
i nventi ons per tai.n havi ng

(g [It of ttheach N98 1 and

pr esefﬂné'&tqfﬁl%ﬂh@ﬁ‘ffwé*aaﬂ%v @%f‘o-“rl%ﬂﬁ in fidongs qT gARpEximaicly 0.1 an

assoc.avae. ddavbngs, thellhruelco bes sidal éennhmiched unce Hstzomdding

that the | t] re.not to be.limnmted. ) .
Pl PG Farte e desnbie Araret b Ry o iz, Tre i

an d Oﬁd’iﬁﬁliy]r&: eltiged perhisprases on titeeanalading eoridectrm 830, gy therefore,

W t hi co

epec e NG REOREAE orstﬁﬁ ﬁgg&g%@&ﬁ&@ @seﬁpgaﬁggg .

gener mmnam@batﬂ@s @rgnqj% @vv@wtsfeﬁh@ﬂ@ iisg 18% HﬂSr‘i’e‘tn fprlgy electrified. Similar

pur p ot%etﬁ‘e é}f)unldfng]c&ﬂhé’f&@ 22@ §2§chrz§&§141§e§mﬁs si &W&}%"ﬂ@ﬂﬂ:t&d

CLAI MVE ource device for use with el ectr| cal
f Bt Wef de reégﬁﬁqngthgzm 215 of a flat wige 145, d'be sigeal Fmvfmcated

conf i gk the trQuih @&ﬂlﬁ@t&rsbﬂ} 214 BEbed 190 VB@&@EEJgﬁiPWeC@ng&nﬂ
receive 5 an electric Rgdmonaﬁy a from%he I

si de wwéfmaé%hp &éo 3.0 vo ts e frequency ol a signd‘ commumuated
across the return conductors 210, 215 may be a frequency at or above approximately

1000 Hz. A signal may be communicated across the conductors of the flat wire 105

30 while the flat wire 105 is ctectrified. It will be appreciated that a signal may include an
appropriate identifier such as, for example, a signal header that may be utilized to
identify the signal and, therefore, prevent false trips by one or more of the safety

components of an ASD 100.
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a flat wire connection configured to connect to an

electrical flat wwre, the electrical flat wire

conprising at |east one flat electrifiable conductor,
| east one flat return conductor, and at | east

- at one
f 1% 28Rt ng conduct or arranged in a stackedCT/US2007/074247

confi io 10at. l.east qne r confl
cont P88 Ehe Koot sod ey > B chPhaN-ff Kouinatt
si gnalonduton285he thel flacvire tEl The sagnalmonm;unacmdd across the aiectrif able
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o L SRR A 503 i
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for " R SRRy e ety QLS FoSSthuf e fegfingt rhfein
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one rlgg&ﬂfve safety conponent that is utilized in the
testing of the electrical flat wre. 6. The source

devi cgo2f1] Cl Rdd¥tdng WRRERE Spddaer il mbsﬁgﬁ c@xﬂﬁuﬁx@ﬁ@ﬁd Wals
safety conponent tests the electrica

stibs eamied et p % Mate o heiceRtpigH obp ﬂfth‘éreehﬂé E’f“?f P‘i:%?Fd to

5f | atesblis® comfumidii®n S&NE&:@eﬂeééltma@fzmﬁ:leﬁédm)@ flaniyR¢ BI50 For
the at | east one reactive safety co %t co ri ses

one. GFeBPaIe gormanugreatings Sigwly Bt g SEo 5 TRigiiR{on between
Ci I Cluwio ASTL el’ﬂl}ub)sk\e&cn amASPIo0 mda dgatinaten device ll!7t or between an
conp C t, REOLSRELS

c onpo‘ﬂglgﬁ% aé’ﬁ& ogntgt 5 %U%r%éggc] d rc{r‘)ie N ﬁﬁbcon%urn%ﬁ%rysagrn s Jpay be
caipormhittcd O8r Ha élamwl@é by ésmrcceth@tfam:tt-:anmed by wcféka'emm 105
the C;{%Qérﬁmlétoua %duﬁlcﬁ%%ggﬂot%ﬁﬂdkw e&!&n@& gﬁnuﬂﬁﬁﬁms signals
proactive y conmpone isutilize

t est i may bsfirapsreitted b uaet@ltagfamwwlmml €/DB), Yih & trgnspyisgien control
devi Ge8lo1 ¢rah B a‘ﬂ&ﬁér%w?octohz% vl bé BRI lstoB By MERIEbHIMEry skill
saf ety conponent tests the eleggrical flat wWre prior

to the electrification of the electrical flat wire.
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1510. The source device of claim1l1l, wherein the |line
side wire integrity conponent is further configured to
detect an open condition in the at | east one grounding

conductor. 11.An electrical flat wre system
c SHDFIEP S a source device configured E&GTH§2007/074247

coupled. LA, ﬁd&lﬁ&%ﬂf LSRG oI A%ha F% G itdestaBRsh a connection

source gew ce co I SeS an aCtIVG Sa device_and a

fi rstbefyean i de@cqsepmﬁeﬁed boftet wirg H05d dbe F‘W&Tqﬂeﬁ expblithedmay be
COMPI o Rpofnt %@zﬁ)@&ﬁn b Rinaybd Smb 615 tARLT B6kined@idf, such as a peer-to-
an el'ectrical flat wire having a first end coupled to

t he foeprar loppl greafptwerkcopiertif®t i on and a second end

I d.flat t
PO RO iRy e Rt it e Gbeifea o iy et fort
el eg thetetn wibl |c®m€ @nﬁuﬁ to(l:lhe s]aﬂedlfueas trt @ivéhidhl thdse ingtniions pertain
ct,
o aUBE s Bl R ek n B SO ARG b e
act i \,assoslaifcdeﬂrywdlgwl 'ﬂemﬁsre otmfcn bg undetitaod that the ingemiohs aye gpt to be
Pl ur gl ¥ e %}%ﬂﬂy &#l%dﬁﬁl&%%%%@?&ﬁ a5l MhetkbatAdGridnk B e ©

power source, conduct ors conpr|5|ng
at0 | embodipess et mndccf todbins ué‘tﬂmﬁ’@t the scopn ofthepppengprtclaims.
retu r.ﬂth%@éhdsk&t: ternfSAR lpidy @@ﬁ&eu@ Ry HeQdiclh B ?enenc and descriptive
conduct or determ ne mhet er ghe plurality of

i dentﬁe#SP@’éFYé'@ﬂm&féP@C’s&?%f idtYer |y terninated at the ‘
line side input, and (iii) control the comunication
of an electrical power signal fromthe |ine side power
source to the electrical flat wire based upon the

term nati on. 12. The electrical flat wire system of
claim1l, wherein the destination device 5 further
conprises at | east one connector that is configured to
be coupled to at |east one electrical load 13. The
electrical flat wire systemclaim11l, wherein the
active safety device is further configured to nonitor
the electrical flat wire for at |east one of

msvvires, mre faults, or abnormal conditions and,
based upon the nonitoring, to control the 10

conmuni cation of the electrical power signal fromthe
i ne side power source to the electrical flat wre.

14. The electrical flat wire systemof claim 13,
wherein the active safety device is further associated
with at | east one reactive safety conponent utilized
in the nonitoring of the electrical flat wre.

1515. The electrical flat wire system of claim 14,
wherein the at | east one reactive safety conponent’
conpri ses one or nore of a group consisting of a
ground fault circuit interrupter, an arc mtigation
circuit conponent, an over-current protection safety
conmponent, and a ground current nonitoring safety
conponent. 16. The electrical flat wire system of
claim 13, wherein the active safety device is
20associated with at | east one proactive safety
conmponent utilized in the nmonitoring of the electrica
flat wire prior to the electrification of the
electrical flat wire. 17. The electrical flat wire
system of claim 16, wherein thgsat | east one proactive
safety conponent conprises a load side wire integrity
conmponent that is configured to conmuni cate at | east
one tAes®ss] gnal onto at | east one conductor of the

el ectrical flat
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25 wire, to nonitor one or nore of the other
conductors for one or nore return signals, and to
deternmine whether a mswire or wire fault exists based
upon the one or nore return signals. 18. The
electrical flat wr t | g wherein the
active safety devic:nié ﬂﬁ?ﬁﬁg#gégﬁghééped to detect
an open condition in the at |east one groundi ng
conductor. 19. A nethod for nonitoring an electrica
f.at VA Gk SN OARE B RIHERRRaOMM AR, Allflpsing:
éstination, conprising: 5connecting the g ec%rlcal
flat wiliee didd inpahcdxﬂ'gus&nluﬂownaﬂd t¢ hdindessdei prawer soyrce and receive
he elect cal Mire conprises at |east

eqeninal Dovrsrae] BORdht Biteie BrwePiiceac: one 1ot
return geNduet Mnnedih @(Snﬂg%?&f t@@@nﬂe’cﬁ% Gho4BEBA flat wire, the
conduct or arranged in a stacked configuration;
iedetridal flangira cgllnprlsulngtay l&aﬂt ¢nenféat$ﬂ@mﬂﬁﬁﬂjcmd@c®r, at least one flat

SOREEEAELS BUP P TALF Sy ERRe k8 e, RLEE LG T stk

Qagfighagdd;i fi abl e conductor, at | east one return

conductor, and at |east one woundi ng conduct or;

det er rat i¢asty onevielen wonfigieres | tareonirel, ther corprmupicatiasy of the electrical
con r ted at the source;

Ry F%&R lr?nﬂ) e Er%’?@l%%foﬁn&%ggrag&lof the electrical flat

Wi re foeoraiol |L@1&Sassﬁdii@tedf wikth driligwi sides wirel ﬂRgfrﬁyulcbﬁlponent that is
abnornmal conditions; and control]in

CORFEMFS 40 iiesmtiSr acplualibe of |C€1&1“°Bl§%\/@?30§13§?ﬁa?m¥1rtB?nl’éle side power
1§ r

%gﬁ@té thd lﬁllﬁglllt}ro nft (%bgléiﬁizttsgs %L#u;{x isirfd gt: lglr’i\ér% cﬁxleng B ézﬁﬂ% conductor, at

tlest Dmegreturﬁ @ondikveornaidhatdeast ond grqtmdmg cohductirn whessin thg line side

the one or nore conductors o %urg ZOe{Sect ric

W TGRS cgmRoReid s fiTthes &0B RBbRduET R R plorlity of

Eiﬂexﬁfﬁ%ﬁ tcbhﬁdc?(ﬁls falfeaf)ro%ﬂlﬁ terﬁf&‘i’atéd" ﬁlt tIBS Nin€ %‘iHU inﬁh{‘&ld to control the
identifying at |east one wire fault or abnorimal

cohdtion ofthoat Jsm opeieelayr basod upayothd d@tegngx,ah@h d

in response to identifying at |east one wire fault or
abnormal condition, de-

2. The source device of claim 1, wherein the at least one relay and the control unit

comprise an active safety device.

3. The source device of claim 1, wherein the control unit is further associated with
a load side wire integrity component that is configured to communicate at least one test
signal onto at least one conductor of the electrical flat wire, to monitor one or more of
the other conductors for one or more return signals, and to determine whether a miswire

or wire fault exists based upon the one or more return signals.

4, The source device of claim 1, wherein the control unit is further configured to
test the electrical flat wire for at least one of miswires, wire fauits, or abnormal
conditions and to control the actuation of the at least one relay based at least in part on

the results of the testing.
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25energi zing the electrical flat wre by ceasing the
communi cation of the electrical power signal onto the
electrical flat wire. 21. The nmethod of claim 20,
wherein identifying the abnornal condi ti on conprises
identifying a currept. si ne of .t
e ol tHa PR abvice BBt Fop bedih (R Eodrol s ifdo GRE with atleas
VMnE Sedchal sdf@ty Qbﬁtﬁbﬁént e tﬂﬂﬁE@ dete idstinge of thbeRehialflat wire.
val ue. The nmet hod of claim 20, wherein
|dent|fy|ng an abnormal condition conprises
lgdent i fyyd ggur@e Cavi é,%nt)f apals OrQhéi‘Hﬁ g &h q’eﬁi dnBaghctive safety
one groundi ng conductors of the electrical flat wre.
28mpbhent estshthe elebtrichlflah ity sublsequenhtoi the alecttificatipnaof the electrical
nor.mal condition conprises 5 identifying a current
& Pdential between one of the at |east one
el ectrifiable conductors of the electrical flat mﬁre

and one or nore of th gast, one return conduct
R Mol Getiey cavicel GF e S RERTRS et dgast 1A ffacive safety

F?:roﬁﬂ)%}r d istHbRS I?)‘Pllﬁox‘éatl)tuﬁ group 40nsisth@ HhNRGWRS fault circuit
clarm1 erein testing the one or nore conductors
Gfitetrbpter| @T Ard nattgaftioat cmmte comppnan, ay ovescurreyt tieteptian safety
or nore conductor Iectrr al flat 10 wire

Somoncy S s et PRete i Al sripdent sl tnel

onto the flat wire. 25 The nmet hod of cl ai m 24,

erei testrn t he .one re cond ctor of the
8 cct rThesourae JEviGe pEeamh rogein 56 SonhR i pesbeiing i ot least
|0%@§)§(ra%ﬂ€e LB& c§h1§81"i’ént ot & 1@1lizk€ fSthe RRENE ONAE eleRfricaf flat wire.
ectrica at wire; and 15nonitoring at | east

one of the other conductors of the electrical flat

W re e @01%@& WHeDice! W%iaim 86 whBRifGh V@ 188k &t HRMEGR safety
for use with electrical flat’ wre, conpri si ng:

apripeastt testetheadlayricd fiat gireautiardo damelerification of the electrical flat
conmuni cation of an electrical power signal froma

"% side power source associated with the active

safety device 20 onto an electrical flat wire that IS

cannec ed bet ween a e VIC nd a, destin
81 C o seutes Bater S A oW o1E TR e WG LRCrug Spmponent i

G0Rhdy c%hﬁ@hr@@ td ddidRkh 8péip&iﬂd?thﬁf in Y at!1&866ne0Buldidd conductor.
return conductor, and at |east one flat grounding

conduct or arranged in a stacked configuration; and a

Clqnt rohp Hl&bﬁncﬁloﬂgt 'vﬁfér chf 051%§P151h%ne si de power source

for mswres and to 25 control e actuation of the ]
at | eastouoreedavadeaynfigsred tatbelcoapled ity aginetsidenpawgs source, wherein

testing of .the line sid ower source rein.the . ..
HESHE Bvideiompring & SEEHED &3t afe b L Bub imination:
I dent if WsfightidnRicWica bbhyrifthg & @Behna tak wlr@saﬁﬁnato@dalm th

the line side power source, the pluralit

condu @tncﬂl@tlmhﬁﬂt wira §aving pdusitend reupledia fftr%ttﬂaé wire termination
Cogdut?:etggla% eli1] c%%P d{l tglr% sreg(g C&Hg Ll!&]txﬁlqatt ﬁ'ﬁaéleétﬁ@aqtﬂat wire

e ermning
%ﬁiﬁﬂfsﬁﬂgl dt }Iea@f ohé&l€at blfad:tﬁﬁabl@mdﬁ@b@ aalifastpdirmpﬂzitl rgturn conductor,

term nated at the |ine sjde input

and at least one flat grounding conductor arranged in a stacked configuration;

wherein the active safety device is configured to (i) identify a plurality of conductors
associated with the line side power source, the plurality of conductors comprising at
least one electrifiable conductor, at least one return conductor, and at least one

grounding conductor, (ii) determine whether the plurality of identified conductors are
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27. The active safety device of claim26, wherein the
control unit is further associated with one or nore
safety conponents that facilitate testing the
electrical flat wire for at | east one of m swres,

wire faults, or abngrmal_ conditiogns. and, controlling.
trrepealyt igeninatsd gt the, ing sidednRyt, %‘g?mwagﬁr @@d?oa%m‘fné n of an

ise%l?cg@ai e ﬁgfg,p %@g‘g fr? Ig{?’sﬁﬁf’%&rvgcﬂqsbt e 1O RS 1dhGca Bl Wie based

evi ce e at | east one
spbethe teonipati@nt conpri ses at | east one reactive
safety conponent that tests the electrical flat wire
subsequent to the electrification of the flat wre.
29, ThEhaeletbtyieals e twredggiear obfclatinal iy RHereinhtheedestindtion device
at | east one safety conponent conprises_at. |eas

dhidbRrtcomprises altgast BRHEBREIOT Hiat sicoatiguref & ke et least one

feh&h.iégilg%dpri or 10to the electrification of the fl at
W re. . The active safety device of claim 26,

wherein the control unit is further configured to

ggtngﬁg o?fﬂ%@tﬁ@alcﬁﬁd‘;vﬁé %93%1‘3 {6 34, Whekin ARCadBOYRE device is
further configured to monitor the electrical flat wire for at least one of miswires, mire
faults, or abnormal conditions and, based upon the monitoring, to control the
communication of the electrical power signal from the line side power source to the

electrical flat wire.

14. The electrical flat wire system of claim 13, wherein the active safety device is
further associated with at least one reactive safety component utilized in the monitoring

of the electrical flat wire.

15. The electrical flat wire system of claim 14, wherein the at least one reactive
safety component comprises one or more of a group consisting of a ground fault circuit
interrupter, an arc mitigation circuit component, an over-current protection safety

component, and a ground current monitoring safety component.

16. The electrical flat wire system of claim 13, wherein the active safety device is
associated with at least one proactive safety component utilized in the monitoring of the

electrical flat wire prior to the electrification of the electrical flat wire.

17. The electrical flat wire system of claim 16, wherein the at least one proactive
safety component comprises a load side wire integrity component that is configured to
communicate at least one test signal onto at least one conductor of the electrical flat
wire, to monitor one or more of the other conductors for one or more return signals, and
to determine whether a miswire or wire fault exists based upon the one or more return

signals.
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18. The electrical flat wire system of claim 11, wherein the active safety device is

further configured to detect an open condition in the at least one grounding conductor.

19. A method for monitoring an electrical flat wire terminated between a source
and a destination, comprising:

connecting the electrical flat wire between the source and the destination,
wherein the electrical flat wire comprises at least one flat electrifiable conductor, at
least one flat return conductor, and at least one flat grounding conductor arranged in a
stacked configuration;

identifying a plurality of line side conductors connected to the source opposite
the electrical flat wire, the plurality of conductors comprising at least one electrifiable
conductor, at least one return conductor, and at least one grounding conductor;

determining, whether the plurality of identified conductors are properly
terminated at the source;

testing one or more conductors of the electrical flat wire for at least one of
miswires, wire faults or abnormal conditions; and

controlling communication of an electrical power signal from a power source to
the electrical flat wire based at least in part on results of the determining and the

testing.

20. The method of claim 19, wherein testing the one or more conductors of the
electrical flat wire comprises testing the one or more conductors of an electrified flat
wire, and further comprising:

identifying at least one wire fault or abnormal condition on the one or more
conductors; and

in response to identifying at least one wire fault or abnormal condition, de-
energizing the electrical flat wire by ceasing the communication of the electrical power

signal onto the electrical flat wire.

21. The method of claim 20, wherein identifying the abnormal condition comprises
identifying a current signal on one of the at least one electrifiable conductors of the

electrical flat wire that is greater than a predetermined threshold value.
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22.  The method of claim 20, wherein identifying an abnormal condition comprises
identifying a current signal on one of the at least one grounding conductors of the

electrical flat wire.

23.  The method of claim 20, wherein identifying an abnormal condition comprises
identifying a current differential between one of the at least one electrifiable conductors
of the electrical flat wire and one or more of the at least one return conductors of the

electrical flat wire that is greater than a predetermined threshold value.

24.  The method of claim 19, wherein testing the one or more conductors of the
electrical flat wire comprising testing the one or more conductors of the electrical flat

wire prior to communicating the electrical power signal onto the flat wire.

25. The method of claim 24, wherein testing the one or more conductors of the
electrical flat wire comprises:

communicating at least one test signal onto at least one conductor of the
electrical flat wire; and

monitoring at least one of the other conductors of the electrical flat wire for a

return signal.

26. An active safety device for use with electrical flat wire, comprising:

at least one relay configured to control the communication of an electrical
power signal from a line side power source associated with the active safety device
onto an electrical flat wire that is connected between a source device and a destination
device, the electrical flat wire comprising at least one flat electrifiable conductor, at
least one flat return conductor, and at least one flat grounding conductor arranged in a
stacked configuration; and

a control unit configured to test line side power source for miswires and to
control the actuation of the at least one relay based at least in part on the testing of the
line side power source, wherein the testing of the line side power source comprises
identifying a plurality of conductors associated with the line side power source, the
plurality of conductors comprising at least one electrifiable conductor, at least one
return conductor, and at least one grounding conductor, and determining whether the

plurality of identified conductors are properly terminated at the line side input.
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27. The active safety device of claim 26, wherein the control unit is further
associated with one or more safety components that facilitate testing the electrical flat
wire for at least one of miswires, wire faults, or abnormal conditions and, controlling

the actuation of the at least one relay based at least in part on the results of the testing.

28.  The active safety device of claim 27, wherein the at least one safety component
comprises at least one reactive safety component that tests the electrical flat wire

subsequent to the electrification of the flat wire.

29. The active safety device of claim 27, wherein the at least one safety component
comprises at least one proactive safety component that tests the electrical flat wire prior

to the electrification of the flat wire.

30. The active safety device of claim 26, wherein the control unit is further

configured to detect an open condition in the at least one grounding conductor.
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