METHOD AND APPARATUS FOR DETECTI NG A FAULT IN A
NEUTRAL RETURN LI NE OF AN ELECTRI CAL NETWORK
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to nonitoring and/or detecting faults in supply lines

of an electrical power distribution network. In

particular the invention relates to detecting a fault
SUMETHOBD ANPCAPPARATYSHORMETECTINGrA EUIAT iIN A NEUTRAL
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el ectric shock to persons with a possibility of injury
or death. The electricity power supply industry
gBACKARQUNIS QnINNAENREINr et urn systemto provide a
protected path in the case of faults. Flow of current
in the systemis normally between active and neutral

I'BfiélpReseanseictmabiea® fohiteAnhg tahdidrodeteetiMg@eaults in supply
active and earth return when a fault occurs in

el'tﬂﬁspﬁfeﬁﬂ eleatiicat EaWes diﬁéibSJV@m aRtweke al’ eagtiewlanh the mvention
f oo o YAk c?i% L4, fif %L%‘H L§ .a((ﬁ]ig%ﬁtﬁ',uityrorﬁﬁ{ptela)ancé‘ irregylarity in
i'sconti nuﬁy g npedahce  irregularity intone Ci FETRY

cagugplyuindedfest eldctriotl acterk athepé at varegel pdiential andy be present
i ndi cation of danger until the second circuit (neutral
JieSEBIPgHY %380 eelopestrigeInack toergens WiBrp pessiRiliy gfnlnjury or
i gpgdance or discontinuity in a neutral line or wire

may allow current to flow between active and earth.

However, the earth return path may becone ineffective

s Blecis At sipPVandirey Snerall s ah At iumsvstem to
BroGrlel £ pFRABRGE S42h!if W 8a¥®bK AT | MEwsH cLrre®lin B Bgstem is

or the Iike. Wen a sound earth return path is not in
pherotally ateaen @elivé lapd neytredretim. hibaglystanh @owatausrent to flow

HGCRR S5t B3 PRfb e B8R bRl Blpfiy, connectea

p[@ttﬁ@ts'{ygiena_bove earth and create a danger of electric
shock to persons

Because current can flow in one of two circuits (neutral or earth), a
discontinuity or impedance irregularity in one circuit can go undetected for a
period of time without any indication of danger until the second circuit (neutral
or earth) also becomes defective.

For example, a high impedance or discontinuity in a neutral line or wire may
allow current to flow between active and earth. However, the earth return path
may become ineffective or defective over time due to a number of factors
including drying out of the soil, a faulty connection or cable damage following
work carried out on plumbing or the like. When a sound earth return path is
not in place current may flow to earth through other paths such as water pipes
and storm drains or it may not flow at all. The latter may cause a rise in
voltage potential above earth and create a danger of electric shock to persons
with a possibility of injury or death.



with a possibility of injury or death. An object of the
present invention is to at least alleviate the
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I NVENTI ON According to one aspect of the present
invention there is provided aR apparatus for detecting
a discontinuity or irregularity in a neutral return
| Amebpdct afi ted eresant ahvardiverisdo dtriedsttalieviate tthwdisadvantages of
including said neutral return line, an active |ine and
AR urn, said apparatus including: neans for
nmeasuring a voltage change associated with a
del i berate swi tching of a known inpedance in said
ePeMMABY OhelithodMVishEgieN sai d vol t age change is due
to a discontinuity or inpedance irregularity in said
neutral return line; neans for inplenenting an
aA@éHrUIn@mtcﬁ opné dgspdct YoMahs apidsehs GAVEALIW tier@l is provided an
I npedance irregularity in presence of allowable
vappaaiusnior ideterdinoradissapinyityen ireagulargy daiadneutral return line of
PASddal AR R H AR of 1 ARG TAE FRuLEF Yol e, an
rom het wor

era ons that mmc or

dativenineraid an etrthmpreiansgd iappagitl@iduyding: sai d
neutral return _line; and neans for conparing a result
ofesas cﬁorn%@@ér“'”ﬂﬂg ayaltags Ghangeecarasctabesh Mol @ sleliperate switching

| ¥l GABIWAN ed%ﬂb@ ﬁ's%E)o?I%beé'aW ﬁvorkW@W%ld voltage change

irregularit e al gorithm ma ernp
dsmdtmmdiseomimﬂny\mrrmp’ehance rrnebg,rﬂhaﬂyhrinearrﬂemﬁutml return line;
return H i ne net wor eaﬁnot I ncl ude, t

nOgers| of e'fnrﬁl?rmﬁf‘ﬁ%g i 0 rﬁ'@%rétrl?gé f8f BH¥iNGe s2ich dﬁp@ntlnurty or
SrH‘Ri?Jcbén\é@'rFr@@@larrﬁhﬁr P?és%rn%ecé’f ARy AS e SRl REbRY |F1Chom|nal supply

discrimnate a network that 1 ncludes the neutral
r\enltagﬁ Id said etantacal enaipokk tincitdingexoltage ichangee residting from

ret The reference i ncl.ude dat a
SelbioBt obftliefie A i o D& Aoy 28 tigraRhE requianty
rmtg@m Ked@gsehfh linBchhge the neutral return line. The
reference may incl ude data sanpl es obtained froma

pngaas fercampainga repdhot sridieeasindlvik 3 neéereaee taerovide an
Nfkaibn o?gglrdrljlgécﬂﬁlnwty or impedance irregularity.

The algorithm may be implemented to discriminate a network that includes the
neutral return line from a network that does not include the neutral return line
in presence of anomalies in the supply voltage. The reference may be
selected to discriminate a network that includes the neutral return line from a
network that does not include the neutral return line. The reference may
include data samples obtained from a plurality of sites when the network does
not include the neutral return line. The reference may include data samples
obtained from a plurality of sites when the network does include the neutral

return line.

The apparatus may include means for measuring the voltage change in the
network including voltage change that results from random or natural switching
of impedances in the network. The apparatus may include means for



The apparatus may include neans for neasuring the
vol tage change in the network including voltage change
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i npedances in the network. The apparatus may include

means formeasuring the voltage change in the network

i ncl udi ng vol tage change that results fromthe

dekaberirad ¢he wottape rahaoteainkihewnetwaple daciodingnvdltage change that

network. Th s for measurin i ncl ude an .anal o
esiTg o 1o MFLPBEHS S AL AL & BrowBriaecagoRy e Hetwork
| o
e R R TRRERERT 3Py 3dude FTERMIGNCL Plofel Bender. The
i mebng éoracorapaliing anidcudeva stialopadcassonadd@ memory for storing

electrical .signal. According tg a.further aspec f ,

i petliady Wi s B e bRl RelucRorn avdible
dgi @6t ViBUalealgirs @ABEdrHH élécRical sSigagul arity in a neutral
return line of an electrical power distribution

network including said neutral return line, an active

'Aé‘c%raf?] e rmerr% c'?’ofsfhied Fg‘astelﬁ?gn\i/é}ﬂ?lﬁgm@é is provided a

nmeasurl gg a Vvo gage cé%nge a3380| ated w

dektHuer il elessudtingha acohtiruitneminrdgueitdaire e risut@irsturn line of an
el ectrical network wherein said voltage change i s due

t@Jealrigakrme ?ﬂétrwtieﬂ_ﬁ%@@d%'édi%%@ |n§mreyrthnslmed an active
n %ﬁ’ég ah %‘aWhW.egjrgeéaib’ﬁ%t%ﬁﬁ‘ﬁélﬂ&ingﬂ al gorithmfor
identifying sai iscontinurty or Fnpedance

i meaguiireg atwltage phasgaassofiatdd wilalbl delibaratatsvotchirignof a known

s EudB TS S HE BB o 0
ORBEGHHIRMS dr MAbeAhMALirRigUM iR s SbSemtal PRtLEYIir;

i rpedance’irregularity i'n said neutral return line;
amplewaspting ran algedom fof identdyingasaidi digcantimuity or impedance

r.efer%.e.togrovidegagingicati. n of . said. | It i
dT"SBYRYOA N 7o BE SRRLEDIS, VRIGHAR: 1) Noie! jsRply,voltage to
| SBi@NElied AN SIRbEC tinAubingC ¥Blthgel EharRfes MPQARNSE Srom network
irregularity in a neutral return line or wwre or earth .
reperaHopathatl mimic i dydata disoentinuly oreiynrraasee ifrpeularity in said

%eﬁﬁ%ﬂ%f&%w .Oénd rregularity at a consuner site. The
present Hhventi BN may detect the discontinuity or
| scorepaviey atrgsbly ofreaidt measgirmnditara reference to provide an indication

of said discontinuity or impedance irregularity.

The present invention may detect a discontinuity or impedance irregularity in a
neutral return line or wire or earth return path. The present invention may
detect the discontinuity or irregularity at a consumer site. The present
invention may detect the discontinuity or irregularity by monitoring and/or
measuring a voltage change or drop in an electrical circuit associated with the
network. The voltage change or drop may be associated with a deliberate
switching of a known impedance in the electrical circuit. The voltage change
or drop may be caused by a discontinuity and/or impedance irregularity in the
neutral return line. The present invention may include an algorithm which can
identify a discontinuity or impedance irregularity in the neutral return line. The

algorithm may distinguish allowable variations in “nominal supply voltage” as



measuring a voltage change or drop in an electrical
circuit associated with the network. The voltage
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swi tching of a known i npedance in the electrical

circuit. The voltage change ord drop may be caused by a

di scontinuity and/ or inpedance irregularity in the

neell rad vokage rchanges iMblidpTe Stas, | sagsntspikesyagtci ratiribdeable to
an g&ﬁgo“thﬂ%’MI ch. can identify a discontinuit

ORI ISy tah Tk SHOGE MBS Gt URIRe  AScopguity or
Irg%dahemﬂgg%flghts/t.h e8! g ltral r'eﬂ]Wﬁthn%. variations in

m nal y vol tage” aswell as voltage changes
i ncludi ng steps, sags, spikes, etc. attributable to

Ol Rlee LB eS8, PSS, AR TS, A, Speeingsts o

nSltiriakl Eieduisnthht a@veIEb%parsb@ﬁImm Vopreiridgefarg imel Hlelﬁl%l line or
physi cal di mensions and characteristics of el ectri cal

cvireunay difiert fraevéase Brasest dmtaleirieyl eircuitsr guirgiain y@n intact

| I ne or wwire may differ fromthose
H%@@n%%ﬁ?e "Léctrl cal circuits that retain an intact

neutral line or wire. Gven a stable supply voltage,

an expected vol tage change or drop in a circuit may
depsnd é\%?@n'ﬁ sepplyyoiagepal &P‘P@?teﬂﬁ*@étégﬁé@%gﬁ Gr H3I§0p in a circuit

(e Shnent TRArSa R nd SRIRY L ProeB p L eyl Fappcance o

otIheaneImtsa:Iowtrenmtmryl and impedarme iof raa'glelaethi tetuim patte Under a

neut . al t he expected voltage c e.or dro y .
M@Iﬂp ot ﬁasﬂ'.swnw Dhe FapsransR” P Y 1R g egionire, the
I I e r

th nin gﬁﬁl nt \ggtbh gﬁ?ﬁg’? cg]sged I\/basupgﬁieaynltwgﬁ%g value of the
cértifyeetorn patpinpedance ansl wilggenessily tientensarably greatesethan in
in in%e[dan e, |Cnea network may be used to indicate a

(AT ﬂ/%? i mpedance irregularity in a supply
line of an electrical power distribution network.
Measur abl e vol tage changes or drops may result from
ndeasaemenscfud ﬁ%ﬂ@gfﬁ A dBaP SN linehveltpgst rasypisgafiedsa change in

lLe r I
e PR R BEbi Dok 8 Bte £l r mecanco
erregurarigal innet \mpbly line of an electrical power distribution network.
Measurable voltage changes or drops may result from naturally occurring
random switching of impedances within an electrical network, or may result

from deliberate or planned switching of impedance in an electrical network.

As the impedance of a neutral return line or wire is generally less than that of
an earth return path, presence of a voltage potential under conditions of high
earth return impedance may result in a danger of electric shock to persons with
a possibility of injury or death. The latter situation may be detected by
comparing a voltage change or drop for a given impedance to a reference.
The reference may represent a voltage change or drop that would be expected
when the neutral return line is intact or unbroken, or when the neutral return

line is unbroken but has an impedance irregularity.



As the inpedance of a neutral return line or wire is
generally less than that of an earth return path,
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high earth return i npedance may result in a danger of

el ectric shock to persons with a possibility of injury

or death. The latter situation nay be detected by

c bimp guresgnta inv@ntiag einchalege apparchtop foordedegtingera discontinuity or
i.nIped nce.to a r%f rence. Tge r.efrerenceégaé repr esent

AreEHAIGe I Ra APl ringr B annglectiisal aower Skl wgdwork.  The
tScAtHLAR! of Qhrebiiality Snby bat GebeRt aHyRHEKS betdeehh &N suppl
t(ﬂecneutrlgl Oretrug’nﬁli)nne ?Z unb@%kgn tﬁﬂl‘? has ane © SUPPYY
i npeslameer iancequl Roint yof Thenpeaioantofi theerappamatusc tadde power
apparat.us for detecting a,discontinuit r

PREERNAR refrotk” S BPa A B ba el s asenpeigiapparatus
dhsd el metmbskat Ahwndbaienniddatbh sueh as a General Purpose
irregularity nmay be present anywhere between a suppl

t QHHEY CrneY Answitchhsiend asfit cdmh et asaociated oy iapasateduwith the
t F Al St I I T :
SEPOn G RIGIndeaublrash el 9 8 sooRaa &) Sheditly service
pprewidees at a convenient |ocation such as a General
Pur pose Qutlet (GPO) or switchboard or it may be
associated or integrated with the GPO or netering

i [,8S I r i Sy
ST PRIl By | 6 acRbiad o AL RRTA|C Yeiibdt] SiblA Haing an
dinfdot mentrahtetuirelings eandt circuiist saviag iandisaontimiityadr irregularity in a
neutral ret l1rn ”TFe' and circuits havi ng % . .
AIEEGhIPIIN ) Cor NP rARRA AP P13y INGAMEE T & aF‘@?Lﬂrn?'rOp in a line
ldiRge TREURRRATBHIS, ERANJEFS YrPeBaRb@RAiQT arflleRRtiidhl network.

line“voltage resulting frToma change in inpedance
w hércharge ef distpr incalltagetaay ke Ubied tohagigateor change imimpedance

w6 48R oS O G35 BOGPR, | Tob REAENES vorage
neHamyels. or ldvepsBAgy F&sLivRbinagRderB@RehiAY dlliPRedERYes produced
result fromrandom sw tching of inpedances produced

vvithinrihe iptecitieal netwark, aemayriesuls frorngeliasate o plapned switching
del.i.her ' [ [ nce by the

3 irPraReo BY 4fe 0BG LT et e ERRT T Ci )

di stribution supply networks generally provide
electricity at a defined , . ,
Electricity distribution supply networks generally provide electricity at a defined
‘nominal supply voltage” that may vary between allowable high and low
bounds. In addition to these allowable variations in “nominal supply voltage”
are voltage changes, (steps, sags, spikes, etc.) resulting from normal network
operations. These include voltage rises or drops due to various factors
including loads imposed on the local or distribution network, overloading of

transformers, switching, lightning strikes, re-closer operation, etc.

As naturally occurring voltage sags and spikes in a supply voltage can result in
voltage drops or rises that may mimic or hide a discontinuity or impedance
irregularity in a neutral supply line, the apparatus may include an algorithm that
may minimise impact of such anomalous events on reliable detection of the

discontinuity or impedance irregularity in the neutral supply line. Thus the



"nom nal supply voltage" that may vary between
al |l owabl e high and | ow bounds. In addition to these
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vol t age changes, (steps, sags, spikes, etc.) resulting
from normal network operation®. These include voltage

rises or drops due to various factors including | oads

| aposiadh omayheallboc &br oidedtificatiobutaform raé$cumtikuity or impedance
Qverlggding of transforpers, smﬁtchin%, Ihghtningu
SHTEOREXTY {Nea BPYERl SURRbY i BRICTRROMAOUR yOirge conditions.
occurring voltage sags and spikes in a supply voltage

can result in voltage drops or rises that may mmc or

hT ke agpdiatge mayn indydeo mdanseslanic as ianr agdibker ot yisual signal or an

"SH0 30 R BRL B R AR BB B BB Bt gl retu
aRNGSWIRE i) taibR &alseehiimityodr itleguiiigeont i nuity or

i npedance irregularity in the neutral supply |ine.

Thus theal gorithmmay allow for identification of a

RO R B RE AR ST PRI Y]y 8 Hpgrons v

afereatyso fRyacdurhpaleyingansviags vraseian audi bl e or
visual signal or an alarmto communicate to the
consuner and/or a third party that a neutral return

G L ahots £ RAEEG A AnPoce BEAOH it io@liaton:

i nvention will now be described with reference to the
: [ d i wh in, Fig. 1 sh

e BB B A RRactSR 8 Ll deaSIER o ot o

Fig. 2 shows a sinplified diagramof a faulty

installation; Fig. 3 shows a representation of a |ocal
neigwSr &howis |audeprgsamtation safta hecal rgtwordt inaludingegn Fitget neutral
4r hrog/s a representation of a |ocal network including
A8t i nuous neutral return line; Fi g. 5 shows a
representation of normal variations in "nom nal

vol tage" including randomy occurring voltage sags and
spigk&s shewvg . a gepieseBtadiopl @fcR laralghaiwask inglugingapatiggontinuous

f 8P T Rge @ di scontinuity in

Fig. 5 shows a representation of normal variations in “nominal voltage”

including randomly occurring voltage sags and spikes;

Fig. 6 shows a block diagram of an apparatus for detecting a discontinuity in
an electrical power distribution system;

Fig. 7 shows a block diagram of one form of apparatus according to the

present invention;

Fig. 8 shows a flow diagram of one form of active voltage test and passive

voltage test;

Fig. 9 shows a sub-process for a self check;



an electrical power distribution system Fig. 7 shows
a bl ock diagram of one form of apparatus according to
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one formof active voltage test and passive voltage
test; Fig. 9 shows a sub-procéss for a self check;Fig.
10 shows a sub-process for an active voltage test;
Fig. 11 shows a sub-process for a passive voltage

test, Figs. 123 and 12h show a schenmatic, di agram of
oFi: 10hBBe SihPHcssSdecah Arhys Vo bR tcsk es o
invention; Fig. 13 shows a flow diagram of an
algorithmfor main systemcontrol; Fig. 1l4a shows a
f Figw! tlishgwara sfb-aroceisgdoi 2 passive veligyatestcriti cal
functions; Fig. 14b shows a flow di agram of an

al gorithmfor 250nS non-critical functions; Fig. 1l5a

shigus 12af haw MERERN & sehémait dabfarefoffBnal @pm bhmMpparatus
for 1 second noncritical functions; Fig. 15b shows a

faeeRrdingde de presens syentomal f of the al gorithmfor 1
second non-critical functions; Fig. 16 shows a flow
di agram of an algorithmfor hardware initialisation in

aRigM B stowget fiew disgtdhesf dn gigofithrs fiewaam $ystemdioagiogm
of an algorithmfor software initialisation in the AD

converter nodule; and Fig. 18 shows a flow di agram of
fenctj f.Ql | ' e s
5 gk o M RP QoA RSBl fgions
of a domestic electrical power supply installation

i ncl udi ng overhead. transm ssion.lin between hou .
G0 SR BT Giad R AgRrithsn forr b0 fiar cteghnctions:
has an intact neutral return |line 13 between house 11

and distribution transforner 12.Fig. 2 shows the sane
doiged ba shpwser flewppagranmeft alfiratt halhof aelalghiritgmafobriesgcond non-

1c,é'ritical functions;

Fig. 15b shows a flow diagram of a second half of the algorithm for 1 second

non-critical functions;

Fig. 16 shows a flow diagram of an algorithm for hardware initialisation in an

A/D converter module;

Fig. 17 shows a flow diagram of an algorithm for software initialisation in the

A/D converter module; and

Fig. 18 shows a flow diagram of functions following completion of an analogue

to digital conversion.

Fig. 1 shows a simplified example of a domestic electrical power supply
installation including overhead transmission line 10 between house 11 and
distribution transformer 12. The installation has an intact neutral return line 13

between house 11 and distribution transformer 12.



in the neutral return [ine 13 to house 11. In this
case the earth and the waterpi pe bond forma secondary
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next door and/or with an earth return connection of
distribution transformer 12. K g. 3 shows a
representation of a local network 40 including a
plurality of naturally switched | oads Zu, ZL2, ZL3
ctive line 4 1 and [

connect ed bet ween neut r al e 42,
Ei008 ahou P sante Butoste REBR SHEPH DT FUALATY neLidio.A reak 14
lihnge el F@tﬂﬁfjlirﬁ)?/ 1 BQ{)trﬁ%ewﬁkaﬁWcéthé’éﬂth and the water-

network and total |ocal networ npedance. Assum ng

tpipe hang tosmt a slecbindary4corinection awth theeneiralagangction of house
sured across the |ocal, network equals the activ

ST DY Gt A R A S8 AR EonBEMRIST ot dirEilinY Sransformer

sppr ce i npedance associated with active line 4 1,

i npedance Z N represents the inpedance associated with

neutral line 42, while local earth inpedance is

8L S5 ALGE oG h 50 S5 00 b g LB 2By

| marecycesitaed wadsa® (P )) Zhecorigicted beatesm aktivee line 41 and
and earth return remain intact. The difference between

i PR ABesAZN Aningay EulTeny bn B WS (Bptwaem the Active andshgyteal lines
, . . . q

RIoBInERCRY G Ve oraqs” i ocel A0 BRE ARG ol notwork
dimpsaiaincaui tAssti@ning thamt thal neatral inki 48 #2.intact the voltage V;
Discontinuity 43 ma ive rise to ,a change in soyrce

| MR BadiEcRTeSs 76 Riph RO SAHIS s 3RBYE PPy Voltage V. The
Sinttifanea . -repiRehfCie &iﬂré@ﬂﬁ\}%éd’aﬁ@"éiéo%%ed hWAHeAEtVE line 41,
i npedance ZE causi ng vol tage to rise above the

neradaince iznerepot sende thauvhpedaxce\asseciabed Bith rexirak ligel 42, while

Fdh o PRI R R ) 20588 gl RE R rougr
gsﬁﬁ)edaﬁcéb“ Zlard ZR)daseMuddrZinsirretativel imp@dahcédtsodbng as both
the neutral return line, and earth return remain intact. The difference between
impedances Zy and Zg is generally such that it results in preferential current
flowing through impedance Zy.

Fig. 4 shows local network 40 of Fig 3 including a discontinuity 43 in neutral
return line 42. Discontinuity 43 may give rise to a change in source impedance
Zs although the change may not be significant. The local current 15 now flows
via earth impedance Zg causing voltage V. to rise above the neutral line

voltage such that
Vg = Vo [ZE/ (ZE + ZN + Z|_+ Zs)]
This causes a drop in voltage V1 across the local network such that

V1 = VO - V2
=Vo—-Vo [ZE/ (ZE +In+ 2+ ZS)]



Therefore in the event of discontinuity 43 in the
neutral return line 42, the voltage V1 across the
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since (ZN + Zs) | (ZE+ Z N+ Z L + Zs) is less than
1. This drop in local voltage%1 may be detected by
conparing V1 to a reference or standard voltage to

provi de Var{ (e iZgpt (Zxw Bf+ e Bi)pconti nuity or an
i npedance irregularity in neutral return line 42. Fig.
5 provides an exanple of |ine voltage variations that

MRYerRforBiRSHRL eléhtlof H@cﬁﬁﬁmﬂgﬁ%rihpﬁie Aegiral Rib#rPIne 42, the
network. The variations include variations In "nom nal
supisigg Volcmgs"thandcalonetagek daingdess sharh thes lisg epdage Vo since

sags, ,spj kes, etc., d t o, nar.nal _network operations,

Bt it ZageZr gt HISESIER daddhs e BEoRH Pltae v may
| 56 albteRdted! b tdonidringnv e WaelfereRyE bl eaMidaed 9bltage to provide an
transforners, switching, lightning strikes, re-closer

dpdicatipn ®$ thediscomirpityporstibimpedaytecisisgutarityingedtralgeturn line
0 form of apparatus for detecting a discontinuity or

i npedance irregularity in an electrical power

di stribution system The apparatus includes sw tchable

i npedance, bl ock 60 for applying an inpedance to a line

Voot aduox¥igepIan exaprgRidEenYJtages ariaionsdBat maxre pesent in a
| . i i - af i an t oJ| A . .

BlseP et HEMO oo TR S Vel aftafiris dhdtude varations i

I ‘momidasswuply agéagehdnti voliagg emzhgesasuctemsnstepsosfigs spikes,

1 .including a ans for conditioni t he mai ns i nput

VRIFt 948 i A REINGHR PBRIF I NG diltEge JapaeLe to loads

firiPsen BRakOthdant & RidtiBidcH TRRDASEBYEHdRIMPYofUsiaR8formers,

an analog to digital converter. The apparatus includes

ndwitahin@ digbtong shrikesermelpser opdkragans.atccontrol | i ng

i npedance bl ock 60 and vol tage conditioning and

nmeasurenent block 6 1 and for determ ning and/or

cpiaf br sAdVes whedritRiptldIdihgriaen \belonegrsusPhppdrastusifor detecting a
discontinuity or irregularity in a neutral line or

v@lﬁ@Qnﬂrﬁwlta{ppérlﬁtR@Qainﬁ@I ieRSIIHRY alidias) elegttcalr pewwer adistribution
Séy%?@rh ofh@'a%bg}aqg?s'iﬁ)cludes switchable impedance block 60 for applying
an impedance to a line voltage supply. Impedance block 60 includes means
for controlled switching of impedance to a circuit associated with the line

voltage supply.

The apparatus includes voltage conditioning and measurement block 61
including a means for conditioning the mains input voltage and means for
converting the voltage input from an analog into a digital representation by
using an analog to digital converter.

The apparatus includes microprocessor and memory block 62 for controlling
impedance block 60 and voltage conditioning and measurement block 61 and
for determining and/or confirming whether the line voltage supply has a

discontinuity or irregularity in a neutral line or wire.



communi cate to a consuner and/or a third party that a
neutral return line or wwre may contain a

wal@eonedphui ty or irregularity. Fig. 7 shows aPi/atke08/001372
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di agram of one form of apparatus for detecting a fault

in a neutral return line. Thel@pparatus includes a

sw tchabl e i npedance nodule 70 including a relay

cbims r appardiuse ncudes amd audidéet age/or visual signal or alarm 63 to

conditionin%/neasurenent dule.7 1 including one or .
RATBTYNICHE 13 5 SRTHMET SAYChAEIT BAYY dralnd I BUT] g line or
awfré"rﬁa))/\@d/rﬁafneéﬁlsfcbﬁfi%@glgor?grégbh?igﬁ.l seal er. The

appar at’'us i ncl udes an I gital converter nodul e
72 including an ADC converter for outputting average

e $Ppus HbReR 2rag AN R & Anrittafts ob 8eBETRE Kfpuitin a
| @rsttal 3E@rY Ahé 2T e &IFpal &8s liftlddle S Isitchablé iggellance module 70
subsequent vol tage nmeasurenment noving previously

sineluginonBasiaye pemralesheesistep and a iveltage opndifiesingimeagerement
' d
LTI RBPTRIE S 15 Q0B hAaleh BRI 1 more

niildus e a7l welve destifidgandt Ankolfage scdlduct Ty apassanie includes
and active voltage tests as described bel ow.
MR O ot rdigitalr CRBYRNEY TA0qWHE er Radteduding cABJ ARlfdi eprverter for

3(?\% Mitiﬁﬁaa#vez%@% Lﬂt?@%ﬁj LBitdges. Frée v%,t?@@é"%r@op@‘f"to memory data

ram o conducti ng voltage tes
i archy doayles 7ap MedopDarrsy epoduld 783nstbredest laast 300 voltage entries
start - uP/seI.f check@gb-grocess and is illustrated ,
fi0r 8h e Th Yiting Saeh (SUBPEAUCHT ¥aliape NgasugeIgNt MQving pEgviously
a8t MM HEReAR 854 Is¥&n M 998 IdrRfY. S tePYAERRS measurements in
ilTustrated further 1n Fig. 10. Step 86 I ncludes a
passiory aslayonodim Sudreppansesidoinmictarondioder Moduleer4 ian required.

Haa. 11 f ' Fig., 10 act | I i.thm for.
duleconipTar gpaRdR 78 ioBicetnpRond S e Rbrh i sive and
S4@R%: vokaghBrasisr & bbs&ibed bae®. amtraysitedier dYedul@ 74 interfaces
first defined interval, i.e. V1 over Tl (step 83a). 2.

daiahed audible@nd vigerl @re) meduie €oit (step 83b), and

nmeasure |ine voltage and

Fig. 8 shows a flow diagram of steps for conducting voltage tests including
steps 80-90. Step 81 includes a start-up/self check sub-process and is
illustrated further in Fig. 9 (refer steps 81ato 81e). Steps 83 and 89 include an
active algorithm sub-process illustrated further in Fig. 10. Step 86 includes a
passive algorithm sub-process illustrated further in Fig. 11.

Referring to Fig. 10 an active algorithm for detecting a broken neutral may
include the following steps:

1. Measure line voltage and average over a first defined interval, i.e. V4 over T,
(step 83a).

2. Switch a known impedance in circuit (step 83b), and measure line voltage and
average over a second defined interval while the known impedance is in

circuit, i.e. V, over T, (step 83c).
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average over a second defined interval while the known
i npedance is in circuit, i.e. V2 over T2 (step 83c). 3.

w@EMowonedhe known i npedance out of circuit (stR@EI/8820008/001372

and neasure |line voltage and average over a third

defined interval, i.e. V3 ovelt1T3 (step 83e). 4.
Det erm ne average step voltage resulting from having
known i npedance switched into circuit, i.e. V2 - ((\/

+\/3)/&): (S . am.cal | dj st e .
Vol Chgeicts HEE KR impendia L 6 RIS 58 and measure ine
((V1+\B)iage Aadavdrage beersttbipd vefineddatenal, cal & @ar iTs (step 83e).
greater than the adjusted reference step voltage

expected when the neutral return line is unbroken, the
neudr dDetestioe naverage iskepeveoltage tasolieg foom i vingb kodwen impedance
but hag,. apl.y. high | p 83g). 6. As

nor mal y'{égg%&?@%lﬁcg“tvb%?t\ggék@gggﬁgzﬁeéé?@es can result

in step voltages that either hide a broken neutral

condi thon, .. r I may mmc a

br o%énbﬁ%m'(?%ly%g@%é% S(\)/ﬁﬁa eré%\y\é@%%zgédr%b’ral IS not

br okene. Yhe 6ih@V e WE2)1230y be repeated in a series of

si ngl i ttﬁéc'ts?ept %I{elg%aﬁlaﬁ%t?es Ns ygéﬁgp tI‘Hﬁd tﬁeugpj'ugfegnltelféfence step
far apart so'that “naturally occurring anomal"ous

vol t agedtage enpectecegbbn theyneuttdh eetufralirseispobrakenether neutral return
fal se ' lts. 1§ test.

seri o BrE SItkE PSRN & ikl buEEE B8ty fmoecance (tep
condi t83y), the test series may be repeated D nunber of
times after a defined tine period has el apsed. If X

out of D nunber of test series indicates a broken

neuBr ahs oondilly icoeyrrindhevitagiegags and Ispiskeoamessult & step voltages that

diti. _. . o

cnt 108 o &trofBinglfial 4 A5 PS: S50 BEEVDRGERE may mimic

be undebtakkemeupraircotdition @ven auhiengpneutrat esedt, bralenh, the single test
f I I ' ' I f

(st op By be” ards SRl Y QREVDE SR Nel B Rap Bl ehflon anc

upon tsuffgigntly ffao ap@asei thet batokadly aveutringl anoorsldusr veitges do not

routi nr%@&l) in(glfhgpfa‘cigs% ﬁosﬁivg'orzl?’alse negative results. If the average of a test
series of single tests indicates a broken neutral condition, the test series may
be repeated D number of times after a defined time period has elapsed. If X
out of D number of test series indicates a broken neutral condition, then signal
a broken neutral condition signal may be triggered and alarm latched until
reset (steps 83h, 83i, 83j).

7. Active test may be undertaken upon device start-up or reset, and preferably at
regularly occurring intervals thereafter (step 81 — Fig. 8).

8. Active test may be undertaken upon trigger from Passive broken neutral
monitoring routine(s) (step 89 — Fig. 8).

Active test variables may include:

Voltage Measurement Interval T = variable with initial value of 1 seconds
Time between single tests T, = variable with initial value of 10 seconds
Number of single tests N, = variable with initial value of 6
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Active test variables may include: Voltage Measurenent
Interval T = variable with initial value of 1 seconds

waepee/obediveen single tests Ti = variabl e wi t h PEi/AU2108/001372

val ue of 10 seconds Nunber of single tests N =
variable with initial value of26Ti me between test

series Ts = variable with initial value of 30 seconds
Nunber of test series N3 = variable with initial value
ofin@ Weitwedruldstapriesi ti al t eBd 3 vadiabisewitohitpbelte 0i8d gbnds
sumbagr diifest sed@s abl e wi t h Na+ vagdble ait@itall v@ue of 3 (including
(including to signal brokenitingastyal initial test) Tine
bet ween routine Active TR = variable with initial
vidlimeerfa posided ieasaies Test sNb= vatalewitiCinittal ealbe 8t & pncluding
Coaignal Mokerageutvdl = var i ablieitiaitest) i ni tial val ue of -

1.0 Volts Referring to Fig. 11, a passive algorithm

f Gmedetveedn nogtie Aetoken neutqr alarfaoeswith#inttial vaye fonddstidg of
thest§ ol | owi ng steps: 1. Conmimubesusly neasure |ine
volittcabsteprithange Vatjggeover aVgdeiamadde wilh enitizhvalué ob-1.¥Yolts
over Tl (step 86a). 2. Store neasured voltages (step

I

By ¢ BT B8Ot B st
bials éficl gl tHedollBathgosieps det ect ed (st eps 86b, 86¢). 4.
Trigger Active test (step 86¢). 5. If Active test
signals a broken neutral, then latch alarmuntil reset

t
gsbﬁgk%%ntmuguﬁy surlglln%t/%@.p 'a\ﬁ éﬁ)/gﬁgg Qgﬁ%agﬁenseﬁ'ngt@ﬂ)al i.e. V,
passi ve t est] assi ve test # 1 variables may

I Vi I TA 1 = bl
W B TP @FW?% R B 1 el Pasel ve Upper
Vol 5age 4 Wtaged WitaGo! SveMal dbihgd fntétal e H6ov&ior BERWR bt fhed

voltage, potential of a broken neutral has been detected (steps 86b, 86c¢).
4. Trigger Active test (step 86c¢).

5. If Active test signals a broken neutral, then latch alarm until reset
(step 90 — Fig. 8).

6. If Active test does not signal a broken neutral, wait a defined period and
resume passive testing.

Passive test #1 variables may include:

Voltage Averaging Interval Tas = variable with initial value of 5 seconds
Critical Passive Upper Voltage Vy = variable with initial value of 275 Volts
(RMS)

Critical Passive Lower Voltage VL = variable with initial value of 200 Volts
(RMS)

Time between Failed Active and Tgr = variable with initial value of 2
resumption of Passive Tests minutes

A passive algorithm for detecting a broken neutral (test #2) may include the
following steps:

1. Continuously measure line voltage and average over a defined interval, i.e. V,
over T, (step 86a).

2. Store measured voltages (step 86a).



(RV5) Critical Passive Lower Voltage VL = variable
with initial value of 200 Volts (RMS) Tine between
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2 resunption of Passive Tests minutes A passive

al gorithmfor detecting a brokén neutral (test #2) may
include the follow ng steps: 1. Continuously neasure

I i n8. vibhvexggechvuitageeoay @ defived mtated|ianedelowttles prlvious defined
V1 oventeival by belefid&hyaltage, Sttop eharergotadialotdsakldjpg from a broken
(st ep r86drpl Bas hdenaletechepetops|86hg@te).over a defi ned
interval are below the previous defined interval by a
def Unetriggel Aetiye, test (stepB6change potentially resulting
froma broken neutral has been detected (steps 86b,

86¢cp. M AcTivel tggiesignatsta brekemreseéut(aditeen BBh)alark until redet i ve

t est sistppedOs- Bigb8)ken neutral, then latch alarmuntil
reset (step 90 - Fig. 8). 6. If Active test does not

si glal If Activegkgore not signal wdireken reefrainwedit petefioed peribd and

r esunerepass passiveetiingy. Passi ve test #2 vari abl es may

i ncl ude: Voltage Averaging Interval TA2 = variable

ith.initial val of 20 seconds Critical Passive Step
VoRsSiYR b A2 VEaRblas BaRindUds 1 i al val e of -20 Vol ts
Ti me between Failed Active TR = variable with initial
val ue of 2 mnutes and resunpti on of Passive Tests
#V@J_@.gefgar_a@ﬂw IRV how a s-E°hérf@f_'?*é'ed‘f!tﬂg'ﬂ!&%véfuec%30136?%0'3
o@_”@ﬁb@@%ﬂ@ss_t%lvolﬁ%eecti ngVm =fVa{iflple withanitid yalug|of rzd Yelis
IT'H‘@.beT‘M%erh'ﬁ%'ﬁ%’tcﬂ‘ée i ncl ug'@?f &aﬁtﬁﬂ%\”'t@ lﬁ‘ﬁl@i yalti%fﬁ IS

pRB\eaesris\ePassive dgeifat i on of mi croprocessor 12 1,
alarmlights 122 and audi bl e alarm 123. M cropr ocessor

1Rigd. 7By A hBEesW QY ESfematic diagram of one form of apparatus for
detecting a fault in a neutral return line. The apparatus includes a power
supply 120, which provides power for operation of microprocessor 121, alarm
lights 122 and audible alarm 123. Microprocessor 121 may include a device
type MSP430F133 manufactured by Texas Instruments. The apparatus
includes switchable impedance 124 consisting of power resistors R10, R11,
R26, and R27 switched by means of triac T1 under control of microprocessor
121. Switchable impedance 124 may have a value of substantially 220 ohms.
Microprocessor 121 includes a software implementation of an algorithm as
described below. Microprocessor 121 measures line voltage by means of an
inbuilt analog to digital converter, controls operation of switchable impedance
124 via triac T1, and controls operation of alarm lights 122 and audible alarm

123 as required.

Figs. 13 to 18 show flow diagrams of the associated device algorithm for
detecting a discontinuity or impedance irregularity in a neutral return line or

wire or earth return path.

Fig. 13 shows an algorithm for main system control including hardware
initialization routines 130, software initialization routines 131 and main loop



type MSP430F1 33 manufactured by Texas Instrunents.
The apparatus includes sw tchabl e i npedance 124

w@ongiaephg of power resistors R 10, R 1 1, RZBCT/ANzh08/001372
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R27 switched by neans of triac T 1 under control of

m croprocessor 12 1. Switchabl€ inpedance 124 may have

a val ue of substantially 220 ohns. M croprocessor 12 1

| foottiches 182 s ofiaimatoop fupicéomsn t13Ri iooludt am 8ah$jmdntd:nncas periodic

descrl bed bel ow. cro rocessor res i
iRy Bloarthms %4? |”ﬁ18 \fergrémé %ratt%gi ¥ Fig. 14a, a

Cﬁb’rﬁstrﬁfn ez b@hédl@ﬁ@h&ﬁdrﬁn brithh t1 Qﬁgi‘nérﬁ)n‘n@a%aé% 250mS

124 via triac 1, contro operati of alarm
lintgival apd rhluatratedl hﬂ eFlgl ardip, 1@31 @ ¥ expwionddnofrogsicall periodic

18 show f. d d
P fenmbru e dliSaTeT n GO TS5a0Y Br | mpedance
irregul arity |n a neutral return line or wire or earth

return path. 2 13 shows an algorithmfor main
@

s@@ieémgsé%ﬁ@l 1#acthedBmp ﬁanmpal fusictions iakgaritbm 133 performs
t {
BT ot G0 p0 A 35 48s L 28, O BRG] ot fr

| dvadry@en Syt Beformeda Goltaye aheawweméhcwfth nied triEesoff for 100mS and
al gorithm 133 perfornmed ever and illustrated in

Hngn mheraWE@@StWﬁi‘no'&lf@rt 1@&’[”%@“@‘8@11 Oy tbeowih the triac off
[ r 2 t a

TR LA PEThe O oo e Sy A Bl Bgtlert 2 groduce an

pavrarage asf am:thennﬁf alliggest hivadlB fnedduneseat ethrisnatFageains zero

15a and 15b. Referring to Fig. 14a, the 8nS

ndRSePPti cal functions al gorithm 133 perfornms detail ed

control of triac T 1 (refer Fig. 12b) during an active

test. Called for every 8nf5, it perforns a voltage

niseteurrgrenmEigwil ¢h, thee23Gmamoot¢ritfcat fumt'm& atgorithrer 34 starts A/D

FRotAEPIel; dtreddiE 25D il alhsi BT B “AyHERE 1Rty of riac gate

vellseges are all added together to produce an aver age
as are the off voltages. Each neasurenent starts at a
mai ns zero crossing. Referring to Fig. 14b, the 25(0nS

nﬁ@fe?rriﬁé it& %igé.uﬂ% iaﬂ851§6 4% i1t Eé%o]n?ad'néﬁ-%miéawu?ctions algorithm

135 includes a self test state that checks whether the user interface is OK. If it
is OK it remains in the self test state for a short time displaying the start up
code and then enters a passive test state initiating a measurement to start the
process. The passive test state checks the voltage every second. If the
voltage is out of spec or an active test was not performed for one hour the
algorithm then starts an active test. If the user interface test fails the algorithm

enters an error state.

The active test state controls the number of triac conduction pulses and
processes the results of the test. There are 15 conduction pulses each 100mS
long and spaced 1 second apart. When the last pulse is done a voltage drop
is calculated. If the voltage drop is in excess denoting a failed test another test
is performed after 30 seconds. |If the result of the active test is OK the

algorithm waits in this state for 1 minute before reverting to the passive test



to sanples at each 250nS interval as well as timng
the length of triac gate pulses. Referring to Figs.

wasmoandIlsb the 1 second non-critical functi oPGI/AU2008/001372
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algorithm 135 includes a self test state that checks

whet her the user interface is1®K If it is OKit

remains in the self test state for a short tine

dstatd ay angelt test statet Ihp)h@adﬁveimbttﬂawtma@mltrahperﬁte'rwan error
t est stfate |n|t|at|n9 a, neasurenment to start

priBtesdl thafe 15535 AYET (OlAde 1Yt N e‘é‘PJEaQ%EOWF"P%’gH‘e algorithm
ENSIEY t1RESNE forl { hbbeéﬁ%'ré ?aﬁohﬁmg%e%fc §é’?e’st% af)
active test was not perfo one our
al gorithmthen starts an active test. If the user
l{]srface t st f @he alagorlthm enters an error ¢
sttt NPHRAR0PF '°Pe§ © FRREalSH Ay QPeTRle b etatgs of passive
t oAk @Y CSHoWh PHFRE St 52N d TREOARSEF 8RSt a rcﬁﬁiﬁhbéuﬁ? measure
the test. There are conduct| on pul ses each 10
I|megV@tﬁ965@’@e@lthks@ém aparae wmagetq%r@ngagtth@mwa indicate a
d t r ' e 0
9ot B esBiiag T e S reblral Fiul I GRF viFeBr eann
petjrorpae. after 30 seconds. If the result of the
active test is K the algorithmwaits in this state
for 1 m'nute before reverting to the passive teststate
t

o 8y o @ainaiad e Hehade aldiind Bbboly 2tF ol which

vmlayajgrdacaire Imgderetumlpa@ernpeddmd:e,drme vdtmgel gong tbove 275 Volts,

kcathls tatefo[1J hour téafore Ferformngthe ¢
dNep OGRS i NIONHERI M ABPRERN G 8F Gt NBRT tEmRuPPlY transformer,

agPar 84 U@olf‘%Ye&%'éﬁgé drBpainsfiké & dhh Q%@du‘fﬁn@%/e?%éd&%ntual 5
as shown in Fi he apparatus may contT nuousl

mdentarv@s,vthattargey baradreshic groinceaaseoin ¢ansemer Ioad and/or
voI éﬁ e chan t hat i ndi c%t e a discontinuity or

%EO .”} ”PSH‘?@@M EL R%tut ral return line or

wire or earth return path. The vol tage changes may
i nclude Iline voltage dropping bel ow 200 Volts, which
g Shewinc it Elmu%mat@tahlwnow g rvpdaae ceikeas Aed \BGigsaigay mimic

rfh?b@%rﬁ?%\’t? Zégss %Itaégrlﬁﬁﬁgﬁ)\(s'd?dé Ccﬁ&?orﬁl U|tg23r impedance

arn 1 npedan e supply FANST
irregularity in a neutral return line or wire or earth return path.

For this reason should the apparatus detect one or more passive indicators,
the apparatus may initiate an active test to confirm or deny a condition of
discontinuity or impedance irregularity in a neutral return line or wire or earth

return path.

The active test may include measuring line voltage before and after switching
of a know impedance and a comparison of the difference in voltages, i.e. the
voltage drop, with a reference standard.

Measurement of line voltage and switching of a known impedance may be
undertaken as illustrated in Figs. 15a and 15b, in a manner that minimises

impact of naturally occurring voltage spikes and sags by means of averaging
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or a 20 Volt step change drop in Iine voltage

occurring over sequential 5 second intervals, that may
wWhe00a/07@8ul t of an increase in consunmer | oad apdI/ap2@s8/001372

change in inpedance of the return path. As shown in

Fig. 5 naturally occurring vdbtage spi kes and sags

may mmc these and ot her passive voltage indicators

ofesaltslics camultipiet yuoiber nyfedatsc eonducigd| arart gn iimteaval, and then

neutral return line or wire or earth return path. For

t FREPRALEIP Ldal {?%J'Ta\fﬂﬁ&%?a?tel@tﬁ%{%fe%ﬁé%?d%@re

passi ve indicators, the apparatus may initiate an

active test to confirmor deny a condition of

dT ke algorithrntshown innfpgd4d deperforped foliowing nospladionrefl an analog

return line or. wwre or earth return . ~Lhe active
Bl et WDadarTigS Arb B pEBb0ns BRsPgh @lving a total
adft BIOrABIdrCit OErIes. Eakh UWlUdTResRIEE 03 Gum rfifgRragisté o provide
of the difference in voltages, i.e. the voltage drop,

wan Bffectiver arasage osthenweliage. Measur enent of |ine vol tage

and switching of a known inpedance may be undert aken

as illustrated in Figs. 15a and 15b, in a manner that
nShourtses appretts abt batfirrabl ynemtuofr adigevebtrpthespricdsesce of a

and sags by neans of averagingresults of a nmultiple
A RBRIMINGItY 1 S Mpegignae direguia iy inad Newirat (gikrn Bpe) of e or earth

FSRRAEAIR. LRSRUPAROTtuR AT IC & b b BasElBThditoring, |
performed foll ow ng conpletion of an analog to digital
cQnversion. 400 sanples are taken_ at 25nS. intervals

GPRRHlY therspRarale S By A &f SeliVedeRiNalilk Frgsence of a
a@‘Q‘%‘é’nﬂn@:it? &qmﬁe@%nwgﬂréglﬁgrifyginp%‘Pﬁé‘uﬂ%l Adtul fisCor @re or earth

average of the voltage. ul’d the apparatus not
cetdrnrpathytheepparaitisadggars appsepriaje atarnpiusstiotse of a

di scontinuity or inpedance irregularity in a neutral

return line or wire or earth return path, the

alpipaliat inss rtet be nendenstaodt e vatiopasaierations)i modificgtions and/or

Shoul.d the apparatus confirm by neans of active
_t@iéfi'qnf ey '55 Sigatpegr nip m%géﬂmﬁ}w I prrpBaamest of parts
LihER@HPBIGoYithMs HrogElER! ddLhiBed Wititiit UepHrfity Fonf e Bpirit or

ambit of the invention.



return path, the apparatus triggers appropriate alarm
functions. Finally, it is to be understood that
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may be introduced into the constructions and

arrangement of parts includin§/al gorithnms previously

descri bed without departing fromthe spirit or anbit

ofLAWSI nventi on. CLAIMS: 1. Apparatus for detecting a

di scontinuity or irregularity in a neutral return line

of an electrical power distribution network including

said n

Bt ur PRl B efedin R oRShUNT of IRAAARy AR ERblal retum

dlﬂﬁo@ftagelectrm@powes dtSltrabLé@nvwettWOd< heludieg aaid neutral return line,

swi t chi ng of kno npedance in _sa ctrical

B BN thecrad N A BT, SR RAR At ndugRe,

di sconiieBHs tiyr Qﬁeaémm@aac\ﬁnuar @eswérag"é tgsbflafd dith a deliberate

neutral return line;, means l'ementi ng an

&Vglmhlmmrﬁff 8r knewnt im@ﬂdﬁﬁ‘c@alrd S@Ec&imtrlﬁ@h netwerk wherein said
n bk Yy r b

VRHESET Efatdd, TR0 Yo s OB Spe oAt rfeoutarity in said

ehestdl irs@in ne¢wor k i ncl udi ng vol tage changes resul ting

from net wor k operatlonsthat mmc_ or hid

di scon?eAns$ f§r igwlempsaingar algordfm oy |'Q%ﬂtifﬂn§;§ﬁtﬂj discontinuity or

ni erd%lncéqFrlégUlaln't n ﬁé%d@%%ﬁaf&ﬁa@@%fdﬂﬁgs%rrﬁﬁHm‘al supply

sal d neas referenc 0 provi
|\mdia<get toosaaf e@tmicahmiwm’rk noclugingr voltgged@haeges resulting from
to C

irre t di
R Spsieliond gaal e & s ertere din ity o GBpPAnRadEeauiarty
anﬁd\ﬁébtrgh@{urhn,%ugﬁ@ said neutral return line from

a network that does not include said neutral return
| i ne imepnedencenyfariagoanicsel dfnsajdi megsywing wibl aagéerence to

Pl oA 2l Sl S 1PEEEh e Flisiarithar
i ncludes said neutral return line froma network that

does not include said neutral return line. o
2. Apparatus according to claim 1 wherein said algorithm is implemented

to discriminate a network that includes said neutral return line from a network
that does not include said neutral return line in presence of anomalies in said

supply voltage.

3. Apparatus according to claim 1 wherein said reference is selected to
discriminate a network that includes said neutral return line from a network that

does not include said neutral return line.

4. Apparatus according to any one of the preceding claims wherein said
reference includes data samples obtained from a plurality of sites when said

network does not include said neutral return line.

5. Apparatus according to any one of the preceding claims wherein said
reference includes data samples obtained from a plurality of sites when said
network does include said neutral return line.



4 . Apparatus according to any one of the preceding
clains wherein said reference includes data sanpl es
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does not include said neutral return |ine. 5.
Appar at us according to any on&of the preceding clains
wherein said reference includes data sanpl es obtai ned
fron1a plurality of sites when said network does

clude said neutral return I|neé§

cor dMPRAPY!SaAFCRIENG L0t RBY pPR&: H@Dcﬂr%%ﬁng riRf dgeluding
”ﬁ@ﬁﬁsff&r th%@%@ta@e'é eCinABAE hétwdit ‘icludlng voltage
networ k 1 ncludin tage changé that results from
rehange that maswitsafrogwirandenngrofatirgextdiobiyg oh ipedances in said
network. 7. Apparatus according to any one of the

%@@ﬁ?ng clai ns including neans for neasuring said
vol tage change in said network including voltage
change that results fromsaid deliberate sw tching of .
a’ -k nowi\PParplfaReeoiding dpdaneyt 9rg Kkof Ehe Rppradingsclaims including
%8859 o rﬁé’as%'?i}ﬁ OLail *l)%ptB EHENE Qélasnéﬂ’g/%ﬁ?'ﬁk[lﬁﬁha voltage

SRS for ERSUr e ng 1 nc es S 9N G| 0g t

C@rrar@ret giat r@sulpfranatis @@Itbyrduengwttma@mfcmanownt ipedance in
precedi ng clains wherein said neans for conparing

| S0 MGBXOTK. i cr oprocessor and a menory for storing

data associated with said reference. 10. Apparatus
according to any one of the preceding clains wherein

séid iApiparatdsmcdandihgdesan&rof&lmeipmcmda'itgjbla'rmyi\/\etwaéin said means
arJ arm and/ or. e}n electri f al si.a.na}l : A et hod for

det xrasHgng ! Jeman fplag 9 digita é‘é’@l"%‘ﬁi?'iy in a neutral
return line of an electrical power distribution

network including said neutral return line, an active

|9.ne afpparatusaactordiguionany aing Qfetheoareqedlngdmn'g"ns wherein said

neasur i a_vol tage change.associ at ed

dERRHS 1 AR s Bt e R it & oy fpr storing data
eheplcldie@withedad@ rdferdiRieei N sai d vol tage change is due

to a discontinuity or inpedance irregularity in said

neutral return |ine;
10.  Apparatus according to any one of the preceding claims wherein said

indication includes an audible and/or visual alarm and/or an electrical signal.

11. A method for detecting a discontinuity or irregularity in a neutral return
line of an electrical power distribution network including said neutral return line,
an active line and an earth return, said method including:

measuring a voltage change associated with a deliberate switching of a
known impedance in said electrical network wherein said voltage change is
due to a discontinuity or impedance irregularity in said neutral return line;

implementing an algorithm for identifying said discontinuity or
impedance irregularity in presence of allowable variations in nominal supply
voltage to said electrical network including voltage changes resulting from
network operations that mimic or hide a discontinuity or impedance irregularity

in said neutral return line; and



i mpl ementing an algorithmfor identifying said
di scontinuity or inpedance irregularity in presence of
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el ectrical network including voltage changes resulting
fromnetwork operations that #®nmic or hide a

di scontinuity or inpedance irregularity in said

neut r atbompaning o resedt ahdaidnpeasadng wits al tefedfensai td provide an
megsuring . Wwth a reference to provide an indication of
JHAAlPE BbREIHISESNIGUIY RF ABRRLENGE FEGHIAN 1y 12, A

nmet hod according to claim 11l wherein said algorithmis

i mpl enented to discrimnate a network that includes

std.d néunethbdrasicarding it elgimoh svheseinodid algarithimes imptemented
include said neytral return line jn presence of
RiEriaiate adistyodt sty ires gaid qaltial el die from a network
apepHebs ot hctlids Bhitilnaviiedl ebturs dihe ih §res&@iteeof 8nomalies in said
sel ected to discrimnate a network that includes said
nedaphavoliagaurn |ine froma network that does not

i nclude said neutral return line. 14 . A nethod

according to any one of clainms 11 to 13 wherein said

red.er efareihocl actesdidgtta daimliaswhbtsin el feferaree is selected to
pluraljty of sites when said network does not include

SUPRITAEGS aInatwpily faf ir}ﬁ?&def@aigi\nﬁg{rﬁb@ttg@dg}edmg a petwork that
atﬁlcyefsoﬁ‘@[ iﬁéluaé%'amsn%&gélggfuin Wherein said reference

i ncludes data sanple ined froma plurality of
sites when said network does include said neutral

return line. 16. A pethod according to any, oneqf , :
4 o 1metand gicc AR g AhaSlR | NgCGHNE Yol Baga wherein said
CRANGACE TnQBHEs @%Eé"’@éhgléécblﬂﬁir@j #ehi a98ufANQN8e sites when said
resulting fromrandom or natural swtching of

i mpedandess nat ngludlerssicdvwoekiralireiura limet hod according to

any one of clainms 11 to 16 including nmeasuring said
vol tage change in said network including voltage

CheingeAr gethdd tchbrding Sl angebhdesfatrimui { ¢hiong4ofyharein said
known i npedance in sard network. 18. A nethod . .
detearadnelodes gatmeaswles abiainedt from amluradineph sies avhen said

network does include said neutral return line.

16. A method according to any one of claims 11 to 15 including measuring
said voltage change in said network including voltage change resulting from

random or natural switching of impedances in said network.

17. A method according to any one of claims 11 to 16 including measuring
said voltage change in said network including voltage change resulting from
said deliberate switching of a known impedance in said network.

18. A method according to any one of claims 11 to 17 wherein said

measuring is performed by means including an analog to digital converter.



measuring is performed by neans including an analog to
digital converter.19. A nethod according to any one of

W@ R@oB6971 to 18 wherein said conmparing i s perPCr/ABzhoRY01372
means i ncluding a m croprocessor and a nmenory for
storing data associated with 88id reference. 20. A
nmet hod according to any one of clains 11 to 19 wherein
st9.d i Admetttocbradcodinglet® any aocke bdfe ckamds ot 1 viosd8l wherein said
al ar m and/ or ?n el %tri cal si gn(?I. 2 1. APqparat us for
RBRRIR ISaPEITQERRH PHUNEINSINGYFIBG A BFFPPraaesgon gt @amemory
r il f [ di stribution
n@f%dr?wgsu g%&ﬁ?@%ﬁ@ﬁgﬁbﬁﬁrrﬁéﬁgg'cri bed with
reference to the acconpanyi ng drawi ngs. 22. A nethod

f dejecting a discontinuity or isreqularjity i.p a . .
it r ot Pt ACRERY 9 A0y ¢2R% | e PlEiHRe) | 1 18 Wherein said
Ghalcatigy indeteamalbibiaBadanlisakl laf® dRI&i dh BrReaTdaPEjnal.
with reference to the acconpanyi ng draw ngs.

21.  Apparatus for detecting a discontinuity or irregularity in a neutral return
line of an electrical power distribution network substantially as herein
10  described with reference to the accompanying drawings.

22. A method for detecting a discontinuity or irregularity in a neutral return
line of an electrical power distribution network substantially as herein
described with reference to the accompanying drawings.
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