METHOD FOR DETECTI ON OF LEAKAGE EQUI PMENT I N AN ELECTRI CAL POVER SYSTEM
BACKGROUND 10The present invention relates to protection of electrical
systens angd2wnre3particularly relates to a nethod of nesewrayeniooo@sal ysi s
and discrimnation of signals for the Purpose of determ ning | eakage and/ or
fault currents in electrical devices supplied by such systens. The
invention also relates to the identification of frequency conponents of
currents in electrical systems. The 15 invention further relates to methods
of detection of high frequency current earth faults and | eakages in
particul ar though not exclusively in T-T (isolated terra and/or earth fault
limted) supply networks and particularly supply networks in hazardous
areas such as but not limted to mnes. The invention also relates to a

met hod of inproving the reliability of relays in determining earth | eakage

faults 20 and particularly when th L¢ r r ciation
with switching p _-FEIEA - oS vari abl e
speed drives. The inven FrEgtitet 1 E or interpreting

wi de bandwi dt h nw? signals to flag pot ential hazards that may

result from oper Wi tching el ectronics rather than rejecting such
signals as noise to sinplify 25 analysis. The nmethod includes real-tine
anal ysi s qb Si gNffeSprbdeMni@atién Pidtesttb gaettioe ot cloctricak agurmenaxdtmgei nts to
provide fault diagnostic. and | j ' LdaRQBs by dlechmbidtalo¢ nNet wor ks.
W@%ﬁ%beg?eago.a ggt%d &%elasm‘eq{eﬁa ajaevcs serimih;

30PRI OR ART Ear.t “devices.are a cruclal “component in electrical
safety and are fsigglsdortiheypuposscof deterniningdessgeeraadion Byt YRemtER el akage
protection is ing&Reeduipfied IHFPERN CsyBRin&T Theliiftitn aBsISiclgs uovwaat ed and
unnecessary disruptions to the electrical. system wWhich t-h arth | eakage
safety device i sMEBifFRieR 88’?’“\‘:’3??’??‘"[’%’5%" g%fsc")‘aé?r&g f’aeﬁjgir’\é@tf TEnt grh?n' el ectri cal
instal | atilgns cainyention furtiup redtescamethods aldstecidnent high &edquersy owmlt e¥thgi ve rise to

arcing. Unlike cpheuid & sartichat thdGhafol excA¥REY dRATQbERN terraand t hen
isolate the electrica emto which t

1%

systen , e hreaker.is attached,  earth
| eakage devi ces H’td@’-mr%i’r“i iitedsupply B?M?TP% (?P'?%ﬁ'garh'é’?"gpg%ﬁeg‘fm ¥8m
el ectrocution. ARaz@Mes lafkeskuch dsbut riot rniekemines Thewvetieteltogelitetterr upt a
cireul twhen { N, gHLT SR SHGERERIRIRT 5Ehyd if Babminfiy llfoiy @l necessary
for fatal electrocution P's ss than several A erg_ﬁ for. a d%}}{atlon of | ess
than severdl 10 andcrerigalarywhen BF rRayg sgq PREIRIPE 15y BSICBRPOH PR FYPMEt yal 1y no
protection from gwe tolectidics,Oifcludiig bih rloe divagktopranitlde spcod ddessi cBe ar e
typically designed to trip 0‘2‘6&%%'18}5&@”@ Rlerd@inieside 1n@dn 100 M and

for interrupt tiME¥ BetWeen ) Iseconds after a fault current
i s sensed. Eart hmewacag sigeald to dleg patentisl hazeeris St mRLrepl T QR@iendt t he anount

of current enter iRy dR¥dnRs titfer A €faiink Yudh $igmls|sS rditow dmpifyexact|y the
sane as the anount of current, |l eayinhg.the device vi.a -lines and
that any discrep8fB§isi s didnhedd “rdéﬁfeallu'e"éﬁ(%?g‘ﬁ%ﬁé}i ’r*‘*fﬁﬁﬁ#@%ﬁ ed

branchi ng of cur tramguctre o eamizvieatdpaintsl io propidy diult disgaegtic tind Jgcatidhere is a
fault in the w rinpg. onai-Phplynbiadiks.appl i ance that allows the exposed
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Earth leakage dev_icés are a crucial component in clectrical safety and are
 frequently also required by regulation. Earth leakage protection is intended to



body of the appliance to becone connected to a |ive active source, a person
in 20 contact with the live appliance may be el ectrocuted since the contact
provi des wopafasbsh path to earth for the current instegdrafuviimotioe
neutral or other supply lines.. This is the situation for which an earth

| eakage protection device is enployed. A circuit breaker will not typically
react to a snmall, albeit fatal, additional current flowing. 25ln an earth

| eakage protection device an earth | eakage current is sensed by conparing
the active and neutral currents flow ng t hrough a circuit usual Iy by the
si mpl e means of nmeasuring the current in uced in throu h vvhr ch both
of the wires hajerpeenfpaylhoy capiprpryigedand E’B‘ﬁ?ﬁf’sf“i'y p“f"?‘fe‘f’ be equal
and opposi te Culelegfitad sfstemolghidhithd é’uahaﬁkagﬁeafmdev\un'srcainetzt@lnﬂardt ors

espeCt Vel Ol S SR WP h bl oo, e 6 cael B oNs! 0

techni que is equeﬁ ase systemé‘ or without a
neutral connect isBrjocinsrandiat ivefrise i MCiad E't‘]‘rcr"é'ﬁ‘f‘t gespkegseth dde\%“a the phase
bundl e shoyl d retiHody Mirknt SR tﬁﬁ%ld@dﬁﬂsele&md&yewm'[heahmbrmreemakdrrwuced in the

coi |l by unbal anced, s return r due to a
fault conditi on 3%h 'f gdp“g???%dﬁ'ﬁﬁ 1@&,@ %H&@?grﬁ&ﬁg ftFJlog'Ied to trigger
an interruption electrdciméoncAm wrloadusmﬁg’@wfﬂiﬂ?ﬁwd E?r‘“'a"‘rPéP gigeuit jghen g |

el ectrical systeys @ikt Q;‘&g&craegﬂw e LAY k@ak@&ﬁt déﬁéksﬁ@SforSﬁ&h devices are
relatively expensive and can ct to unwant Sylth%gg Sy LT ppr ng, as

there can be ci F&ﬁﬁ%‘t‘%e’éé’ssm@? ée"f' o SBPSEEE oS dUR "mngcg T"ance “bet ween
active andpo neut rsadondsliran esvieSoadi titvoititbreaker sﬁq‘r&atvywﬁlﬁplnp cretpgipg  from Thj s | s
particularly trurl::c%é) f,oglr Eg;(ﬁegﬁged;,&@&wh BhcefiRe fyprRes d@g@{e@mﬁﬁrgn swi t chi ng

power el ectronics e nal seﬂ)?i%)gressr on f| teri In such

| oads, some | evéb"lwﬁe‘é%qfh“mléagﬁd e nterBPHTes brypen R necessarr ly

i ndi cative of a Ifoﬁbllnllwea&ds ortek elhudom&nnesenms@narlﬂaﬁgeéw@emb@ﬂd hazard. The

fact that such |9 gl Eh%l:t? Qnduﬁfd?%a%n%%ﬁgidaWGramww linefl0 fault
etect|

condi ti ons conpl{'¢ etpé on of an act ual zaaear h | eakage fault as
wel | as what- 1| e\ﬁbbuhbbe ¢xectlyAbpesame AT Bp pmput of uEpEY Y‘ég“@@ﬁ"é‘i‘a‘?‘\ a conproni se
| s reached bet VWeGhb 19 afhed ¥nd Rt GRE ldRtdepuney i9- @od itd yeurramt dekeggerandiong t he ext ent

of use of earth Iea age . devi ces ent level that will
be al loved to flBFPHPTUPAEIES f'i‘"é{‘ﬂ@’a‘e chilis [@W%F&Hﬁ

a protection tri p 20Nui sance

tripping can be mininmsed by utilisin e e rotection
devi ces for |ndll\iﬂ‘ﬁﬁa#afﬂl»“é@é@%‘f‘“%ﬂﬂi’g %??péfh &° %(a)ta ‘f@ggsepl n such

i nstances, the ega} bfrhewgﬁewmmnmwmm\wmwow epwfm‘sed for
i ndi vi dual, devi Cestafug{g‘%ﬁﬁv%%?;{r &L%@f& M&uaéutearsmeémysonmaypmew pl ace
e

devi ces wi?h kno cult, aetg 2 arth . Ieakage
protection devi cwmblﬁltmﬂh!pghr&fozg'aét“irﬂi’éfnf"ﬁw I ‘hB‘f“Ha #WP¥ns for
eart hi ng (groundjfg) TRY 34 S SitveabYy fdi Osdhdar eduhyeakawngotdutrb'ﬁ desdettlscountries. A

protective earth connection.ens WL es: t fy B5RQS &OnfafNdbGt falsg surfaces
are at the same ®F %yl”$ ’éaﬂ "Bto'fr% SRR ttypﬁ% “Surface of the Earth, to. avoid

the risk of ‘el ectdditosd cgteodowirs. a person touches ‘a device in which an
i nsul ati on
25 “In an earth leakage protection device an earth leakage current is sensed by

. comparing the active and neutral currents flowing through & circuit, usually by
the simple means of measuring the current induced in a coil through which both |
of the wires have been passed. Under normal conditions, there will be oqual and
opposite currents flowing in the active and neutral conductors respectively, snd

0 : hcnoc no current induced in the corl The sensing technique is equally applicable



fault has occurred. It ensures that in the case of an insulation fault a
high current will flow that will trigger an over current protection device
such as aybusf /@Ess¢i rcuit breaker, thus di sconnecting tperRweiyoeHee!l y. The
patent literature discloses various earth | eakage circuits and protection
devi ces such as that disclosed in EP 0880213. That patent discloses an

eart h-1 eakage detection circuit, conprising an earth-|eakage current
converter for delivering a current which corresponds to the earth-1|eakage
current occurring in a circuit to be protected. It includes a storage

el ement connected to the circuit and a | oad connected in parallel wth the
storage el enent w@RAhEe gHaGREsES OFithld without ainbutdabeonteetigpa mherg athbf heast one part

of the voltage occurri cras v ' Wi irst threshold
val e, Such o of PELTT QoS ¥ AE pudt QRS Sl RRRL it htd” o

3,807,935. |n thandasBegoranniadused intbe o by yabalansed S¥PrY; 208 FELRACHYR t he
abovenent i oned GagWBiraPain@mtidudRn f26iatdnaiion  thodsbled autvdr@hjsicalnwer t er i s used

to detect an earth | eakage 15 and to generat I t i corresponds
to the nmagni tude°aBPe‘E‘ﬁ‘émg‘éﬁwnl"gﬂﬂ’aﬁ%‘q&ﬁ’a cmﬁéﬁng%i{‘%ﬂo\ggy t orage el enent

in the formof a capacitor. Connected in parallel %g{ﬁosg éi d capacitor is
a | oad whi ch comietisdelsctgcn) gystemg areqirsrtrd Oy gt lstiesn fVig- “‘% FY?®al1 vol t age of
the vol tage deveirdpifivas bxpesive a8 @apeasibieor to uwkantdd (usahéenirippiogtaage i s

compared with a @ef er@gf&ﬁcu‘&‘%&%ggﬁnerm?&%% B ARGake Blwddh B GaREAD! € | eakage

current, the partraf"Vsltage derived fromihe capacitor wll exceed the
ref erence vol t agend neitahcurtents mithopt ny 5§56y IPHcatipnsneBrsyls PRHFUIRIVIE gger ed, by
means of Wi Ch t Re spadnUbdt ihdludshba coMeiniegist/ichingagonge cloamtics with  swi t ched
of f. This known earth-1eakage detection.circui S i Nt age t hat,
during the char g?°ﬁ§‘_‘°8fm‘idﬁ.é’°‘g%ﬂ‘§gﬁsgp , ltf?)"&'_["o%aﬁ }og‘?s rr%oé'nglfl% E@%I t age

di vi der 25 al r ealigkeghamreiyss sermale not negessarily riedicative offe faplt and aflse dessar gi ng of

t he capacitor isnaig»bﬁya%]eému%%%ﬁ.wmb Ifach Bhal Q6K loadsRnéakk @dakaf t he
i nvention disclosed 1n that pate i [ OVi.

t.is to de an earth-| eakgge detection
circuit where a FUE® yndergio ’d@dgﬁ%‘f?{’dﬁwﬁg@&p ‘6‘1%5-‘{17’5&1?3 °2ia?3%"?a', all this
in such a nsay theirth ledkagehfulv aé waljes admokeel tdfdeakegsr ugentab @erepieblexceeds t he
first threshold ugl, By, aHoHRRRE Wheltihed Bets MR QG B Spitichd Gty hENt

proportional to e ¢ akage current. A tri ms%ha_mﬁ responds if
the current neastatemising e Fegt oy of cHE '8%{??"}191"8;8‘?(55 or- fiF €K% s t oo hi gh.
| n anot her exanpb@rentUvepihdt vill beNllowiA3 N2 prict itcsioitiaings pentectiarttip | eakage
detector for operating circuit interrupting means, conprising a core

bal ance transforner having a tapped secondary w nding, neans to rectify the
vol tages induced in the secondary winding as a result of an inbalance to

give a higher vo : Beilfsink Sdep kO AFE 168@NIcCE Which s
char ged tgﬂ)a pre‘hﬁé?%??n%’ vo_}tl\gége%@bﬁ%ﬂgyyhi;éﬁgrb Be‘:eicti fi Eﬁg volécage, a first
swi t chi ng devi cepwisttion dpvices fs ingividug] pisges of pRYIAMEptp besoprotected JB§YCe  when
charged, a seconhs@ahcs, deateMbi@ge mb@iﬁdjm'rcﬂ?ocxhagrgmbpﬂiﬁbyd fohédivalmdr rectified
voltage, and a sgcond Sultehl D% ARV Ratl el vk & SRS UliEE it known

"eakage on to a circuit which has an earth lcakage protcction device with higher

25 _activation threshold.

Regulations for earthing (grounding) systems vafy considerably among difTerent
countries. A protective carth connection ensures that all exposed conductive -
surfaces are at the same electrical potential as the surface of the Earth, to-avoid

the risk of electrical shock if a person touches a device in which an insulation



when the first switching device is energized to enable the second storage
device to discharge into and operate said circuit interrupting neans via

t he seconglowshisng neans. | n the mning industry, thecedasiieensa rapid
i ncrease in use of switching power 15 el ectronics such as variabl e speed
drives (VSD s) for nobile mning machi nery, conveyors, punps, fans and
processi ng plant applications and equi pnent. Wthout care in application,
vari abl e speed drives, (sonetines also referred to as Vari abl e Vol tage,
Vari abl e Frequency. VWF or VT'. drives) can lead to power and sw tching
frequency current harnonics and conducted noi se with 20 resultant

interacti on on diieis esgerednibsiisureghgtin the pass ofn igvietiop faulf aigh cTEt L i on rel ays.
Concerns have ‘bean flo®i thet il &igker ah fveerfduérd proedetiambdelics yuchfas pfde oct i on rel ays

when operating w S o [N Lo J AN elgctrical safety concerns. Mre
specifically, prQé)rEtPtebnsaPr;[P/%d%%%ﬂe%héﬁah%r %@B\Sfm th relays inrelation to

detection of earth | eakage, earth continui nd ear,th fault .|ockout during
operation of 25 Fé’l“ﬁ?fsl“?'ﬁ“‘f?oﬂ?c ??t'YRBﬂ“svﬁaFﬁXVgﬁca‘% S L PPV es and
simlar switchi nigvipsweth =sltec tisdosed incEfu0§8A213t Thal hese disclodsh ensarthal | into two
broad categori eﬁéaka%‘deﬁktﬁat%tcgﬂc@élcgmsﬁgﬁlrgd?tﬁﬁeaﬂg@muﬁgﬁ BiRE&Chot ON el ay

i nt ended operation generate { I ngP power el ectronics, .conprom sing

the relay protedeliyenpg § eprentivhichsorespenisra theegrth-5akegs YHRRECPFINEM ng, and; 2.

Genui ne conpr oMiaSdrcalf totta ProddcRAlE inclabes @rsairape kiement Sodhed® topiger diicitil arly on 5

et S ¢ e e CoRBRY Yo BEHPLR ONGEE. SOAIRAAFIAGplbP! S YD cal Y
Swer Bt \ y ate, Nl

used with switch ectroni cs may |'ow~altern er. frequency
fault curi@nt paireit facrompiring eidepstape pyEofitie ypltage owlring aqropp g S8 potential Iy
resul ting in hi QRgfentvathChRRQAEGIMbIdIRIGe. Sueh @rebiaislalso ARG irnBamarEar t h | eakage
protection relays V\hﬁp gse. é tude thresholds or tinme/current 10
characteristics Fespt T ow%@{? icy applications, for 1-T networks and

hazardous areas are already known in the ar | so known are rel ays that
det ect arcing fdufhesas ﬁf‘b?)‘a@&l’"‘?‘}@(gﬁb‘?"!é qliﬂ&“&!i‘z‘@r%8‘(f§‘e§‘f°€bdaéﬂﬁa‘1 ouch
potentials. |1t iread Splikationya cowal et oynvina Guesad o dirtednreagintehiipge s t o
Identify spectra jn slangl, %.%%.-é’&ﬁii% cmgpok& {odtﬁélwa&mmwﬁf pecampce of

el ectrical”arcing in*power system I5applications.. Frequency conponents not
rel ated speci fi defkege and whirh derkto & yomesieiemen e ik fomp ©f 2 @B#E¥quence of

rel at idvel y nodfrcbnaaiéam?:&&nklrhc@mrd cegluaelgir lsnib® Widdioopdgy a véltagor dt g_ t Ee

i ntroduction of podem el.ect.ronics. to ial..pr nd hi gher
non- power f requedg‘ggcjf’ 2@ %bl.md’h‘%ﬁ g "V\z‘/'g'r"l -evod{ﬁ | Eifh%/ Y?%aggeﬁg%&gfgg%%&?n

measur enent s as Sepacdrevhivi pattiab apitdge fisccokmared pith aaefererns voiger b the e g

di versity,f scepardrQs viieiBibiet ledkigetRE&itthe pdridl voitage Abive@HOMIthé han powver
frequenci es and har noni cs ower frec&gql hgs safety earth

f th '
return as a con<egpGRad B‘ngdﬁéet'% T8 VRERE rgc colt BalG rg'fct;l)]a"

e
ctronrc equrpnent. Some of
these scenari os is ejggeathy mbasbf windnilé tircoin it wiigntbe pashiekasn oeqyorisral  oper at i on

of the 25power_ SREHRoff, This known earth-leakage detection circuit has the disadvantage
| tﬁat, during the charging of the cabacitor, the load formed by the voltage divider
25 already absorbs current, as a result of which the charging of the capacitor is
.delayed and énergy will be lost. The object of the invention disclosed in that
patent is to provide an earth-leakage detection circuit where a loed is provided
with a threshold;value circuit, all this in such a way that, if the voltage across
“the storage element exceeds the first threshold value, a measurement is .

© 30 ~.performed on the current proportional to the earth-leakage current. ‘A tip



Common node earth | oop currents are sonetines introduced by specific
designs of filtering applied to swtching power electronics to m nimse
conduct edwendiagisat ed el ectrical noise, and so ensure ecexU20MAGI@EI C
conpatibility (EMC) with other electrical systens. Wth reference to an I-T
net wor k, conmon node | oop currents represent potentially uncontrolled power
flowin a hazardous environment as the return current divides between the
cabled earth return and the physical earth in a ratio inversely
proportional to the respective |oop i npedances. Once current flows in the
physical earth it is no | onger managed by nornmal flameproof controls.
Prospective i gnimectanismoesponsts ifthecumsnt meaprirerent revealsethay therceulerkege . Simil arl y,
touch potential JRerf3eRMighh fault limted I-T network is inplicitly
controlled by both the earth fault limting i npedance 'and pro-active
measur ement of .trl?ﬁno?r%?éx%ﬂ £20S FhciOR. 'dﬁ?’ntzx dischobesSan' @a&gevqgre@tq es on a
single 10 prinmary pro gcLton star. an I'mting 1 npedance. Parallel

connecti on of edefiqpeyng cirevit inlerintiys FEMSTRATRBINS a90re Yeleapeedreasiorsr be shown to

conproni ses t he |1avigg a @pped sRbRedyiwartlinkf ednsl RGedtify théWokadey Pduded inshppl y syst em
Conventi onal prot ecﬁsi on, r.el ays rlﬁs 9'rtllti}n algnggyos on ngxgrvol re Jeanci es

(50/ 60Hz), on elSERPPEHIVIdIE %{/‘%‘f &1 B power 8T reqencr é8° Chear 1X to

appr oxi mat el y 150w 0elaps, a firstistarmgetvigyisrorliidhds ehrepdie apesdisermined ¥9iagthesi sed power
frequency. DC siyngd RghePRekifth G0RIgS, o BsteswRbhidgOdeh 108 whith isCdhedgied By cCarrier
frequency and it$ harnoni ﬁs_fr(gmél\é\n t&ghl n ower .el.ect r,cgm S {o hi gher _
frequenci es), ark® §§5iomse AgyiceNPLTEE DL AL s dReSH ds(ﬁi'ﬁﬁﬁg‘t tuned to
t he power 16 r equeanehe lowdl rectifedivakagp R ssesand awitdhing deieervduichrisdnegized i ty of

operation in it %vl'#cﬁ]h%@psggviﬁnﬁé BdAc@ s enblaiz &b Bihble HiY sScoR@ RbAGRHRviESTAr dS

signal s outside of_ ower Trequency, and its harnonic¢s as interference.
The protection é@]l‘j‘lsﬂ}%t‘“‘Ps“"%@%@ﬁﬁ% pirgpitynteriping M5ens 54 BRePPws that may
occur in an ear tshiteHighhelss. t he frequencies conventionally of interest.
Reduced bandwi dth and filtering in sensing circuits are typically enployed

t2 gf i ncreas e), r obyg tn:@%ﬁﬂ?ﬁg@;isaﬁ khelemadt5ck .emapiermcseaulmi 65 5F dwatohihy ;gs:gef .
requency) sSignals. n seekKl to, | ncrease, re o | nety.from

unnecessary’ tri Faecronifs sg#‘@ﬁ‘éﬁ“*‘ﬂ?ff’ﬁ%ﬁ%‘ @Sﬁrs?ef?ﬁg'g l%"a'ﬁ’ﬂ%d"&‘%" RoHay mask

potenti al | y hazaos\eyss,cpems,sfabhatd posessing phants eppliestiprsderdCeqyipmistigher

frequency AC CUrWﬁS{L_ t SO ahfiktiof OVAihIE SR RES (Bfletinfkd ARG BferRB G ONNEl i nj ury
or death. Althoug

It 1's poss)ble to neas Si gak f.,rom equi pnent whil st
operating under g o{prgbls Vo ‘@‘g‘éﬁ@]"&lﬁ@“@&)w&gﬁg%{r g{ﬁé@ﬁﬁ %%ﬁ?&g? y to
regul ati ons to. UeeCmdVsomthingfitquaryicpmen tarforicssand [romduestedingsenitls.  Hazar dous
(potenti alzby expl oﬁ’lanyc&ﬂ%?l\é%irogr],%pﬁﬂ&{cﬁy?%ﬂ}ég@ ShraohyeRiiapal el ectrical

. l‘eSﬁl : ! .
equi pnent “T.o neasure her equen pmon nndg si gnal s.
r S

) . 2. comon |
Mobr eover, the nereg Cosemshasedsarypisadento ‘Eﬁé‘%ﬁﬁ?ﬁ“‘%ﬁﬂ’ﬂ"%‘&f routine or
conti nuous, in ty¥Rndp&aingewitl VEB'apiMireEsetto dtttical istfety Tometrs.oMdarous t hat

undesirable curr e”cﬁ{ifg@; 3‘8 Lg%@g?egg%&ﬂiew&h MRS Aelofld G detedibSe currents

may be present aft § :
of earth lcakage, earth continuity and earth-fault lockout during operation of
25 relays in conjunction with variable specd drives and similar switching power

electronic equipment.

" These problems fall into two broad categories:



Simlarly, it can be shown that parallel connection of sw tching power 10
el ectronics contai ning conmon node filtering to reduce noi se em ssions, can
result i nwbangessisicul ati ng currents during fault condi ticem2bhaio@e not
return via the fault limting i npedance. A conponent of these currents Is
directly related to the carrier or switching frequency of the power

el ectronics, not the synthesised power frequency or synthesised power
frequency harnmonics. 15 Protection equi pnent that cannot resol ve higher
frequency current (the carrier frequency and its harponics) due to

del i berate sensing bandwidth restrictions will not "detect these fault
currents, and may f.aElecttiul Ghtedisrenae fwithl the qootettion aeiayuiritendsl operatiemt. conponent s
within Its sensing b i dt . ; inesthe  f t. 20In the
past, DC and hi gher gér;l‘géc%gn y% h@% ngﬁgﬁ%@g‘@%eé&#& ipr%t";érg‘gi %ﬁ% from
protection relay neagwleainsfenstion offanleading tp musanes€pAng: ®dui pnent itsel f or by
dedicated filtering added prior to neasurenent of the signal., Wile noise
filtration techni qeScraire campromiseofiths elestrisalnpitectipn sshemrapattidularlyer wi | | rej ect

both repetitive and glgt ghPaclidd REUBHHY S&wHRYwREre | cBMAbRE SHoddSite! | as
spurious noise. 25 Established signal °Er ocessi n&ﬂyechm Clg-‘,eﬁ al | ow

extraction of signal §PiEpY; ysedayitheg E]P_“é’g"‘ﬁ’r’“ P pligrnate, igher ¢ o1 ence. The
vast majority of exi &tquatydiuiictnrencgathspotdinded bythe dewnicesh ampedancaned to t he

fundamental power {1 SGUGRGYARAE 0 kBl SRGATH bl both O and

hi gher frequency ear kage nts that can sti ow and potentially
cause arcing or_electrocution wth revent ati ction fromthe

control ling rel a@ﬂ“ﬁ@‘f‘%@ff?%?@hfwﬂ%ﬁgé’sﬁ%ﬁ@ b d(%ttlaést%‘%lg c’raﬂ(r')“celmﬁrgic.nft aults are
sensi tive 100 hi gihafacteriztiesrfor resnsifwqueney applisarioni dor T ngtwoekejand fepasdousf. ar ci ng f or

detection and do, Bt DiRYE Wnodh ¢ ME atNAKS Rnduinl &4 rddds tHalTB&ect JBRY are al so
typically tuned to transiént currﬁ}t‘s and: not  ,stea rents,

_ . t d% st atc? cu
respond to br oadB¥Rd" ERVF TR Snd bt 8 St fuFTL PAEFAS NS *¥8Bect ra): and
do not analyze ilnqd'wuitdwaiplofyrmmmylomgjge@t\alﬁist.tva_tdmuiﬁarsmtrveﬁri'_zienetl he har noni cs
of power fr equen&h@%é‘gﬁapg%gf{e' FE bl MALE oS Vb5l BGink R PLHRGyASn  Ther e

remai ns an _ongoi ng’ ) _ ove the known net hods and apparatuses 10 for
det ecti ng "aul t #PREFeti@Mkage .currents in el ectrical systems-to.mintain and
i nprove the safety of such systens to accommpdate concurrent advances in
power el ectroni oFreqeivycbwpanenthnat rélatedsspegificaliy topte peress systapsfreayency Mor e
particularly, nmogern Syedfehiensr hfREN OMbdetn 2B¢hnedseit pbwet! clBdomie Suppressi on

t echni ques typically designed for appl.ications i n.MEN system hes
speci fic 15char a€thapiest | frer tt?lé‘{‘e é’!i'ﬁg'rcﬂf)"aé’% & °r§a‘r?]?ﬁ§r°ﬁ"(ésaf<°agié/’"sc%‘$]r ent, and so

on touch pot ent i gbssesyerant highainbegoven fraqvcris:y'hc‘osignelamétv unbikellyt tolbe i t ed
network. lgterf e&g_;g@qp ﬂegqgh,gmja B GhatddQlitnadiRn RBheC Proteith, PRI €3 are

el ectri cal'zl y weak can om nat.ed by extern sources. The presence
of other sourcesdmus@sof sreraript ShFRg! I'HROPEI% gﬁe"% L8 PEYnal s rmore
di fficult. |nterfreuenrite atdRarmonics of the power frequency to enter the safety earth

return as a cbnsequence of installed power electronic equipment. Some of these
" scenarios represent fault conditions: some represent normal operation of the

25 | power systeni.

Common mode earth loop cutrents are sometimes introduced by specific
-designs. of filtering applied to switching power . electronics to minimise
conducted. and radiated eleﬁtrical noise, and so ensure electromagnetic
compatibility (EMC) with other electrical systems. With reference to an I-T



20mani fest as pseudo protection faults, relay m sbehaviour or protection
irregularities. In basic operation of VSD's, they rectify the AC mains to
regul at e woRGi1/ispdg1Wi t h signi fi cant capacitance. Acti vepCTsw2baleohspower
el ectroni ¢ output stage pulse width nodulates the DC link voltage to

synt hesi ze a variabl e voltage, 25 variable frequency output waveform Pil ot
| oop currents represent potentially uncontrolled power flow in a hazardous
environnment. In an I T network the return current splits between the cabl ed
and physieal earths in aratio relative to the parallel |oop inpedances.
Interference sources -driving these loop currents nmay exceed LS. limts

under certain copeidi, WEmorER 16dpIchReENts eFeskhtPoicnBly mncoinelieppuper cal earth it

is in the hazardous, enyironment. and out i de fl r Touch
potential s and i M { quangdﬁ? scenyironment a%e%“e’ésg’q&lpdgﬁes $QRbdnOhe -

r mted to 5011z and
can be just ‘as habiad ehehisstaxd amﬁtlgﬁphfysi@qeﬁethé‘? ewtio 1"H?'§’3Y3R1’?Wé§mt‘6° fficr ease
protection relay,, gcpmm {fddardBsS OnBOduB Bt fabwb Yn d-araﬁﬁrcalucmﬁ it9k helat i ons.

Per si st ent nui san I'n EC r ot ec{| onlng% lt.catéuve of I-1F
circulatin§ cur r'emmam«ﬁl&waem PR TS épc?F‘B'iégé" PREYET LY sensitivity
to pilot earth ngSRitedish meintiiependyechni ques have been used to decrease
sensitivity such as signal correlation and synchronous filtering error

det ect/correct CGREmHY, Gk gaeﬁieﬂﬁasanf@ﬁh iffultelinited G4Tt ndtedrkii Adplicilg. However

there is a saf et%ﬁ’{&{?@ Fgl em VYI{th rthaulﬁnq)vxqmgempgg@mé %&hﬁgaawgel ay which

is made | ess sen nore robust, could mask
a condi ti on wher medsurtraent eféln(;dﬂsbvﬂb@sﬂtawé’ Apisrvrically rReneryas@sas | evel s.

Hi gh freqygncy Cﬁrﬂﬁw ﬂ?&&%o:{%l? &urnﬁﬁﬁa xaﬁ)&iaacef madaaeatnaém&orwequence or
nodern drive technology

~and cannot ‘1% Cn}‘ %{I ation of thes
currents 15is a TUREE (ﬁ’ﬁ"t@?’”%m‘?"é'l'? ﬁg ‘stlc\?'ébﬁ op" nﬁ@ﬂrg%‘c’é, theref ore
control i ng whicthe paélhf;trbne@mncffnweérbvﬁlltttmc@fsupplwasumm ng.to the source.
El ectri caI pr ot ection devices suitable for use in hazardous (expl osive)

Convermonal protection relays presently focus on power frequencues (50/60H7), :
on electromcally synthesised power frequencies (near DC to approximately
15 . 100HZ), and on harmonics of the power or synthesised power frequency, DC
| signals, and signals'related to the switching, or carrier frequency and its
harmonies from - switching pbwer electronics (so higher frequencies), are.
typically filtered out by protectlon equlpment tuned to the power ﬁequency and
its harmonics so a8 to enhance rehablllty of operation in its intended operation
20 region. This approach regards signals outside of the power frequency and its
" harmonics as interference. The protection equipment is consequently blinded to
- current flows that may occur in an earth outside the frequencies conventionally

of interest. Reduced bandwidth and filtering in sensing circuits are typically
cmployed to increase robustness against transient or §purious (so higher

25 frequency) signals.

In ‘seeldng to increase relay immunity from unnecessary trips, the signal
filtering or reduced bandwidth may mask botentially hazardous events that
result in sustained DC or higher frequency AC current flow that could cause
arcing, damage, pcrsonnel m_;ury or death, Although it is possible to measurc



environnments are heavily regul ated by Australian and International
Standards with Certifications published and mai ntai ned by i ndependent

aut horitiwe.20Al1sss3¢ 20 tine of patent application, certiptiredi2el1@adroscal
protection devices with sufficient bandw dth to properly resolve carrier or
swi tching frequency currents generated by power electronic drives are not
avai l abl e for commercial purchase and application in hazardous

envi ronnents, such as m ning. There is a need to address the aforesaid
problems in order to increase safety, 25particularly though not exclusively
i n hazardous (pot.en ex I05|ve environnents by inproving safety in
earth | eakage defg‘@{s %‘H" s‘)?'FFé 'B?é@%“t’i%m‘f'\qvgrffl el o®P des a” met hod
for detection ofdahgandus amdqu&mso regditiods wguse) consentibaah eyiiptieht fooswel oi d
operational saf chuboREnble MRy @bkl oAty mwnnm&pg.tewwh&yofand earth
fault | ockout relays used 1n conjunction wt ting to

amel i orate or el oRYSIEnal elmarical ppipmEnt to) PSMENRC o dtigher frepenyoYe.  t he
present ingenti OdontidR Iodt GighilOWotkeve, hethnd! ok oferawufemamquipaaal ysi s and

di scrim nation of, g4l t%QFouhﬁea&aegﬁih u&BmQﬂ@%&c?& ﬁ%&&r&ﬂ&?d&l‘q{ Qr fault

currents in electrical e I nvention provi des met hods of
det ection of De mﬁebwugﬁmmﬂ?sm!wawﬁmﬂﬁwmm it iaftrymeantralledsthes eakages i n
particul ar t houQdumrdils ML beresdriginuAbdgus levelsT and fault |imted networks in
hazar dous areas such as but not linmted to nmnes. The invention flirther

provi des a met hoglufigy, Ci@fcgpfb%cmom tﬁa@tamtauanamhe%a&ags swdHidg pewer N vari abl e

speed drives by usi n noi se bandw d to detect such defecCcts as earth
| eakage. THe predeHenigsFORANING omEIPR ﬁ‘@?e 08 Hpeeduge REEHERSYPBF Ehal ysi ng t he
frequency cont enesuttfin Grganeidting purteis deringFayheonditions thandoliot @i @hi ng power

el ectoni ¢ 20! L2RLPNRH AhANED o heOAPLoNSLURKE i ficlfi i PT of ect [ on

equi pnent, or to agnostic information W th reference
to anonal ous chatﬁg@Q emiet @plexieh %FTP@H‘!cyS?feE!‘Fr%PW“rWE“&WM et then of

advanced t echni Oyfihesfsed pSi:vE}‘nﬁ'Equ@ﬁ@W @'Cﬁynﬁﬂsisew ﬁo@eﬁtfh&lﬁﬂ@eﬂimﬁﬁlﬁ ysis of
Chece ST o1 s WL TERSI SR 1 SN e e 0 2

protection”in an ccord a preferred
enmbodi nent, si gnikquengyrpreiniesrharmenics) duqds 9@@63%F’EWB;PPW’QSES€IS‘}"°@@FN ed but

were filtered O Uil &%&b&ﬁés@ﬁulek.ﬁﬁﬁts Iasaalna,pram@a&rmurdecmumeﬁm&f; the
pr ot ecti on EC]UI prrent i s not

apl.e to ser nents, the
ext ended i nt er pr ¥R CYAPIEH, i B%?P%Tgebm@f@h Yy g‘ﬁ "Fgé)‘gval | abl e, the
data can be int efpt.et ed to indi cate an 25 actual fault a corrponent failure
or inadvertent -cabling nodification which has not resul ted in a hazardous
condi tiongzput FYBMtﬁ’é)paStQDCl’hnﬁlMgHér&‘reqﬂ'dﬁeyab?»@ﬁﬂehzﬁrﬁb&!‘rlmﬁ&lj}osl fomf the full

o] SPEC UM L k7 o By BRER k2o TSR il B o o
: dedicated “filtering added pnor to measurement of the sngnal While noise
filtration techniques are well known, a simple broadband filter will reject both(
repetmve and sustamed frequenctes now of interest as well as spurious no:se :
25 Established signal proccssmg techniques allow extractlon of qignals of interest

from noise or translent mterference

The vast majority of existing “electrical protection devices are tuned to the
ﬁmdamental power frequency (S0Hz or 60Hz) and so are blind to both DC and
higher frequency earth leakage currents that can still flow and potentially cause '



reference to the specific application, and so provi de diagnostic
information as to the source of an earth | eakage. For exanple, the source
of an anogpl.gusisedzange hi | eakage current may be a VSD epeiahifi@odtosa
particul ar findanental frequency and a uni que sw tching frequency: such
information can be used to |ocate the source of |eakage current (perhaps as
sinple as a single damaged 5capacitor) in a conplex system The nethod
according to the invention nay be applied at various locations in a
network. As an exanple, if applied at the primary protection star for a
fault limted I-T network, it enables the use of acquired data for the

det ection, nonit gking@r as&.oelmagmm@pmen&m&ub:ee&ag& RRtbIigheky.f aul ts in

machi nery 10 opgrating under u Qus-environ renotely
wi t hout usi ng coﬁf‘)@ﬁt W@'ﬁ%lmng% ?‘{lﬁ" %f%%l%‘g%ga gné’f ) SEY fchlhﬁrtgt he

hazar dous ar ea. frequb«s:fearbmb]y@mtthe)ﬁrm lexistprice & arcing rﬁure!nttectmn anddo n@r ease
protection r el aypleyetiikihy inhe Gt HBMndIR ey RA! AR dibdny cHRAGPEMYES L ual i ons

by providing w de bandw dt h measurenent éequi pnent required to observe
conmon rmodé IoopS“m&tElF’fde}%%“éhﬁ*“eiW&Ir?saﬂ@é° brpgdbpngd "&"?"&f"teﬁ@r(“?fbj ect to
reduce persi st enhpetiﬂmmﬁiod’@b@y.),tahd A6 nbtranelgtet idigidudl drquepdyodpeddiai on. It is a
further object o n Iy etation of

i nterference’si gLa sag’ﬁ ’%r%ﬁ@”‘fﬁ%’g roglgrn sﬁgd?%ﬂorﬁgegg%%%ﬁgt ed with
vari abl e speed dervbmaﬁmumfw ons within an |-T aupply network. It is an
obj ective of the invention to provide.a met hod for detection of the ' 20
presence of DC afttoremiinginemgdingrpedodypioecdhalgows tnethedstapd tppasivads| e

initiationeof prefaatdiay fa%ﬂqwmme bitrefts| .mlea;.@an BRRBtd FhinkBZARdS such as

arcing or spark jgnition in e 0Si ve at nos s, ste nd touch potenti al
as a hazard to p firtlen safery Jﬁ'ﬁ'&&’f“%t‘%a '&EP‘&’&‘ ?&W'ﬁ%e%?a"ﬁ?fd'“over heat i ng

of electrical copqenefidcsomns itechmdoghr than isn supplial bsedhepc)westetﬂd owdore25it is a
further objectiv t i system a
gatn‘ie’ct.‘ ? mb&)’l\e%ftcﬂﬂg Sechbrfidl 4@ él%tri’wl ﬁ%‘ﬁ 8{3!?@!%

met hod for chara st ead ate power and switc Fequency
har noni cs for t h@%lﬁ"tﬁdﬁ@%ﬁ’ dﬁﬁ‘%‘ﬂ Eﬁ%b""ﬂ?“&@%’@sﬂﬁ"@"zﬁ‘ ﬁ!’sﬁr’h'ﬁ‘ﬁ isefdifigssi st i ng
i denti fi cafsi on, em&%m,wmapegmr Wronosmaqwmgeemnegemw 86 ioRQowhf aul t

resulting in actl éen 1?%\6%]:?%?;1 tr| :Iq'jor?é'@ au?“m?p ae?v%r?nent The invention

further provides pre ion o rom an open band

width so that an; observer ap qetlerm n |"fe ta vari ablleectrsg‘ er ve is
causi ng a Currenl[ als level voltage and current sources are electric ywea ‘

can be dommated by external sources. The presence of other sources makes

_ interpreting low voltage measurement signals more difficult. Interference can
20 manifest as pseudo protection faults, relay mishehaviour or protection

irregularities.

" In basic operation of VSD’s, they rectify the AC mains 10 régulate a DC link

with significant capacitance. Active ( switched) power electronic output stage

: pul_'se width modulates the DC link voltage to éynthésize a variable voltage,

25 : variaBlc frequénéy outbut waveform. Pilot loop currents represent petentially
unéontrolled power flow in a hazardous environment. In an IT network the

return current splits between the cabled and physical earths in a ratio relative to

the paralle! loop impedances. Interference sources driving these loop currents

may exceed .S, limits under certain conditions. Once curtent is flowing in the



The invention al so provides a relay which is capable of detection and

I nterpretation of' data which allows a determ nation of a source of earth

| eakage awod wnresgarticularly earth | eakage from a vari eblraasiepaado@dsi ve. Tn
one broad formthe present invention conprises: a relay capable of
detecting DC and hi gher frequency signals that relate to the 10 nornmal
operation of switching power electronics (as opposed to transient

el ectrical noise or a fault condition) for the purpose of analysing earth

| eakage currents to actuate protection equipnent.. In another broad form
the present invention conprises: 15a nethod for detection and .

i nterpretation ofphB@abrathhit ghar ther bagardave yenvirgamantsand PUSAs pilamepesli si on of

di agnostic infor r@f‘t@oﬁf‘"rlé‘u%ﬁilgs&ﬁtﬂﬁ &@@Qﬁtio&is&ﬁ&dsa& ndtlmdalssu:ﬁlb()im}hed td epa: r of I
equi pnment generating a | eakage curyent - a) sanmpling an electrical signa
generated from aSQWWﬁF‘hﬁl\é’?ésd‘f‘? %"‘5\%5’?%‘%&@"‘,“' 20b) anal ysing data from

t he sanpled signal to obtain characteristics that m ght uniquely identify
the source of thdnigstyestp incicase rARSHISEIAY W"‘PH%%MW?FHP%’@Q@%‘?P?I cs W th

t hat from Kiown egbltpsEe Pérsistatt hliissnciiirigincl pettiontradyde iddiative dfHE ane

equi pnent at anot her 1t (e hure ; loALGE REeLlel | OiRfty the sanpl ed
signal to ascertaﬁ"ﬁ“’?"r"gacﬁfmé'fséé%ap?fgw é“ﬁtg?% #eg&%S%ed%ecgtsg%“ﬁﬁthe data. The
present inventi orpilpl ¢arth meise. Fiffecrivel dashniquet havs doesr usad IsYrewpse fensitidita| ysi s and

such as signal correlation and synchronous filtering error detect/correct
communication codes for intelligent terminations. However there is a safety
10 problem with the known designs in that a relay which is made less sensitive to -
| pilot earth noise — i.e. more robust, could mask a-condition where intérfc;enoe-

sources are approaching hazardous levels.

High freciucncy common mode loop currents are a fundamental ‘cons'equence of
madern drive techholog_y and cannot be eliminated. Mitigation of these currents
15 is a function of controlling relative loop impedance, therefore controlling which

path these currents take in i‘eturﬂing to the source.

Electrical protection devices suitable for use in hazardous (explosive)
" environments are heavfly regulated by Australian and International Stahdards
with écniﬁéations published and maintained by independent authorities. At the’ .
20 time of patent application, certified clectrical protection devices with sufficient
bandwidth to properly resolve catrier or switching frequency currents generated
by power electronic drives are not available for commercial purchase and

application in hazardous enviroriments, such as mining.

There is a need to address the aforesaid problems in order to increase safety,
25 particularly- though not exclusively in hazardous (potentially explosive)
environments by improving safety in carth leakage detection.

~ INVENTION

10



determ nation of |eakage and /or fault currents in electrical systens

I ncl udi ng sw tching power electronics and enabl es by readi ng and

i nt er pretwoQosiarspdsed 30si gnal s the identification of: @rruvzeaioocesr ent

| eakage or fault currents; h) fundanental and harnoni c conponents of mains
frequency currents; c) fundanental and harnoni c conponents of sw tching
converter currents. 5ln another broad formof the nethod aspect the present
i nvention conprises: a nmethod for detection and interpretation of

el ectrical signals emanating fromsw tching power electronics in an

electrical system. to enable.the anal ysi f.those signals to determ ne an
earth | eakage or [ﬂ”aﬁf??"pl"b“t"ﬁtg'?n%rf%%"d %S’ﬁ%\p?sfgrsqftﬁcé%t(gptgmgfcmﬁe)msanpl ing a
si gnal gener at edirglpdiag neise dandiwvith  toppa@idacpesationn) sefeti i pugplensneasathenent from

one Or nobre NMeasyL R RhhitdhtHuRy kid bRl RO E8)s usaasaeaﬁ}i@.&_mlwhng the
apparatus, ©) sa%%; ng a current .or group of currents flowing in the

el ectrical syste £5d) conversion of the sanpled signals into a data form
suitable for analysis; e) analysing the data to determne its indications
of faults &r pot Eyatterpting s anealiofals of elimrieste el PrRswe probleme idewified alsyeri pnent ;
. the present invention seeks to provide a method of measurement, analysis and
diScriminatioh of current leakage, components of currents and/or fault Quncnts
in electrical systems. ‘The invention further provides methods of detection of
DC and higher frequency earth fault currents and leakages in panicﬁ[ar though
10 notexclusively in 1T and fault limited networks in hezardous areas such as but -
not limited to mines. The invention further provides a method for detection of |
fault and leakage currént's in variable speed drives by using noise bandwidth to
detect such defects as earth leakage. The present invention further provides a
method for analysing the frequency content of ground loop currents peculiar to
15 switching power electronic applications within an I-T supply network to actuate
bprotecti'cm equipment, or to provide warning and diagnostic information with

reference to anomalous changes in leakage current spectra.

Thc application of advanced techniques for signal extraction, with subsequent

analysis of these signals with reference to the peculiarities of earth Jeakage

20 " protection in an 1-T network is novel and unique. According to a preferred R
embodiment, signal components ate analysed which previously existed but were
filtered out by éxisting electrical protection devices. If the protection equipment
is not able to observe these signal components, the extended interpretation is not
_ possible. dnce signal data {s avallable, the dara can be interpreted to tndicate an

25 actual fault, a component failure or inadvertent cabling modification which has
not resulted in a haiar&ous condition but may do so in future. »Thé absence of an

~ analysis of the full si gnal spectrum to identify a hazard is undesirable.

Once the signal information i.s known, it may be analysed and interﬁretec_:l with
reference 1o the specific application, and so provide diagnostic information as to

11



O interpreting the data to ascertain if an electrical hazard is indicated
20 According to a preferred enbodi nent the nethod conprises the further

st eps of wp20cihisyyli Ng protecti on equi pmrent to open cir egiriAt2a/00WST .
supply if power frequency or power harnonic | eakage currents exceed
specified |l evels and durations h) activating protection

equi pnent to open circuit the power supply if DC or 25hi gher frequency

| eakage currents are at excessive levels c) provide diagnostic information
as to the characteristics of the equipnment |ikely to have caused the
detected | eakage signals 30According to a preferred enbodi nent, the

measur enent can ke sovrekeofian kasth 1akeas: Konexamplerthy wusp skanvenemaloys kg s i n an

el ectrical system &Kl @fret MiyI8E @ VS pelafiip wdla PalidWarofundditaidrct or s,
direct neasurenent of one current, [n ?w a[al}l‘alf brfnch 0 ig]f er -the
current flow ng iRy %’g@d‘l‘?ﬂ“bﬂf'ﬁhﬂ"% Wgﬁ%c’f’f." BPEIF5PY %% W89 Lanpl ed tine
domai n data is cowaerthegbuica v lenknge turequrrbyps'as dipie & ausnghgdahaget et e Fouri er

transforns, ¢ f ast el f or a simlar established si I
Fe, s 55% tdh a b sHAAE : . - signa
processi ng techni ug. )A{‘:Eoé |ln§95|t&o a preferred enbodi ment the

interpretation of,identified currents.in i.ven ting topol ogy
and state enabl ed™F WF@ ?ﬁg%’g‘g? H’odr;lee'méer? t‘?ﬁﬁlé bgfap ﬁ%%@ﬁ?‘%\?\?‘%@éﬁé\%@nt s and/ or
paraneters: (i)| eateateAsfan grammls ifcappliedrit termrigaphprateetian ser fgarfadct ed eart hs;
10(i 1)1 eakage of |fued Jrrendnddrk, a0 dndbRE RN SFORPAMRE LG fOf thaBeRR&ich) equency
currents into ph%&nﬁg’{ngot{nd?cﬁggggs?st gtd eeﬁt%r'lteg‘%ge and other faults .in machinery

10 © operating underground or in a hazardous environment remotely without using

conventional measuring tools and analysis within the hazardous area.

It is an object of the present invention to increase protection relay iminunity

which may mask potentially dangerous situations by providing wide bandwidth

~ measurement equipment r;:q’uired to observe common mode loops, currents and

15 - voltages. It is a further object to reduce persistent unwanted relay trips in earth
current protection. It is a further object of the invention to provide a method for
interpretation of interference signals and ground loop currents which are

associated with variable Spécd drive applications within an I-T supply network. |

It is an objective of the invention to provide a method for detection of the
20 presence of DC and/or higher frequency lcakage currents to enable initiation of
protection equipment to eliminate potential hazards such as arcing or spark
ignition in explosive atmospheres, step and touch potential as a hazard to
personnel in contact with powered equipment and overheating of electrical

components arising from un-modelled power flows.

¢

25 Tt is a further ob_iectivé of the invention to provide in an electrical system, a
method for characterising steady state power and switching frequency
harmonics for the purpose of providing diagnostic information assisting

' identiﬁcation, resolution or repair of equipment genérating a fault resulting in

~ activation of electrical protection equipment.

12



(tii) the relative anplitudes of respective power frequency harnonics; (iv)
| eakage of fundanental and harnonic switching converter currents Into

physi cal wow00omdssstied earths; 15(v)nom nal switching fregeeneyii@bopswer
converter; (vi)ineffective or faulty common node filters on sw tching
converters or equi pnent supplied by swi tching converters. Accordi ng
to a preferred enbodi nent, the nethod Uses broadband frequency 20donain
anal yses' and artificial intelligence (including but not limted to pattern
recognition) to identify power and sw tching fundanental frequencies and
harnoni cs in active phase, neutral, earth pilot conductors in electrical
power networ ks. Timisvestentupher proyides 4 methadiTenintergestation efidete figmanweent o t he known

prior art and th@andSvished haQRbheSer caeddkdrhine fa variudlelspic @ @@ieigcaddigh Ot her

obj ects and adVantﬁ_g%a wi || appear fromthe description to follow. In the
description ref ePERTR PR e t o t he acconpanyi ng representations, which
fornms a part her 8bé invgniibni pisonipionides g wslapvimhidhy isngapalié of | detestianasridon specific

embodi ment s5 i N Wlitkhretalih df BHEWhicORNIOWRY dBtermaBs raQurceldte st lefkag0di ment s
will be described jn sufficient 0 emﬁgée ?gthose skilled in the art

i etail t
to practice the ?{fP%c,“Fagﬁaa‘ThS“f‘%g°F8ml§é'aﬁa PEE88F t hat ot her
enbodi ments may be utilised and that structural changes nmay be made
wi t hout departing fromthe scope of the invention. The follow ng detailed
description is, fihee®foad form Mhaprebent iaeenti@kdmptises:a | imting sense, arid the

scope of the present inyention is _be def , he ,a nded cl ai ns.
DETAI LED DESCR! PTG PRI d8eths P?Sﬁé%mgﬁ% fvgﬁ‘%f‘gyn%‘%&“'ﬁéhag’ggﬁ%ﬁ? %’eed in more
detai | accly di ngneroak oparatibe rof esbithing peyver | dlasireniayglee (PBRAGEd Y ton transient

electrical noise or a fault condition) for the purpose of analysing carth leakage

currents to actuate protection equipment..

, In anbther.broa'd form the present invention comprises:
15 ~ a method for detection and interpretation of DC and higher frequency signals
' to ensble provision of diagnostic information assisting identification,
resolution or répair of equipment generating a leakage current by:
a) sampling an electrical signal generated from a switching electronic
. apparsatus, I _, , ,
20 o "b) analjrs‘ir_nig data from the sam;ﬂcd signal to obtain characteristics that
" might uniquely identify the source of the signal , |
c) comparison of the data characteristics with that from known equipment,
with equivalent data taken from the same equipment at another time,
d) -interpretaﬁon of the sampled signal to ascertain if an electrical hazard is
25 - indicated by the data. '

The present invention further provides a method of measurement, analysis and

determination of leakage and /or fault currents in electrical Systems including

switching pbwctr electr;)nics_ and enables by reading and interpreting sampled
30 signals the identification of: o |

)
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10 - The exanples referred to herein are illustrative and are not to be
regarded as Limting the scope of the invention. Wile various enbodi nents
of the invenvignsssave been described herein, it will bepappasiaiedst hat

t hese are capable of nodification, and therefore the disclosures herein are
not to be construed as 15 limting of the precise details set forth, but to
avail such changes and alterations as fall within the purview of the
description. Although the nmethod and apparatus aspects of' the invention
will be described with reference to their application to IT networks it

wi || be appreci t hat t lon has alternative applications. 20 The
Met hod of I\/basuraénSWf‘ °"55ﬁ‘ép§'?§%°'§ﬁ'§)‘°f‘7ﬁ“5’rpret ation According to the

met hodol ogy t he 1)i fusdansttaimnd Barhonin@arponeats bivesiss fgquenciacvereadt ai n- t he
necessary data fgQr [ 4 Ng. 25 Signal
Meaur enent : 4 fuﬁ%ﬂgﬁ&ﬁ;ﬁ%ﬁ%ﬁc éoﬁi Pg'%gtg? eF/sjgrﬁ\ttc ﬂ%g?doé%i&%@ currents is

carried out_ with_ suf I e n h to erI reconstruct the anplitude
and phase of the! "SVﬂ{hff@é‘I“g 6%6%@&'“1‘?5%?3 f jRvention compriteii cs, as wel |

he fund I dth
modul ati on o debar R pE eklFNERREeAnh F*ee'e%*% SR BB B0 ot he

measur ement can beswitshies meﬁecﬁrpmm ip A elegtriqabsystenaisg emab&tthmalpm ofts in an
el ectrical system those sngnals to determine an earth Ieakage or fault;

.10 the method‘oompnses the steps of}

4-'}

a) sampling a signal gencrated by an electrical epparatus,
. tg). takiﬁg & measurement from one of more measurement points in the
electrical system supplying the apparatus, _ '
¢) sampling a current or group.of currents flowing in the electrical system,
15 ~ d) conversion of the sampled signals into a data form éuilzblé for analysis;
_-e) analysing the data to detcrmme its mdxcatlons of faults ot potcnt1a1 faults
in connected power electronic equipment; v
f) integpreti'ng the data to ascertain if an electrical hazard is indicatgd

20 Accordi_hg to a preferred embodiment the method comprises the further steps of:
8) activating protection equipment to open circuit the power supply if
- power frequency or power harmonic leakage currents exceed speeifi ed

levels and durations .
) activating protection ebquipm'cnt to open ciréuit the power supply if DC or
25  higher frequency leakage currents are at excessive levels

) provide diagnostic information as to the characteristics of the equipment

likely to have caused the detected lezkage signals -

30 . Accordingtoa prefeﬂ'ed'embodiment,-the measurement can be undertaken from
one or morc observation points in an electrical systeni, such as a single
conductor, a-group of conductors, dircct measurement of one current in a |

14



a) a single conductor (be that an earth, neutral or individual phase
conductor); b) a group of conductors (sinultaneously sanple three

i ndi vi dualyoRbpsesgenductors, or and neutral (if present pegmBofiWobBet

bal ance to directly neasure a residual or |eakage current across a three
phase bundle); 10c) direct neasurenent of one current in a parallel branch
to infer the current flowing in the second parallel branch, with
appropriate assunptions regarding relative branch i npedances (e.g.

measur ement of a cabled earth current hi conbination with a three phase
residual current to infer the current flowing in the physical earth) 15d)
Di rect Measur emerperatiél tpanch amtinfemthe et dowing ain thie &¢ prselleh hranchude, phase

and frequency contgihpiPltnd Eh%«pmacﬁw amixt Qath Qs roe\mheaethhsmdqn@eﬁh cont ai ns
the earth fault and/or ftotal

au t cur
Conver si on: 20 Ttij@mé'ﬁr'r’ﬁ'%ﬂ's‘i"ftﬁ’glﬁ'm g?s %ﬁ"‘a\f‘”{’%’g °rrn g" E‘he fr equency
domai n usi ng di sous:elblehaﬂ(slgnalproc&smmtﬂmhns, fast Fourier transforns,
simlar established signal processing technique. Th| S ‘conversi on Yyi eI ds t he
magni t ude and phase of each frequency conponent ed.data in the
frequency domai n.Acsodinglo %Yif??’@ﬁﬂéwérﬁﬁ‘&tﬂ?‘d?ﬁ%?“f‘ﬂb“ &8‘6{??8%“Hd'hm n data
gener ated by the aliiwaagheedspefating topadagy iasd stite embleoinferene: dfiond ¢raubre 0 1 ej ect

t he broadband noi ‘ﬁxefﬂjylf%% c@e‘ﬁtsaﬁ&)&(ﬁaﬂ%t i he significant spectral lines
associ ated with the speci requencies .of interest. 30 Sinel

Anal ysi s 5f r equer®y dodﬁﬁkPﬁeWﬁﬂ'l?F*rFﬁt"F'lSW‘q@’yﬂ%“é‘éf“f’@““‘t"?j@ﬁf‘ﬁ fy the fundanental
power frequency (which iedyeeber Saindahoais et amidie |coragbnédty @fgmainvar i abl e

switching electronics %ﬁ?en&%ug?qsIr’r%tpnwm{og%;}gg%&%hypl cally 50/ 60Hz]). If

a direct current conpo Dependl ng on where the
current measurengid is ﬂmbﬂvmmdﬁpmeﬁwypmﬁmF@WhW@Fs-har nmoni cs may

or may not be prgRgNt. leskage of fundamental and harmonic switching converter currents
‘ into physical or conducted carths;

5 W nominal switching frequency of power converter;
“(vi) ineffective or faulty common mode fiiters on switching converters or

equipment supplied by switching converters.

'Accordingio a prefefred_ embodiment, the method uses broadband frequency
20 domain analyses and artificial intelligence (im_:luding but not limited to pattern
| recognitidn) to identify power and switching fundarhental frequcncies and
" harmonics in active phase, neutral, earth pilot conductors in elecmcal power
 networks.
The p_rwent ‘invention provides an alternative to the_ known prior art and the
25 - shortcomings identified. The foregoing and oth'evr objects and advantages will
" appear from the description to follow. In the description reference is made to the _
acoompanyihg representations, which forms a part hefeof, and in which is
shown by way of illustration specific erobodiments in which the invention may
be practiced. These embodiments will be described in sufficient detai to enable '
30 vthose skilled in the art to practice the invention, and it is to be understood that
| other embod1mems may be utilised and that structural changes may be made

15



I f a fundanmental power frequency is identified, the power frequency
harnonics are identified in magnitude and frequency (typically integer

mul ti pl eswofoigsdsundament al power frequency). If multi peaniiwoiroy

el ectroni ¢ nodul es exist, 15multiple power frequency and harnoni cs of that
frequency may be detected. The fundamental swi tching (or carrier) frequency
is identified for |oads that include either direct current or variable
(synthesised) alternating currents fromsw tching el ectronics. Were
multiple carrier frequencies are detected they arc distinguished by

i dentifying sideband conponents agai nst the fundanental 20power frequencies
identified. , Thevithettolepatingofior ghe sdaps obthe ljnwentiang The Yollewingadetailed ot ect i on

equi pment t o opeRegfiptioH id therdford) AR betakeR Inva linfitiisemse, ohd BE@PEYFtRy pover
har noni ¢ | eakage currentsgﬁggee Igwgts and durati ons.
| |

ified
25ii)activate pr®FEEEgHY ﬁh&ﬁ%gﬁﬁhﬁ%éﬁmg "™ t he power supply if high

frequency | eakage currents are at excessive levels. iii)warn that high
frequency cgirrents exist at an anplitude that is cause for concern given

their location, and provide diagnostic information to assist in |ocating
the source (e.g.Eﬁﬂﬁﬁﬁﬂégﬁggggggﬁﬂdrive‘running at 40Hz fundanent al
30switching at 3.4kHz is the cause of the signal) to indicate that a nmarked

change has j ust - Gge ke invbilioh W ln5W Qe RerBloMahodk 'RAHSDSYGORRONENt S
det ect ed, which . o v
. proferred but non limiting embodiment. ‘ : .

10 : ‘ .
The examples referred to herein are illustrative and are not t0 be regarded as
limiting the scobe 6f the invention. While various embodiments of the invention
have been described herein, it will be appreciated't}iat these are capable of
modification, and therefore the disclosures herein are not to be construed as
15 3 lihiting of the precisc details set forth, but to avail such changes aﬁd alterations
as fall within the purview of the description. Although the method and
~ apparatus aspects of the invention will be described with reference to their
application to [-T networks it will be. appreciated that the invention has
 alternative applications. ' |
. Mﬂh' 0d of Meﬂsuremenf, Analysis and ln;gmrg ation

According to the lﬁethodology the first step is to measure the signal and obtain
~the"necessary data for analysis, This is done via digital sampling.
25 ' '

N

Signal Measurement:
Digital sampling of a current or group of currents is carried out with sufficient

bandwidth to properly reconstruct. the amplitude and phase of the synthesised-
30 power frequency and its harmonics, as well as the fundamental carrier
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may be indicative of a conponent failure or =acceptable change In the
cabling infrastructure. According to the nethod, an inference nmay be drawn
fromthe wogoalisgaia 5 obtai ned that sonething i s w ongpCtriaane ii®oas
potential, if not an actual fault) such as the presence of currents which
shoul d not be present. By providing a relay with an extended bandwi dth to

i ncl ude frequency conponents that are conventionally rejected by protection
equi pnent, and using signal processing to characterise detected signals,
the relay is able to provide superior protection and 10so increased safety
as required by increasing deploynent of nodern s chi ng power. el ectronics
i nto hazardous area¥ncy PPWQIﬁQ"“B'é“& glpgtipaies r""é%&jn’f’ Hgyy, ‘8 weedtsndhskil 1 ed in
the art that nunewoplisgyadivih isdsleadictcrvoaént.i cati ons may be nade to the

i nvention without departing fromthe overall spirit and scope of the
invention broadly described herein. 20 25 30 THE CLAI N5 DEFI NI NG THE

| NVENTI ON ARE ASHOE messgrement cansberinderiaken Sfomying pt apre shsspypiiagoists imatur rent or
group of cusrent E‘elebti‘ics’l@ysﬁl’neCtrl cal systemincluding using in sal d sarrpl i ng,

sufficient bandw 9%'5% tlé)oong’ucE §031$ uegﬁ&la%eu?ral%mdtv dgglih%Pgo

synt hesi sed power rmoni ¢S an g e taI carrl er
frequency of swi tbéhmgxpep%@mdmwres(simuamm spriplen thided individge). phase A net hod

of digital sanpl |c&%u&5@%@ﬁ6]ﬁu&@(1€$t@dem&a%ﬁérﬁbﬂaﬁcbﬁ) dlr@é@rmuuﬂga bandwi dt h
i ncludes direct Cugduaq ot leaKage current across 8 three phase bundle); :
10 - ¢) direct reasurement of on¢ current in a parallel branch to infer the current ‘
flowing in the second paralle) branch, with appropriate assumptions regardmg
relative branch impedances (eg measurement of a cabled carth current in
combination with a three phase residual current to infer the current flowing in |
" the physical earth). ' .
15 d) Direct measurement of current in parallel branches using magnitﬁde, phase’
and frequency content of the measurcments to resolve which branch contains

the earth fault énd/br total earth fault current ﬂowi.ng. :

ignal version:
20 '
The sampled time domain data i is converted mto the. frequency domain usmg
discrete Fourier transforms, fast Founer transforms, or a similar established
signal processing technique. This conversvon yields the magnitude and phase of .
each frequency component in the sampled data | in the frequency domain.
25 “The amplitude spectrum of the frequency domain data generated by the discrete
o ot fast Fourier transform is limited to reject the broadband noise ﬂdbr, to jeave
only the significant spectral lines assocl;atedv with the specific component V

frequencies of interest.

30
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3. A nethod of digital sanpling according to claim2 wherein the Sanpling
Is taken fromone or nore observation points in an electrical system 154.
. A met hodwofotigsisal sanpling according to clai m3 wher ecmAthen@woswsvati on
poi nts conprise, a single conductor or a group of conductors. 5. A
met hod of digital sanpling according to claim4 wherein the single
conductor is selected froman earth, neutral or individual phase
20conductor. 6. A nmethod of digital sanpling accordingto clairn 4
conprising the further step of sinultaneously sanpling three individual
phase conductors, to directly neasure a residual or |eakage current across
a three phase bundl e 7. A nethod of digital sanpling according to
claim4 conprising the 25step of direct nmeasurenent of one current in a
paral | el branch tStenaifrelysis he current flowing.in a second parallel branch
8. A nethod of digital sanpling according to claim4 conprising the further

step of naking -ar}:ré@&”yp&,ﬁmnfog%mismgd@asur_errent of relative branch
30i npedances in a:cabled ea{th Ln Cog%inatio MﬂthbastQLQ%d&%ﬁﬁf resi dua)
current to infer’ MEYIET faBfgmepelbRgsy %mg:yéhvglgi & P_RATR
2011/ 153581 PCT/ AU 1 thigi) A@ab:. ﬂwimbhgoa!bcwni@i ofi ptalﬁxgiampinf rﬂ;que)pr ding to
claim8 conprising thg SdioHIB! 1155 ARecd furrdn® QYRgdnbM ExishE it Sk Gadtiffedi NLO @
frequency donai n. L _ . :

Depending on where the current measurement is made, power frequency and

10 low order harmonics may or may not be present.

Ifa .fundamental power ﬁéquenéy is identifled, the power frgquency harmonics
are identified in magnitude and frequency (typiga'lly integer muitiples of the
- Fundamental power frequency). If multiple switching electronic modules exist,
15 multiple ﬁowa frequency and harmonics of that frequency may be detected.
~ The fundamental switching (or carrier) frequency is identified for loads that
~ include either direct current or variable (synthesised) alternating currents from
switching electrcmics. Wﬁcr‘e multiple carrier frequencies are detected they are
distinguished by identifying sideband components against the fundamental
20 power t’requenciés identified. '
The information can then be used to: .

) activate protection equipment to open circuit the power supply if
power ﬁaquencj or power harmonic leakage currents exceed speci:f‘ied levels
and durations. A ‘ ' '

25 ii) activate protectioﬁ equipment to open circuit the power supply if high
" frequency leakage cﬁrrents are at excessive levels. |

iii)  wam that h‘iéh frequency currents exist at an ampli'tude that is cause
for concern given their location, and provide diagnostic information to assist in
lqcatirig the source (e.g. a variable speed. drive running at 40Hz fundamental

30 ~ switching at 3.4kHz is the cause of the signal) to indicate that a marked change
' has just occurred in the level of signal frequency components detected, which

18



510. A nethod of digital sanpling according to claim9 wherein the frequency
domai n uses a signal processing technique selected fromdiscrete Fourier

t ransf or ngoQo11f&s4s1 Fouri er transforns. 11. A et hogcofaudogidoedos
sanpling according to claim 10 conprising the 10further step of converting
the signal to yield the magni tude and phase of each frequency conponent in
the sanpled data in the frequency domai n. 12. A nethod of digital
sanpling according to claim11l wherein the spectrum of the frequency donain
data generated by the discrete or fast Fourier 15transformis limted to
reject a broadband noise floor. 13. A nethod of digital sanpling according
to claim12 conpmaiPhgdicsive pla somppnest faiure,pr yacsenisbie ‘8?”39 Insthe,pablingc ant

spectral |ines asgmehafusd W th specific conmponent frequencies of interest
20 14. A method of digital sanpling according to clai'm13 conprising the
further step of ara@draﬁg Ewthﬁrn%%en&yin@%@e ma F8 Arabi it B BAR qud undanent al

power frqu;n ég od of dlﬁ q? Qg accor % to claim 14
wherein the fred 'ﬁwhﬁmﬁt elhATYE 'é“‘i‘aéﬂ?‘f %tﬁw%fap sethgnal
anal yses, and t oas theptesdnge sfharrpresidccsogd nedhecnmentamy proddinga irdlaypover system

appl | cati ons. 16/ TGl UAGO! hlid o SATMY AU RS OLAAAOul Ak 15

wherein, if a 30direct current conponent exi I ed.
2011/ 153581 PCT/ AR Mooy To)ested Py progetinnteREpmet. 6&4 b“i'“cgeilgn%ieﬂriaﬁ¢9ﬁlngt°accor d| ng to

claim 16 wherei ncﬁhemﬂwda@ctwamh&rnelaﬁ.sfauedasmﬁeahpqaeamma‘nb@wenCy i's
|dent|f|ed t he Rower f séﬁ%

nlcs ent|f| d in. ni tude and
frequency ﬁ%lch T &Rt e ger ?ﬁﬁém?ﬁ s"wrv %ﬁk F 50%&? requency.

power electronics into hazardous areas.

It will be further recognised by persons skilled in the art that numetous
variations and modifications may be made to the invention without departing

15 Afrom_ the overal} spiﬁt and scope of the invention broadly deséribed herein.

20

25

30

19



18. A method of digital sanpling according to claim 17 conprising the
further step where if nmultiple switching electronic nodul es exist in the
system nmubt2oplwsewer frequency and harnoni cs of that Ppregueacyormy be
detected. 1019. A nethod of digital sanmpling according to claim18 wherein
the fundanental switching (or carrier) frequency is identified for |oads
that include either direct current or variable (synthesised) alternating
currents fromsw tching electronics. 1520. A nmethod of digital sanpling
according to claim19 wherein, where nultiple carrier frequencies are

detected they ar i stingui c . fying sic nd. conpOnent s agai nst
t he fundanent.al M%WW&W@%A@N@@%M di gital
sanmpl i ng according to claim 20 conprising a 20further step of using

nmeasured informayion tq methd%CJf'dWl%u{?ﬁlﬁ\E%% E@Qn%%&%ﬁ%ﬁ&ur{g&s @pgn circuit

t he power supply if power frequency or power harnonic E’f currents
exceed speci fi edeleetiel ysigqy inglyding juging In 98 sampling {yEhgieat bandyidthate sanpl i ng
accordi ng t0 cl ardtbidtudt CERipBiutgand@hask OF b @nhesibedpowtr feegjbengy BRbisUr ed

ool T " o PREEREAE PRAMENLL AR HoBIRD of M OBAL Bl fi ndt € power

supply it' high P lguency age current e at -excessive levels. 3023. A
met hod of di gi t amod #Hop sidePeedscor di ng to cl-aim 22 conprising a further step
of using measured information to: ascertain that high frequency currents

exi st at .a locati ?on ang\a{ﬁe%{fﬁo%g'gﬁsag’a 'ggea%?sotr&mgtoclfa% {natl omé‘o assist in

| ocati ng the soufce of
sampling bandwidth includes direct current.

3. A method of digital sampling accondirig to claim 2 wherein the
sampling is taken from one or more observation points in an electrical gystem.

15 4. . A method of digital sampl_ing according to claim 3 wherein the

observation pbints comprise, a single conductor or a gnotip of conductors.

5. A met‘hod.of digital sampling according 16 claim 4 wherein the
single conductor is selected from an earth, neutral or individual phase
20 conductor. | . o '
. 6. A method of digital sampling accbrding to claim 4 comprising the -
further step of simultaneously sampling three individual phase conductbrs, to
di'rectly measure a residual or leakage current across a three phase buﬁdlé'
7. A me_thpd of digital sampling according to claim 4 comprising the
.25 step of direct measurement of one current in & paralle] branch to infer the
current ﬂbwing‘ in a second paralle! branch

8. A method of-digiml sampling according_tq claim 4 com;}n'sing the
further step of making an assumption regarding measurement of relative branch -
30 impedances in a cabled earth in combination with a three phase residual current

to infer the current flowing in a physical earth.

20



24. A nethod for detection and interpretation of DC and hi gher frequency
5signals to enable provision of diagnostic information assisting

identifi Gghigyy1s68s0! ution or repair of equi pment gener akipddél@aH3oe
current by: a) sanpling an electrical signal generated froma swtching

el ectroni c appar at us, b) anal ysing data fromthe sanpled signa
to obtain characteristics that 10m ght uniquely identify the source of the
signal, c) conparison of the data characteristics with that from known
equi pnment, with equivalent data taken fromthe same equi pnment at anot her
time, d) interpretation of the sanpled signal to ascertain if an electrica
hazard is indicated by the data. 15 25. A nmethod of neasurenent, analysis

and determ-.nation of | %@#a&faggt@@(tﬁgmﬁpm;ec&&%%ﬁ&aﬁnhnc é,ggf,éjhgal systens

i ncl udi ng swi tching power e oni.cs and enabling by readihg and

i nterpreting sanpPEWr Sp@fsgneertingthe signals g g Fegpensydemain. ) direct current
| eakage or fault currents; 20b) fundanental and harnonic conponents. of

mai ns frequency GHrrent,s; f-.undanent. har pc.conpenent s of
SW t chi ng c%nverﬁg'r cu r%ﬁf@.“H%ﬁ@é‘f’“@%%?ﬁ%&%&imﬂgt gcﬁ%ﬁ"and
i nterpretation offregueneyt damainl usss griignal REOPRTTIRE | terninyeotricsiad fromi dgsretoner

el ect roni cs i N alFofeRirisiohd or MStoBHM rudrAabl e t he

11, A method of digital sampling according to claim 10 comprising the
10 further step of converting the signal to yield the magnitude and phase of each
' frequency component in the sampled data in the frequency domain.

12. . A method of digital sampling according to claim 11 wherein the
spectrum of the frequency domain data generated by the discrete or fast Fourier
15 transform is limited to reject a broadband noise floor.-

13. A method of digital sampling acoording to claim 12 comprising the
further step of leaving only significant spectral lines associated with specific
component frequencies of interest ‘

20 .
14. . A method of digital sampling according to ¢laim 13 comprising the
further step of analysing frequency domain dsta to determine a fundamental

~ power frequency. o

25 15, A method of digital sampling according to claim 14 wherein the

~ frequency domain analysis identifies spectra in signal analyses, and to identify
the presence of electrical arcing in power system applications.

16, A method of digital sampling according to claim 15 wherein, if &
30 direct current component exists, it is identified. ' '
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anal ysis of those signals to determ ne an earth | eakage or fault; the

nmet hod conprises the steps of a) sanpling a signal generated by an

el ectri cavoapparsagsus, 30b) taking a neasurenent from onecerAvIOII®oMASUr €
points in the electrical system supplying the apparatus, c) sanpling a
current or group of currents flowng in the electrical system d)
conversion of' the sanpled signals into a data formsuitable for anal ysis;
e) analysing the data to determine its indications of faults or potential
faults in connected power electronic equi pnent; f) interpreting
the data to-ascertain if an electrical hazard is indicated 5 27A net hod
according to claili 26 @ongshadsf digital brmpling aceredingtogleim Yhwhereimct i vat i ng

protection equi prasmdiﬁg)uﬁap%ereuﬁmraeneahsomwuewppidunﬂm RRwed r equency or
power harnonic | eakage curr %C%feﬁg specu‘lded | evel s. awg guratlons 10b)
activating prot elEMUSREYeATT A" JTEBRIHIE apdh SPesiiey WAl “if DC or

hi gher frequency ndmkangeplmmmﬂsam@l puweekwiessy.ve | evel s c) provide

di agnostic 4 nformation as to the characterl stics of the equipnment likely to

have caused the detected | eakage signals. 28. A rres hod ggco Il‘_ldl ng to claim
27 wherein the néésurerf‘é'ﬁ‘t‘hqdé’f igital sa plingacco ing to claim 17 comprising t
further step where if’ multiple switching electronic modules exist in the system

multlp]e power frequency and harmonics of that frequency may be detectcd

10 19. . Amethad of digita) sampling according to claim 18 wherein
the fundamental switching (or carrier) frequency is identified for loads
that include eithcr direct current or variable (synthesised) aliernating

cvrrents from switching clectronics.

15 20, A method of digital sampling according to claim 19 wherein, where
multiple carrier frequeticies are detected they are distinguished by identifying
sideband components against the fundamental power frequencies identified.

21. A method of digital sampling according to claim 20 comprising a

20 further step of using measured information to:
activate protectlon equipment to open circuit the power supply if power
frequency. or power harmonic leakage currents exceed specified levels and’

durations.

25 .22, A method of digital samplmg according to claim 21 compnsmg a8
further step of using measured information to:
activate protection equipment to open circuit the power supply if high

ﬁequency leakage currents are at excessive levels,

30 23. A method of digital sampling according to élaim 22 comprising a
further step of using measured informatjon to:

22



undertaken fromat | east one Cbservation point in an electrical
29. A net hod according to claim28 wherein the observation point

conduct orwo3@11/138581A Met hod according to clai m 28 wher eipgridigoAlBeipNat i on

point is a group of conductors.

system
Is a single

31. A nethod according to claim?29 or 30

wherein, the observation point 25is a point of direct nmeasurenent of one
current in a parallel branch. 32. A nmethod according to claim 31 wherein,

an observation of direct neasurenent of one current

allows an inference of the current flowing in a second parallel
WO 2011/ 153581PCT/ AU2011/ 000705 33. A nethod according to claim32 wherein
sanpl ed tinme donmai mscerteinathptshighy froquence butrentsoexist &t e desatinnyand oteapmavidsi ng

di screte Fourier dﬂ{gﬁmé RfoRRation BthssisinTBalHhARGeE 6 dntAiecd batheit, 33 Wherein

said sanpled tine
fast Fourier transforms.

in a parallel branch

branch. 30

omain 5data is converted into a frequency domain using
35. A nethod according to claim34 wherein

sanpl ed tine dong#n datdemethodfomiseectiop@nd interpretatipn et PR achhigherfrqventsi ng a
si gnal processi ng.gmgwﬁae probRRR-of ieBRISIO AARHERA K @daﬁtkfﬁhtmn% wher ei n

the Interpretati'on o

15

20

25

30

rcsolutlon or repair of cquipment generating a lcakage current by:
a)  sampling an electrical signal generated from a switching electronic
apparatus, ' '

b) analysing data ﬁqm the sampled signal to obtain characteristics: that

might uniquely identify the source of the signal,

c) comparison of the data characteristics with that from known equipment,
with equivalent data taken from the same equipment at another time,

d) interpretatlon of the sampled s:gnal to ascertain if an electrical hazard is
indicated by the daxa '

25. . A method of measurement, analysis and. determination of leakage v
and/or fault currents in c]octrical systems including switching power clectronics
and enabling by readmg and mterprctmg sampled qxgnals, the identification of:

a) dlrcct current leakage or fault currents;

" b) fundamental and harmonic components of mains frequency currents;

) fundamental and harmonic components of switching converter currents.

26. A method for detection and interpretation of electrical signals emanating
from switcﬁing power clectronics in an electrical system, to enable the
enalysis of those signals to determine an earth leakage or fault;
the method comprises the steps of:

a) sampling a signal generated by an electncal apparatus,
'b) taking a measurement from one or more reasure points in the electrical
system supplying the apparatus,
c) sampling a current or group of currents ﬂowung in the electrical system,
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identified '"currents in a given assuned operating topology and state
enabl es i nference of one or nore of the follow ng events and/ or paraneters:

(1)1 eakaggobidisswet current into physical or conduct edpearau2ei1/00bfoseakage
of fundanental and harnoni c conponents of mains 15frequency currents into
physi cal or conducted earths; (iii) the relative anplitudes of respective
power frequency harnonics; (iv) |eakage of fundanmental and harnonic
switching converter currents into physical or conducted earths; (v) nom nal
swi tching frequency :of .power converter; 20(vi)ineffective or faulty common

mode filters on switchi-ng converters.or, eqgui t s | ied by swtching
converters. 3 .wﬂv‘?’g?'h‘ﬁ%éﬂgﬁfés'%'flsa’ %@ﬁ@%@#ﬂ“ﬂﬂé%ﬁér frequency
signal s that ¢) analysing thb détetotdetetniiae itadindicatiorspé faalty ayrpotetiabfanitschi ng power

el ectronics (as Oppoﬁ%gn&é}e@p%%?@élr&ﬁécq%ipﬁﬁﬁt{i cal noise) for the purpose of
anal ysing earth | eakage currents to act %ate rofection d@gﬁiﬁprrent. 38.

A rel ay according Po™@rristing the data porageeptaip ap pletiicathazsrd sl d bandwi dth to
i nclude frequency conponents that are conventionally rejected by
30protection equi ﬁmsnt ‘A method according to claim 26 comprising the further steps of: _
_ a) activating protection equibm_ent to open circuit the power supply if
power frequency or pOWer harmonic leakage currents exceed specified
levels and durations ' o
10 | b) activating protection equipment to open circuit the power supply if DC or
higher frequency leakage currents are at excessive levels _
c) provide diagnostic information as to the characteristics of the equipment

likely to have caused the detected leakage signals.

18 28. A method according to claim 27 wherein the theasurerpcnt is

undertaken from at Icast one observation point in an clcctrical system.

29. A method according to claim 28 wherein the observation point is a

' single conductor.

20 ,
30, A method according to claim-28 wherein the observation point is a
group of conductors. ' '
3. - A method according to claim 29 or 30 wherein, the obscrvation point
25 is a point of direct measurement of one current in a parallel branch.
32. A method according to claim 31 wherein, an observation of direct
measurement of one current .in a parallel branch allows an inference of the
current flowing in a second parallel branch.
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39A relay according to claim38 further conprising nmeans for signal
processing to characterise detected signals,

superi or woeveeitssdm and so i ncreased safety as requiredpboy/Au26r1086i089
depl oynment of nodern sw tching power electronics into hazardous areas.

15 20 25 30
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33. -~ A method according to claim 32 wherein sampled time domain data is

converted into a frequency domain using discrete Fourier transforms.

34. © A method according to claim 33 wherein said sampled time domain

data is converted into a frequency domain using fast Fourier transforms.

~ 35, A method according to claim 34 wherein sampled time domain data is

~ converted into a frequency domain using a signal processing technique.

36. *A method according to claim 35 wherein the interpretation of
identified currents in a given assumed operating topology and- state enables

inference of one or more of the following events and/or 'parameters:

(i) . leakage of direct current into physical or conducted earths;
R () I leakage of fundamental and harmonic components of mains

~ frequency currents into physical or conducted carths;
(i) the relative amplitudes of respective power frequency harmonics;
(iv) leakage of fundamental and harmonic switching converter currents

into physical or conducted carths; .

| ™) nominal switching ﬁ'equency of power converter;
(vi) meﬁ‘ectwe or faulty common mode filters on switching converters of

equ:pment supphed by swntchmg converters.

37.' A rclay capablc of detecting DC and hagher ﬁ’equency s1gnals that

relate to the normal operation of SWItchmg power electronics (as opposed to -

trans:ent electrical nojse) for the purpose of analysing earth leakage currents
to actuate protection equipment ' ‘

38 A relay accordmg to claim 37 further comprising an extcndedv
bandwidth to include frequency components that are conventlonally rejected by h

protection equnpmeut

25

the relay is able to provide
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39 A relay according to claim 38 further comprising means for signal
- processing to characterise detected signals, the relay is able to prpvide superior
"pr'otec_tion gnd so increased safety as required by increasing deployment of

modem switching power ¢lectronics into hazardous areas.
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