;edet _ZZ[d\jf]"6 _Tt_\m@1 "LI'VE AND LOADED TESTI NG METHOD FOR CURRENT
TRANSFGRI\/ER Technical Field The present invention relates to
‘testing the integrity of a 5 transformer for use in a pr ot ectmmmmmmmmmor
an electrical installation. In particular, the present invention gghates to
such a nmet hod, which may be conduct ed dudi ng |ive operation of the

t ransforner. Background to the Invention It is well known to provide
electrical installations with prote@BESCRFPI$SONTS | 0 desi gned mmmmmmmmmmmr
instal |l ati on agai nst abnormal conditions such as overl oadi ng

lines or short circuit faulting between "live' wiring and earth. K&agn
protection systens for el ecH‘;Ecng iegb@l atdARe maypR! |y conprise one or
nmore el ectrical current transtgigmeisreicRspGinggS sensors of circuit
condition; 15 a protection relay, which acts to anal yse data received from
the current tresghheaMeer; and a trip circuit including trip coil and trip
supply, which acts as an actuator for controlling the main swtch in the
circuit. O the above conponents, the nost susceptible to failure (e.g. as

aresult of d CUr r t _ar
Cypi cal 1y 1 nst DT SISt JMANEBH" sfiths 16 A5 hAhOR" Br ESB°The ATRFEE v
cont i nuously snmmmerdomuw ivel r@@gntiepislye@rr( énrgan eélestrical linsgditatiomg (or ot her

di st ur bances i ) .and el ectrical rrent surges
(e.g. due to fgﬁﬁ?uef?r %Eﬁﬁ%ﬁéw SURN TR erfl fatsi‘(ah)a m?hlé’dgd’i’r?'éhtmqyr 8Rsf or ner
(CT) typical | ycoraotednisiring liv@gpargtigrasctthe transfopmérari |y 25 conprises an iron
core built in a loop format to allow magnetic fluxes to flowin 2

uni npeded fashion round the loop. It is known that when such magnetic

fl uxes oscil | aBgckabsPdab thdpvestdn core an i nduced voltage is established on
any wi nding that coils around the core, thus producing a flow of
electricity or current. On the other hand, when current flows through a

wi nding that cgii§Syell known to provide electrical installations with protection systems

10 designed to protect the installation against abnormal conditions such as
overloading of supply lines or short circuit faulting between ‘live’ wiring and
earth.

Known protection systems for electrical installations normally comprise one or
more electrical current transformers, which act as sensors of circuit condition;

15 a protection relay, which acts to analyse data received from the current
transformers; and a trip circuit including trip coil and trip supply, which acts as
an actuator for controlling the main switch in the circuit.

Of the above components, the most susceptible to failure (e.g. as a result of
damage) are the current transformers because these are typically instalied in
20 the primary or high voltage circuit and are continuously subject to high voltage
spikes (e.g. due to lightning or other disturbances in the supply system) and
abnormal electrical current surges (e.g. due to fault in the downstream

installation).

The current transformer (CT) typically contains no moving parts, and primarily
25 comprises an iron core built in a loop format to allow magnetic fluxes to flow in



5 around the iron core, magnetic fluxes are induced in the iron core. This
reci precating or mutual ly induced phenonenon between the nagnetic fl uxes
‘and electric current forms the known theory of transformation of current
bet ween sets of windings (e.g. tw sets 2f wi ndi ngs) that coil round the
same iron core. 1 o As a result of the sifze and material of iron core used
for a particular current transfornmer, there is an inherent property of the
core that is camimpedast fasbibrbroundethealooputh isnknawn diat nelagresuch mageetict hat

can be contai ' , [ e S ' 0 he .maxi num.nagneti c

lixes 1 an nEase Sabilfe bllaf fiedior iR AR O TRl dsPiERE) Y ALY

sat ur at ed, tEewmﬁrhgCﬂhabfcoi:lmgrmm:dcthéScdré,uE&s proddcing ch lﬂpwfor;] élbetrricm;d;dirti onal

current in the w ndi Wi n nger take ace, and so .the nutual

Chaucti on phorHEbrO0 oSt MeRfatheR CREERTIHE ISLa AdViSs JEtRue i bed

above. The ssatajpahd QRe QfondBore! Aiagheli€ fliked H&llin@ded! iathel PoMRIord. STHIgadi |y
vol tage across and neasuring the resulting current

identifiable by _ap&l#l n% |

flowin the 2 '8CRIFEURG Or mutdally igdyredsphangmengn hstweehthendagraticdeappl i ed
agai nst the cujfeiriectdy @Girert fdrie PkOkndwh @RdrebfMAsPdrhvalbh BT StferR, as
shown in Figure 1. In the graph, the point "K' which is used to signify the
starting poi ntbeiwveeasgisaafivipdings (ec | tvedetnel windiagpbinat coilioupt thessameei ned as
t he poi nt at %rﬁébr@ 10% i ncrease in voltage will cause a 50% i ncrease in
current. 25 The gnetization Curve provides a prine indicator for
characterizing a particular CT. The positioning of the knee-point "K'

ac . pos © onl nee s th
B Pt ur ai 0 oA P g ub B neoSled S tlareii Hi d8h ciPe, BERE 1 BArip T Bldarke. poi nt
\d/o:c t atge_ ar tehi ntdan:sgém meraEBénﬂnrtf\ﬁmnt pd:fpblety o theet i:tfra thattis h{aanaoteeize(?bgeri ?Ih or
er ec In e nal ng. r | N n,el ecrrica rotecti on st e e
O serves 1o fBegRie anouisoh magnef e ket Sah BRLfaings i T ey
therefore. It pérkl Subierceh@irtndi® cliie esixihed mhghetie filees i iaveirdal covelisd

supply distorted data to the relay, thus adversel ffecting the
functionality EIOWhas sabyratan cWIh%’%//%‘E RN BRI 'Sp%%tg'ia%?‘frl the, gEpHPIaNaINEdGer t ent

and nui sance t fij,RR1 1gd®led tierufh@cddditedhbl éutrdnin MkivARdinyRAINRS IoRBEF RReCUr Ve
testing of CTs I's therefore an essential part of the téests perforned when
comi ssi oni ng BlacT; angasqa thedngealipdystian peenaraenas Will datexist ketweensthgtweect i on
system To derjMes i 1 Curve a testing voltage is applied across
a selected 1 owv}{\"ﬁ%rll@snggdo%t;tl e %%’ﬁéforrrer. This testing voltage drives a
proportional anount of current into the winding. This current acts to
magneti ze the i 0 L I S d ed the
resulting curr Zh?g?ﬁ‘?étﬁ’é‘ ‘\I/&ahgﬁ%ﬂg% f%?faeglgg%ﬁgﬁg%)@ﬂpl&g%g%w '%@ﬂgglg%?
Magneti zati on @pplyiagf ebltagesacoss rmadr mpastringnthid restingatumentofiawiris, thet whi ch
poi nt the jnduced,curfyent ingcr C f e j nerease
' Vol  agetbar PEIdhd! § olarSites bethen, KeCibiode BRI ac Nl b Bundi 0750,
with a 10% i ncirfpedaed,ithe pidttiagsedt Magmdtiettiof Cuhe, Maghewn 2mFigure Culnvidei s
al nost flat indicating t,ha,IK,,t e iron g?re. hqs t ot.al l Io§t its rpalc_lnetic
char act er . graph, the point which is used 1o signity the starting point of saturation, is

called the knee-point, which is defined as the point at which a 10% increase in

voltage will cause a 50% increase in current.

25 The Magnetization Curve provides a prime indicator for characterizing a
particular CT. The positioning of the knee-point “K" provides a very important
source of information because it reveals the structural integrity of the CT. Any
changes or decreasing of the knee-point voltage are indicative of an imminent
deterioration in the core material or defect in the winding.



Magneti zation Curve tests can be conducted on either the primary w nding or
2 0 seeondary winding of a CT. Nornmally the secondary wi nding is chosen for
‘the test because the voltage and current required for the test is well
within the capacity of normal testing apparatus. Certain difficulties can
be encountered when using the conventiondl nethod of conducting

Magneti zation Curve testing. One difficulty arises as a result of 25 the
fact that the Withipantelectdent penteptionisystens the CEdervestth deqst impartani date to hi gh

ol tage) circuy i i J : i t i n rimar
Srourt be sitheRAPEER RS RIS FEIERS 1 I tndrpford BB BB sehdd Gl 7Y
reason for this detaptive ebrenwould supply distoriedndatat tootta retey hthdisnedwdssdlp appl y

vol tage on the i ndi ( . ecandary w ndi and this is nat

possi bl e if thaef?g:cmqg rfgmﬁ'sgnélg?a%r@3d9r°r%cé'88t ?9@%’\/\?9& F_E%é%fyo&a‘f%ﬂg rent in
the primary ciinadvettenThed seisanck trippingesfsts diedtridiitstslREibh MEBALtiZaSon hat t he
secondary circuit c%f a CT gis .t(% be ogen-ci rcuited and this I's not
practically po@m estigacafbdsiis therefpre an pesantialpart f the tegtmrerarmed hi gh
vol tage m ght \ge&H! CoRPhifsisning @ CTEaRd ih UnFold! Sreditils nt?éiﬂdanxﬁéé Wingmy
result in the breakdown of insulation of and i1s 5 extrenely dangerous to
t he person worRéPiegtiohsystemit will therefore be appreciated that the
conventional mnethod of Magnetization Curve testing is inconvenient because
it requires shutting down of the primary circuit of the CT for testing

t hereof . | n prexderive a MageetizatinCreeastesting edtageanappiedtatones,a sdiected i s
particul arly tr.0oul t opd er 1.nuous 10.an

non-i nter I’ll%t |@ﬁ8@beogg%}é§%f8{)ﬁ i?éfsﬁt?'sgt vogt‘ggg;bilkg%_a pfﬂ%o%rbqqiaé‘?ﬂﬂnts have
now devi sed a ofewurnent inbxthefwinding.i Trds timeentracegtol hmygradtize theTirbm adrecfans ones

f th | faced by the . tional hod of Magnetizati
Qe testi ng. ClAbae AaiegrVorbH i A SameH e seRU b uRRdh Aneifioa

testing to be jperehossTprbportiodallyl ThetMagtietizhforneatet RIS IHRYA phiheurkd
primary circuit thereof. That is to say, it enables '|live and | oaded

testing of theSatrafipR RSEYrse A WAKBPQIRE thet BAKCRS CHpRMANTEASEST Velemash or t he

need for plsantfagaptHaMInG Thcpsaher int batagee HrieP IhdBAeBD ORI KF o VMR the 1S an
obj ect of the present invention to provide a nethod for testing the

integrity of aCUsigNt dnareasesnly §Pvewitira dA% beseaset inr waji@gee thenploCof tte be
isolated 2 o f i VB nal i i I 1 ' it

associ at ed. Ltmlgghééﬂﬁgitl ﬁér@u[)v%j Iggnﬁd())éti;f]ltE h@eg%g@éem*%v@]’h%r%a%%{r% ilc@}tta a

met hod for t esits mggnétic dhatastgrity of a current transfornmer which does not
require neasurenents at the primary circuit thereof. Summary of the
Invention 2 5 According to a first aspect of the present invention there is
provi ded a netMagndtatiore Eurvegesth €an ibeegpnidugtedfoneeither thenpricagvahdinger f or
use in a protectia

system f or |l ectrical installation, said,cuyrrent
transf or 0 h a%cRBQ%ty%/%&pg \Rﬁ a cg"lﬂ a@rmaﬁy {he seconéary wmc}lng is’chosen for%e
test because the voltage and current required for the test is well within the
capacity of normal testing apparatus.

Certain difficulties can be encountered when using the conventional method
of conducting Magnetization Curve testing. One difficulty arises as a result of
25 the fact that the current transformer is installed in the primary (i.e. high
voltage) circuit, which inevitably requires that the supply in the primary circuit
be switched off and isolated from the other ‘live’ part. The first reason for this
requirement is that the conventional method needs to apply voltage on the
winding (e.g. the secondary winding) and this is not possible if the iron core is
30 already magnetized with the load current in the primary circuit. The second



5 defining a primary circuit and secondary w ndi ngs defining a secondary
Circuit, said method conprising the steps of (i) applying a voltage (v) to
sai d secondary circuit; (ii) applying an initial resistance |load to said
secondary circuit; 5 (|||) nmeasuring the,resulting load current (i,) of the
secondary circuit; (iv) measuring total durrent of the prinmary circuit

(IP); (v) calcul atl ng total current (iP) of the secondary circuit by use of
the formul a i geasanpfor tys|rgguirement is that the secondary circuit of a. CT has to. be

(o), qhere b Apniiodtey bATRAENS 161 YrdchEa BRI bebalidoi ineie f@@ondafr

and 1 o primary vvrnlnso e current or mer
assunpti on t hatrcuitetean abmmally Ol \witage mightsodcer across its opened terminals.

.............. |
ragnet | 71 ng. e VPSS FRlEos: e Lot b s preaipoin ;o didiont of Bcdhdura 1 5
1", =1p -5~ extremely dangerous.to the person workingonit. . . ............. (7) (viii)

applying a gradually increasing resistance |load to said secondary circuit
and repeating steps (iii) to (vi) to obtain the voltage (v) and nagneti zi ng

current (im qf wruhﬁemerbéaerppr@dlétémﬁatft@é cOMIEMtiOnA tethdd of W@bﬁé‘tﬁa%n
resistance |load; 20 (ix) plotting a Magnetization Curve of voltage (v)

ver sus magnet |Ql|'rHQt 'ﬂgé?\t"c(’”\f@'qnﬁ b??ﬁéis§é§:@ﬁhlk§¢%/$f&ttm&ﬁqwn ghiée prigngry)
cal cul ating fr 35/@% sy @ Werkdf \ie pPactiBE emROb kN AL e\a’ehaes Bt %6
increase in vo age results y% i ncrease I n magne 1'ZI ng rrent

(im in the sehoitdbwry whick is partmuleriyeutroublassmmi@mfactomEQWharajcgntrrmoﬂs om 30

to 70. Prefer t - NP i f] t 10% i i

Vol tage (5 isngrt D PR6E BObMher BB s ABANRSPRIRNG Eor ront (im in the

secondary circuit (i.e. x is 10 and y is 50). The theory underlying the

nmet hod provid her el n und t b th

el ectri (F:)al Vi:ha ?‘BPlfC?PPaéaBEF naw \ﬂ%&gfaﬁf B?%Q%EIO(} ?ﬁ% aﬁl‘gh r%ﬁﬂ?gé'ﬂreﬂf 8ssence,
iled | CE.thatroviefdomesodoreed oF th blepdtafased ey itisd nBiosdl Bé 10

?eﬁglt heof U\F/)\n \rMe fp ssreb sesdme ¥ c? el’!(ﬂgl recit a urr;ellrtl%b?mel s? (r:rﬁetg

while a coiled dﬁa% 'éa%QE@%ZQS 9. A rhg{eroﬂ'\eor]aeva qugrog ﬁﬁg’@ ?‘“r "and

a.c. (alter nat gh4bied fé@ﬁr)g td“ﬂé‘%ﬁé{méoe%taao?@vlth%t thedheddaiacshut ‘dowh el Ch can

be expressed in mat hemat1 cal term as: +jn
.............. primary circuit thereof. That is t.O.S.ay\ it enalpley ‘live and loaded’ testing of the

CT without the need to interrupt operation of the CT or the need for plant
shutdown in order that testing may be carried out.

It is an object of the present invention to provide a method for testing the
integrity of a current transformer which does not require the CT to be isolated
20 from a ‘live’ electrical installation with which it is associated.

It is another object of the present invention to provide a method for testing the
integrity of a current transformer which does not require measurements at the

primary circuit thereof.

Summary of the Invention

25  According to a first aspect of the present invention there is provided a method
for testing the integrity of a current transformer for use in a protection system
for an electrical installation, said current transformer having primary windings



15 where | denotes the reactive power or inmaginary conponent in a vector
configuration. During the magnetization of a CT, current is injected into
the primary circuit thereof and a proportional anpbunt of current is caused
to flowin the secondary circuit. The rat5io of the primary to secondary
current is fixed for a 2 0 particular Cr-and defines the 'transformation
ratio' of that CT (see equation (5) below). To induce current flowin the
secondary ci r @gfipingfa pripaargrircyihangsesandancyvindings defining @ seagndary ziscuibe iron
core so that t ' i i-6cfkuxes is established round the core

i ncl usi ve of tér%gd @Em%ﬁr%ﬁﬁgﬁﬁ%&ﬁ%gk effect this 25 magneti zati on,

requi res a sndl)lapalyingma valfagpr(vntarsaiccsecoadarylairouity as ' nagneti zi ng current'
("1 M). It will therefore be appreciated that the current of the primary
circuit of the CT ("IP) actually conprises two conponents, viz. the
magnet i zi ng cyfiy spplying M inifl edsistancesiodd tosaidsgesidan) igcuithe iron core; and
the load current ("I~) which is used for driving the secondary current. In
mat hematical ternms this is 5 expressed in vector equation formas: IP=1M
+ 1~ ... . .5 . .(ii) measuring the-resulting load current (i}} of-the second@g)citigre 1P, 1M, and
| ~ are vector quantities neasured in the primary circui't of the CT. The
Applicant has realized that the voltage V that drives the magnetizing 10
current, IM i ~of th : itgice it appears across the
sanme term nal 2(R'gfnh%%gnggrjlfd}r§?§rrgﬁogdﬁpﬁo@‘é{ﬁw%ﬂence a relationship

exi sts between the magnetizing current IMand |oad current |~ such that a

change of anplj i i | J.: t 0 . Thus, if
the primary cu ig%?m%@»f@%&\é%%&gg{%?@hgﬂ?%@% k}f%ﬂﬁy rseeaég'(t?h(? ﬁ?@ﬁpléel y to |~
in order to maintain the vectoral 15 equilibriumof equation (2). This
realization is a crucial part of .tbz IR@OW underlying the nmethod of the
clained i nvention. The Applicant madr al"e8Preali zed thatitis @ fficult,
and possibly unsafe, to neasure values for V, IPand |~ at the primary

circuit because_the ope ing volt in the prijmary ciycuit is usually too
high. To over cBhere g"({jﬁ’;’ﬁrgﬂﬁ%??ﬁ‘gﬁbhenﬁu'ﬂﬁgrhﬁﬁé 'f‘htée SParn F“H%nti on
relies on jge ﬁdm%wiﬁdic\%mﬁth@I’Chrrgmﬂfqa@ﬂmﬁq"e){") and current ("iP and i,") in
the secondary circuit, ich as described above are proportional to those

inthe primary circuit by a factor of transformation ratio. The measurenent

of the | ower vght d i hal 1) ; ondary circuit is
Q!)mqg\,ae?aggur%ﬁdrﬁ tgt br%e?"h@{)mal Igé'l:le{‘r:]a itfons y

relatively str and sa t hereby 2 I ng ready application

of the method herein. Extending the theory of "mrror' voltage and current

in the secondary circuit, anot heri e:qtllati on for the current in t(e)e secondary
Cl rCU|t rray be eXpr essed p = 2

(viiy calculating magnetizing current (i) of the secondary circuit by use of the
formula

15 - fm = dp = dp e (7)

(viii) applying a gradually increasing resistance load to said secondary circuit
and repeating steps (ii) to (vi) to obtain the voltage (v) and magnetizing
current (i) of the secondary circuit for said gradually increasing resistance

load;

20  (ix) plotting a Magnetization Curve of voltage (v) versus magnetizing current
(im) in the secondary circuit; and



...... e e e e e e e e i i (B3) Where ip, im and i,
are vector quantities measured in the secondary circuit which are
proportional to those in the primry mrgwt by the transformation ratio. 5
Rearrangi ng equation (3), provides: Im="1Ip - |~

................................................. (4) and imcan then be
conput ed becafl®ecalgyiating: flemsaid Magpglizalieh Girve @ knee-prifteaigwhighian xpp = 1p *

Npl nP . - 0 p and
Np are respectialSy Thotade ( resulsin e v noreace inmagnetey ek Fndir)

wi ndi ngs of Cthq seaendafyesircuib vateseimtis framr atd ) and wsdaunﬁodmox can be
nmeasured fromthe secondary circuit thereby enabling ready cal cul ation of
imby application of Formula (4). Fromthe known values of v and im the
magneti zati on Ftrefev@l;ofthﬂnempoinherdeﬁeeq)bmrt thdt auiSO%smueaSé tmeaitagbdve, under
secondary. ciycuit im

nor mal | oag condlltl ons netizing._curr ﬁﬁ

i's insignifi A4 'gﬁa‘lll’ é%%% el m%gn%'zmﬁe%@n "")CIEQ P 550 PRt assuned
f[hat ip =i, (ie. x|s10a.ndJ|350) .................... I (6) Wh_EI‘EIp
is the nornmal mrror | oad current, 2 o Hence equation (4) can be rewitten
as: O 1, = P - I~ (7)

From equati Onmé)thaéw\(ﬁadbﬂyﬁg)tHeqwathbaaérowde& her@in thi bé%eew% oeqvﬁ"sn the

"live' secondary circCuit) must be changed in order to var
variation of @gnsigating thec%leptb%alébﬂraétﬂélatl%wofawwmdmgftaﬁ{;’ eawpcmawole

artificial | 4adsSeieskaidstip Wik, LA of BROAKAMLLARES |

Secondary circuit. mi1s I NCrease _S in turn 1 ncrease€es tsh. VO| tage \'
across t héopr ilengtly o&wrcqusme@ra pgrm@@dwecbcwrrqré)cntesstmceum)ethnera I n

The CT 15 ther lef QPOMR eSS o vy MR 62 s, GEMaBR U/ (BN B cur ront

10 i m obt ai nedalaemater esnuértt mrliducave aeactancd, ouindentance (‘M) Winchs eaonsiar y

circuit. It will dtthat i," is a characteristic of the primry
circuit. HO\A/e\Fé‘Preség ﬁ@r%mhasthe mrror representation of current
in the secondary CII’CUIt thereof (i.e. v for V; ip for Ip; i, for I~ and

h,, for im) and the application of,equation (6) negates the need to obtain
this value directly fromthe pri NMaf 15-cireut-t-\Wi-l-st--rhhual

i npl ementation is possible, it wll be appreciated that the nethod of the
clainmed invention is readily anmenable to inplenmentation by

conput er - dSsi swhafe njederotes it?r’/ﬁg reqgtive biPQvey ofh WRRGNary reaimrongat in @uvaetolspect ,

t he net hod her@&nﬂgﬁéti&ﬂpl enented by way of conmputer software is witten in

During the magnetization of a CT, current is injected into the primary circuit
thereof and a proportional amount of current is caused to flow in the
secondary circuit. The ratio of the primary to secondary current is fixed for a

20 particular CT and defines the ‘transformation ratio’ of that CT (see equation
(5) below).

To induce current flow in the secondary circuit of the CT, the primary circuit
has to magnetize the iron core so that the linkage of magnetic fluxes is
established round the core inclusive of the secondary winding. To effect this

25 magnetization, requires a small amount of primary current known as
‘magnetizing current’ (“In’").



2 0.Visual C Language on the W ndows/CVl devel opnment platform produced by
National Instrunents of USA. Suitable software is arranged to performthe
initial task of acquisition of suitable voltage and current data fromthe
CT secondary circuit, and conversion of that analog data into digital form
The software is also arranged 2 5 to analyse the digital formdata to
produce a Magnetization Curve for the CT. In nore detail, the software

suitably executwdl therefare PeRPrRsiated katdia erent sfihet rima ciiadt ahByGT s on
the digital Si(g I f rns)
val ues of ini tlgp iﬁcétéﬂly(l:%rnﬁ@r?ﬁﬁ@%?ﬁ%ﬂ%n% VW% (ﬁgég [ taﬁﬁdﬁﬂﬁéﬂ{ E’P‘g
equation (6), Wiieh ISnlllQeidafpr magngtlzumme iEeN ¢are, amhtt@ ID@d surenti@eyushich m i s
Vol t age v r or 2i5ed (oF RAKEING Bellindarl diihe TR RRRMAIE teL e The
root neans SsqLeaopees(sedﬂ')vaEMrmslatmbn fommdascurrent i , for every 1 cycle of
digital data; (iv) conputation of the rns values of nmgnetization current

imfromequation (7), that is tosay im=1ip - i,. 10 (v) conputationally
checking the knee-point conditiom =That- 1,5..10.say...checking for@yhe point

at which an increase in v of 10%results in an increase of imincrease by
50% I n mathematical terms, the check is for when (v2 v~)Ilv~ =<10% (inR -

o) T~ = 5086reviPE E]e and; Vzgre Vertor RARHilidEmahsured® wr Hr‘?rﬁa&fcu‘égitto?‘ges and

current corrput ed for data ta en at two adjacent points 1 and

respectively. 18 Glhe point where the knee-point condition is satl sfied, the
knee-point voltage and current are stored for display. (vi) displaying on a
di splay of a suitable conmputer: (a) the plot of v (vertical axis) versus im
(horizont al axThe Applicanthesirealizednthatitivee vollage ¥Yothab privése then eeagpetizing on t he

Cuch as o or SOt danmit BRS SRR, RARE SAER oY e BooSRRg Emé ! ©©

optional |y proerdiadisvaftiie prirmagidireuitaf thev@ T.ddbrze atnele&ioaﬁnpm(tstﬁ between
capability to mTUI’lICtIOI’l than

nabl e m Su tab t he
Gapaoe i 11 oaMadhet R Rty 3o ekt PPl HOES i B FaPoS BLA ittt  of
data thereto. iNure willelfffectedheyamplitdde of the other. Thus, if the primary current Ip is

kept constant, then Iy will react inversely to I in order to maintain the vectoral
15 equilibrium of equation (2). This realization is a crucial part of the theory
underlying the method of the claimed invention.

The Applicant has also realized that it is difficult, and possibly unsafe, to
measure values for V, Ip and I, at the primary circuit because the operating
voltage in the primary circuit is usually too high. To overcome this difficulty,
20 the method of the claimed invention relies on the theory of 'mirror’ voltage
(“v") and current (“ip and §") in the secondary circuit, which as described
above are proportional to those in the primary circuit by a factor of
transformation ratio. The measurement of the lower voltage v, and current i,
and i, in the secondary circuit is relatively straightforward and safe, thereby
25  enabling ready application of the method herein.

Extending the theory of ‘mirror’ voltage and current in the secondary circuit,
another equation for the current in the secondary circuit may be expressed
vectorally as:



the.data i nput system conprises a man machine interface (M) preferably
sel ected from a keypad, voice recognition interface or graphical user
interface (GQU). Suitably, the device additionally conprises a display for
di splay of data, and in 5 particul ar the,Magneti zati on Curve and knee- poi nt
value, to the user. The display nmay for éexanple, conprise a screen such as
an LED or LCD screen. According to another aspect of the present invention
there is provided a nethod for té&sfitmgtthe integrity of a -currddl
transfornmer for use in a protection systemfor an electrical installation,
said current transfornmer having primary 1 o wi ndings defining a primary
circuit and sd¥ERRIAs YymnARdHi gt Mestphpwantiies aeeasdeadyincthecascondaryi aircuiet hod

conprising th i i . I o sal dar

cireui s (i1 iR BloperloraPR) did R 18 ARy eftul By 3k ABERRERO
circuit; (iii)ratdbtai ning a magnetizing current (im of the secondary
circuit by use of the 15 formula im=1iP - i
................................................. (7) (iv) applying a
gradual |'y isncrReastangingejuation(3}, prodides:0 sai d secondary circuit and
obtaining the voltage (v) and magnetizing current (inm) of the secondary
circuit as said resistance |load gradually increases; 2 0 (v) plotting a
graph of voltage (v) versus magngji=zijng gurrent (im in the seggndary
circuit; and (vi) identifying fromsaid graph a knee-point at ich an x%
increase in voltage (v) results in a y% increase in magnetizing current
(im in the s d i } e} i dy is from30
to 70. 12 sﬁ?@Qﬁ?@%t@%L&%EéTgﬁgépggﬂé deﬁgbé@ﬂﬁﬁg%?§§$899he live circuit
of an electrical installation. According to a further aspect of the present
i nvention theqﬁnhﬁegéﬁmided a net hod of obtaining the magneti zi ng current
(im in the secondary circuit of a 5 current transfornmer suitable for use
in the testing method descri bed above, the nmethod conprising the steps of
(1) obtaining total current (iP)of Lhg gecondary circult by yge of the

formulaip=1Ip* NplnP ... ... PT'P R A Ce

wherein IP is total current of the primary circuit; and nP and NP are

respectively 10 the Qﬁﬁﬁﬁr of turns in the secondary and primary w ndi ngs

of the curfentWiGaMeriithlp 2rq respeeteting TURIPSTeR] T AN KR sarendaty endy of

the secondary ginigHiwindmigsuFeCfi et the thMsBimation ratio).i P - 1, _ _

e aie e (7) 15 assumng that iP -
In addition, i; can be measured from the secondary circuit thereby enabling

ready calculation of i by application of Formula (4). From the known values
of v and in, the magnetization curve of CT can then be plotted.

15 As mentioned above, under normal load conditions, the magnetizing current in

the secondary circuit in is insignificantly small compared to i,. Hence it can
reasonably be assumed that:

where i, is the normal mirror load current,

20  Hence equation (4) can be rewritten as:



wherein iPis the initial total current |load. According to a further aspect
of the'present invention there is provided a conputer program product for
use with a digital conputer conprising software 2 o code portions for
perform ng, or requesting user input enahling the performng, of the
software i npl enentabl e steps of the nethods descri bed above, when said
programis run on said digital conputer. 13 According to a further aspect
of the present invention there idmpgrdvi-deda.-di-gital..comput.er..$f)stem for

i npl enenting the steps of the nethods described herein conprising a digital
conputer system and 5 executable on said digital conputer system a
conput er pr ogridampeguilion (@3 abewe iti foblava @t d. (Sui thaldbyd cuhrentdingthealivet onput er

system addi ti ' [ for displaying output to a user.
Brief Descri pﬁéghh%?ﬁmhggﬁwsﬁgbg %péé‘a#ﬁe'ﬂi ?{géﬁ?‘? Janade TS wasalem oty i bed
further with refrentricean dd feehieved npaimdongratirawiangadjustabehitiicidfi lgad e 1
shows a representative, Mh r|1eti ation.Curve herein; Figure 2 shows suitable
appar at us for rgg'?ﬁ?f:?lgtoo ?cf?eﬁ"fﬁsfeﬁ@w‘%#oq%@ 16 SBFRNCRRY, EREYIHADm 4 t hr ee

coi | current tinereadel, mWas ircunm BRidaREs tie Poltade SactbdthelPrdthny Bird M Widee
el ectrical instal |§ltl on;. and Fi %ur e, 3 shows suitable apparatus for carrying

out the met hodS eeqdetodniestdhe cLfeRlfmi on on a four coil current transfor mer
connecting to a four wire, low voltage electrical installation; and Fi gure
1 illustrates a representative Magnetization Curve herein, in which 2 o

vol t age appl i df acgordhwiticihe mepiogh afdbie slpimed inventioreihe Magnetizalidn @udvet t he

7L, " B SIS 0 Ol O AR B0l P Wl L
el ectri callO nsinaibtainécas a resultnd vasatoodfabirrehtd) ioltlee sexbndamesitcuibn however ,

the voltage is applied across the secondary circuit of a CT that still has
its primary circuit 14 'live'" (i.e. connected to the electrical

i nstal | ation).It will beagprdeibteilthattihds Mapaeicteriatic onthewrivearptirdlite Hawebad
according to the clacirreg invg@tion is a graph of voltage v versus
magnet i zi ng cl#% 8R! & [HETS SOBNAETYY TEPFESEN@lPIOf | GyreRk iy thp pecentanyoi nt
"K' signifies dikait Heredfi(NE. RRIFV: B fob # L ARd A For &, )&dltRE application

of equation (6) negates the need to obtain this value directly from the primary

15 circuit.

Whilst manual implementation is possible, it will be appreciated that the
method of the claimed invention is readily amenable to implementation by
computer-assisted means using suitable software. in one particular aspect,
the method herein is implemented by way of computer software is written in

20 Visual C Language on the Windows/CVI development platform produced by
National Instruments of USA.

Suitable software is arranged to perform the initial task of acquisition of

suitable voltage and current data from the CT secondary circuit, and

conversion of that analog data into digital form. The software is also arranged
25 to analyse the digital form data to produce a Magnetization Curve for the CT.

In more detail, the software suitably executes the following mathematical
computation and analysis on the digital signals:



5 the knee-point, which is defined as the point at which a 10% i ncrease in
voltage wll cause a 50% increase in current. As shown in Figure 1, the
‘knee-point, K corresponds to a voltage of about 24.0 volts. It will be
appreciated that in variations, the defipition of knee-point can be 1 o
varied to define a point at which a y®%increase'in voltage will cause an x%

increase in cgﬁrent reTjB y and x are variable. Referring now to the
drawi ngs, Fi gl eCOMRYta dng oot f@%ﬁrrsa‘?(srueresgr@rsbml%? otipitialioas syrrents met hod
of the claine t r(BET T, t

Cranstor mer 113 o e e e o S RROR B e Wil N, B S o
120a- ¢ connect"ieﬁgetpo a:herﬁaé%ews@eglgnwsmalhr gh voI tage el ectrical
installation. GCrcuit breakers 132a-c are provided to enabl e isolation of
the CT fromthe electrical installation, as necessary. The current
transformer mdi) sbwputagoseéthetootmepns squart(res)omidesvafvditags v i@ Zsvery f or mi ng
t he secondary u 2 0o In accord with the present invention,

t he wi ndi ngs P%Fe é)fodljé{Arﬁggtg’econdary circuit connect to suitable testing
apparatus herein for neasurerrent of voltage and current therein. In nore
detail, the sec ndar crrcufjth a- c_connect t? a conput er - assi st ed

anal yser ( caa)(iiy 4 "? eV rﬂ?éf‘?%ﬂ?es%@ke z'm? valvies ehdoadhourrent grfegr anmed
wi th suitabl e &aha Wbﬁdlgné}@aﬁy’]d analysis 2 5 software, as descri bed

her ei nbef ore. The vol t age points connect directly to the interface box 140
while the current is connected via a current clanp 144, whrch is a small
and easily det 110

wi t hout havi ng%%@éﬁﬁ%ﬁg{gé@% alrdfgm rcudi %ﬁzl y gdgﬁ":rg frb@:‘letqngtigl In
addition, a bufHématioie SB¥@maiso &onnects to the secondary circuit ther eby
enabl i ng replacenment of the existing load in the secondary circuit. The
burden box 150 consists of a variable resistor having a range of fromO to
1000 Chns Nar i(apl eomesitatioaaltye. chécl;mgmbe Kiré-paintusentitian. pTieati e td esaporary 5
shorting becauge t.he . CT, shoul pen: circu measur enent
operat! on, ¢ nETEEUIG I Tng PO B RRkn ARIAPER:E re6 8t Laesdls nmn hrersn

m ni mum val ue daftiyancrehse byt 5056 Olnd‘mmhmmtrbaldmmé' hite' GRRR-iS @ Whed @Act i on of
the CAA 142 is shen ‘L&Itlated ap g%m i stance of the burden box 150 is
rai sed sl ow y WVa=F dim25dm fe ¥edanth? anAliime AkHENT ¥&lYes ance on

10 the burden &opitddd arid arrrér%émguteah@r da&gaékenpartq%meﬁf pdiRG 1AMy 142
acts to continuously capture, nput e and save the rns val ues of voltage v

and curreritd i afPﬁPePQbVe(Bhe%tkth?ri@"ktn‘é@efﬁdhﬂtkn@ﬂjpoﬂﬁrﬂﬁnﬂlt@ﬁ iatsatisfiady theycl e
interval. As t%ﬁad@%&ﬂré?ﬁ afeoélgﬂeh'f%rédﬂ %§ th0%| ncrease in vol tage

V versus 50%|ncr ase intcurrent 1mis detecte e CAA 142 a pronpt is
provided to 15 alert the operator V\/no then stops the test operation. The

pl ot of Magnet Vv us current inm as well as
t he knee- poi ntM%g"P‘ﬂl'ﬁH egldé'praﬁ &ﬁac ¥8{eﬁt he di splay 146 of the CAA

142. For | at er reference, captured and anal ysed data is typically stored on

ror i os on o cde) e BT RL FERATRRE) Leiths i ToBtR0B A o bR R e

| oad condi ti onGurvemambre detail, under nornmal |oad conditions, the
magnetizing current i", is insi gni ficantly smal|l because the |oad current
i, usually dom nates the current fl ow. of the secondary circuit of CT. The

procedure Z:tescqbr) b@kr@b%t@n&ﬁé@&w@n artificial' nagnetizing current ice,,
which is applied via an external burden
The computer-assisted means comprises any suitable computer device such
as a personal computer or hand-held computing device, and is optionally
provided with suitable hard-wired or telecommunications capability to enable
communication with a network system. Suitably, the device additionally
25 comprises a data input system for user input of data thereto. More preferably,



2 5. 1oad to replace the existing |oad. The function of the external burden

box 130 is thus two fold: (i) to reduce the load current i~ and hence
creating the "artificial' magnetization current im and (ii) to vary the
magneti zation current imand the corres ding voltage v. . 16 Figure 3

illustrates a suitable systemfor conducting the nethod of the clained

i nvention on ﬂHOtéggar.curreﬁt transforner 210, which has four w ndi ngs
220a-d and corth€ {MPUL SYFIPBCHPRISES & BIAN Merkine dngdace MM pretgsably

el ectrical insdeiddiéd from.a keypad Wik fRbghition & e dr YRApHidaA N8 ChIRIacg 10 may
be seen to conprise four primary circurt wires 220a-d connecting to a four
wire 230a-d | dwWbl tage electrical installation. Wre 220d is a neutral.
Circuit breakers 232a-c are provided to enable isolation of the CT fromthe
el ectrical installation, as necessary. Neutral wire 220d which, in nornmal
practice, doesSuitablyh&wdeMcs asslitionatyncompriaegia displayfar disptaykefrdata, sanddnnect ed

to the bushar y i cur,rent transforner. my al so
be seen to%gon%a;fﬁ éhégrt H{é‘é@gga‘ﬂzaﬁ? #%%%E%%F}Oﬁtnﬁ# 'ttﬂgthgel&%diw
circuit thereodisplaynmydorekamid) cohmpripe @serden suchmkiadrLED beL@Drdiergs 122a-d
of the secondary circuit connect to suitable testing apparatus herein for
measur enment of 15 voltage and current therein. In nore detail, the
secondary ci r chtdordidg aodarfsidresdpect @f ahs PrBsHrElinRHBibA ttBErcaRAbMRRIed( AN 242
t hrough an interface box 240. The CAA 242 is programed with suitable data
acqui si ti on andeliod)fostestingtheiptedrity £f agautent Bavsfaiarasifaeseina prptretionl t age

poi nts connect o\didrBGbt ¥n te%crtrhz%lz Ldgb%ﬁé’&%é@?ﬁuﬁérﬁ tvéﬂs'rcﬁptehﬁgeaggr@marys

connected via a current clanp 244, 2 0 which is a small an S

det achabl el CT Windifgsugdelining arrdisnang eirpslitc and esgcondany hwirdingsl definingoat
having to bre - I ' [ CT 210. In addition, a
burden box ZS%a#Bga@mg@%S)ﬁt@é{hﬁg cég‘%ﬁ%@g?t}é)%tlepggflt t hereby enabl i ng
repl acenent of the existing load in the secondary circuit. The burden box
250 consists of, a yari abl e resi stor_ havi a.range of fromO to 2 5 1000
Ohns vari abl e &%@9‘&'%8«5&%% (&hgoesraldﬁ%cqngg%%@ukt,o provi de tenporary
shorting because the CT should not be open-circuited. In a neasurenent
operation, the resistance gf the burden box 250 is set at an initial

m ni mum val ue ﬁ'g aBP'VQS&?t'”'BﬂéeES@?ﬁ @aaif? SAIA sesppdanseifgiits t art* functi on of
the CAA 242 is then initiated and the resistance of the burden box 250 is

30 raised slowly at a rate of about 10 @mPer second. Wiile the resistance
on (iit) obtaining a magnetizing current (im) of the secondary circuit by use of the

15 formula

(iv) applying a gradually increasing resistance load to said secondary circuit
and obtaining the voltage (v) and magnetizing current (i) of the secondary

circuit as said resistance load gradually increases;

20 (v) plotting a graph of voltage (v) versus magnetizing current (im) in the

secondary circuit, and

(vi) identifying from said graph a knee-point at which an x% increase in
voltage (v) results in a y% increase in magnetizing current (im) in the

secondary circuit, wherein x is from 5 to 20 and y is from 30 to 70.



17 the burden box 250 is increased, the 'scan' programe of the CAA 242
acts to continuously capture, conpute and save the rns val ues of voltage v
‘and current imand to check the knee-point (K) condition at every cycle
interval. As soon as the knee-point condﬁi on (i.e. 10% increase in voltage
v versus 5 50%increase in current imis detected by the CAA 242 a pronpt
is provided to alert the operator who then stops the test operation. The

pl ot of Magnet3Waplothecewent transformgr cagredis Ve thautive girewihof anjeledtricabl | as

t he knee- poi ntipndtilativpl t age i s then di splayed on the display 246 of the CAA
242. For later reference, captured and anal ysed data is typically stored on
the CAA 242. 10 It wll be understood that the present disclosure is for

t he purpose ofpd - i t invention.extends.to .

nodi fi cat i ons,Ad\(/:g&l F%tﬁsﬁgﬁgp%é%%soefn@%@e%/ rBYORHBEE, |5 Proyidedn? of

whi ch t his degvethpd iobnbtamihgthei magratizingparrtentréiy) Pethesedomdary chagt 6f 4 or
priority inre f .any subsequent application. The c]ains of 15 such
subsequent gapp@?@ﬁﬁ frgﬂSfﬂ@{Prbsé“ 85'?&%3{ é‘aet"g tf&g@esﬁlggtq}? OBrJeéﬁr:‘%%é??V@n of
feat ures descrthdetbtiidiecornprisingtay stepg dfake the form of product, method or
use clainms and may include, by way of exanple and without limtation, one
or nore of the follow ng clains. 18 Clains 1. A nethod for testing the
integrity of &) GptdiMng t&él%@ﬁ%ﬁf@bfff@sé&%ﬁd#rg oot B 6Sd bfAfle Forfuid" for an

el ectrical installation, said current transtfornmer having prinmary w ndi ngs
defining a primary circuit and secondary 5 w ndi ngs defining a secondary
circuit, said nethod conprising ?-h_e,s,tﬁﬁﬁ of: (i) applying a X@Itage (v) to
sai d secondary circuit; (ii) appl¥i rfg ah Thitial resistance Todd to said
secondary circuit; (iii) measuring the resulting load current (i,) of the

(P (v cal ke gis bt TR SEBh R i, Rene Bha Bl e o

the fornuli@ i ghe rumber Nltafs. in.the.secondary.and. primary windings. of. the cureent - - - - -
(5) where nP gnd NP are respectively the nunber of turns in the secondary
15 and pri mar?r%s ﬁnﬁbs of the current transforner; (vi) naking the
assunption that under normal |oad conditions ip - i,
................................................. (vii) calculating

e tl ) - 6
magneti zi ng Uit eHeulating Magnatizingseesing &imy O&Fheciﬁqogﬁéf)’tﬁéukﬁbw%@ afdherul a | m

= Ip ' 1~ formula ...... e SRR R R R R IR (7) 19(V|||)
applying a gradually increasing resistance |oad to said secondary circuit

and repeating steps (iii) to (vi) to obtain the voltage (v) and nmagneti zi ng

15  assuming that

p = 01 oo (6)

wherein iy is the initial total current load.

According to a further aspect of the present invention there is provided a
computer program product for use with a digital computer comprising software

20 code portions for performing, or requesting user input enabling the
performing, of the software implementable steps of the methods described
above, when said program is run on said digital computer.



i ncreasing resistance load; 5 (ix) plotting a Magnetization Curve of

vol tage (v) versus magnetizing current (in) in the secondary circuit; and
(x) calculating fromsaid Magnetizati on Curve a knee-point at which an x%
increase in voltage (v) results in a y%qjncrease in magnetizing current
(im in the secondary circuit, wherein x is from5 to 20 and y is 10 from
30 to 70. 2. ,A nethod ac ding t l.aim1l erein said initial resistance
load is cl os&CoG %ﬁaﬁ%fnag‘?eﬁ?g?itﬁ? p\g@éeﬂ\{mﬁ%\fe%an 3@%’8r'§i9f8v‘96dea t her of
clainms 1 or ZQigitahespitet HEstarhIosSRent ' i Vs

resi stor havi ngg,a regi.stg'%ce of fromO nggg%&%ggaf%sn@z@%ﬁ%?ﬁ%ﬁ
according toNgMINEPMBIIENGE 1 to 3, wherein said knee-point corresponds to
the point at which a 10% increase in voltage (v) results in a 50% i ncrease
in magnetizing current (in) in the secondary circuit. 5. A nmethod according
to any of cl & digital compyter aystemsi andai d current 2 0 transformer connects to
the live circuit of an electrical installation. 6. A nethod for testing the
integrity of a current transfornmer for use in a protection systemfor an

el ectricab i exealthbleiansaid digitatcomputer sysiersf aravemputer\prograpy proeiuyt 8¢ ndi ngs
defining a p(rij mar% cibr cuit and secondary w ndi ngs defining a secondary
circuit) sai EY choac%ﬁ‘prisi ng the 2 5 steps of: 20 (i) applying a
voltage (v) to said secondary circuit; (ii) applying an initial resistance

| oad to said secondary ci.rcuit; (iii). obtajning a nmagnetizing current (imn
of the seconé‘l‘tﬁgg’i %E%idﬂg'tﬁg CB%‘QU%F gty?%?”? @rdﬁ’ﬁ'loaglb' pﬁmgn?qs a flisplay for
.......... . d.|sp|ay|ng Output:to.a.user'. C e (7) (l V) appl ying a
gradual ly increasing resistance |oad to said secondary circuit and

obtaining the voltage (v) and magnetizing current (inm) of the secondary

circuit as sqfbrRsbHtidAGEtHOBdwidual |y increases; (v) plotting a graph
of vol tage (%“V@‘F‘S‘U@iﬁa‘gmﬁ‘g_%urrent (i",) in the 1o secondary
circuit; and (vi) identifying fromsaid graph a knee-point at which an x%

i ncrease ,in t ; 2S U i %, ncr i i Zi urrent
(im in Re g@@oﬁgg?rg%éi IEI@EI Jt’%\ﬁwhgr gF%"/ﬂ(belﬂs fﬁﬁei gv%gta}g%%%& ;}8i gh? rom 30
to 70. 7. A rechogaaycpddwigst o whiahm 6, wherein said current transforner
15 connects to the live circuit of an electrical installation. 8. A nethod
of obtaining the magnetizing current (im in the secondary circuit of a

current transfigireer sHows aieprsentdiice Mighetizaiea TuNagere; any of claims 1 to
7, the nethod conprising the steps of :
Figure 2 shows suitable apparatus for carrying out the method of the present
invention on a three coil current transformer connecting to a three wire, high
15 voltage electrical installation; and

Figure 3 shows suitable apparatus for carrying out the method of the present
invention on a four coil current transformer connecting to a four wire, low

voltage electrical installation; and

Figure 1 illustrates a representative Magnetization Curve herein, in which
20 voltage applied to the CT is plotted against current flow produced at the
winding. In the conventional prior art approach, the voltage is applied across
the primary circuit of a CT which has been disconnected from the electrical
installation. In the method of the claimed invention however, the voltage is
applied across the secondary circuit of a CT that still has its primary circuit



(i) .obtaini ng total current (ip) of the secondary circuit by use of the 2 o
formula ip =!'P * N~InP . .. N <))
21 wherein Ip is total current of the prrrrary crrcurt "and nP and Np are
respectively the nunmber of turns in the secondary and primary w ndi ngs of
the current transforrrer (1i1) calculating magnetizing current (im of the

secondary ci rqP Py use 5 of the fornula Ir
ie. connected to the electrrcal |nstallat|or(r)7)lrh§gqrm @gtetrlhathm p =

-------------- Magnetization Curve: of the- method- according to | he
initial total cugrrent | oad. 10 9. A conputer pgro ramc\éllﬂllﬁ}%da "B’e\h{%d ﬁssé with a

digital conput®aP @ﬁﬁ?'tagen‘g VeiUs RRgNetiging qpeent tmnt@efaercop@rymrmumg,, lor
requesting us [ 0, S x) of
g of ol i o i (REBEmL e Siamnes iedtihig pol of BT A] gt b
10. A conput erthprl@@emmr whiioht isf defi rledeasmthm paintiiagivirach @onPUt gereze8NAi Si Ng

15 software c%ﬁaggwlr@d;uggaqg ’?ﬁ{%%gsg‘\)'i")gu%?nt requesting user input enabling

t he perform ng, either of clains 6 or 7, when
said programis run on said digital conputer. 11. A conputer program

roduct for us 1th a digital conputer conprising software code portions
1I‘Oor per f or ni ngig %0\?’%6{&%&?{% 'G'%%?R?%BBWZ‘@C@HEWQWQ torfe vpERgePhRBRYE of the
steps (i) to (24.0 veks.cl aim 8, when said programis run on said digital
conputer. 12. A digital conputer system conprising a digital conputer
product; and 22 executable on said digital conmputer system a corrputer

ystem aocor di Tt Lo fHERLABa R, A valRphE. e deirbon ol igfeethdi &y B8 1
di spl ayi nglOout\ramedtto agfing @r pointrataghich AS/"A rucrAassmmtaga will EausS@nAx% Aya. A 2

A5 A3. A . AYa.ifkreBise in current, wherein y and x are variable.

Referring now to the drawings, Figure 2 illustrates a suitable system for
conducting the method of the claimed invention on a current transformer 110.

The current transformer 110 may be seen to comprise three primary circuit

15 wires 120a-c connecting to a three wire 130a-c high voltage electrical
installation. Circuit breakers 132a-c are provided to enable isolation of the CT
from the electrical installation, as necessary. The current transformer may
also be seen to comprise three coil windings 122a-c forming the secondary
circuit thereof.

20 In accord with the present invention, the windings 122a-c of the secondary
circuit connect to suitable testing apparatus herein for measurement of
voltage and current therein. In more detail, the secondary circuit 122a-c
connects to a computer-assisted analyser (CAA) 142 through an interface box
140. The CAA 142 is programmed with suitable data acquisition and analysis

25 software, as described hereinbefore. The voltage points connect directly to
the interface box 140 while the current is connected via a current clamp 144,
which is a small and easily detachable CT clamp used to measure the current
in the CT 110 without having to break the secondary circuit 122a-c of the CT
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flow of the secondary circuit of CT. The procedure described above creates
an ‘artificial' magnetizing current i, which is applied via an external burden

25 load to replace the existing load. The function of the external burden box 130
is thus two fold: (i) to reduce the load current iy and hence creating the
‘artificial’ magnetization current ip,; and (ii) to vary the magnetization current ip,
and the corresponding voitage v.
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5 In more detail, the current transformer 210 may be seen to comprise four
primary circuit wires 220a-d connecting to a four wire 230a-d low voltage
electrical installation. Wire 220d is a neutral. Circuit breakers 232a-c are
provided to enable isolation of the CT from the electrical installation, as
necessary. Neutral wire 220d which, in normal practice, does not need

10 isolation through circuit breaker, is connected to the busbar 230d by means of
a link 234. The current transformer may also be seen to comprise three coil
windings 222a-d forming the secondary circuit thereof.

In accord with the present invention, the windings 122a-d of the secondary
circuit connect to suitable testing apparatus herein for measurement of
15 voltage and current therein. In more detail, the secondary circuit 122a-d
connects to a computer-assisted analyser (CAA) 242 through an interface box
240. The CAA 242 is programmed with suitable data acquisition and analysis
software, as described hereinbefore. The voltage points connect directly to
the interface box 240 while the current is connected via a current clamp 244,
20  which is a small and easily detachable CT clamp used to measure the current
in the CT 210 without having to break the secondary circuit 222a-c of the CT
210. In addition, a burden box 250 also connects to the secondary circuit
thereby enabling replacement of the existing load in the secondary circuit. The
burden box 250 consists of a variable resistor having a range of from 0 to
25 1000 Ohms variable resistance. A jumper 224 is used to provide temporary

shorting because the CT should not be open-circuited.

In a measurement operation, the resistance of the burden box 250 is set at an
initial minimum value at or about the 0 Ohm position. The ‘scan-start’ function
of the CAA 242 is then initiated and the resistance of the burden box 250 is
30 raised slowly at a rate of about 10 Ohm per second. While the resistance on
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then displayed on the display 246 of the CAA 242. For later reference,

captured and analysed data is typically stored on the CAA 242.

10 It will be understood that the present disclosure is for the purpose of
illustration only and the invention extends to modifications, variations and
improvements thereto.

The application of which this description and claims form part may be used as
a basis for priority in respect of any subsequent application. The claims of
15 such subsequent application may be directed to any feature or combination of
features described therein. They may take the form of product, method or use

claims and may include, by way of example and without limitation, one or
more of the following claims.
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5 windings defining a secondary circuit, said method comprising the

steps of:

(i) applying a voltage (v) to said secondary circuit;

(i) applying an initial resistance load to said secondary circuit;

(iii) measuring the resulting load current (i;) of the secondary circuit;
10 (iv) measuring total current of the primary circuit (/p);

(v) calculating total current (i) of the secondary circuit by use of the
formula

where n, and Np are respectively the number of turns in the secondary
15 and primary windings of the current transformer,;

(vi) making the assumption that under normal load conditions

e (6)

(vii) calculating magnetizing current (im) of the secondary circuit by use
of the formula

20 im = ip - il ................................................. (7)
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5 (ix) plotting a Magnetization Curve of voltage (v) versus magnetizing

current (ip) in the secondary circuit; and

(x) calculating from said Magnetization Curve a knee-point at which an

x% increase in voltage (v) results in a y% increase in magnetizing

current (im) in the secondary circuit, wherein x is from 5 to 20 and y is
10 from 30 to 70.

2. A method according to claim 1, wherein said initial resistance load is
close to zero Ohms and i, = ip.

3. A method according to either of claims 1 or 2, wherein the resistance
load is applied by a variable resistor having a resistance of from 0 to
15 1000 Ohms.

4, A method according to any of claims 1 to 3, wherein said knee-point
corresponds to the point at which a 10% increase in voltage (v) results
in a 50% increase in magnetizing current (im) in the secondary circuit.

5. A method according to any of claims 1 to 4, wherein said current
20 transformer connects to the live circuit of an electrical installation.
6. A method for testing the integrity of a current transformer for use in a

protection system for an electrical installation, said current transformer

having primary windings defining a primary circuit and secondary

windings defining a secondary circuit, said method comprising the
25 steps of:
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(iv) applying a gradually increasing resistance load to said secondary
circuit and obtaining the voltage (v) and magnetizing current (i) of the
secondary circuit as said resistance load gradually increases;

(v) plotting a graph of voltage (v) versus magnetizing current (i,,) in the
10 secondary circuit; and

(vi) identifying from said graph a knee-point at which an x% increase in
voltage (v) results in a y% increase in magnetizing current (in,) in the

secondary circuit, wherein x is from 5 to 20 and y is from 30 to 70.

7. A method according to claim 6, wherein said current transformer

15 connects to the live circuit of an electrical installation.
8. A method of obtaining the magnetizing current (i) in the secondary

circuit of a current transformer for use in the method according to any

of claims 1 to 7, the method comprising the steps of

(i) obtaining total current (ip) of the secondary circuit by use of the

20 formula

ip= Ip* Np/np (5)
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o Z 0 e, (6)

wherein ip is the initial total current load.

10 9. A computer program product for use with a digital computer comprising
software code portions for performing, or requesting user input
enabling the performing, of the steps (i) to (x) of any of claims 1 to 5,
when said program is run on said digital computer.

10. A computer program product for use with a digital computer comprising
15 software code portions for performing, or requesting user input
enabling the performing, of the steps (i) to (vi) of either of claims 6 or 7,

when said program is run on said digital computer.

11. A computer program product for use with a digital computer comprising

software code portions for performing, or requesting user input

20 enabling the performing, of the steps (i) to (ii) of claim 8, when said
program is run on said digital computer.

12.  Adigital computer system comprising

a digital computer product; and
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a display for displaying output to a user.



