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Swit chboard Monitoring System Field of the Invention
w®200kiossopmvent i on rel ates to an el ectrical sw PCTBGEZ0EH000206
nonitoring systemand refers particularly, though not
exclusively, to an electrical swtchboard nonitoring
system to predict likely fdilure of the electrica
swi tchboard. 1Q Backgrqund to the |Invention An
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such as air-conditioning, lifts, punps, security
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breakdown. The first and second failures are protected
by j | ces such as circuit breakers and
10f ugg’é&%tﬁ?eﬁgﬁ@?rure is usually caused by poor or
bad el ectrical 25 connections. This type of

SWiah @Rb@iadl @widhbbdaid BroligesBMsdiricHiBtderF B4 nehdnil and electrical
occur.rence such results in

U € gt a faultdgsualh¥ t he
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c aBystem, apsheo torls Eke building may bs an difiea commertiek builtiiag, factory,
15 g' B4 Fdsfahtia BhiNREK T h% F]ailm@)b_f F{je?é?ectrf&%%ﬁﬁclﬁ)oéﬂld rn%%yt E¥devere
a es ol st.t o e hu ing. Being able to
pr g%ﬁ%lﬁe °z§'¥"fa}?gf'hlbels)6v%qﬁe°§9<@%4m fault is very inportant.
30 Electrical switchboard thernmal breakdown fail ures

OC Ghbre ardMeted¥n8in RAkirel HRORRDS cur iINBEHledrtal RitShdaly; | oi nt's
aréhnot ti ghte ed. This nmay be due to them be not
[

ti ght en®FB6Per1y during installation. This can al so
20 oc(Qur a¢arbrieakageomnd peri od of operation of the bus bar

dugyt o @XpaNskodnd contraction of the bus bar joints

35 during the day and night, and/or due to the

el ectrical | oad changing. As the joints |oosen, the

I mpredirsicend Glecariddaittioast axe protacd daySectectids devides ghcic & tienit

( "Be&keld@HA fBses. The third failure is usually caused by poor or bad electrical
25  connections. This type of switchboard failure is most dangerous as the occurrence
of such a fault usually results in the burning-out of switchgear, circuit breakers or
cables, and causes the longest downtime for the electrical network. It may also
cause a fire that damages or destroys the building. Being able to predict a thermal
breakdown fault is very important.
30
Electrical switchboard thermal breakdown failures occur, and are not uncommon,
when the bus bar joints are not tightened. This may be due to them be not
tightened properly during installation. This can also occur after a long period of
operation of the bus bar due to expansion and contraction of the bus bar joints
35  during the day and night, and/or due to the electrical load changing. As the joints
loosen, the impedance of the contact increases. As a high current (more than a



WO 2005/ 006000 PCT/ SG2004/ 000206 2 few thousand
anperes) may pass through the poor joints, the contact

w@e®@a/oodobd heat up, and hot spots will occur.PE/eGEN/800206
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connected by electrical 5 joints. Bolted el ectrical
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is W’%ﬁ”ﬁ?ré"‘iﬂaﬁ’@aw oy thgdeirde A the by bay ier B Kwera stip e
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20 t NEsel &hdId inSftehoveigde ™ s that "no signal fromthe

sensors neans the sw tchboard is good condition". This
may be true. However, a "no signal formthe sensor "
C OThede nemmethbas e rigiofas itteeyfdatect Yie faanand ad nbthaddid: e fault.
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30 installing temperature sensors.

Thermal scanning is also employed to determine bad joints (*hot spots”) within

electrical switchboards. This involves using a thermal camera to video-scan the

electrical switchboard. The electrical switchboard heat profile is then plotted onto
35  paper.
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for each thermal scan is about S$1 0,000 to S$15, 000.
wahdios/od@oexpensi ve. Also, it is not able to preds&2004/000206
bus bar failure as thermal scanning is usually done
once a year. In addition, there are chances of hunman
error when performng a nmadual scan. 5 Ther nal
scannlng of a heated joint only tells if there is a
hot %‘iﬁ?ﬁ ?r@p@@ewscagwap%%ﬁgoog? SP1R000; (s srexpensive.
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peakamajaaan 10 Summary of the Invent| on ACCOI‘dI ng to a
5pr eferred aspect of the present invention, there is
redictin ure an
D o st S BE LIRS e % b o 42
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corfah é"@ﬁ@’faﬁ’f b} it5 Begkd9alnce with a heal t hy
10r esi stance of the at |east one section of the bus
barg,,idly RAnE invbhtidn1€ OPerating resistance is greater
that t he ﬁﬂ ?rhy Fe3|stance by nore that a
predet erm ned anount, generating a fault signal.
Ac CMcdlidmg tva ;aafetréneasqacte:ffem ecsas raehtionf theteeis pregtieadt a
Iy d 0
| : k yH?lg{ lpb%&%&% lllgerlfrfaﬁ}efllg ?ﬁjgrg el%ﬁicg'l intcﬂtgtﬁlw e[ﬁé %éélﬂ%
15 nédnelydina fersipes: 25 steps: (a) during operation,
detaer m @iing eperAiper ddtérmhingeai spanihg @bistahcel efast leasinahe

Secti on ohiof &%&E%ﬁﬁa{m (ab;)art%?{m%fel:tﬂgal %N’%RQ&?J- at ”9

resistance wt resistance o
oné- secCPBRIBY the RReTBiNg rﬁ%ﬁtancawah apeglipy resistapgrof the at 'eaSt
oper at i Bge seefdnSdi e®As bar; gideat er that the heal t hy

of e%l StafGe Morati e%ls{atﬂgé sagr&[tegqﬁét%ﬂ&ﬂm RIRMRL by more
et al®

g ener at 1 ng
thata predetermmed amount generating a fault signal.

According to another preferred aspect of the present invention, there is provided a
method for predicting likely failure of an electrical bus bar, the method including the

25  steps:
@ during operation, determining an operating resistance of at least
one section of the bus bar;
b comparing the operating resistance with a healthy resistance of the
at least one section of the bus bar; and
30 (c) if the operating resistance is greater that the healthy resistance by

more that a predetermined amount, generating a fault signal.

The operating resistance may be determined by measurement of a current through
the at least one section of the bus bar, measurement of a voltage across the at
35 least one section of the bus bar, and calculating the operating resistance from the
current and the voltage. The healthy resistance may be determined from



The operating resistance may be determ ned by

nmeasurenent of a current through the at |east one
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across the at 35 | east one section of the bus bar,

and cal cul ating the operating resistance fromthe

current and the voltage. Thet healthy resistance may be
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s pelredkesat the asleast omgecibinioCiie bus reakers in the at

| east one section of the bus bar. The predeterm ned

amount may be at |east one of: minor fault, nmgjor
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Si tlcal fault signal. Also, at the
el ecﬁ?lagglc"t'vdf?%ﬁwsﬂ%' gt d there may be generated at | east

one of: display and alarm 10 Preferably, the fault

Si gAY, al the SI@&hcépé’w@hEJaﬂﬂﬁé%%?d ¥R RIS at IZRE one of: dlsplay

trar;‘?rrtas& on nodule may send the fault signal to
f"?rg system by a transm ssion being one of:

10r adi o frequency transm ssion, SM5, enail, text
m%&%bly,ﬁh@ﬁéﬁt%ﬁ%gﬁg s&fGy asfré'HsHl%sﬁh gr%?le @ transmnssnon
transm ssi on over at |east one o

{ r AFREHIe SRR S e o ek A PARGIR SYstors By tgerEsSion being
netone ok radip fregdency tredsmisstonoSMS, dniadl, tbntrﬁﬂ’sﬁ'&ge aldresignal and
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the ran
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for critical faults. 20 In another aspect, the

pr %?Wedl?t@mﬁgd' SFbuRf QX P&‘ﬁ oA aﬂw cIoggosg Q'I%;%tolf% o

allure of an electri avin
bué%i/?f minohuligy ipdherrngs fiva g riea fﬁ'gmalar fauisnangrngore Han ten for
sensticaatsvol t age across at | east one section of the
poPus bar and a current through the at |east one
sectl on of the bus bar; 25 b. transducers for
e ARAtEY aBRACh (e BTPSATRINYertipy Mravides Spppsivss for mepdicting likely
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the signal to a processor;

c. the processor being for receiving the signal and from the signal calculating
an operating resistance of the bus bar from the voltage and the current,
comparing the operating resistance with a healthy resistance and, if the

30 operating resistance exceeds the healthy resistance by more than a
predetermined amount, generating a fault signal; and

d. a transmission module for sending the fault signal.

In yet another aspect, the present invention provides apparatus for predicting likely
35 failure of a bus bar, the apparatus including:



30 operating resistance exceeds the healthy resistance
by nore than a predeterm ned anount, generating a
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the fault signal. In yet another aspect, the present
I nvention provides apparatus for predicting likely 35
failure of a bus bar, the apparatus including: W
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10The heal t hy F&&tmb@bﬁ@or@thdetaewradeﬂaahmfeﬂ @mount, generating a

specificatio [
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one section of the 15 bus bar. The predetermn ned

anmHe hedy rddftante IseRrminae ot lspedifiegtions ofMmblegal gsadifor the

C 0 n ﬁ% Eatr!?ﬁg see%fﬂﬁt%sp& {( @MJUH bbeg@r? I tﬁ@}:ﬁl Iéas?@r% :%Hlow of 91|e

15f a@PQ bagi gnal , maj or faul t SI gnal and crl t| cal faul t

si gnal 20 At the electrical switchboard there may be
éﬁﬁtegg?r%ﬁneh %%S{Jntcr)nﬂg bgféate Iﬁg t ?ﬁ 2 ecPﬁ'&qrom%é‘grﬁ‘ q cotnlng stlng
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f I QER RGN sibhal Wedjor Skt @ignal 2MPeriieaTRdult sigh@xt  nessage,

al arm signal and status signal. The predeterm ned

anount nmay be a nultiplication factor in the range of

t Wit the eleictsigal sivisghbpavd dherd may be generatechat lpashere ¢fi digplaycand

ni gRrhor najor faults, and nore than ten for

20

The transmission module may send the fault signal to a monitoring system by a
25  transmission being: radio freqiency transmission, SMS, email, text message,

alarm signal and status signal.

The predetermined amount may be a multiplication factor in the range of two to
four for minor faulis, in the range five to nine for major faults, and more than ten for

30 critical faults.

In a further aspect, the present invention provides an electrical switchboard

including the apparatus as described above.

35 In a final aspect, the present invention provides a computer usable medium

comprising a computer program code configured to cause a processor to execute



30 critical faults. In a further aspect, the present
i nvention provides an electrical swtchboard
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final aspect, the present invention provides a

conput er usabl e nedium conprising a conputer program

code configured to cause a processor to execute WO
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abyewe. Bri ef Description of the Drawings 5 In order

that the invention may be fully understood and readily

put into practical effect, there shall now be

de Seief DesgriptjonefphePrawings| i it ati ve exanple only
SSreferred enbodi nents of the present invention, the

escription being with reference to the acc anyi.n

i | e ihatihe fveriom gy ibp f Uppersty ﬁ?dg'&F‘%'Vf”f)gE’aﬁfgc“caq

i | lefisdt,r theieoshatyf noan be | desdribed: & weayi bic hbrelimititivec exangilegnly o

a Bl r&#oofdmeﬂ"s af tﬁeh?[e%n?ﬁ%ﬁtidn,m{ﬁ@tde%bﬁdﬁ' BIRE whh

is a schematic tllustration of the system

ar cgierersereihg acqompepyvingdlustiative drpwiRaTIRANEN: ot he
1ooperational flow of the systemof Figures 1 and 2; 15

and. Fi e | . : o ,
op SEbier s Bp i &R BRI by RAGD Sechii 1 pRl o

. Pr efteg pregentimdtiPent s 20 To refer to Figures 1 and 2,

t hetgtrel sis & Bm_aﬁd”imsa@t?a lofithel Sysfenn aroht@sturet Ng cont act

reslt I {

on Fopls T R ot B T BlrafHBRB o O LcRAPri s 1 82

I5premdd ctions to be made to determine if the joints are
deFruicariak Hév@chart Bhbvineaediemativewpbratiort to tHaeofsigaedill ed in
advance to prevent failure due to thermal breakdown.
25 In Figure 1 there is shown an el ectrica
swiDesdriplion af Rrgferied Embedimentss a bus bar 12. There is
also an air circuit breaker 14 to protect the bus bar

20 12T]:) rre gj tg lgru(r:"ers]t1 an%vze, E[rlne(l;)e‘rjlf"é'shown the apparatus for measuring contact

resistance of joints for dynamic readings to be taken on-line. Such readings can
be analysed for predictions to be made to determine if the joints are deteriorating.
This enables action to be scheduled in advance to prevent failure due to thermal

breakdown.

In Figure 1 there is shown an electrical switchboard 10 that includes a bus bar 12.
There is also an air circuit breaker 14 to protect the bus bar 12 from current

overload.

30 The system has voltage and current transducers 20 with sensors 16 connected to
bus bar 12 at or adjacent each end thereof. Sensors 16 are operatively connected
to transducers 20. The transducers 20 output i0 a processor 22 that outputs to a
transmission module 24. Processor 22 also outpljt to a local display and/or alarm
30. Processor 22 may include memory 60, preferably a non-volatile memory.

35
Figure 2 shows the electrical switchboard 10, transducers 20, processor 22, and

transmission module 24. Transmission module 24 transmits o a central monitoring



30 The system has voltage and current transducers 20
W th sensors 16 connected to bus bar 12 at or

w@ejoaoanto each end thereof. Sensors 16 are opePEl/BGHI0%/000206

connected to transducers 20. The transducers 20
output to a processor 22 that outputs to a
transm ssi on nodul e 24. Protessor 22 also output to a
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The process is shown in Figure 3. Once t he systemis
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urren et er,
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ac 58 °%6 i's poss Fe to accurately locate
the problem and thus take corrective action nore
quig lfrleﬁsun—ﬁbltﬁe Viﬂt}dgd ael ciskent dveossithe biig bdsramajoeesch hus bahe
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reak Fse tripping resulting
f r oithabusibgacastase in the operating tenperature. By
ssmeasuring the voltage and current across the bus bar

and/ or each bus ect| sible to
cal cul ate (36) tgﬁées'rsrtggsur e%ﬁ’ é"'irrsetng g@)sRm (real tine

val ue) of the bus bar as:
From the specification for the material used for bus bar 12 as well as circuit breaker

14 specifications (including contact resistance), the theoretical resistance (healthy
30  resistance) of the bus bar, R, during normal operation can be determined (40). It
may also be determined by direct measurement after installation but prior to full

use. The R, is stored in processor 20, preferably in non-volatile memory 60.

By comparing (38) the value of Ry, and Ry, it is possible to determine whether the
35 bus bar is normal. If resistance Ry is greater than Ry, the bus bar joints are

breaking down and the bus bar requires maintenance.
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waowrdos/oe®oci rcuit breaker 14 specifications (iPCH/86200g000206

contact resistance), the theoretical resistance

(healthy 30 resistance) of the bus bar, Rh during

normal operation can be detarm ned (40). It may al so

be determ ned by direct nmeasurenent after installation
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and may be by SMS, emall text message, alarm signal, status signal.

30
As shown in Figure 4, the order of steps 42, 46 and 50 may be reversed, if desired.
Aiter step 38 there may be added a preliminary test (62) to determine if a fault
condition exists. If yes, process steps 42 to 52 are followed. If not, it passes
directly back to the start 30.

35



may be sent to a central nonitoring centre where it is
recei ved and di splayed so the operating centre
w@ersooed may be aware of the problem the nap@¥/eGmi4/000206
the problem (major, mnor, critical), the l|ocation of
the problem (which electrical 25 sw tchboard) and
where on the bus bar the problemis located. The
transm ssion is preferably thgy are of: radio
f r edUfePESPY F‘éi?@ﬁ&@? 6’?&‘9"% 1P ORIk usqble MAAUTRGAMPETINg R
C entangputed ptogzal coae dreat isedontiguked tadceseathe aronetswo?Ktoosxetue
I nt gt . emai |, text nessage,
alarn1s%8ﬁgﬁﬂg% atggﬁgpéﬁﬁ . 30 As shown in Figure 4,
the order of steps 42, 46 and 50 may be reversed, if
.deS\ithal therdf thes 15deRP )dé’s%nﬁd&e i tﬁBonhs@mﬁ@ d@éicﬁbtlon preferred
prelinmnar
Contl PrRfnk o BRlorspipleBucnch HiedPerrand BMess swed pne
f ol leoweldgy pdncerped that mprisvasigtiongior ewdifigatipascio details ok design,
St agdnsidltion3ar VErafdASMEAP BR0RadCHiiRia Uep4 P 208 the J B&ont
present i nvention al so extends to a conputer usab
medf’ %bnpr|5|ng a conputer program code that |s
configured to cause the processor 22 to execute one
or nore functions as descri bed above. 5 Wilst there
has been described in the foregoing description
preferred enbodi nents -of the present invention, it
wi |l be understood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design, construction or operation nmay be
made wi t hout departing fromthe present invention. WO
2005/ 006000 PCT/ S&2004/ 000206 10 The clainms 1. A
met hod for predicting likely failure of an electrica
swi tchboard, the nethod including the steps: 5 (a)
during operation, determ ning an operating resistance
of at |east one section of a bus bar formng a part
of the electrical swtchboard; (b) conparing the
operating resistance wth a healthy resistance



of the at |east one section of the bus bar; and 10 (c)

if the operating resistance is greater that the
whe@bshspoo esi stance by nore that a predet er m PETISG2004/000206

anount, generating a fault signal. 2. A nethod for

predicting likely failure of1@an el ectrical bus bar,

the method 15 including the steps: (a) during

opermat kgis determ ning an operating resistance of at

| east one section of the bus bar; (b) comparing the

operating resistance with a healthy resistance of the

at lleast Aomethsedori pradictig tiirely Bailirdoat an anrdiri2@ {vathbokrd! e

oper at i n%e‘ir%ﬁiirﬂuﬂﬂgﬁeis greater that the healthy

resi stance by nor thatp_'a predet erm ned anount,

denerating a fAWWWing Speyatan, defermining: af egeratng fesisieaep phat

claim1 or clainmest okd&dcdroftaisus HAL forthing @ padf the electrical

resi stance is degmﬁt(r: .er%d by nmeasurenment of a current
t hrough the at |eas ohe section of the bus bar,
measur enent ofb) scopnppinggbe aeardling redigiange with @shealtmnresistance
seCFi?n of %he W%ﬁ@@feastﬁﬁgi&%rﬁd#klﬁtﬂuggﬁ5\% Opgg az i ngA

esi stance from.the current, an e Vv e. |,
e hod as. cl aidlT FPeEslys EaBre s e et e foni mglptatcs
the heal thy rediystharecibai g8 pedetarminpe canfounimgenerating a fault
specifications ofigngpterial used for the bus bar and
speci fications of any circuit breakers in the at |east
one section of the bus bar. 35 5. A nethod as cl ai ned
in any oAenghodcioapredictihgtlibely}failuvh ef en rlettieal bus bar, the method
1pr edet er fRcigHg MaRi4NL: 1S at |east one selected froma
plurality of ategories of fault. SUBSTI TUTE SHEET
(RULE 26) WO d@i”?ﬂ)é%ﬁ'%ﬁ?@@m&%@e@e@g rpgisigncepof at
met hod as cl ai ndebst oneceetiomotihe Wdseyagi N t he plurality of
fault is at | 1 2, qr .
consi sting of ﬁﬁrﬁngowgémfg atlﬁfﬁﬁe?értr@?cr)%srls%% Ekﬁ %%J% g@’lytrf%'%{?nce
fault. 5 of the at least one section of the bus bar; and

20 (c) if the operating resistance is greater that the healthy resistance
by more that a predetermined amount, generating a fault
signal.

3. A method as claimed in claim 1 or claim 2, wherein the operating
25 resistance is determined by measurement of a current through the at least
one section of the bus bar, measurement of a voliage across the at least
one section of the bus bar, and calculating the operating resistance from
the current and the voltage.

30 4. A method as claimed in any one of claims 1 to 3, wherein the healthy
resistance is determined from specifications of material used for the bus
bar and specifications of any circuit breakers in the at least one section of
the bus bar.

35 5 A method as claimed in any one of claims 1 to 4, wherein the

predetermined amount is at least one selected from a plurality of
categories of fault.

SUBSTITUTE SHEET (RULE 26)



7. A nethod as clained in any one of clains 1 to 6,
wherein the fault signal is at |east one selected

wo e@3i0bdeeo gr oup consi sting of: mnor fault sig,Pet/sG2004/000206
major fault signal and critical fault signal. 10 8. A
method as clained in any onejipf clains 1 to 7, wherein
at the electrical switchboard is generated at | east
one selected fromthe group consisting of: display
and alarm 9. A nethod as clained in any one of clains
1 t .8, vheeibphas dimedinictains p.grherein e pluslig effeulply apleast one
transm ssdeRBieAREM! tBe grblp csRBANGImAS: @ligintERs tAul dhlidtifital
9, wherein the transm ssion nodul e sends the fault
si gnal ¢ Jayt nmonitoring systemby a transm ssion
sel ected fromthe group consisting of: radio
f I equencys hAGSA Ssinefin an/bhe &t eRirls-1 %X\kheﬁgrgthm%%ﬁal is

al arm signal and status si

clai nmed i e@Ftéﬁ“ﬁF‘i?FteW@gﬁWPu@”lsPM raiBordppltisiongh, @ajor
at | east fawtrsignaiedndctited fhulisigntlhe gr oup consi sting of:
direct transm ssion, the atnosphere, a |ocal area
network, a wide area network, the Internet. 25 12.

Wet Hod ad @P@P%@%C'?‘Weﬁﬁ‘)ﬁ%rﬁ’ée gFclamail i 7. Mhe@'%at "‘Wh%'?féf Gyl
t he pr edwiitenbohr esl genarasilt atileasBor@deldcial ifromit the Grolipedrdlsting
inther o four for mnor faults, in the
range f.3§ 1o gfhﬁg %} maj or faults, and nore than ten
for critical faults. 30 13. A method as clained in any

one ®f clamBBodad dairhéd in\AAE6RI d clalid 180 8] Wherein 16 EHLAkigh is

f sectlosréstbofatrtaggmlgslfsnngJu t he nmeasurenent of voltage
and current Ot cface ’feor each of the plurality of

sections. 35 14 A nethod as clainmed in claim13,
wherg, t hey rehoed é@HiEiﬁIedGﬂ ciied &, aﬂﬁreﬂrﬂﬂe tre ke nki&Sitn rﬂ&du%aé“ehds

of the s t akes ace si.nul.taneous
SR ( Rtedb S e BB A LE R reRs s the
15. A netdie a@setirmi pkdadin fenyensyetramsmisbian,nBMS, temail4 fext

aherei n thQsadieasH SeRMnd@fatélighage and current is
periodic. 16. Apparatus for predicting |ikely failure

of an electrical swtchboard having a
11. A method as claimed in claim 10, wherein the transmission is over at least

one selected from the group consisting of: direct transmission, the
atmosphere, a local area network, a wide area network, the Internet.
25
12. A method as claimed in any one of claims 4 to 6, wherein the
predetermined amount is a multiplication factor in the range of two to four
for minor faults, in the range five to nine for major faults, and more than ten
for critical faults.
30
13. A method as claimed in any one of claims 3 to 12, wherein there are a
plurality of sections of the bus bar, the measurement of voltage and current
taking place for each of the plurality of sections.

35 14, A method as claimed in claim 13, where the measurement of voltage and
current at each of the sections takes place simultaneously.
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5 bus bar, the apparatus including: (a) sensors for

sensing a voltage across at | east one section of the
whoemsoeqooand a current through the at | east onBCEHRGLI0EN0206

of the bus bar; (b) transducers for receiving output

signals fromthe sensors andi210 generating a signal

to a processor; (c) the processor being for receiving

the gnaA rﬁﬁﬁodf L9 ’Ulehrﬂgd %L%ﬂglonecgfl glgilm@t 5?‘%6 , etreln the

-oper atl ng resistance bar Trom
and the diPaswiRMeniohygians syl curient isReriedis- ng r esi st ance
wWth a healthy resistance and, if the operating

resi sfan 15. e cee th a esi st anc re
o o ed BB A Bl AN S B R TR o
signal; dwabar,thﬁanmts%ln@vdmmdul e for sending the
fault signal. (&)7seré9|§%la§e¥|§in§ Qrvolibrgg%%é leeéétl%ﬁé ¥ection of

failure of a bus appar a n )
sensors for sensl hﬁ}“ﬁb@ Wdégg‘"rgetrt @ngb@elaélfgg °<5‘ﬁée°t'g’” of
section of the thedubpbar, and a current through the at

| east one sect b)O{?ar%Eucefshﬁr #éuawbﬁsutplﬁ Qigndig ﬁaﬁg#éﬁseefnéoré 8hd

recei ving out put 9 fromthe sensors an
HYenerating a si gREIeTaBY 3 SigRa OARIBTESSP5 (¢) t he
processor bei r(g) thepracesser hainmygortreeivinigginedignahnghdfflomrthd dignal

signal calcula Fg&lﬁiﬂ%gﬁ%{pﬁﬁ{%reggéh&t 8‘%8 bgé bghﬁ%,mﬁe

bar fromthe ent
operating resi st é‘ﬂfé@e apd the Ga‘”ﬁ@aPQ"I‘B?‘”FQemesQP&WB@G gasigtance
i f the operatingwitesi RéRhE @esistanceeamd, ifhie palatidyy resistance

{£si stance by meceEJLa{Re ﬁeaﬂéf%?.%ﬁ éé‘t{r}{‘%ﬁorg’%aﬁré"p%‘gte{mnned

generating a fau sm ssion
for sending the faESHY Q@F@”ﬁ"éﬂg a faglt sighfh And @UEANgiseiPminAde

in claim16 or ctonkdndhdiheili@isijnal. t he heal t hy
resistance is determ ned from specifications of

mat eri al used for the bus 35 bar and specifications

of aWy ciArpaiatus iinr geeklisting likely fefiiere af a busast, therapparatys inginding:

tdhe bus bar. ShBShkdi/Te sehififigla VEGE adfds ¥iQe QRé QOEHEN Of

PCT/ SG2004/ 00020913 bus bar and a current through the at least one section of
the bus bar;

(b) transducers for receiving output signals from the sensors and
generating a signal to a processor;

25 (c) the processor being for receiving the signal and from the signal
calculating an operating resistance of the bus bar from the
voltage and the current, comparing the operating resistance
with a healthy resistance and, if the operating resistance
exceeds the healthy resistance by more than a predetermined

30 amount, generating a fault signal; and a transmission module
for sending the fault signal.

18. Apparatus as claimed in claim 16 or claim 17, wherein the healthy

resistance is determined from specifications of material used for the bus

35 bar and specifications of any circuit breakers in the at least one section of
the bus bar.
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13 19. Apparatus as clainmed in any one of clains 16 to
18, wherein the predeterm ned anount is at |east one

waedsoo@odo froma plurality of categories of fBul/BG2064/000206
20. Apparatus as clained in claim19, wherein the
category of fault is at |eastl3 one selected fromthe
group consisting of: mnor fault, major fault and

critygcal /f.p%blllahs geldamamaaﬂysoﬁé o@lc?dlrﬁ@qG'tB %‘yWr%Pé?n Qhe
clains 16 t erein the fault 10 sig

east onereBiEBREl] A0 Enat e GREret e gt PO
fault siaqegbrieswhiaclt. fault signal and critical fault
signal. 22. Apparatus as claimed in any one of clains
16 to 21, wherein at the electrical switchboard is

denetlat e cheRerajus 28 claipird In piEt 1% Wherelp e SRECA9PONE frult j5at least
consi st i Ngheelectdil Fomate Ayslip adoAsisting 2% mINBIPRLIG Mgorafult and
cl ai ned |&]It|@an§éu|9ne of clainms 16 to 22, wherein the
transm ssion nodul e sends the fault signal to a

noni toring systemby a transm ssion selected fromthe

glrvgtm conﬁjpa.tahﬁ&scmaiméoami éhyfcfn@CBiQM}ﬁs 26 1é Q@ﬂﬁﬁ&éﬁﬁ kHRNfault
emai |

eSS age i gnal and ,sta
e o™ dapal 5% ISR Kool oM o et PfietBh BriRopreten
t he tr ansygnglsmainr faglt signal andicrilicabigtlt signak sel ected from
the group consisti ng of : direct transm ssion, the

at mosgpher e a network area etvvo
Ehe 2Pt erAfispaus 55aaitad h A5 189 51 oBinkl fibas PR uhoit 5 he
wher ei n tetrstrigalenidthboandrie deraraerat least ane melbdtedpirors dhie gmup

fsact or |rboﬁg;§m?apg§plgjang%r,ﬁo four for mnor faults,
in the range ive to nine for mpjjor faults, and nore

than ten for critical faults. 30 26. An el ectrlcal
Swi tashboahppaiiatus| asdclaignetihie @ypameaoliSlamss db abn2a] wieram the

one of Gl AkMBsidPmbiiisends the B o m'it&m été‘rm by a
od

conprising a conp uter%&ro gramc econ gur ed

cause a prROVESIY} seligcted feft HeogauR rcoﬁ%?“ég f¥n&adip rff§q‘teBCV
@nabl e t hensBibsigr, BMSsawmil, prmiassapet dAermmadnatthdefatsrignaine
of clains 1 to 15. SUBSTI TUTE SHEET (RULE 26)

24, Apparatus as claimed in claim 23, wherein the transmission is over at least
one selected from the group consisting of: direct transmission, the
atmosphere, a local area network, a wide area network, the Internet.

25

25. Apparatus as claimed in claim 21, wherein the predetermined amount is a
multiplication factor in the range of two to four for minor faults, in the range
five to nine for major faults, and more than ten for critical faults.

30 26. An electrical switchboard including the apparatus as claimed in any one of
claims 16 to 25.

27. Computer usable medium comprising a computer program code configured

1o cause a processor to execute one or more functions to enable the
35 processor perform the method of any one of claims 1 to 15,
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