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30 Electrical switchboard thermal breakdown fail ures
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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 uncemmaon,

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 pericd 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




2 few thousand anperes) may pass through the poor
joints, the contact area will heat up, and hot spots
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Thermal scanning is also employed o 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. '




3 The cost for each thermal scan is about S$1 0,000 to
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be determ ned measur enent ent t
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25  steps:
{a) 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 - {e) i the operating resistance is greater that the healthy resistance by

more that a predetermined amount, generating a faul 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
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
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signalto 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 'hea[thy resistance and, if the

30 operating resisiance 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:
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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 muliiplication factor in the range of iwo to-
four Tor minor faulis, in the range five to nine for major faults, and more than ten for
30 critical faulls. -

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 compuier program code configured to cause a processor o execute
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In Figure 1 there is shown an electrical switchboard 10 that includes a bus bar 12.
There is also an air circuit breaker 14 o protect the bus bar 12 from current

overload.

30  The system has voliage and current fransducers 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 fo a processor 22 that ouipuis to a
fransmission moduie 24. Processor 22 also outpuf to a local display andfor 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 to a central monitoring




Figure 2 shows the electrical sw tchboard 10,

t ransducers 20, processor 22, and transm ssion nodul e
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Speci fications (incl uding contact
r eQile] WD) 3S t he t heoretical resistance (healthy 30
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30  resistance) of the bus bar, R, during normal operation can be determined (40). It
may also be determined by direct measurement after instaffation 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 o determine whether the
35 . bus bar is normal. If resistance Ry, is greater than R;, the bus bar joints are

“breaking down and the bus bar requires maintenance.
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- As shown in Figure 4, the order of sieps 42, 46 and 50 may be reversed, if desired.
After 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
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may be reversed, if desired. After step 38 there may
prellmnary test (62) to determne |
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The present invention also extends to a conputer
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preferred enbodi nents of the present invention, it
he un derstood by those skilled in the .technol ogy
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f or CPISHYRUER {95 (PPefalien yhay e mede ofitheit dapaiding ifioml the present
swi trvlafioar d, 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 with a healthy resistance of the
at |least one section of the bus bar; and 10 (c) if the
operating resistance is greater that the healthy

resi stance by nore that a predeterm ned anount,
generating a fault signal. 2. A nmethod for predicting
likely failure of an electrical bus bar, the nethod

15 including the steps: (a) during operation,

determ ning an operating resistance of at |east one
section of the bus bar; (b) conparing the operating
resi stance with a healthy resistance




of the at |east one section of the bus bar; and 20 (c)
if the operating resistance is greater that the

Wﬁﬂogp% eS| stance by nore t_hat a predeterm 3’2?453?2004/000206

anoun generating a fault signal. 3. A nmeth _
claimed in claiml or clai m 2 wherei n the operating
resistance is determ ned by neasurenent of a current

thro the at | east one section of the bus bar,
neasﬁ?ee‘ijlaé'ﬂf of a voltage across the at |east one

section of the bus bar, and cal cul ating the operati ng
resigtanc nd t

net hgd asgcr{'egl?dr?efg]; %ﬁed?ri}“f ﬁ{% ‘Jur%logaﬁsg?wfc ' §W't%‘5‘fcé|tﬁe
t he heal t/R§thodipdydingdbredieriss det er ni ned from

speci ficati anapﬁurﬁi@tcﬁéiaﬁén ldi%f%ﬂn FiR ahhspelXti r&%ﬁan?@% gt
speci fications of %% rcwft breakers N th

one section of A% BESeYPIP OF Buschar forming RoRpriaaf the glpatriss!
in any one of cl &wilthbdard 0 4, wherein the
- predeterm ned @ngii, t l.ect rom
plurality of ?at ego?’l?gztgégP ér reém%ﬁé%‘ftﬁﬁﬁ%'@f—ﬁﬁ%me
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fault. 5 7. A netied as clalrred in any one of clainms 1
to 6, wherein the fault signal is at | east one

| gct ed ,f nsi St i m nor  faul
5ol 80t I ey B5HE RSTRURH bt 2l BSE b s
1 O 8. A Wéi‘@i@@lfh%te@ﬂi aimed in any one of clains 1 to 7
wherein at theg) ulig B;Be‘?ﬁﬂon it OH gpér&ting%g&?tﬁc%
| east one selected fromt oup const st
di splay and al atfet c@'esﬁ?t'ﬁ‘éf’fﬁg’ﬂ busdag| aj ned in, any one
of clainms 1 t) 8pmuhieg ehenoretating istansd @itah hesithy Yosisi@ib
by a transmi ssi ‘Bﬁhggﬂé’és?onejsgctmﬁofﬁé Etgsqfa?' nﬁl a' med in

0cla|m9 wherejn the transm . ssion no
2 (c) iithe operating resistance is greater that the healthy resistance

by more that a predetermined amount, generating a fauit
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 voltage 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 fauli.
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the fault signal to a nonitoring systemby a

transm ssion selected fromthe group consisting of:
woshhSodshauency transmi ssion, SM5, email, texkCT (Lr004/000206
nmessage, alarm signal and status signal. 11. RO

as clainmed in clai.n 10, wherejin the transm ssion is .
over at |east one selected fromthe group consisting

of : direct transmi ssion, the atnosphere, a |ocal area
network, a wi de area network, the Internet. 12. A

et hed asAGherodRE claithed MYclNS, Whordih e PRurdinddP 1k is WP RES IoRe
the predeterm ned anou cati og f

nt is_a [ ti1pli . act or__
i n the r aPYEr TAE CIPUP SERSEIRG,PE FNGh Fauf JTigrdault gncicpiea
range fiv@uo nine for major faults, and nore than ten
for critical faults. 30 13. A nethod as clained in any
one of clainms 3 to 12, wherein there are a_ plurality
of sbcti on&edrd phelaipgd ingay ong 9f slapsiksig Bevvearein E’P faudIsioagds
and cur r esttieast aieisaigetpd Baethk @roup aefistitg daingd tatalignhly mebr

secti ons'f&léﬁsiih%larﬁcﬁ?:%h?&tg%%Ffl ainmed in claim13,
of 'V

wher e the nmeasurenen age and . current at
each of the sections takes place simultaneously.

gé_??ggggfmaﬂggi% 6@?5&?@ Xm)offcﬁﬂgé @%ﬂﬁ/@gereindat_the electrical
A . met hod, as . cl ai in any,
one of cISz‘i‘i/'tﬁs%oggt'%gef&,a%%aéHeé'ﬁhorieﬁgle"tﬁ%%g'ﬂrt%ﬂ?p 6?”5%“"9
vol t age a&fdisplay pechalaring peri odi c. 16. Apparatus for
predicting likely failure of an electrical sw tchboard

havinhg a, 5 bus bar, the apparatus including: (a) .
sensor s fab'PEtgﬁiaéal ‘%d“%i’[ Bt %é’f daimgd do %ftw"le@‘é{%f‘e éH%S‘gna‘ is
ISect i on @entbykdrabarsssiwamcanld. a current through the at

| east one section of the bus bar; (b) transducers for
recgi vin out&qut signals fromthe sensors and 10

gendPat i AyTgihed ghdfimed inclaiin § wharsin: the Egnsmissiop meguis sends
bei ng f otherfadieiighang atnft@iteing BpdtenaBda fradmidsln sslk@&fom the

cal cul at | atd ng. ' n f. the bar
fromt hebm\é%?%agggﬁgnﬁ' ? %IéJ E%PL?G@%{ ?%E%"H%Séoﬂ' n% hgmail, text
- Bper at i ngrerEersfann signal@nd atys signdl-t hy resi st ance and,

if the operating resistance 15 exceeds the healthy
. - e
r eSIHS.t anﬁ%‘le%d%g %%.r%e'&‘%? clgin‘rD 1r O,e\gv etrgn mer]tr%rdlsmission is over at least
one selecied from the group consisting of: direct transmission, the
atmosphere, a local area network, a wide area network, the internet.

i2. 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. - Amethod as claimed in claim 13, where the measurement of voliage and
current at each of the sections takes place simultaneously.
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anount, generating a fault signal; and a transm ssion
nmodul e for sending the fault signal. 20 25 30 17.

WAL for predicting likely failure of a Qs Q@dhes/000206
the apparatus including: (a) sensors for sensing a

vol tage across at |east-one section of the bus bar and
a current through the at | east” one section of the bus
bar; (b) transducers for receiving output signals from
the s®nsor’s MR gesimadi Wgawy engyrPhl claims B 1 dde sbeiein the
(c) the pmezewswéntbBioRgpel-at curRGel perdict he signal and
fromthe signal calculating an operating resistance

of the bus bar fromthe voltage and the current,
conpdfi ng Arhriaigp Br aredingnorlisely Bilura oban alettticahswishbaahd/having a

rgsi st anc @uabd, thé SpphRRisGR\EAYI N resistance exceeds
the heal thy resistance re than agredetermned_

by np
amount, gener atd iF%Pr§ %%?“Sgpd‘h‘éqlt,ageaﬁﬁ % 4 fegslspReserign of
nodul e -for sendiihgbishigr tadih cursend tradugh 13 atAMesborat sestichSof
claimed in clai mg6,an.claim1l7, wherein the healthy

resistance is determned from specifications of
material used fRrrapgrucess for syeing oyipd signalsitomche pensars @nd

amy circuit breakgngating atshy@alaé a beasdsone sect | o? 01;000

e s o oM AL 5T il 08, SRR AGE 0%
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

15 exceeds the healthy resistance by more than a predetermined
amount, generating a fault signal; and a transmission module
for sending the fault signal.

17. Apparatus for predicting likely failure of a bus bar, the apparatus including:

20 {a) sensors for sensing a vollage across at least one section of

' the 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 é transmission module
for sending the fauli 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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Apparatus as clained in any one of clains 16 to 18,
wherein the predeterm ned anount is at |east one

“5(%0% ;0@3 rom a plurality of categories of f%ﬁ{%@%"#{?“m%

paratus as clainmed in claim19, wherein the
of fault is at |l east one selﬁct ed fromthe group
consisting of. mnor fault, major fault and critical
fault. Apparatus as cl ai med in any one of clainms 16 to
20, ifler ePRPIRES RAHIAIMed; iy FaY qng @t claimasts inas.swehesein cibe

fromthe gredetprntdsbidbunngs Qft - lefbtN6He Eddtidd #5h IR Rurality of

mej or faul, l..and critical fault signal.
Appar at us 5aeg?d”?g]aﬁ%rfraéJ in any one of clains 16 to 21,

wherein at the electrical switchboard is generated at
| gaspp.on eAﬁﬁrﬁ@eﬁ KE&|Dih& ohen 95 AtRreifHO %ét@édnp& fagfit I8 at I?ast

di spl ay and aratus as_ ¢l ai_ned

clainms 16 ?o ;ed\/\f@f)g\engr?tf?econﬁ’ﬁ%‘i‘ﬁ be?”ﬁo‘ﬂﬂ?refa““ and
sends t hecrftigalffaulisi gnal to a nonitoring systemby a
transm ssion selected fromthe group consisting of:

radi 9 freguenc transm ssion, SMS5, enmil, text

messabe, APREFAHISsasqFiaimed: ifyany eeyel clighAS to 28, whergyathet Taylt
# clai nesignamsodtamam A, seldeesdeiom tﬁeegrwpacmammgldﬁnmh& fault

over at §§h§t maBpEul?ﬁé)n%%lﬁ%n&{aP&& sn%rh gt OUp_consl sting

of: direct transm ss eére, a |local area
network, a wide area network, the Internet. 25 25.

Appg:{ztat US’-\p’@Sraﬁdb a:lsnaﬂmém i A} Bhe? bi cl‘éﬁ%r f:B b bhewherem at the
redet er c
|tO he r angrgl&fr%?lasnﬂfgh% Lﬁ’ g?'@lr[nf?‘f{ ﬁlp'PaS? 8% ?@ect%ad *I“}"h @e group

¥ange fiopesistipg i diepldyandml@grer faults, and nore than
ten for critical faults. .30 26. Anelectrical

s'thbord cl udi,n hea paratus as clainmed in an
o\rl1me i h@ f’% I{"’B'g‘ﬁé ?ﬂf’rrﬁﬁtc'é‘vnsué%ﬁ? E2mdPiRiA the

conpri si n@namsampmcmie qandsgﬂmrfa@bdmacmé in@uitegiely system by a
cause a RLAGHSTHR sdidXf5H §eO I fHNGL.0
nabl e the 35 rgceéso?&H ﬁ? é}su&ﬁgﬁg%é og %ilo ﬁéqug&g

Bt cl ai nﬁraﬁSW'ﬁ'OTSSM%@B@fltWSSQQE@Tar@R@ﬂgaQQg?tatus S|gnaf

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. Apparatus as claimed in claim 21, wherein the predetermined amount is a
muliiplication 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 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

to 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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