WD 2004/ 013943 PCT/ AU2003/ 000983 -1. TITLE: A CONTROL CIRCU T AND A METHCD
FOR ELECTRI CALLY CONNECTI NG A LOAD TO A PONER SOURCE FI ELD OF THE
| NVENTI ON The present invention relates to a control circuit and a met hod
for electrically 5 connecting a load to a power source The invention has
been devel apgdybisomrily for domestic mains wred insi@idipbdzpnssand wll
be described hereinafter with reference to that application, However, the
invention is not limted to that particular field of use and is suitable
for all electrical circuits including industrial and commerci al
installations, DC supply 10 systens, autbnotive, nmarine and ot her voltage
supply appl i cat iTHsE: andAfENTESE QIRCURAND 4 METHEMRFRRBREGHMCAWAR as mi nes,
petrel eum processi ng pl appEneBENGRA L6ABTOAsowBREoURe ! | ke. BACKGROUND  Any
di scussi on of th? préﬁr art throgghout t he specification should in no way
15 be consi dered THE MY RN hat  such prior art is widely known or
forns part of comonTigeremsekvdiiomtlieckye 2 controllvizedtized aimetidvcfoddistricsllyut | on of
el ectrical power I ricl.ty grip froma generation site to a
we co@)%}%{ﬁg g I[o?tgmg 3&9& sétﬁéya

consunption srte . ~occurs way of a_high voltage AC signal that
is conveyed by a pl Theaivpitipn bas bessdgtelops mimaghy iy derestiesmpipnstirsdr e suspended on
di stribution 20 igtallbtdbibng silbieGscaled pabifdier Wigweena@ndkhithgpthiths. 1t is al so
known to use a |y« Lorut: i € ..conduct ors
For provi di g = Taasg i SpAR Rl bl (R phIr Ry iuth SRR R CIUEL 2
structures provizHelegricabgroels inofudivs fndpstiahimd gerpagrde! nsialistigne POsuRslY way of an
eart hf st akg tmatsydtmsﬁduiaﬁabﬁw{emhlnyamrﬂﬁh ealieg sﬁpfpiytahﬁicﬁ’tﬁﬂﬁ,l’aﬁi forwemductor. This
is referred to as J.ple. earthing n [ 4 MVE it, 25
provi des a convg’%agq%g%ﬁ%{éo%%m?t%a chp?%%ﬁ?%%&?’%@fot%&%%%% P%Qr?l %%irgmt he grid and
protection of thethalitsets within that grid, as well as protection for those
persons who commAdMarousantact with those structures, At a |ocation close
to the consunption site, the valtages are transfarned to | ower AC
voltage that is typi%’ﬂldfsﬁwﬁgwfgl&pggrwgﬂ?%wé ey ,‘°‘E§W@W3§“a¥or a single
30 phase systi@mbe censideret s weadmindion thalsudipelbr art iowidélp krownior Senfmrtof t hr ee phase

system - three . gahbySedRtbhwledditlticaleld, At - the consunption site use is made
of a separate earth,_wh) i n referenceqd froman earth sfake at that

éiléc'g .is ofte
site. The neutral coHt&EFEHon Sf Sieliga e #rpsh 31 Figtriclprtaiom a generation

site to 2 conswmption site typically occurs by way of & high voltage AC signal that is

conveyved by a plurality of coextensive conductors that are suspended on distribution
20 structures such as poles, towers and the like. It is also known to use & neutral
conduetor that coextends with the other conductors for providing a common reference
_aoross the grid, Each, or most of, the structures provide an earth link for the neutral
conducm'r by way of an earth stake that is electrically connected to the neutral
conductor. This is referred to as a multiple earthing neutral system (MEN) and it |
26 provides a convenient means for providing fault protection for the grid end protection
of the assets within that grid, as well as protection for those persona who come into
contact with those structures. | ‘ _
At 3 location close to the consumption site, the voltages are transformedto a
lower AC voltage that 18 typically delivered to the site over two wires for 8 single |
30 phase systom — an activo and & noutral — or four wires for a three phase system — three
ectives and a neutral, At the consumption site use is made ofa separate earth, which
is often referenced from an earth stake at that site. The neutral conduetor iz also tied
1o that earth,



WO 2004/ 013943 PCT/ A112003/000983 .2 A variety of protection devices have
been devel oped for detecting and protecting against a fault condition
associated with a mains wiring systens for comercial and donestic sites
such as the consunption. site referred to above, These devices generally

detect an ayghaGMzp8Nt condition, in that the current gdlvdd6osaeityve 5
conductor exceeds a predeterm ned threshold, or increases at a rate that

suggests there is a |low resistance current path between the active
conductor and one or both of the neutral or earth conductors.

Not wi t hst andi ng t hese protection devices2-there are still many

el ectrocutions and @lvettydoroshinikisvitenbave bowo develdprs ferglewsptingend cal faults,

uhet her tN0Se f Jubin@idsil ok Bbnahiln kB Riala i O rain@ s sisiatas NS UNPL | 0N
site, the electrical appliance, the conditions, of, us f tbhemig i ance, or
a conbi nation of copmeE g dprpgsie S‘Eﬁ&s‘*?*t“sfhﬁf’?f’ss'”ﬂﬁlf’?mfeﬁgg’ﬁ%é?a Y] * form of
el ectrocution i sgefides deratly pRecsarvveradnt wgdiBon, Miokd the tirest ipdekctiyet ween t he

act i ve  condugt ofo AN, LB LA B SHYWBEN T HHESLVENE s sb ks an

obj ect of the present invention to overcone or aneliorate a I§ast one of
the di sadvant ageis adtw rediranps quaent path betwsen f19 agiveRPReReIon g oat NBoh Pt 8¢ nat i ve.
According to a fjdgit cPamieskdiRiorss he i nvention there i's provided a control

g'ogﬁggl ni ncl udi ng: %@3&&%&%%@%hg;%%ontd%&%,%%%ré o x&hggé&%&ﬁéﬂsy_
g Wth respective conduct ors.of a mal ns poWwer source; at |east
two output ter ni malelsotfioshoks tetacens duety elecgicalial.rgeiphpsaloptf s oBad; a

sensor that i r@sReMSe N atltd cdnshBbiRh GRERe sle@ival spPlahfgtht borki#lensibmge of about
t Volt to 50 Vo i di SOr _Sign

| 1s faor providi a ..sen | . 1 r ef si gnal
bei ng. der {vad f r o SPIpR R astitieh o RERE R sy Al bl nd ELECENGR P19
conductors and aformeheeinaatiqnas dut trapatson Bileg rogndpctivepath betwedssheaptsst ri cal | y
isolated fromth n@%&hﬁ&ﬁ%@%&and a switching device that is responsive to

t he sensor signa srogr§ﬁ§ IStween a first node and a second node
wherein: in the ¥ e and output termnals are respectively

el ectrically osonnect éds fnebjeethbf thanpragnttidvention fcbvtroome s cwilipeatp ket offer om t he
source via the SydoilGntieybfepmdiith b hbfesAsaRtuRdg, he SO [ nput and
output termnals are electtrically di sconnect e{dh fﬁ)r g&géentl rﬁ.the source
from supplying powersogtingiee Fgtigpes; of the fRyertig R fa Ry P Egoiee,

enbodi nent, the heading:s an el ectrical appliance such as: a punp; an

electric drill; an el ety 6 Rk Qhina®Ror Hi@ibunPool@fng Wi Ghspachvec ONSUMTET -

whi t e- good such as a
20 conductors of & mains power source;

at least two output terminals for electrically conneoting with 4 mafns load;
@ sensor that is responsive to o reference signal being in the range of about 1
Volt to 50 Volts for providing a sensor signal, the reference signal being derived from
2 voltage differential between one or more of the conductors and a reference point that
256 should, in use, be gleotrioally isolated from the sonductors; atd
u switching devios that is responsive to the sensor signal for progressing
between a first mode and a second mode wherein: in the fivst mode the Input and
output terminals are respectively electrioally connected for allowing the load to
receive power from ths source via the switching device; and in the second mods the
30 input and onfput terminals are elechrically disconnected for preventing the source from
supplying powet to the load via the swi*éching device,
" Tn an embodiment, the load is an electrical appliance such as: a pump; an
sleciric drill; an electric motor; an iron; & bair dryer; a consumer whité-good such as a



WO 2004/ 013943 PCT/ AU2003/ 000983 -3_ refrigerator, a washing machine, a
clothes dryer; a conputer, be that a |aptop conputer or a desktop
conputer; a conputer peripheral device or stand al one device such as a
printer, nodem facsimle machine or the like; a piece of or conbination of
donesti c hiwhhyghtbanent; a tel evision or associ ated ha#udwasRisemssot wat er
kettle; or 5 the like. That is, the load is any device that draws

el ectrical, power and which, under normal operating conditions, is rated
for use with the level of current protection for which the power source is
designed, In an enbodiment, the control circuit is a protective device for
electrically i seifidaerang. avraehibgonashing 8 lothpialyss weprmminbe dbhlgon f aul t

condi tion has beg#nied 66 @kiop cdphBGRLAMIG pbhaz FeEQNE sBsReEh dafee t he
invention there is, provjded g C nt.rﬂl- E“?‘i rcg't.incl.udb\g‘g: %I.easft' t wo

i nput terminals FEPa%&tBEERTR ?’?’3‘“’5’8’ REETIORE T H AP BT STRBEE T at | east
two out put terni dethstid e ghipotatiaceévisionovssseiateil hgdwerd: h het Walsakktleavtsensor t hat
i's responsive oy ke RELSNGE 16k ARal IR ek dilios BeBrid RIRAGKSHM ARG 15 range

for providing a sensor signal; and a swtching device that 1s responsive to

the sensor si gnaPotghopgitigeanddiony isppigd for uge Wﬂﬁg‘? 15%8%“?8“8“’?&%"65‘6 node

wherein: in the fhicsthepooe sdube iddaggied.and output terminals are respectively

el ectrically connect %ﬁ%&o%&&%@&a&@@ﬂu@@q oI -Tor TRVICTA ‘ﬁ&‘&fcﬁll fromthe
evice, and In the second node t

source via the switchin \ e 1 nput and 20
out put term nal s*sa%ns‘éhqg'eqdrfw&ﬂéhq RPWER SSER et Yt orditiqshatkast fR5™t-he sour ce
from supplying powerAdcsdif® alseash apat df iR ivnitios thista ¢y pileNded @ codrtt an

enbodi ment, if t@@cu{t%%ﬁlﬁﬁgce signal noves outside that predeterm ned
range, the switching devite remains within the second node. In other
enbodi ments,  howeverat legshisvodugut temiinely Rorelppiaenily sanaeviing wid 4 BPWeLsOWPHs to the
first node ;pr)ln ]Ehet ﬁ@eﬁsﬁmrﬁ@%@h@@ﬁ#ei%&ﬂb@co&%%ﬁﬁtﬁt&hﬁdpred_e'[_el'm ?ﬁd
range. in sti urt her 0 sensor,. . when. not .providing the
Sensor signal . provi dEEnHERE RaHRTRV pa il e R vl R ARk RRLE" D, ¢

sensor provi déd onkesior mrpvidieg assepsor dgdeli adon to the sensor signal, In an

enbodi ment the ref er QGAcHHABAL: thaiyResW@bilAB e 1308 sich@ 1 bREREEGE Moped 30
range i s greater than about

| Mol.t. |0 other enmbodinents, the predeterm ned
range is great eP%’E‘“‘h’ﬁf’l‘% hbieend Moy '%'}?fe‘%ﬁ’it?eef{"?tr‘?’g%fg? Wy 88t nent's, t he
predet erm ned r argeinilgare gemettvely cledtemllproutcd fovallawing thaloalnio spdiedi nent, the
reference signal iy ﬁ&n%%&@&tﬂ?mcm@&%?mwyﬁm mods the input and

20 output terminals are electrically disconnected for preventing the source from

supplying power to the load via the siitching device. ‘
 Inan embodiment, I the reference signal moves outside that predetermined

range, the switching device remaing within the second muode. In oiher embodiments,
howsgver, the switching device automatically returns to the first mode upon the

25  reference signal moving outside the predetermined tange. In still further
embodirsents, the sensor, when 1ot providing the sensor signal, provides no signal,
Howgver, in other embodiments, the sensor provides other signals in addition to the
‘sensot signal, '

It an embodinment the reference signal Is & voltags, and the predetermined

30 range is greater than about 1 Volt, In other embodiments, the predetermined range is
greater than about 2 Vults, while In further embodiments, the predstermined range is
greater than abont 3 Valts,

In an embodiment, the reference signal is an instantaneous voltage. However,



WD 2004/ 013943 PCT/ AU2003/ 000983 .4. in other enbodi ments, the reference
signal is an average voltage over a predetermned tine. |In another

enbodi ment, the reference signal is a DC voltage. In an enbodi nent, the
power source provides a nom nal source voltage, and the predeterm ned
range has awb%?f%;sbcismt that is less than the nom nal saWees¥MER0e, 5 In
an enbodi ment, the lower |imt is |less than 50% of the nom nal source
voltage. I n other enbodinents, the lower Iimt is |ess than 10% of the

nom nal source voltage. In still further enbodinents, the lower limt is

| ess than 5% of the nominal source voltatfe. For exarrpl e, .in one of the
enbodi ment s, t he e mabodinsistae isTepoa Slgnal § & avsrose/sliege oxer s PERdelennsd | oer

I(l?)mt '8) ab?ut h3 tﬁwVﬁﬂah&heQ\Gmb&Ehﬁént 1he refdrdn@e dimas a DCWobltag,s onl'y 10 about 3,2%
51110) of the nomn ) ment s,

t he nom nal source vof1 @’“H?m Wol%%mﬂécﬂmq‘&gwﬁmn@om%%ﬁg?%s about
3.5 Volts AC Theepredes mérmmhsalowwnimﬁtf@t sy tharfbumoninabspe8vde®40) of the
ng\rAnepal Osggrecesa n\é@ﬁ%ﬂﬁaimw B oRFRRH IITRE than sm@om&nﬁmg&g@n\{% axng?l ns

p sou s,
however, the Ioad’ﬂ’l‘”smﬁo‘%@e’ﬁ?’%?W@g]ﬁ?igﬁ&ss&hﬁq?%é’fﬂ%Bﬁ?‘P‘gls"“éﬁe Mg ncl udes a
vol tage condi ti omiilhyrtigr e brdtmenes thdower Emitialgs thheeS%ref henoghdd sgese to t he

r gﬂwo; ednac or Otvbli%ge Vﬁt&ﬁgﬁle,riﬁQﬁé‘;‘?ﬁ%&%dﬁﬂ%@ts,fl&:ﬁ@mxﬂaﬁo@z@a m@g&a@g 115 nt, : at Qeand
Sensor i udes W,V s

a second state inof %%%&H%@’eg’&’mtlﬁ'@t‘?‘/@0&&3&&%‘{2‘98& &'Bﬁ %\A&wﬁb"m“z‘ﬁ"ﬁh o the
predet er m ned 1o anbmt 3.2% (351 ) efixadmivelsbyred vokage elnayothdr of hhentodicentd st at e,
resulLs I 1he PuahhaNoGl Vol SRS OhSlcoRR e 1B SRRk s SR ©1 Y

includes a low valt erence sig or a signal
derived fromthe Méfré%‘é%@"éf“w%li“ﬁ‘hlﬁm”@“ﬁﬁp‘?@é@ WS@&“"’E‘WﬂF“%l . I'n one of

the preferred enbegipsients, the reference signal is a voltage that is

relative to a neutral E@Qﬁ%ﬁi’iﬂ%ﬁt o) %og,eit@hgg,[ﬁg Qg&?ﬁgéﬁp&h}ég all(n,hgga@wer

enbodi nents the ref erence SI' g t o anot her
conduct or sucH5 agnags Wé@a‘t’ﬂh@f%ﬁbﬂ?’tﬁ%ﬁ“iw%ﬂh%b% %’89%@‘1“10?# @ﬁ&@nbodl ment ,
the swi tchi nlg ]ge\ébxﬁzel d:z:aﬁ{ idelawe ﬁvdmm&ldﬁtﬁhiayeiio’mﬁfor bénverfiRROng Ts\ﬁe}t:{g@ the
sensor signal for in respectively give rise
to the first nodéd %?1%8}1 %gg Fr%\é\epmq'%?' I?Y%P 187%;/ the mains relay includes
acoil 30 that is enéngmmdiwnttthesegsem@udesﬁllgwafpltagEmﬂmbﬁowlqgr eferably, in

the second node, ykGen acm L‘tatb&n&%rb@cfoﬁd eiin bdp&lmo&@wf@@m Jd@de thovingWhen
progressed to the sgcon rotection, Ci bsence of

bei ng reset - *frai'it 4f HE ?WB‘“F‘HB‘EFP {“éfgsrﬁ“ﬂ’g stftyfhe rg a%d’?&‘Fi':"ﬁ?“g "€81 ation from
the out put ter ni meablts if the provisitn efithesenser siched Preferably.dbanlerinilydes a low

voltuge DC coil, and the reforence signal, or a signal derived from the reference.

signal, is applied across that coil. In one of the preferred embodiments, the raference
signal is a voltage tha! is relative to a neutral conductor of a mains power supply, In

258  other smbodiments the referonce signal Is a voltage that is relative fo another
condustor such as g negative supply rail of a DC source,

In an embodiment, the switching devive includes a mains relay that is
responsive to the sensor signal for toggling between two states that respestively give
rise to the first mode and the second mode. Preferably, the mains relay includes a coil

30 that is energized by the sensor signal. Even more preferably, in the second mode, the
coil is energized by the source. That is, when progressed to the second mode, the
protection cirouit — in absence of being reset - maintains the input terminals in
electrical Isolation from the cutput terminals for such tire as the maing source is



WD 2004/ 013943 PCT/ AU20031000983 $. active. In an enbodi nent, the control
circuit is a protective device for electrically isolating the |oad from

t he power source once a fault condition has been detected. According to a
third aspect of the invention there is provided a control circuit 5

i ncludi ng: @b 2408@88bet WO i nput termnals for el ectricaldetannieedhing Wwth a
power source; at least two output termnals for electrically connecting
with a load; a sensor that is responsive to a reference signal being within
a predeterm ned range for providing a sensor signal; and.10 a swtching
device that is responsive to the sensor. -8 gnal for progressing from a
first node to a seftwnd node wherein: in the first node the input and out put

termnals are reSpeCt!n‘éﬁEszo@iuféﬁlIéakEcﬁ\:&ﬂé:r&ﬂr%e;%té‘éﬁvé&Qw@f‘ol-a%ﬁguf he |oad to
receive power frop%ﬁg source via SW tch g eV| ce 8 g t he second
mode the input af@@iBgisigwd ?‘@?tﬁ?i’fﬁ’f%s”ﬁ’f’%m@?% I fomgifion hagbesp diistt ed f or
preventing the sourceAcfcbzﬂmgﬂ:ﬁatmumi:eyﬂomgwMpnm&eﬁdmavktmadcmnach‘drw swi t chi ng
device. In an gnmpodispent, the control circuit is a protective device for
electrically connecting the load to the power source once a fault

condi tion has ‘been de%‘@é‘t*@ﬁ?W’“N@B’HWWW@“PWG@YF%PW%H%%E‘twebﬂ"“rf’%e i nvention
there is provided a cg®Rkhst6lo dulphiterndingls fodelesttidallgoommatnghibitd Aad] two | nput

termnals for electrig Qh! ast two
out put term nals for eﬁg}LO t}’&gsg%?%dgg%r?\g%f%&wgﬂ !‘ﬁe’inﬁ‘ﬁ c?%egetsens?gr that is
responsive to a ﬁwe%mﬁﬂézgwworﬁwh@dwtm n a predeternined range for
providing a semsor Slmbhmg?daﬂcﬂhﬁwrisﬁ&iﬁiﬂ@tod&\éhtﬁﬁ e!ghﬁtfmrlp& RBRGAR ve to the
sensor signal for a, second node

Lo SSLN
wherein: in the .f?%{“g‘??ﬁaés?%’é W“ﬁf)wﬁ*fefﬁ‘%%%ﬁtﬁ%ﬂ v hsf‘ﬁ%’ﬂﬁgﬁ?% "0 e respectively
el ectrical |y conruinelda omspaiivetywlengoadineonhestd farellowingshd ol tpoesiye from t he
source via the S%&ﬁ-%ﬁ@hﬁ%h&b&ﬁam@ﬁﬂmmﬁ‘g&eﬁﬁa mgm sd¥RHEndda Bre ipAM4 and

out pUt ter m nal S are el ectri c SCcon eventl ng the source
from supplying SRS rEts*alP E;Egz%“%i%%@%ﬁ% %Vﬁ’if“hg g dpreedrons 'n ar
e odl nen 6"9{3‘)’&“& OWeEY ai e@etblunbimme or pr Ogr essi ng e
swi t ching devi ce frOr!mwgn@mm%&&n&&enéwaasatprameedePE@ffoﬁéza%Mﬁet he reset

device is manually actuate in o odi nen reset
devi ce is aut onat®ectinEgr i%gamvewSﬂﬂ%ﬁ%ﬁ%cﬂwwhfwwé@@f ‘device is

responsi ve to the abskmedingfo atftneth aspect of the invention there is provided a control ircuit
inchading:.

20 at least two ir‘xput termipals for electrically connecting with 2 power source;
at least two output tet'miﬁa}s for electrically connecting with a load;
2 sensor that is responsive to 8 reference signal being within a predetermined
rango for préviding a sensor signal; and |
a switching device that is responsive to the sensor signal for progressing
25 between a first mode and 2 second mode wherein: in the first mods the input and
oulput terminals are respectively electrically connected for allowing the load to
receive powet fiom the souree via the switching device; and in the second mode the
input and ouiput terminals ave eleotrically disconnected for g'areventing the soues Bom
supplying powet to the load via the switching device, .
30 In an embodiment, the cirouit includés a reset device for progressing the
.éwiwhing deviee from the second 1o the first mode. Preferably, the reset device is
manually acteated. However, in other embodirments, the reset device is automated.
For example, in an embodinent, the reset device is responsive to the absence of the



WD 2004/ 013943 PCT/ AU2003/ 000983 .a. sensor signal for progressing the
switching device fromthe second to the first node, In an enbodi nent, the
sensor nmoves froman inactive state to an active state in response to the
reference signal being within the predeterm ned range. Preferably, the

sW t chi ng dgy¥hsgoffeses between an inactive state and agpaghhisdedtate in
response to 5 the sensor signal. Mre preferably, the switching device, in
the active state, is electrically connected to the power source. In an
enbodi nent, the switching device is a relay having a coil that, in the
active state, is energized by the power, ‘Ssurce, In an enbodi ment, the
control circuit fe@sesst pRpEreRslng Ry Friichipgydeviee &orp phie sespydyio the st @esieat i ng t he
| oad fromthe power $osodines, the saod ovesaruel dnliptiRaghesnciletreicd.

However, in othe j a.Cl .t. .S _an for
electrically co’%?fgg%g ?%ngeﬁéées"feos;%%ﬁ%ﬁ %#ﬁ%ﬁhgg{ﬁ‘&% é%lﬁ%dgrﬁ“ gteh%%%}edﬁl%’gh on of a
fault condition #fichpmeavice ppeasberepppmisertivorai anf eactiyestabr idiempniedo a fifth
aspect of the s niemidfigid) VGe pfeRbOMhaiRMtaingd BB th theddotivekbrepkect rical Iy
connecting a mai Q%trlc'%dwtomad rrgil}ens ower  sour ce, t he net hod i ncl udi ng:
providing at | eaSt two CAPOLY PEERHAPY For el ectrical |y connecting with
respective conduct or & asfembpdinentitreswiiching devieiy areley pavivg i doibthatdn theeast two
out put term nal '@,ﬁ{,gyfat@is%&gim;gykwpwm&i ng with the nains |oad; 20

bei ng responsive to reference signal ,being in the range, of about 1 Volt
to 50 Volts for pr og}ﬂieﬁ’g‘“ﬁm“sﬂgﬁ%ﬂ&gmé’l‘é‘ﬁ'éﬁi,sgi’ﬁ‘iﬁ"tﬁ@g?#@ﬁ%@%tfl Al being
derived from® viedlethgée laii frbm teptvaloubs bueefuticendiion hisbeenglbictitie conduct or s
and a reference pQjdts, &3k {0k, tb BonkSiGiroSs £ BGIk AdtiodiO! at ed from

t he conductors; and {j)ro T essl ngha Sw t chi nég device between a first nade and

a second node i nfe8%*® ‘@é%&ﬁ%’é"i’th SAECeIRMaT detepting of « [ipEFaBiHon ¢ ftbeme i r st

node the input ameieemipadicotditiont nals are respectively electrically

connected for all ow Rg..tda6 b RAfK § I : ; ce via the
30! ! sﬁe&f (?m ?hg éﬁ(?tﬁﬂf? Wele 1J ﬂr%'ﬁlﬂgﬁ gﬁxtemtac?ﬁitr

switching device, and in the seco e I nput put " termnals
are el ectri cal’ ylFFERERUICEIG 2fEins R & AeinhBPWERBUSS iedretipd seidinppl vi ng
power to the | oad vi grotitlieg stwéskiawb ngut ebaibalefor RuPaBbaeRGeaha Si Xt h aspect

of the inventi o "Q&i@?c&nﬁﬁgcﬁs%%%g%in?%oﬁg%iﬁxgaj or electrically connecting a

| oad to a power source, u g: providing at |east two input
termnals for el ectr PRy atdesFiue eutmigienginaly fotpiectripaliveenngsing with the

mains load;

20 being responsive to a reference signal being in the range of about 1 Volt to 50
Yolts for providing a sensor sigmal, the refere%m:e signal being derived from a voltage
differential between one or more of the condictors and a refetence point that should,

in uge, be electrically isolated from the conductors; and
progressing a switching device between a first mods and a seoonid mode in
25  response to the sensor signal wherein: in the first mode the input and output terminalg
are réspectively ¢lectrically conniected for allowing the load to receive powsr fiom the
source via the switching devics; and in the second mode the input and output
terminéls are electrically disconnected for preventing the source from supplying
power to the load via the switching device. |
30 According to a sixth aspeot of the invention there is provided a method for
electrically connecting a load to a power source, the method including:
providing at least two input tenminals for electrically connecting with the
power SouroeS;



WD 2004/ 013943 PCT/ AU2003/ 000983 .7. providing at |east two out put
termnals for electrically connecting with the |oad; being responsive to a
reference signal being within a predeterm ned range for providing a sensor
signal; and, 5 being responsive to the sensor signal for progressing a

swi tching deghgeofsb@4m a first node to a second node wweayQjztnsob00s3t he first
node the input and output termnals are respectively electrically
connected for allowing the load to receive power fromthe source via the
swi tching device; and in the second node_the input and output terminals are
el ectrically disconnected for preventi ng’fhe source from syl tl}é/i ng 10
power to the |oad viBotfies &lfesEyn QHEPULE f°’,&@8‘8‘f Vﬂ?j‘n?°8n%m§£ enth aspect
of the inventioneddhere is provided a nethod for electrically.connecting a
| oad to a power sourge. the I LA 0l InChy R Gmded f@@Shy t WO | Nput
termnals' for el ectgﬁlui éfsP%m{:{g%gg%%r%%gL%ﬂ%%ﬁ%w\ég\%? sour cefiﬁgS provi di ng
at | east two outperidingaspispigalf B el ectrical ly connecting with the | oad;
bei ng responsisve t o oo PERIVG @ tiseisgnal sipnh Erpgpembsingianwivhingdelddediomianed range

for providing sensor signal ;. and .bei [ \S|is r signal
for progressing % Pﬁisﬁgmg'@%eggerfﬁflbmm&‘g?ﬁg%%?iq%&ﬁ%gg tﬁgtegﬁig%%ond node
wherein: in the démrgectiveay electtivslly qyprectedforaliptring o lead faypasiyr gowes figm s pect i vel y

el ectricall %/hcoryg_g;fgﬁgmg Qﬁtcﬁzﬁlé@%ﬂ%&“ﬂ@m{ﬁﬁaﬂl ﬁﬁeﬂ?@@b%@d ?ﬁyw_r fr;)m tge
source via the swtching, device; and i e second no Jnput an

out put term nal ’stawiséfeee&ef’ﬁ“ﬁ%ﬁﬁis‘?“ﬁ%%g’ﬁﬁ‘@%ﬁf’%&%}feos?mﬁerlgo\?/ﬂeﬁf’ W&gt he source
from supplyi ng pewen itetoat hie teeuitkhing devidie " swi t chi ng devi ce, 25 According to
an ei ghth aspect of m%,ﬁrrgﬁ\f@g%»@m alsfbB o2 the SavElHO ihél€ & pRovived Daethdadte

electrically connecting a’l pa a power 'sourc t.he .met hod i ncl udi ng:
providing at | ea%ﬁt"“‘tcw-“P‘i"fﬁ%W‘gP5’?“%"ﬁég‘gwFW"EE*#%’E%}?‘T%%?WW'Connecti ng with the
power source; provi dpogdiag atlessvo hpw teovitgibr detivillyabwmeftive withtet rical | y
connecting with DQ&S .l oad; being responsive to a reference signal being
within a predetermned range for providing a sensor signal. and being
responsi ve t o't he sePWYANGFGeREIVE SFPHIEBHEIY; Spgin @W‘Fﬁ‘ﬁ‘f‘%ﬁm&g@i ce

Ioad;

being responsive to a refergnce signal being within a predetermined range for
providing a sensot sigmal; and - ‘
beixig responsive to the sensor signal for progressing a switching device from a
20 first mode to a sezond mode wherein: in the firat mode the input and putput terminals
are respectively elsctrically connected for allowing the load to receive power from the
source via the switching device; and in the se?;m‘:d mode the input and output
terminals are electrically discomnested for preventing the source from supplylng
power to the loed via the switching device, ' : |
25 According to an eighth aspsot of the invention there is provided a method for
dlectrically vonnecting a load to a power source, the method including!
 providing at least two inpus terminalsfor electrically connecting with the
POWEr Source; ' ' '
providing at least two output terminals for electrically conngcting with the
30 load; ' '
being responsive to 4 reference signalbeing within a predetermined range for
providing & sensor signal; and ‘
being responsive to the sensor signal for progressing a switching dovice



WO 2004/ 013943 PCT/ AU2003/ 000983 _g: between a first node and a second
node wherein: in the first node the input and output termnals are
respectively electrically.connected for allowing the load to receive power
fromthe source via the switching device; and in the second node the input

and out put Wwghitkpabs are electrically disconnected forpdaiaMeniohng t he
source from5 supplying power to the load via the swi tching device.

According to a ninth aspect of the invention there is provided a wring
system for carrying a mai ns supply froma mai ns source having at |east two
mai ns conduct ors the s i nst af led at a site and |ncI udi ng: a

ei ng
t ransf or mer Ioca%’&tﬁe%‘ta%gé g%ﬁ“ Igiln't“’éeﬁ’wnh&b‘#‘ﬁ%"%‘?ﬂge Wk pri mary 10
wi ndi ngs for conrompnntmniarsmk@pMemlactﬁMQmmdmdnmtﬁélombe secondary

windings 10 pr OYodesydheShdrend Bhi@08 reihonld sSBShA N hAoloha SGMAL O Lhe

mai ns supply, at I'ns i the site
for el ectrical |y "PEGHheEPY iRk He eieriicglydliseenmeptad dor sepaianiy saieadivtmgs f or

di stributing thes@ptyﬁlg\pe&a&r&gﬂalommﬁea@ﬁcﬁﬁgaeﬂaa | ocations about the site;
and 15 a' floating co cggr&tng; mk]ﬁj q[f't]}% &lﬁ)"rﬁ‘g‘g%ﬂ"%ﬁﬁé’%’g" g{evﬁl%ogj{s[)r ovi d| ng a

commpn reference vol
conductors.- In arﬁ"fé%@warmﬁlﬂ S“PBW@O@W 1pifeg SowE heyinuohigest tvormsairs sorglugies, ns

neut r al conductomesyskmibar@hﬁﬁnadhedsi@m,m f the site conductors is a site
the wiring system

neutral conductor that not Pr.e erabl .
i ncl udes one or nor e%éxfami %cﬁ@?)tlwmgftp%ﬁewt‘fﬁng@f’&?‘%’ap’ﬁ‘?} bove. More
preferably, tit wdirgs Or vranecing tafhe ingind wndugiorstandons bomere seconddy edimitlipng to a

tenth aspect of tcmmaey@melva&gédﬂaris,esuba%a@m%ugﬁs’m@zﬁﬁn&éu;,lglysystem for
carrying a mains supp| St_two mains

I
conductors, the syst E%?"BW‘%’ ‘i"PrT‘E‘Pt&TS Iﬂ@b“%ifm%{EQ f‘tt"’é’ ST FlerEioedi ng: a
t ransformer | ocatwedectits with thewe ot there siodmdarg mthdingyiondistitnengthe sl eltaps | mary 26

wi ndi ngs for CO“W&E’:&%;&&I&Q%J@M&QQ g,;réctors and one or- nore sécondary
wi ndings to provides site voltage t is substantially equal to the

mai ns suppl y; “at Iea@tﬂ"?%"@'id'twé""é"é (Pé‘ﬁ%?ﬁﬁ”@%&?ﬁ’a?“éﬂﬁlﬁswﬂw at the site
for electricall yxefmmmagenghwsﬂselmtbhawmmefthmreeorﬁw&mdary wi ndi ngs for

di stributi th [ te, t th t
and 30 a 1 oat ﬁ%;tond%*‘éé“ﬁ’mﬁﬂf oo PRI el R PR P 1 o e

site for provi difd %"‘F‘?ﬁ‘f%‘?@ﬁ@%ﬂ‘%ﬁﬂeﬁ‘a’@@twlﬁhsweé‘@\ﬁ@b@nduﬁfobﬁ&f iortmore of the
site conduct ors. sartheic @Ee@rﬁb@, hewiting bRMRMHdIATRE Simddd ofttﬁb%oﬂxﬂ%mﬁhﬂmon there is

%on's d:‘ﬂ pgl ;TE% B nge%d fo Q§3v§ be@gre%ra\m [ éhg'gangix SRS N 113012%1011 tran esfo];-éajé carr yl ng a
Accordmg to a tenth aspect of the invention there Is provided a wiring System
for carrying 2 mains supply from a malns souzes having at least two mains conductors,
the system belng istulled at a sito and including:
a fransformer located at or noar the site and having one or more primary
P windings for conneeting to the mains, conductors and ong or more secondary windings
to provides & site voltage that is substantially equal to the mains supply,
at feast two site conductors thét are installed at the site for ¢lectrically
connecting with the otte or mote secondary windings for distdbuting the site voltage
. to predetermined looetions about the site; and
20 . a floating vonduotor that g associated with & load installed at the site for
pr_oviding a reference voltage with respect to-one or more of the site eonductors,
According to a sleventh aspect of the Invention there is provided a method of
installing = wiring system at a site for carrying s mains supply from & maing source




WO 2004/ 013943 PCT/ AU2003/ 000983 .g. having at |east two mai ns conductors,
the nmethod including: locating a transforner at or near the site and having
one or nore primary w ndings for connecting to the mains conductors and
one or nore secondary windings to provides a site voltage that is

subst ant i alyypeo@ftiddds to the mains supply; 6 installingdiad:e3mbod0 site
conductors at the site for electrically connecting wth the one or nore
secondary wi ndings for distributing the site voltage to predeterm ned

| ocations about the site, and installing a floating conductor at the site

for providing a comon reference voltag @with respect to one or nore of
the site conduct é?%nsam%ﬁxwwmdw@rﬁm@ws1hﬁ ilgdigect of the invention

there is provided a ﬂ@dai&%dtﬁfxsfodn&&iﬁrhbdrﬂﬂ%ﬁﬂ&ﬁdvﬁﬁmﬁywmya site for
carrying a mains ro :

conduct ors, the rr&%ﬁlg n@?gﬁ% %lg&im# lésa?@gﬁg ?’ﬁ%ﬁmg \g??é%r the
site and havi ng @n@owsﬁmeewlﬁnsvranbwfwmmmmmmm@m ng to the mains

conductors andg one ormsemfngaﬁ@agmslafemm ﬂ%snak‘érmzr@m%gﬁam witht €
voltage that is §1Ub5t anti al I

tall t
| east two site cORGURYGPY &t @W&%&'P%%Sﬁsg@@é?‘??’@a‘wigm g In\?\n ?h t he

one or nore secohdaioys Avwndlieniys afdor di stributing the site vol tage to

predeterm ned | ocat ':&&ﬁ:u@%%néEﬁd@b&ﬁ&e@ﬁ&oﬂﬂ?&%cﬁﬁédd&&nﬁﬁr&%cé' te a
fl oati ng conductor, t \ﬁlthrrl S assocl ated wt d for 20 providing a

reference vol t ag& FFt HHrEEHs poene ¢ IARPige ”’F&ﬁ" “ﬁff’“'t he site conductors,
According to #® thi r t dentdingiopeedittofpatdthl mvertion here isherviied smphafded a

control — circui tilnehinge s r;@xgma&asﬁsfaﬁm?hgwamgs@@q@ §mfaﬂ£ﬁcgljc€0t“ca”y

connecting with a power sou term na
electrical ly confaBgieHestive meizs ppdupiorple metiediadidingavi ng a sensor rel ay that
i's responsive to a réfeatngntensiingiral orbei the siteand iaving snek @RtpemAlyNed range for

di chi I
oy N9 2 5o 0 ekt oMb B o1 e Br BN 1, T o 2

ressin B afirst
node and a se@onhpﬁqy&f’é“WV@F%P‘h@tﬁs’c‘b\f@nﬂfﬂ?i)’%“a“m'bﬂ@ﬂ*ﬂwpﬁlﬁput and out put

termnals are respeCﬁnsta&ahyateéa&Qﬁnfdiﬁ&dﬂdﬁﬁt@ﬂﬂﬂﬁﬁt&&d%ﬁ@e@%%ﬁﬁht he | oad

to receive power h RY, lc d ILn,the
second node the th;n‘gl%{g * é’n sge%{“{aﬂ't dl%%oﬁgf@w‘%‘%&%&%&%gﬁé9@&8‘7"%"6’8nnect ed
for preventing F?Pé“@@h?%@eﬁﬁ%mdsuppl ying power to the load via the
SW| tching ][ el axél I'n a@tarﬁnpmem RoaliftRoRBRS At s BlsBNaidSnithdh bRV Ol tage DC
relay, Prefer o Q’rbvutﬁng 2 reference voltage with respect to'one or mors of the site conductors,
Accordmg to & thirteenth aspect et‘the invention there is provided a ¢ontrol
cireuit including:

at least two input terminals for éleotriisally connecting with a power source;
_af least two output terminals for electrically sonneoting with é load:
25 & sensor having a sensor relay that is responsive o & reference signal bemg
within a predetermined range for providing & 5ensor signal; and
a sthuhmg device having o switchmg rolay thet Is responsive to the sensor
" signal for progressing between a first mode and 2 second mode wherein; in the first
mode the input and output terminals are respectively electrically connected for |
30 allowing the load to recslve power from the source via the switching relay; and in the
second mode the input and output terminals are electrically discormected for
préventing tie source from supplying power to the load via the switching relay.
" In an embodiment, the sensor reley is;a low voltage DC relay, Preforably, the



WD 2004/ 013943 PCT/ AU2003/ 000983 _ 10.. sensor relay includes a trigger
voltage that is'less than 50 Volts, Mdre preferably, the trigger voltage
is less than 35 Volts. In one enbodinent, the trigger voltage is less than
12 Volts, while in another enbodinent it is less than 5 Volts. In an

enbodi ment ’W52ﬁ34r§¥¥9$3chi ng relay is a mains relay. ThatpdaubidRed¥d tching 6
relay is rated for mains voltages and currents. According to a fourteenth
aspect of the invention there is provided a method for electrically
connecting a load to a power iource, the nmethod including: providing at

l east two input terminals for electri cal-M connecting with the power
source; 10 provi ehsvgreley inclidests tdaner voliagptet ivless am &0 Yoliso Moed peefershilys dle| y

colnnectl ng vvl-]gh Qi@@erv&lﬁé@iélle%%dﬂgsW&P?ﬁk‘éﬁbd&:ﬂe&tﬁm%@@%ﬁﬁd@@%ﬂéﬁgfa sensor
relay to a refergnc ignal. ., bei in.a prede ned range for

provi ding a sens'g‘?” @i‘%’r\t%‘",%“‘%wa“%%?Pf\ég"F‘lg‘fb‘éH%%Q%?@“{‘é%Wse sensor signal with a
swi t chi ng devi ce havimay eaibdBmentitheshritohipgradydsa hons rgep Jgiheds itrgwidingeen a

first node ang awﬁgg‘sqﬂghfgp,gﬁmvua?g | 03 cdrfpg t he first node the input and
output termnals are res(gectl vely qﬁl ectrically connected for allow ng the

| oad to receive powef fVERE 1P AEUEEH SWe) PLY IRETURR s wgvidel ajpthodnd in the
second node the fongedtricaliyceometingt idadtoripratrioadestheietbdd ihadidgy di sconnect ed

for _preventing the SOuGGE afilh BRIt ORI bilet DMy ed L he

swtching relay. 20 According to [ eent h aspe e I'nventi.on there
is provided a coffBHP™%ircuit for. a mains |oad having a conponent that,
in normal usey is el eetidingalltsy: twe alymt @ahindyroritearigmly 0SunpAME witsmelr ce, the
circuit including;,at least two input termnals for electrically connecting
with the mains power. source; 25 at toast ‘two output terminals for
el ectt' deal | y conneckeifyessprsiye w2 prasnhaving s emansrelaytion refaengssimnansi ve to it
vol tage between dehe woBRRORAAEMARE AR QEovitiiRh Bonids sigh@, anli NPUt term nal s
being within a pre e%erm’ ned r%qﬁ% for .@ﬁ(ﬂﬁbdi nga a ?ems%r . signal; and a
swi t chi ng devi ce t haf" TerePRRHE T st fiepal it & RUKPIg RficRPaEnga o o1 essi ng
30 between a i rsstitchingtrelan foripragreeing betvannel Brsiap @idmsedond mhde whsrelt Innode t he
I nput and out puke &SHIBE Bl np@=8d SHRMPGEIMGlMeBloa by iikalchy SARARSt ed for
al I owi ng the Ioalﬁ tuo , rﬁ%?(i%gg Qo‘vs\{er from Ehhe sour ge vlch?t hﬁ sw .t chi ng
devi ce; and in tRe*§E® Sy 8”“?’?1‘8?}’? -5?‘?3”81‘5‘?31.‘115""13 1§ A% @ddp o
el ectrically di showemsemede hoinpy) peivostatitenyingls ere sleamially disconmnseted for

preventing the source from supplying power to the load via the switching relay,

20 According to a fifteenth aspeet of the invention there is provided a control
clrouit for.a mains load having a component that, in normal uss, is electrically isolated
from 2 mains power source, the ¢irouit including:

at Jeast two input terminals for slectrieally connecting with the mains power
soﬁrce;

25 at least two ouiput terminals for electiloally connacting with the load;

a sensor that is reaponsiva,té a voltage betwoen the component and cne or
more of the input terminals being within a prédetermined range for providing a sensor
signal; and |

a switching device that is responsive to phe sensor signal for progressing

30  betwesn a first mode and a second mode wherein: in the first mode the Input and
- output ferminals are respectively electrically conneoted for allowing the load to
receive power from the soutce via the switching device; and in the second mode the
~ input and output ferininals are slectrioally distonnected for preventing the source from



WO 2004/ 013943 PCT/ AU2003/ 000983 .11. supplying-power to the load via the
switching device. In an enbodi nent, the conponent Is a conductive portion

of a housing for the |oad. However, in other enbodinents, the conponent is
a functional portion of the |oad. Par exanple, in an enbodi nent where the

load is an glecthigdrill, the 5 conponent is a combi ngly aRoRfeodole stator
and rotor as this conbination is, in normal use, electrically isolated
from mai ns power source, That is, the dril] includes an electric notor

with w ndings that, under normal condi tions, are the primary conponent
that is connected with the nmins power .s'éthcq. The rotor and stator,
however, shoul d BEPEIEEEVE &he bag igheswdighingdevice t hat source, 10 According to

aI si xt _een]tlh aspect offn trhentioiein] thoddmphRtes d BnddbaN ipsgioh o 2Bihedhiar .
el ectrically connegt . 0 0, 2. TRi NS, .DOWer.. SQUr Ge ere the
| oad has a corrp%%‘gn %%t',E}Bihﬁ%ﬁ%?%g?&su%%?‘?%gmgﬁ ‘g%ﬁﬁ?“@%? ?‘%oé\l‘}gt ed from
t he power sour ce load HEr exgEplacy a4 mablodidiont ghereithe loiadlis my eletitid dsldistbe t wo. | nput
termnal s for el esipgohéhbls b YorSCdriiaGratdh dnllediddQs ik BodiBihdisn ROWRSmBIOUT CE;
provi di ng at | east i%@f’t%&% termnals for elgectrically gﬁnnecti ng with
the |oad: bei ng FeaFBREMIIAS EEmPATE A" H8To%e BBt P41 AFONE® and one or
nmore of the i npefeciticamibnrdfhsvitsirigntratindérinorral pndidet.erathaeharsange f or

providing a’sensgdmpshdniheis ARtbere20iaDsd s ESHABRIY §nd ok R shRRSOr si gnal
with a swtchi nghdew c% f&gaﬁgr o%r essl ng.between a first rmée and a second
ol bs gy oleteR

node wherein: in"F¥EEth §ify dso PlAFOWERt put terminals are
respectively & ectri datdrdingtonnieetntickafeorof thiinvaitiogthtia & predvitidd h Methdforei ve power

fromthe source Méﬁicﬁﬂ%aﬁﬁ%ﬁ@r}inﬁ%sﬂaﬁﬂogﬁiaﬁn ok &Q;C?quh%gq&q&dﬁ?&e the input

and output termnals are electr)cal é li sconnected for preventing the
source from 25 sEtREEPYHYehI0Reakuge. isiglectiicolyisintad favethe ppves pvreg tefevi ce,

Accordi ng to a sawbatieswlide: aspect of the invention there is provided a

control ‘'circuit in Malok it : i f.or. electrically
connecting with a ,pO\(/p\vie“lrJﬂlsn gtrlec%{m!’ g’?‘i Iteet%i\sﬂ% ’E"%&%ﬁ%@{ﬁ '{%l}n%'iwﬁtglmse for
el ectrically FonREBAME BMEH a | oad; 30 a switching relay having a

switching coil that pevERkedtdMeb yuRilRmnghkatr doricleaeangwit e rel ay

bet ween two node " erein: in one of -the nade's the input and out put
termnals are respéctively electrically connected for allowing the load to
recei ve power from t ReEngretrersiveiq svolisee bevien thriconponstt ayd onaerdndrnofiiee ot her

nmode the input  imputterminals being within a predetermined tange for providing a sengor signal; and
20 being responsive to the sensor signal with & switching device for progressing
between a first mode and a second mode wherein: in the first mode the inputand
output terminals are regpectively electrically ¢onnected for allowing the load to
receive power from the source via the switching device; and in the sscond mode the
input and’ output terminals are electrioally discormeoted for preventing the soures fom
25 supplying power to the load via the switching device,
Acvording to & seventoenth aspect of the invention there is provided 2 control
" circuit including: & _ ’
at least two input terminals for electrically connecting with a power source;
&t least two output terminals for electrically cormecting with a load;
30 - & switching relay having a switching coil that is selectively encrgised to
. progresses the relay between two modes whetein: in one of the modes the input and
output terntinals ave respeotively eleotrically donnected for allowing the load to
receive power fiom the soutce via tfxe switching relay; and in the other mode the input
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el ectrically disconnected for prevent| ng the source from supplying power
to the load via the switching relay; and a sensor relay that is responsive
to a predeterm ned condition for energising the coil of the sw tching
relay, 5 | nygh.gaBedi ment, the sensor relay has a | ow pnql4iBeRn6Rsd that Is
energised in response to the fault condition, Preferably, the Iow voltage
coil is energised by a-DC voltage. Mre preferably, the | ow vol tage coi l

i s energised by a DC voltage of about i VMolt. In other enbodinents,
however, the DC voltage is energised by -d2different DC voltage. 10 - -
According to an @%ﬁ%&hﬁmﬂwmﬁlﬂlmuﬁeﬁv@mDrewnimmhaoureefpmow ded a -

met hod of conneﬁﬁ;jpﬂg;ggowmdimQa@viwmtorﬁ@q&g,emg he rret hod i ncl udi ng:
providing at |east two i egl ectri Im%onnecxl ng with the

power source; provi dlar‘i"&nsﬁ{)r%f‘%%gt’s IEWS’SWM ‘?t@?‘fﬁeﬁ“aqngm rengigEtErical ly
connecting with theeoil df5he switehinggdhect i vel y energi sing a switchi ng. coil of a
switching relay to pr{f?ﬂ{éz?o%@iﬁmﬁth:ﬁe aeﬁa@xjrmlylf%ﬂzw}té %oimﬂ%sen n. 1h one

of the nodes the input and put S, are respective electrlcally
connected for al F‘“’é%“??d“fhﬁéa‘”ﬁ%{’d‘t‘t”b W@Wﬂr@e}?&m}wﬁ“ﬂ@ erresised B R via the
swi tching rel ay; valags. iMorb refembiahe low didtagetver! Is Btifised Bgla DUtvBIze bRESGR Dal s 20
are el ectrt cal Y ik SAONBRGLEHbAL A DO RIS, SIMLES | AR SHPE! Vi N0
power to the |l|oad via the sw Y, b sonswetoa
predet er m ned coRli®% on with a sensor reI ay for energising the coil of the
swi tching rel &y, Unl essoriibgtoanapifeehth elpeasttis ineAiintRe: i©pReiRM Skl Nr oughout
the descri pt i.on h ‘al rise', 'conprising',
"incl ude’ i ncl gfcfg%nggt,ﬁlgtﬂﬁdg*gg ?’Eﬂm&& {tga%%c‘f%gﬁﬁst rued in an inclusive
sense as opposed to QFPV@%@I*‘USQWEJOWWWEIEM@@U%Hmpﬂemmithﬂs to say, in
the sense of "i ngdvieliong@e; but not [im ted to BRI EF DESCRI PTI ON OF THE
DRAW NGS' Enbodi nents_o entl w be. descrjbed, by way of
exanpl e only 30 andpf%[diwe\/\ﬁ 81"'1 fﬁr??e"?“ﬁﬁlryﬁgmﬁ?f@%ﬁ]éml ng draw ngs

in which |ike%r el\bé#'ences indicate simlar elenents. It should be noted
that references to " @ictod m@z@@mgasamaa 0t dofhohitl Safllch AR G 2T € ot

In ﬁc ? ﬁ Z a;:: L g rr:) g n;ﬁ%ﬁé g%}&%ﬁﬂﬁﬁ&bg&o&es wﬂerem mone ni“ the mndes t{)ee i%}?urt] gnedsou%?ﬁgmn?ﬁais | east one,

are respectively elestrically connected for aﬂowmg the load to receive power from the
source via the switching relay; and in the othér mode the input and output tertninals
20  are electrically disconnected for preventing the source from supplying power to the

load via the switching relay: and
being responsive fo 2 prede:ermined condition with a sensor relay for .
enetgising the coil of the switching relay,
Unless the context clearly requites ottierwise, throughout the description and
25  the clatms, the words ‘comprise’, ‘comprising’, ‘include’, ‘including’, and the like are
' to be construed in an inclusive sense as opposed to an exclusive or exhaustive sense;
that is to smy, in the sense of “including, but riot limited to*,
BRIEF DESCRIPTION OF THE DRAWINGS' .
Embodiments of the invention will now be described, by way of example only
30 -and not by way of limitation, in the sccompanying drawings in which like references
indicate similar elements. It should be noted that references to "an” or "ons"
embodiment in this disclosure ars not necessdrily to the same embodiment, and such
veferences mean at least one, In the aaccmpapying drawings:



WO 2004/ 013943 PCT/ AU2003/ 000983 13 Figure | is a schematic representation
of a control circuit according to the invention and for use with a two pin
el ectrical appliance and a single phase |ow current domestic mai ns supply
havi ng a phase to neutral supply voltage is about 240 Volts; 5 Figure 2 is
a schemati gypepupept ation of a control circuit siml gicianbdidteosf Figure
1, but for use with a three pin electrical appliance; Figure 3 is a
schematic representation of the control circuit of Figure 2; Figure 4 is a
schematic representation of a control circuit that is simlar to Figure 3
but applied to a nmains supply where, thi s'bhase to neutral, voltage is about

. P X .

110 10 Vol ts;. Fi guFigure] js@ seherati sanpepsnietionas o sk rpRitAGeoteR&dA ol circui t
accordi ng to an invesiradidinise efih 4 tve plunlearitd aplifsos andsaelngi pivealowi ngl e phase
hi gh current dor [ [ g@%l i : asRui#gneut ral

mai ns supply vo@%n(g&?’%ﬁlﬁ%ga&{w%%h Iatpg%g%ﬁig [ ggd"1 elyga‘ﬁag&a sgherrati o
representation ofl# site that is wired to receive the circuit of Figure 5
as a protectien devi Eiguré Pis adhkmitb espRppiatiayud e sontibl dirbdt sisiiak ®thabéure 7 |s a
schemati c representat a cantrol- circull a (ding to an enbodi nent of
the invention f%ﬁgu{@et’%?‘irﬁsaaw‘{ﬁﬁ%eew eeggc%?ﬂ%g%ﬁrrent_ domestic el ectrical
appl i ance, wher e t heFiphadisasdeptiaspresaiation of theeemyroleiowitrjdigny 2about 415 20
Vol ts; Figure 8 is aFi?&r@@ﬁﬁtaéh@m:{tiQ%ﬁ%ﬁﬁ@ﬁdf@&n&fsl oRBuithe Glsfid by

distribution grid th roovides el ectri wer to remt e si t hat
includes a wiri ﬁ&%@“&wﬁﬁq‘éﬁﬁ%&?@&%ﬁﬁ%ﬁ* ﬁf’rnﬁfnéa??’%t&geéﬁ%S% lﬁrg nt of the
i nvention, whieréidisithe site also includes the control circuits of Figure

6, 25 Figure 9 is a gghe aisﬁlmﬁﬁgf'e?ﬁ?eﬂ{aﬁénia‘l@mm%imﬁit&Q&Hﬂxg{oa_ﬁi reuit
according to anothe q(%)’ﬂ iment of t ewth a single

e h% mven%éon for ua
phase | ow cur r eftRbesimEg ph the nnien fe peeyyith 2 siele abiseieR frarmt 4pPsih hase t o
neutral mai NS suppriyal wolitragavhbrs tha it to Retifal MAbds gpplyFolinge i s8d@t 240 a schenmati c
representation gf,g cont rol circuit, according to a 30 further enbodi ment of
the invention for Use with a single phase | aw current donestic electrical
appl i ance, wiBre t heFignedis = ehemlin ropsspenisdom f 2 gl dast Iy Wirsd Paereivs &2 about 240
Vol t's; Figure 1.ohmiteffigaehesmiritetisnpriesfoniliahs pplknes aahegrt rol circuit
according to an

Figure 7 is a schematic representation a control circnit according to an
embodiment of the invention for use with a three phase high current domestic
slectrical app]iénce. where the phase-to-phase maine supply voltags is about 415
20 Volis; _ :
Figute 8 is a schematic representaﬁoﬁ of an slectricity distribution grid that.

provides electric power to 4 remote site that includes a wiring system in accordance
" with & preferred embodiment of the inventiori, wherein the site also includes the
control circuits of Figure 6; : :

25 Figure 9 i3 a schematic representation of g control circuit according to another
embeodiment of the invention for use with a sifngle phase low current domestic
glectrical appliance, where the phass to neutral mains supply voltage is ebout 240
Volt;s; '

Figure 10isa s'chemaﬁc representation of 8 control cirouit according to a

30 further embodiment of the invention for use with # single phase low current domestic

¢lectrical appliance, where the phase to neutral mains supply veltage is about 240

Volta,
~ Bigure 11 is a schematic representatioh of a control cirenit according ta an



WD 2004/ 013943 PCT/ AU2003/ 000983 .14 enbodi nent of the invention for use
with a 1t2 Volt DC load or a 24 Volt DC |load; and Figure 12 is a schematic
representation of a control circuit according to an enbodi ment of the
invention for use with a 24 Volt DC |load, or a 32 Volt DC |load, or 5 a 48
Vol t DC | oaglg 2458 Ab4sED DESCRI PTI ON OF THE EMBODI MENTS fafffabdsieheé0 Fi gure
1, there is illustrated an enbodi nent of the invention in the formof a
control circuit 1. Grcuit 1 Includes two input termnals 2 and 3 for
respectively electrically connectlng with the fictive and neutral
conductors 4 and 5 of a 10 mmi ns power, s8urce 6. Two output termnals 7 and

8 electrically c“’éﬁ?@ﬁmaﬁt@%n‘@m‘@éﬁ “SQW@%VPEPWW 053%WIW¢11°%NESU c

el ectrical applisance 9. Wile not explicitly shown, conductors 4 and 5

termnate af ‘a doestig, pOUCTLOULL Sl ARRkRLe AR SISk ET a0 8 are

i ncorporated into a tron 1 nto That is,
terminals 7 an@n@cldlm@ltgﬁbﬁievemvgéwréﬁ%ﬂmzéd’%gﬁdwé{%lﬂ§2 Vet Deeaéridi ng
bet ween the oyt ek 8R®kabal5> and the circuit, Appliance 9 has a conductive

conmponent, in this, i under normal operating
conditions, is &%&ﬁﬁ%ﬁgg@?ﬁgﬁ@@%%ﬁﬂéﬁm se electrically isolated
from conductors 4 ankef@inghih&igive Lghanys lusimied ensenmbodintnd pEthe wvepbitmin tfeor circuit

1, and is el ectrd,6alr wor&emagttxe@umztsmnsae&twawuﬁmm@wswwfma conductor 11.
It will be 20 ap%re s._nount ed

wi thi n housi ng Feppect W&\%ﬁ‘@'}c ﬁ’l°W?iﬁﬁwﬂé%g'%fwg§?&mc?wdéﬁfﬂs4:'1”“}é %Fount ed

ot herw se. Raf ermidimgowo sdgdr Ewoutpuhenmendlsy andl B dstiatecbnasbvitierlognbodi nent

of the ¥ nvent i 0y b 8 Up bl dodedibe 86icH imsﬁ’hﬁawg*ﬂl@ﬂ?&oéé “and wher e

correspondi ng features are respondi n erence nunerals.
Particularly, 08%5’1*}?‘?”6“%‘14‘&‘?31”%“”1‘53@@9@8?%‘1’%’*"5”%1‘3 prdgerEdsisrht n housi ng
10, al t hough comekiﬁdogfomted Intd Stwe PIMPRG 1o thsériiondntd Hhiat sdekelC ThEMIS teanindly7 t hat i s

bundl ed t oget her &%ég@o %W%mn&&&gg@bgg@néve ga[u%molu{lets pl i ance ;4

i ncl udes a net al™ ousT Ny or enen |s IS
el ectrical |y Bortadieeufo conduct or 17 ei ther by conductor | ‘| or

otherwi se. Wile in apdhib6ads aSbridctEaskiDBhc, 1A Maned amgnasmm,m conduct or
i s oo et i e b et f o Bl bl B DO fhelleal S L 11
sinilarly to thadswlgsddpindeniugys 4 s Thghonanamowdses wfw#womt forpiovait rent .
Q herwi se, the P&y diefMcly obinbdtdditd Surbiraitdy Woy offa%oddi@orSIA MR will be
20 appreciated that, in this smbodiment, ciroult 1 is mounted within housing 10.
However, in other embodiments, cirouit | is mounted otherwme '
Referring Yo Figure 2, there is ﬂlustraﬁed another embodiment of the invention
for use with a threé pin domestic appliance 14, and where corresponding feamres are
denoted by corresponding reference numerals, Particularly, & control clreult 15 1s
25  similarly disposed within housing 10, although conductor 11 is connected 1o 4 third
conductor 17 that is bundled fogether with the other two conductors 4 end 5. I
appliance 14 includes » metal housing or other major conductive a]exzient, this is
electrically connected to conductor 17, éither:by vonductor 11 or otherwise,
While in a typice) site having & malns wiring system, conductor 17 is
30 comnected to an sarth stake or othet earth polnt at the gite, in this embodiment
conductor 17 is lefl floating to provide a reference similarly to that provided b;}
_ housing 10 of the Figure | embediment. Ofthetwiss, the operation of virouits 1 and. 15
is the same.



WO 2004/ 013943 PCT/ AU2003/ 000983 15. Reference is now made to Figure 3

where there is illustrated a nore detailed schematic of circuit 15. It
will be appreciated that with the exception of the connection of conductor
11, circuit | is identical, Crcuit 1S includes a sensor having a | ow

vol tage m ngabaigibal ay 19 with a 5 5 nominal Volt DG@@idodsmedegssponsi ve
to a reference signal provided on conductor 11 being within a

predeterm ned range for providing a sensor signal to a term nal 21 of

relay 19. A swi tching device, includi ngrﬁ%- mains rated relay 22, is

responsive to the sensor signal at_terpnal 21 for progressi bet ween a

first node - as .showRefrpneEisgay gededo Elg%rﬁawﬁe%@ﬁ’ﬁﬁdﬁ%%@‘?gm%rfa?t%lg? he first

ni ode the input genEinEcBoud | ANEwR bauepredbiel tepettthorsbeptie] @éter i cal | y

connected to output rponals it Pishi@bucad | oW ng appliance 14 to receive
oaFhflah £, ARG ispthyc

power from source 6 via and i e second nade ter ”&”%l s 2 and 3
are electrically di sEueiidéinslydes pamtor Bayig é{aw witsge pHpipyte solay 1 Tdh 8 51 of

preventing sQurggifl 805 SePkibiEe ROWEkreice sigippbodtgieon bdnduetar 1 el ay 22,
Relay 19 includes,a coil 2 ope, end .of ich. i nect.ed. nductor i i
via 15 conduct c}?‘a‘“ﬁf’f‘glﬁﬁpﬁ“’?ﬁ eﬁ%&’?@w@{ﬁ‘gBgéng%gig%lﬁﬁt%n%fl{?&é% .2 k62

resi stor 27 thatrelhpt9. s switching dmiceingidings maphsaated ey 2% ffgespenstydrict ed to

out put termnal 8 angbn. Rmfih 8VorRegresifitiofvdbn £RRGEE Obs BowfRiFlgu5 is a | ow
voltage coil with a notional ener, 'I,S%n tvoI tg}geﬂ utg%m%aivglatf DC.. Typi cally,
however, the coi%‘i"é‘aé‘fi‘f’?di’%‘idéﬁwvgé’h ?%Fé‘é"&e &e R tﬁn%ar)eous vol t age
of about 3 Volot srepppiedy deartriisonmekd to 28put Brhisalphandisden dlewipe braePs 20 a

hi ghl'y Sens't|Ve14|t9§@Bé{&|p%?Q%‘ofn%!>@%W§jwi 2. 2RIGYRe sddQidMiddb &baRdi ng i ts low

e ahl e

voltage rating, to ) to wthstand the rigoyr f, bei ng exposed to up

to the mains vol#8dare clepifesfip fiscopney t}%‘-‘,ﬁl’?ﬂ){f,&fngn#ﬁnimﬁgi ?fé’r?y%ﬂfl%ge i s about

240 Volts AC, | tsohess b&@mpﬁigingﬁbwethappliamhwﬁgﬂalavgz.abl e to. undertake nmany

tens of thousands-of payl {DG, ABEEALIRASer Wid:Bbhnck B3laShRuctdc i Pl ace,
ousands en the

and many hundr eds of ‘ resj stor |§ In, 2; g}lﬁg}ce. It wll
be appreci at e§ bipndResE, SKNHIWEiods 3 and amatakfilip fuep 8.2 KQSEET 2L RBIR frent s

ot her | ow vol t aggiciefleady B ATIR citadd havinagedwoaitpuatornsing 8 ghd viagelaydlt ages of
other than five volts ' =1V i : .S a

normal |y open t e 8?%%’3%%”2%,’}%3%@%%&?ﬂ gg‘%lo?gte%%gmg%%gﬁsed,

ext ends bet ween ¢SMOIHEF. Pbicatia hasrsstrbs ool ishifipismly soereissd9Be @i nor nal st eady
state condi ti ONSiystf@inkous Polfage of BontS VI kfpedss acSs o) El UTHigTarticulbr relsy is f | oat i ng,

i ns | source T '@%"-G%'%Zo@ ey PR s b Mo RBbIR 1 BRTONGE T O tNe
' rating, to be able to withstand the rigours of being exposed to up to the mains voltage.
In this einbodiment, where the mains voltage:is about 240 Voits AC, it has been found
that relay 19 is able to unidertake many tens of thousands of switching opetations
without resistor 27 in place, and many hundréds of thonsands when the resistor s in

-

25 place. '

Tt will be appreciated by those skilledin the gst that in other embodiments
other low voltage relays ave used having nominal encrgising voltages of other than
five volts DC. , '

Relay 19 includes a contact 28 that is a nottnally open type contact which,

30 when coll 25 is not energised, extends between tetnxinal 21 and another terrninal 29,
Under nommal steady state conditions, coil 25 is not ensrgised, as conduotor 11 is
flosting, and terminal 3 is electricaily connected to the neulral conductor of the mains
source, That being so, contact 28 remains as shown in Figure 3.



WD 2004/ 013943 PCT/ AU2003/ 000983 .18 _ Relay 19 also includes a termnal 30
that is electrically connected to termnal 7 and, under normal operating
conditions, termnal 2 of source ,6 via relay 22. Wen coil 25 is

energi sed due to a vol tage appearing on conductor 17, contact 28 toggles to
t he cl osed ﬁi&ﬁkB:QSUCh that it extends between ter mpglSmdiboaess 30. This
bas the 5 effect of connecting termnal 21 to termnal 2, wherein the
voltage signal at termnal 21 under those conditions defining the sensor

signal. . Relay 22 includes two term nal %‘2'_35 and 36 for respectively
electrically connecting with conductors and 3: Extendi fromthese
terninals are respectRF\?gig%Wﬁ’[‘“&@t’%‘”@’?““&%%sf’lﬁ%mﬁ genesclsiAe Kl hor nal

operating condi t admeudpmeval dpcrating dohitiond Grhing P ofoerce o giagae 20 Wher especti ve
out put term nal s_3 %I"éé. n Lnal 2 with
termnal 7, and ct’%%rsrﬁ%g?ré‘ gEdV%\/iﬂ i ﬁ%@@ﬁﬁ?g ,&%(EJI'%“@’ %ﬁgg 2|Fg %@% es a coil
44, a terminal 4theipwsd pesition push thef ibgiepds betypmdenivgls 2hand dRe THRES BE coi |, and a
t er mi nal d46 t hat ef?‘aﬁto&”b@ﬁ&&iﬁ@tennﬁmznb hﬁﬁinﬁﬂvlﬁtfein&m Joémﬂgl sighal at@brgdar i-cal | yI
connected to ter - newt r conductor - via a nanua
15 actuat ed nor rrgLf}@ér(t:}f%%escéﬁ‘ﬂgoéigg%g’g\n&fg%“iéém il 44 is rated for the

vol tage provided by Searenguishiverermingls 3nd 36 Sraserartivelirelectiieallp20/ 240 Vol t's
AC. Re: ayt 22 :s aﬁhéati@ovim-mdaad?n ald3e Ebmgg{g mgﬁﬁds%ﬁaﬁh%mp:a&mveré_ ot her
equi val ent rel ays_are,used, jn ot her odi‘'ment s, Under nor nal, erating
condi tions, coi Icoﬁgmf %%Jsﬁgg 8 @%&Fﬁf?&@d@%ﬁ%ﬁ%ﬁ?%ﬁ °%’g§*°’?’d’r gﬁghtg ' bet ween
term nal s 35 ®ndth@%e sabigedwitionspagitve SRpubietmindsd but 0se rs oekriivdly 36 and
termnal 40. HOVGMEdk: teRREE2 F OIS HRE R indbaal 3 MRPSANS 8t ternminal 21, coil

44 is energised and, cont ac [ electrical]l nnects, term nal's 35 and 45;
and contact 38 el ecRfiFE ﬁ%thﬁ’g’ﬁ‘?fé‘c??‘gb’c%ﬁf‘ﬂﬁg 15 t”&@ﬁ’%‘fm 8i ng so,
terminal 7 is el@stnddadil, yud adirsiehitcint ie dodting (Thb ethedendibf il 4disd terninal 8 is
electrically di 5&&%9&%@%@%&%%&@”%&%%?%n'éﬁﬁ?&y%tlﬁ%l?l-'v@@ wft 1S

electrically disconnecCted from source over, e such tinme as
terminal's 2 alfd #vapbreandlycisddasrypvédtlected to the mains supply vol tage
from source 6, coil Geilsnatpd fetevligestodded by warce bwhidniintii ni ng relay 22
in the state ot kb j S i jQur i reui't 15 al so
i ncl udes a 220/ %"VOF‘?' *%5’?.’22?31?%”E‘{;g%ﬁ?%%??ﬁ#%ﬁﬁ%%fh?“%éﬁal lel 30 with
coi | 44 for indiHERHY a FERAVE: ons eviveien relappite used in qtignpmbpdingpts  be
illumnated to proviskendmsiopaaing onditiom] do a4 f heten@gipk] maeustrb7has been
subj ect to a .ot ! I Lol Q0. it.iLanall circuyi.t 15 al so
i ncl udes in ngr a f%{@\%\ntlw%%ﬂcm |“E2ﬁ8“§%§*7§§“‘%gﬁ“%a§%E&&g‘aﬁf’&‘éﬁ?‘é"%‘“‘%’%g 0.22 F
capaci tor to shoief tginal AhyHewveys, pebr snessignplapreug 4t terntingh2l, coil 44 is

energised and: contact 37 ¢lectrically connects terminals 35 and 45; and contact 38

electrically connects contacts 36 and 40, That being so, terminal 7 is electrically

disconnected from terminal 2, and terminal 8 is electrically discormected from

26 terminal 3, Hence, appliance 14 Is electrically disconnected from source 6,
Morsover, while such time as terminals 2 and: 3 are electrically connected to the mains
supiply voltage from source 6, coil 6 remains energised and thereby maintaining relay
22 1n the state other than that illustrated in Fiﬁure 3 .

Circuit 15 also inciudes a 220/240 Volt mindature type feult lamp 51in pﬁranai

30 with coil 44 for indicating a fault condition. That is, lamp 51 will be Hluminsted to
provided a visual indication that appliance 14 has been subject to a po{entiaily unsafe
condition. Additionully, cirewlt 15 also includes in parellel with coil 44 2 275 Volts
AC polyestet type 0.22 pF capacitor to short out any high frequency transients that



WO 2004/ 013943 PCT/ AU2003/ 000983 .17 may arise during a swtching of relay
19 and 22. Crcuit 15 includes a mniature type nornally open nmains test
switch 55 that at one side is connected to termnal 7, and at the other
side that is electrically connected In series with a I N400O4 di ode 56 and a

metal filmgypsiBiaeikdl current limting resistor 5 57hdhahoefiaseds t ol erance
of 1% Also included within circuit 15 is a 220/240 Volt mniature

filament |anp 58 that extends between terminals 7 and 8 for providing a
visual indication that the mains voltage Is available to appliance 14. In
ot her enbodi nents use is nade of .differernt-electrical conponents or

combi nati ons of coppdwmdning athdhingoirded® ah22. same functionality. 10 In use

and under nor el oper itk SO Ll 3 ﬁm Do) gl Sl s G IT N2 2

and termnal 3 are respective ect r| nect s 7 and
8. via relay 2290955 Whnepigd faﬁ%m?ll?l %ﬁ‘ﬁf“ﬁ%ﬁ ra@mﬂméﬁ enislcqplbytoenyedtng]

di f;erence bet V\ﬁmeﬁar\mmramﬁ)ai’dw@’ﬁda&ﬁnhmEmﬁypé/@mkﬂbuﬁﬁhtﬁn{i@{g%mtoﬁda faul tl
condition, in eptia e conduct or

| and the neut%a con%%tc%lsm%opﬁ% gfsomflvﬁggh@ﬁ%& ls?gzg(gﬁw

ener gi sed. Reason%mfft%fﬁf‘@mefﬁIWPfS&EhafteX@eﬁﬁldﬁwvwmramlsm fangowiding ed, and
oftfn depend humﬁuaniaezcaiaﬂ&mmmom@ﬁhw}aﬁmetlaﬁsn&%%@ an SXﬁrmlte an

appl i ance such a hair. s and heater

Wlpﬁdl ngs that are suﬂféﬁ?e’%ﬁ t*ﬁ%ﬁ’%@%es%@%%*ﬁﬂﬂi%ﬁ%@ﬁ&ﬁ&%. ve netal
casi ng or housi ngommtmﬂsgf'wm@nem@@tpfquﬂmhpmetfmcﬁmam vol tage and which is
el ectrically emnnect %duds%ﬁ@iﬂﬂ%&hﬂra aramgbahaﬁiomgsﬂo&m{g%@%&mawe risk of

a conductive path gﬁ stablis he w ndi ngs or

the heating el e W@Spﬁ‘if’ﬁg?' ﬁ@“ﬂ?"éi\{\e"ﬁ’&"ﬁ@a@@ 7P‘&f15t‘ﬁ’=h’{e ath be -
est abl i shed ei t%rLadméS ts@Iscdhdmemmhmtmmiﬁi&rem&bﬂwam&mmSr:lg

i nadvertently inggrgsed in water - there will immediately appear a voltage
differential between_the neutr 25 conductor (which is electrically

|,
connected to one si d&® P eveRithat g@? waﬁ@“ﬁwémﬁ%é%ih#@hm(%p@wﬂa@it‘@r@m rically
connect ed Vi atobtiveh osnddotdr 11 mdtieetizhendustions; tof will Bense@lillz) to Yebdahte

conduct{ve path kgl ekt A8l WA GRLALARS B Y, LISRE( 1L 2 1T O

percent age of the mal NS vo ears across cCol very
qui ckly toggle f%ﬁ#&eﬁ@ﬁéﬂcatvéws%%ﬁlakimm gamplegnepplicks suhpdpinneve st at e.
30 Wiile coil 25thitashdenfnbriatdingnes giaivindngibd: bRej@f oakotins5 Vol ts DC, it

Mot ant aneous. * v ot mia W3 B BR N R eS8 (e 2y 10
will toggle f %Oorﬁoaﬁﬁ? g whieh i plephiony comseled o pendentatilhgTag huinld sgroombny i f t he
conducti ve pat h ﬁhsrigkfcf AcontlcBid padib¥inSésGlished between one or more of the windings
ot the heating elements and the housing is increased. Should that path be established
~ either due to condensation or by the appliance being inadvertently immersed in -
water - there will immediately appear & voltage differential between the nentral
25 conductor (which is electrically connected to one side of coil 25) and the housing
(which is electrically conﬁected via conductor 11 to the other side of the soll). Ifthe
condustive path ig of a relatively low resistance, and therefore a high percentage of the
maltis voltage appears across coil 25, it will very quwkly toggle from the state shown
in Fxgure 3 to the alterative state,
I While oofl 25 hag a nomina! enerpisation voltage of about 5 Volty DC it wili
typically toggle at about 3 Volts DC. Accordingly, as soon a5 an instantaneous
- voltage of about 4 Volts appears on conduetor 17, relay 12 will toggle from one state
- tothe other. Accordingly, it is only if the conductive path is of a relatively high




WO 2004/ 013943 PCT/ AU2003/ 000983 W8 resistance, such that the voltage on
conductor 17 is less than about 4 Volts in this enbodinent, that circuit
15 will remain operating normally: The circuit is able to be nmade nore
sensitive through renoving resistor 27, although this may reduce the

useful i few?fzooﬁﬁ #% 19, 5 Another al ternative for r eciel AiBodsboskPver 1imt
at which coil 25 energises, is to omt diode 26 and sinply have either
resistor 27 (if included) or coil 25 directly electrically connected to
conductor 11. Preferably, this would al so be acconpani ed by the om ssion
of test switch $5{ diode 56, resistor 57'%md diode 26. Another alternative
for reducing t het=figsses sych that theyoltageion rondustqr 193 lendpiboed, Volsin i) to nake use

3‘ a Irel ay hﬁw NGutddmeht) thiickditas hﬁ%ﬁa@@@aﬁ@é no&ﬁtﬁl&rgﬂ"iﬁﬁrbﬂﬂsh’!ﬂdtb a?eb
early, such a rela e rigours of being
subj ect o the e AR Ss Bt SRt o1 RN BBt R °°
enbodi nent has telbif efyelaptd. hal f wave rectifying any AC voltage on

conductor 17. f:Accordlﬁ.ﬂ&hééalté:ﬁati%h@r:@?abzﬂéthélﬂ%ﬁ%ta@@ﬂféﬁécﬁlzsjeﬁ %&sqpnductor 17
due to a fault conditj ositive f cycle of

t he AC signal pr%@’r"&é‘? %Zétﬁ?ﬁflmeiléf hF"afgl}leﬁ\ﬁeg?t"r&g%&‘?&“@F‘:)%‘gd"%?ﬁﬂ“iﬁ@ Yay 25
t oggl es fr om oneclecgicatyaonmeibdio cokitner 11.i Brefambly, dhiewduld drode taotpaict byv

threshol d. for entﬁé&Jﬁdx&g:ffégc'slvzt\%%‘j{'di&dgﬁé msfsérsﬁna/&hamm when a typi cal
fault condition wl mai ns AC ,vol tage on conduct or

ce, cl
17 - it toggles ver y““&‘i]'ﬁ1 RIS YFcfPFrf’qﬁ‘&‘Pgtflﬁ@WE’éWg’iﬁWéﬁ“b?%% eBrZHS B ovi ded at
termnal 21 carrespbads obyylephuvink b yoil wihe leyepamim arrgibtidnheltderl | mai ns

vol tage at terni @ggﬂy,f%oﬁmgﬁ f#9d Sdlne ) burdlhed e f ﬂguu&ka;gymﬁh%gat Ak and

contacts 37 and romthe state's o0 the
alternate state. m@i‘ﬁf’é”@@toggl ed, lamp 51 is illumnated and coil 44

mai ntai ned in an enem:s&ﬂnﬁ@mﬁd@lmmtm&h&dﬁuﬁtmama&fea@fh&m@avacti ve

conductor 4 is ¢ m na en.found

i nventors that tﬁ%@ﬁﬁ%@g‘%ﬁﬁﬁﬁf%%’ éuc%f \Aglét“?kg%ﬁ‘%c%%lv agﬁ }%%er si st

for |ess than'Sabwendggon7idas to affzyit cepdidion, Bwvitkeninks oot yesiiveplfemisef  Thi s

i ncl udes about Qhéﬂclléndﬂ’ﬁrﬁgx@ssés%atéJﬂQSfﬂzﬂPUeten&gimlaﬁd:@@yiﬂoﬁ?es%&%ﬁé ed and
e

contact 28 to ot her ate a | .del ay of

SOt 8 to 16 ot L el 19y St S PGl o reBihe ol 95 e ¢ he
mean del ay is tyipiScalts DCiwagsa typicehfarlhtosditi@Ovill piag: dlase oriealhmbiys Mhder stood to
be due tot 1. ReJoﬁye%,?caaaﬁ/dtdwvsm‘dgglasde@\efufoﬂyaﬁnmamgaﬁaow ng relative to

the likely fault \(Ita T{] i S % to 40 | ts DC appears on
conductor  17% e"lr%l‘ﬁ‘/‘%i@t %P’Hai c?@’ﬁqs’é‘m ?’ %““I': % %ﬁﬁpﬁm”é" ?fé]iﬂ Bl BERdi t i on
exposes voltage at terminal 25 ensures that coil 44 1s quickl‘y energlsad and contacts 37 and 38 '

toggled from the state shown in Figure 3 to the alternate state, Once 80 toggled, lamp

51 {s illumineted and coil 44 maintained in an energised condition while such time as
the active conductor 4 is connseted to torminal 2, '

25 © It has been found by the inventors that the above smibodiment allows a fault
condition to persist for less than about 30 msec for & 60 Hz mains supply frequency.
This includes about 6 to 14 msecs for the fault condition to be detected and contaoct 28
to move to the other state. There i an additional delay of about 8 to 16 mseo 88 relay
22 toggle states, Statistically, nowever, the mean delay is typically less than this,

30  This is presently understood to be due to! '

' L. Relay 19 having such a low threshold for toggling telative to the likely
* fault voltage, That is, onoe about 30 to 40 Volts DC appears on conductor
17 relay 19 will toggle. More typleally, a fault condition sxposss



WO 2004/ 013943 PCT/ AU2003/ 000983 -19 conductor 17 to substantially all the
mai ns vol tage and as such, coil 25 is quickly saturated. |In enbodi nents
where resistor 27 has a lower resistance, or is omtted, the reaction tine
of relay 19 will be inproved. 2. Coil 44 of relay 22 being exposed quickly
to the fall 5?{!?9’3 g gltage, 5 initially via termnal 2lc@aassrhpgauent|y
watermn‘iv 113a is, coil 44 is maintained in parallel with source 6,
with minimal series resistance to limt the energi sing current. The above
enbodi ment has been found to operate nore quickly than typical solid-state
protection equi pnent that is installed i#~donestic installations. 10 The
| ongevity of relay 19 smdatesd7 onmbetrrgiatiou theonaiusivokngt mohes sush opibgtis t hat even

when the maximum coil g ﬁ%@@eﬁe&mﬂ@m{m% khis@ph dalorones for an
extrenely short perio cor itt iLme for. negative

e.ls
thermal effects to tak@S‘EWE?:@T156\?’8"@/?‘“3?@1’@9“‘1‘9" Y hf%'ﬁim?ﬁf i ti ng
resistor 27 in placez agoiddrens22 peimnteeptuédonickls to thé fllneibs veltad: Once rel ay 22

t oggl es stat e in respo jﬁaﬁ%ﬁnafﬁnﬁrﬁrsyﬁbcﬁ&@gﬂ&%% Whds bo, dQ a4 €NET Qi SE

and contact 28 will e nornm osition shown in Figure 3.
Mbr eover, as terni naI slﬁmaﬁlﬁwﬂém&’f’%ﬂ%m’?%? &t"@@”f‘?‘ﬁ‘ﬁ%*’l‘?@rﬁ’ﬁﬁw %ol t age,
lanmp 58 will Dbe exti npi G eskgiding@ieat.i ng. to the user of the appl i ance that

power is not being up 51 will be
illumnated to indic agow?'gqu&’&}gé?agmokﬁlqﬁg%mlt&n&ggd t co dition, the
user wishes to relisetateitetogipn equipment fatis ingtalled inompgia ingial W&Pﬁjal |y depressing
sw tch 48 t019rogreswz&ngmyem:aymsmsoama&@mﬂmaﬂ@sthawmhabmct of

allowing coil 44 to_ discharge thr h.C Once this
occurs, contact St Sﬁ’ﬁ’“?ﬁmg ?‘%ﬂp “gl%ﬁé% yd sgfapﬁqex%%ly?%b 3. if
terminals 2 andeddareosdigly, ﬂﬂ@‘tﬁ@ﬂcﬁtﬂqW%Memmm&l@fﬁmﬁhm%ﬂéﬂﬁct ors 4 and 5
respectively, r%ﬂth&*}@lafh@ Ak durénPMeikihg 95tdd 33 RS ia8dilslal picRdcBdon 149 Wi | |

agai n, and quick prOV| de the sensor signal at termnal 21. That being
so; rel ay 22 wil a"& ain toggle to isolate termnals 7 and 8 from source 6.
However, if tiae faul Onceoski2iagslcs watainrespoes to hesenionsilsl, FolbdddviBde-wi | | be

el ectrically re%ﬂg@@&m%ﬂcm wWPKhESo ﬁwmﬁmﬂp@ypo&%m man i ANgiesd Wil |

illumnate to indlcate nor nal eratln prowdes
the user with tHAdoreayEn psigpmingls f @S axg IF’(‘EU?“E&W% F‘d#’ V@’éatge’ Eﬁ?egé"f' By
manual |y depr essxﬂzgmgmmd;lmmmwe&swﬁ@cbmﬂmm ichodeng st at e t_he
mai ns vol tage atsuép%hﬂo%' E;Zmﬁc% @%ﬁcﬁ&gg&xﬂ%&%'n b B ﬁﬁﬁy o%dlém affﬁﬂi't

condi tions, tingui shed, lanmp 51 is
i || uni nat ed. 20 If, following  fault condmon, the user wishes to reset eirouit 15 this is

achisved by manvaily depressing switch 48 to progress it into ail open state, This has
the effect of allowing coil 44 to discharge through capacitor 52 and lamp 51. ‘Onece
thls oeours, contacts 37 and 38 return to the state shown in Figure 3. If terminals 2
. and 3 axe still slectrically connsoted with conductors 4 and 5 respectively, and the
25  fanlt condition has persisted, relay 19 will again, and quickly, provide the sensor
- signel at terminal 21, That being so: relay 22 will again toggle to isolate terminals 7

and 8 from source 6. However, if the feult condition is removed, terminals 7 and §
will be eleotrically reconnected with source 6 via velay 22, and lamp 3% will illuminate

to Indicate normal operating conditions,

26 Swdteh 55 provides the user with the ability to test cirenit 15 for correct
operation. By manually depressing switeh 55 and progressing it to a closed state, the - -
maeing voltuge at terminal 7 s passed to coil 19, simulating fault conditions, When
fhis ocoury, lamp 58 is extinguished, and lamp 51 is fumingted.



WO 2004/ 013943 PCT/ AU2003/ 000983 -20 It will be appreciated that control

circuit 1 operates simlarly to that described above for circuit 15, The

substantive difference being that for circuit 15 the reference voltage is
obt ai ned fromthe conductor 17 which coextends about the site with

conduct or s yp afaeeBeszand is a shared reference for all ddfe8embEbePP! | ances
in use at that 9 '"site. Crcuit 1, however, nmakes use of a reference that

is typically a conductor associated with the appliance and that is .

avai lable to be, or at risk of being, en aged Dby the user - for exanple a
nmetal housing or a drill chuck - and wt®h is, consequentl to remain

i sol ated from the metwill by apresiged tha cpniio} dikshit boASwi ABHRIGP thf‘”r%”f‘?ﬁ?entl on, in

the form gf a fcnga ok niﬁ}lui‘c@ﬁ"lfha ﬁ@stéd&%diﬂf@amé et thied B0l Ghrduld 1Fihgtefeende V\helre
corresponai ng e ur.e te I ce nuneral s
gg S‘Q’i‘qﬂﬁ%l fg Ocﬁ?qug%r zgt . Oﬁ%& ggés Wout @SE&% vt

Circuit 60 incld operatron to CII‘CUIt 1 and
15, al t hough' acmsindﬁ!ﬂUﬁﬁhél@@h@@ﬁ@ﬁ?@ﬂ&!‘élmﬁﬁm@ﬁmmﬁbmw #accommodat e

the | ower maignsguoldage, Qéw%&%eﬁcg%sé/@a&&‘e% st @@p&eﬁsd chi@iudthe 220/ 240
Volts AC mai ns vol d|f erent is

t f Fi
i nclude: rel ay ﬁ“%‘ﬁ%é‘ﬂt?’ Ig%la?d% Staﬁaéllaﬁ%)? hf”é’f @tdls?g%bf’féf ol ts;
resi stors 27 andy téusst-hok e:amgla 4 rital Iahsinger adrilf dhbeh -raod ivBkebiss of 1 %

tol erance: and \aunsedd @At BokilaoRiE mipladgat 110120 Vol ts. Due to the

| ower maxi num vo ch uring a fault
condi tion, resistor s‘“@“ﬁh‘”éﬁ’a"@mﬂﬁ?@ﬁ’&m"@mﬁ’ﬁ%‘* aﬁ%&%ﬁdk ’ép?lésg and still
adequat el y | hom flubthesd B gureidnwhie cenRipondingietlres2in de@ed by condsponlieg appr eci at ed
that circuit 60 s dm@?%e?a?sblcﬁclﬁt%ﬁlﬂﬁﬁpestalaﬁﬂﬁcg uﬁ‘ﬁrﬁm@‘ﬁg opé: digiie 2

configurations, rates simlar fy circ and 15 respectively,
save for the I%ﬁlﬁﬁ%ﬂ%‘@&g‘@@“" Upspmenentt jre giffrent fettances, such as
notors for purrpsccomm&eﬁaio-mmmblwramamomovdwma@ppqamnthp relay 22 will

not have suffi C??d?%dg%ftgﬁehaﬁ?\; 1‘?‘%QQF‘@WC%’J%%“%@?‘?@%C&%@B& rcunst ances,

and using circu as ‘an

cor respondi néf c inelds: teley £2 twhigh hﬁsg opi] 44 st js sprddo 110/12P §8$%W§3%8¥€1d 37
%ﬁrreSpondl ng fﬁﬁidﬂé@%ﬂﬂfeﬁlﬂﬁ@éﬂs@ﬁkobwrawmeﬁw&hﬂ@mﬂfﬂﬁmﬁe numergl s,

e conponents in.c si.m | ar .to | r.cu and are
al so arranged s P9 Iﬁ{jhé ‘If@\ﬁ/e@ﬁm ey m Qﬁ‘“‘h’é&"q‘%’% Mauc u“{’égé by rel ay
62 that incl udesxmmﬂummtﬂa@;tcoml&to&wstsmsé’é ag¥ S7abvi a@hﬂa‘m@famr\rahmo paral | el
to pass nHins. veld@aes @éf%,%{ﬁ@ﬂﬁ&nmcwﬁlmmzbance or other load, This
par al | el conblnatlo cont act ne ur,ren n ircuit 61
over that of % ci rcu:} W‘E%’”",W‘*ﬁ'”%‘?ﬁ@r“”@ﬁ%@ ﬁé’r‘i?héw’b?%v\g\? g%r gr"i‘“‘igncr ease in
current capaci t ¥igiue 2aotfigamtas, aﬁmghslmiywcimmmlgm‘aﬁ remqﬁ@ﬂr, sgvat ed rel ay,
or through pl acifehelidWr knGiVoaged | N

. For electrical appliances, such as motors for pumps, winches, or other heavier

duty equipment, relay 22 will not have sufficient current cartying capacity. In these
25 ocircumstances, and using circuit 15 as an example, cirouit 15 is replaced by 2
corresponding circuit 61 that 13 illustrated in Figure 5 where corresponding faatures
are denoted by corresponding roforence numetals, The components in circuit 61 are
similar to those in cireylt 15, and are also arranged similarly, However, relay 22 has
heen substituted by relay 52 that includes four contact sets, thres of which are ysed in
30 peralle] to pass mains voltages and sutrents to the sppliance or other load, This
parallel combination of contacts increases cutrent rating of cirouit 61 over that of
cireuit 15, In other embodiments, howsver, an increase in current capacity is achleved
through use of a higher ewtrent rated relay, or through placing two relays 22 In



WD 2004/ 013943 PCT/ AU2003/ 000983 21 parallel. Additionally, higher current
capacities are achieved in alternative enbodinents by placing two or nore
like relays 62 in parallel, An alternative use of circuit 61 is shown in
Figure 6, Particularly, circuit 61 is disposed between an isol ation
transformery§3pe@bBdogi rcuit 1S, It will be appreciat ed fgridigtos@hdosst he mai ns
current for the site is drawn through relay 61, and a nunber of appliances
14 are connected in parallel "at the site, some with -an associated circuit
15, others without, If a fault condition exists, it will not only ensure
that a protected appl iahce - that is a®tappliance with a dedicated circuit
15 - is isolat eqbaraMtA@htmmlWHéshﬁr@mntwm&eaﬁ@e@uﬁﬁwhﬂﬁwaﬁwed due to circuit

61 triggering, 'g hg,gﬁmﬁ%ai%rmﬁ&@qietra%@%ﬂmgﬂcommn to all control
circuits 'due tot aréd, na

e of .conduc reci ated
that conductor 17 |s‘“ﬁ@i"m@a’ﬂ’w&&“ﬁﬁ?mﬂﬁa’ﬁf"flﬁfg}[w‘%@rﬂ@ﬁ’gﬂ?ﬁ?’u ’%cglt%ﬁ?pand t he
associ at ed tran&u;pc&sa&m&nmm!ﬁmﬂm@sﬁmmaﬁmdammﬁs i It widlde appaectalsé primari es
of  Lranst oriel Orafhenafle h.?@E @eQ&Q%Qﬂﬂ&%uMﬂréﬁ&élh&dihmws of a

mul ti pl e earthing g H

enbodi ment s hav @Pligeis A FFEISE éarﬁlllfég@“é}t%é‘i"ﬁ"ﬁ |anp§§ W as domestic

or commercial appsINEESH., If b Ml baibian dx08, it Sillabismlyapgkd ﬂmbb@tebéad three phase

| oads such as m)t and the
A 5L ??ﬁe{nce%&l%%ﬁi&%drlﬁ ift19 - Bk od Bhd

i ke. l'ustrate acontrol
circuit 71 and MWMW#%@MFW@W@&‘Q mﬁfﬁiﬁe%ﬂﬁdb"efﬂmwn@’éﬂnﬁ%s pondi ng
reference nUf’fBr%bzﬁmozgnﬁaﬁw::&oﬂ:&cmﬁm%@oﬁbﬂtﬂe@ﬁam@nmmubﬁm&,mam hough sone

f th ts hay h | ved,
That ‘sal ! the CORMURER CORART LLaps Fapadult RSl Sk kR o gl P01 Ve

connect ed t 0 t hessomuted teehsnsiod lices end gemoafamﬁ@ss-an@#hamweb@gh whi ch the

| oad current fl, eﬂé%a{e%h%@ﬁ%coﬁ&labﬂﬂﬁ&e&&@mhﬁéﬁ%ﬁﬁﬂdééﬁh@ases rel ay
22 is substitute ﬁ "ﬁ‘@ el ay 72 that includes four contacts, three of

whi ch accommdat“@““ia MENISTEEYSPR 05 phases, '.. As coil 25 of relay 19 is,
at worst, expeésed towmlqjha&eveteahmmwmimwm@eﬁnﬂemww@?baé@nd 57 remain
unchanged from (PR aE HOER o odhRAG BpRAne es%@@&enﬂ&?l@@&@?ﬁua@l@ﬁeﬂ&@& i ncl ude:
relay 72 being rat ed at 415/ 440 Vol't 56 i ng upgraded
to 1 NA084 type ¥R Qéd%m?%?ff’@’?ﬂ@?’éiﬁ’%ﬁmmﬁ%ﬁiﬁa 78 B B’éq 0 upgr aded
to a 1000 Vol t s RA@Eranedib mepe w@Figuré 7 ivhamethtre 1sdlinpisatdd b camtrbl EBuibel and whpyr aded to
aroI a0 VoIts, Mech@hdfg el NE MIchA by bORyRREN AL Ao Qbbb iy | © very

simlar to that clr |s no~* qu 8 where
there is ill %8t rsma}gﬂto§gwg,}§ﬁt@g}| ssgmgofthe components have been vamd due o th

higher voltages involved. That said: the configuration of two telays — one low voltage
relay connected to the neutral conductor, and & mafns relay through which the load
current flows ~ s retained. As there are three active phases, refay 22 s substituted by
a relay 72 that includes four contacts, three of which sccommodate the respective

25 phases,

Az coil 25 of relay 19 is, at womst, exposed to 2 phase to neutral voliage,
resistors 27 and 57 remain unchanged from the Figure 3 embodiment. Other
component chatges include: rélay 72 being rated at 415/440 Volis AC; dlodes 29 and
56 being upgraded to IN4084 type with a 600 Volts AC rating; capacitor 52 being

30 upgraded to s 1000 Volts AC rating; and filament lamps 51 and 58 being upgraded to
415/440 Volts AC ratings, Otherwise, the operation of eireuit 71 is very similar to
that of circuit 15, '

Reference is now tmade to Figurs § where there is illustrated seheméﬁaaﬂy a




WO 2004/ 013943 PCT/ AU2003/ 000983 -22 further enbodi nent of the invention
and where correspondi ng features are denoted by corresponding reference
nunerals. Particularly, Figure 8 illustrates power source 6, in the form
of an electric power generation site, and a renote power consunption site
81, as reRpi§sRbRsisby the area bounded by the correspeRdiva@kyossrber ed
broken line, 5 Source 6 and site 81 are electrically interconnected by a
power distribution system82 that includes a plurality of spaced apart
distribution structures 83 (only one shown for clarity) such as towers,
pol es and others that suspend or otherw-8& support the plurality of
conductors that ke gmodisnest of reiivertion pewerchetonsading fougewedaetzdns site and

the consunption &hﬁ@nndﬁ@@ﬁerﬂfce ﬂaﬁe&-aié)fmfu&ﬂm}' ﬁgdfré @mhén%s ﬁ&vfe%hﬂéé@%l ncl ude
an earth 10, sta I nke §1he neut r al

e,or
Conduct or Chat | e SRR R G Flr B peemo RO SFBHRRL SO e
system However ,ssagpresinted b the drea bdueded bp b pircetondialverrmbered brdied Ly source 6 is

fed to transfaormfce@%‘d m@m@e ez&ctrﬁezeﬁazsrﬁmﬁ&eéa@?a 5&%8&@@%0%93@%95 as an

i sol ated source. “Ouéﬁ;f W r'1ng systens, ctor
consunption si teth%b‘i? S5 @Il o Epgecd %‘?““‘?Wr‘fsﬁ’é (Gevesfoveitodi ment ,
site 83 i ncl udesclaiiy) eut acibors, bdled 4nd bihirs thhdsopbrdrgother@iddsupldrohe | S avai |l abl e

to be electrical ' I{;g@ﬂ nor e
appl i ances to beIJ %ﬁggw&gﬁ%gr&yﬁ {cg?p%el%%%w %{% Lé%e&%rﬁé%ﬂ site%dr ef erence
across a pl ur al i fgcoumHP %ﬁé@s‘gaﬁlimt%&“fg?@émﬂq%ﬁﬁw@#eﬁ ‘%@ﬁ‘t%@ﬁlﬁcl rcuits of
the preferredo. esdnect aRndsthidseftant talinlinked fothsheuRBon®GREMsIVRpdotted f aul t

and thereby provjdg.an thlg irR¢ rg@ﬁ&%é&&&ék%&f safety. As discussed above,

1
the control circuits 534i ment are able to be adapt ed

for integration wt hH&Wfé’B"e%;*lsN&,l fBp eleciricplpawergppidebingeurced isifdr al | ed in an

overal | protect ltmsfmlexesa;wh@eiswp&a@émcwﬁsbo@darﬁmgswiéoﬁateaﬂswwebﬁm
appreci ated t hat th e.are te 81, each

ur,al i ces 14 at
PPt en Te conrpeier SR Sl bt R Yo B MRRERESBug Sa el 1 & Do BN
25 appl i ances!§ dimtevasn thprossmeenibpdinettrsiie Wludm:d agakiziciont thatdfktingont r ol

circuits 15 Or tda@whibh i Svaitiil b 8e aada@:anmmebm&smdenf@& clefdiesdfpeevent, | n

t he presence of a fault, conditio ances w still be
i sol ated due to F RO GRLRIEF B “W&tﬁd#’ﬁ‘t’ﬁrfm%% ITP{EW‘?‘E“”O%”%F@W& ed that,
as Wi th the pri oerosvatplurility appliaacds tit tioad sitiatiovanll amireldcts ofthe preforrgdi N appl i ance

used at site 83 ebinaaams}fa@ﬁemﬁhan&m b@re%ﬁé&e% @fa&z%ram!mbfb{o&ué&n in 80
accordance with .the | n%ag %‘4 condi t o? \g& %n until a
conductive &t d’f“i’iﬁaﬁe&lﬁ‘f" e 4 ‘F apaye, dhseanitor Qs of Repisfetibr  enbodi nent
of the inventi orembgdiinérit ere thiatode adapted-fogintegraBon with @ sgecifie ehmp@pﬁhnm features
are denoted by CRik&5AME el I?rf:t@&i%‘fé?e Y FRcRoska or the like,

It will be appreciated that there are a plurality of appliances 14 at site 81, each

of which is connected in parallel with the terminals 2 and 3, Some of these

25  appliances, such as the one illustrated, include individual control cireuits 15 or the
like, while other appliances do not, n any event, in fhe presence of a fault conditlon,
those latter appliances will still be isolated due to the operation of ciruit 63,

- Rwillbe appreciatéd that, as with the prior art, if 8 fault condition atlecs ut a

two pin sppliance used at site 83 that does not have a separate comtral circuit in

%0 accordance with the invention, the fault condition will temain until & conductive
retumn path to the neutral is established, _

A fyrther embodiment of the invention is {lustrated in Figure 9, where

corresponding features are denoted by cotresponding referunce nimerals,




WO 2004/ 013943 PCT/ AU2003/ 000983 -23 Particularly, a control circuit 90 is
i ntended for disposing between source 6 and a load in the form of
appliance 14 in substitution for circuit |I .of Figure 1, in other

enbodi ments, circuit 90 is configured for installation in a sw tchboard of
a power CGH§YWRbhise Site 83 or otherw se, However, i rpcifdiBoR/kosi nent,
circuit 90 is 5 designed for a | ower current appllcatlon and to a speC|f|c
speci es of electronic appliance that is sensitive to over or under voltage
condi tions. Exanples of such appliances i ncl ude speci fic conputer devices

and peripheral s, various comunicati o o ecisio ring
equi prent and otfREieuLaNYe & perEpl oS0 feduen ﬁds'g’i:‘ﬁsf’a “ﬂﬂh"g'f?mhi?ﬁ’i"?gwgsﬁﬁgo and
sound reproduct nmmaemulop&mnztnca Ryiphubainiyy forlexohic £ef Rigvad 1, I8 otherocess si gnal s
digitally have g ?ﬁﬁg%@%'_g% 9%&%@&@ Hioddifonli?a SERRILLLE b al | AL ONS

IS power supply vol't many anal ogue devi ces
that are sim | @pspopEangig §ans O‘h@”ﬁ&«l}ﬁ‘t‘”“% "l" W@I%@gm@‘@?ﬁm\?@ I‘sc s AC 20 Anp

varistor 91- t@atdeJ@ﬁd&r?ﬁ%ﬁ%ﬁeﬂb@ﬂ%@fﬂmmmmhmmsmmﬁ&d in parallel
with termnals 2 and or ver condltlon- in
the order of 27§p@’3?‘°t°gha§ -\ ggvef grr“ﬁ? g‘f@ ﬁmﬁtﬁ%geﬁxa}ﬁg{a&e‘?\fgg‘) of such ‘an
over-vol t age coramﬁzah@minch@r@ﬁﬁmmmtﬁfMFﬂ@dP@!Phefﬁ@\ﬁﬁ&é%| stance state

resulting i nf a |a%ﬁﬁmgalﬁ&ﬁs%e\tméa,%&&aﬁﬁSaﬁﬂﬁkgTedaﬂmﬂna BRetefbminaldceand t he
triggering of a

ent di sposed
further back al &H IEEE‘B‘W? "“{egﬁ'ﬁﬁg‘vgﬁaﬁtgauﬁﬁ zl‘“%’? glfpilwlbéae%c\?set??vol t age
will not be pas swmesis sleelagligintly mmeanza@uamfmmmnmﬂhm seesitive ragriganst | s
connected in par@&xﬁ%sﬁ%ﬁ%x&s&m&%@ Ferdi6lalf by eakighe 8icadtBRakNCl Udes a
mai ns relay 93 havj nﬁ%ﬁ“é that, under normal operating conditions,
is energised by s ivey o tage to maintain three contacts 95, 96 and 97
in the positions sho@irult®o tdoladdsia QT Bults AC20 Brigohuistap Pl thatrlys £¥meer  t apped
D109 Volts AC lpfh {mmaor \Jmﬁ %@E@ngéana%tﬂtmaa@eagasﬁr@agcaﬁéael w th

termnals 2 and rovi vol t%\/'i) ween a@c{‘ 6 Vol ts
via: A briddé rﬂé‘(’f‘-{fﬁ?’?fe\i"[‘aﬁeﬁf’ @“f&‘rﬂfﬁ%‘*“”%f X oliift & :felt@agalp 4% i er

that is rated giesdHd®oNdodiian ofaranage cobditidRBragibtet roleyy tb ¢ loapsatintotate] 00 that
is rated at 100 W 03 1 Vatt
resistor 102 tha’%iuﬁ‘ g%iz%(g%%l?rg%mgﬁ@%@oﬁ hi's vo a?ggde&t?%l %ﬁnﬁ% ated by a
vol tage regul at gfadaBourr protciiondRTies thats Stmogesfpriier bagk ”ﬁé@“&i"’?"é’gul ator of the
positive type. Regw dbhiar Aﬂ&ﬁhﬁg%alﬂv&%lte{g@wmnotmsemttﬂotm be

20 appliance or other load that is connected in parallel with terminals 7 and 8.

Circuilt 90 glso includes a maing relay 93 having a coll 94 thet, under norms]
operating conditions, is encrgised by the malns voltage to maintain three ¢ontacts 95,
96 and 97 in the positions shown in the Figure, _
A 240 Volt primary center lupped 9/0/9 Volis AC 150 mAmp transformer 98
25 {s placed in parallel with terminals 2 and 3 for providing an AC voltage of between 0
~ and 6 Volis via: ,
« A bridge rectifier, in the form of & WO mini-bridge restifier 99 that is
rated at 400 Voits (max). '
¢ AnRB electrolytic capacitor 100 that is rated at 100 pF at 25 Volts DC,
30 o A TNAGO4 diode 101,
s A G0 Watt sesistor 102 that has a tolerance of 10%. :
This veltage is regulated by a voltage regulator 103 that, ih this embodiment,
is a 7B0S regulator of the positive type. Regulator 103 has a set pqint that iz able to be



WO 2004/ 013943 PCT/ AU2003/ 000983 -24 adjusted by correspondi ngly adjusting
al ka linear potentioneter 104 that is rated at 0.5 Watts, This
adjustnment allows circuit 90 to be nore easily applied to a variety of
appliances, or to different mains voltages. A I N4A0O4 di ode 110 and a RB

el ectrol ytivgo20@0f3645Vol ts DC capacitor 111 5 filter gdhieweasiege provi ded
by regul ator 103 and apply the resultant filtered voltage to one end of a
coil 115 of a mniature type relay 116. The other end. of coil 115 is
connected in series with resistor 102. Relay 116 is a like relay to relay

19, For predeterm ned val ues of vol t.age'§‘at, bet ween ter m'dFal 2 and 3, coil
115 will remai rdiuseddyeprpseondinelypsiistng? [0A iveainqientqmetr 1A BEE=ves

out si de that rap@ewatslonit hgusehiaaees e et noye eitpsbgited to 1@Betyw | ri se

such that coil 11 ) i S grrkgrdgg. Setdma%a‘éfv I'tagésently to toggle a contact 118 from

the state shown %R %RE SLP FEPRRYTVE 'S ate, Once that occurs, Clgill 94 of
rsed, and

relay 93 will be fl oaifN49g+ dinds 1hRende RBileptediie L2QuH/45 Visits fofe caresifgn
% ﬁ_ﬂt acts 95, 96 fij?el&ﬁhq%ltﬁi@elpfov{d&gﬂ'!r@gulla@r 1;7d3ehcr epplySipaediianetiehdianingt iovg 2 t a\tlvﬁ_sl.
IS, Inturn, w I solate_term.,na n ~ te " 2 an , 1le
al so ensuring 15‘“?‘?5‘&?%‘%?%%‘1%’@“‘?@7%@? ﬁ%?ghﬁ?%%*?‘g%m@%i‘% .
extingui shed. Cicomegtid 18 Eerias with resiedr iofe Kelay hisrinaliteyeley tomiay IPeset button 117

for allowi ng a user H%&lﬁl 1eEFSbIkRa: teiveBetmifd b Bd Rediaus t condition
has been renedi ed.’ €’?grrﬂt erﬁgdn\}oﬁodi rrengiﬁ%mtilggol{gnventi on..in. the formof a

control circuit “ibrpiy degpagiiedolaoysersm B ride 3 B8 n di ng

features are sdeniveliagd yroRidedigreipo i iwirireafid tahed 1%@@31@51 Circuit 120

i ncl udes term “%Lfid@nﬂ%@ftog# Q&}m&&?& Rl B Lekth Ak Yo tRONBRAIVE Sbath. 006240 VoI t's
rce and termnals 7

mai Nns power sou [ s 7.and 8 that, are conngcted to a load in
the formof an A&1eaeaesnsicpidRt ehieensd a‘i‘@“ﬁ‘?”éﬁ{‘éhe(‘?%}tmg%ldvﬁ%&"l n ot her

enbodi ment's, t hendrg@d, dnd contdlis 5,06 ents? déiVioggs to theaxpabdciveaitsradfiis ftaest he

enbodi nents ref ed. 1o der LAk b D COREL Ad QREmgNSUr e the
mai ns 25 vol tag?rh{ssmgﬁ?iﬂ%?%é&f%% ,és.ilkgﬁag?hgn K n%errubt that supply only if
predet er mi neds dembimpishhdihesatd, whililepp Shissaingiedoper ates in a different
sense. More parti cul @fduytso akdidides Doy CpRd adsbt i MHfot slbwing b heer Mai ns

supply is isolated fromthe |.0 g i %HA fdeki.aor edet er mi ned
conditions that % Wﬁ%mggﬁ%%ﬁgﬁp fﬁ@%"r?ﬁ%cﬁne %mltrlﬁ t‘ﬁe | oad, 30 The
circuit al so incl udes fathsrsmbedimpnt of thednyeahion i the forpns 4 srafrelcirgdi29 4t i s
el ectrically conpggd@gh Mid4n00dnd Wik ohipodipramesntad dgded bynder predet er m ned
conditions, provides a. voltage signal.. L i H' e guctor 121 is
electrically Lo ﬁﬁg@g%ﬁmgaefgag%% hltcmf“rlltqgﬁg’slﬁ%e?rhmp% h%?%ltg%%%ﬁé} Vol t
donestic ¢lectrically connected to 2 240 Volts mains power source and tenminals 7 and 8 that .

are connecied to a Joad in the form of an alarm siren and wamning Hghts (not shown}.

In other embodiments, the load is 2 different devioc or appliance, While the

embodiments teferred to shove undsr normal operating conditions ensure the mains

25 voltage is supplied to the load, and interrupt that supply only if predetermined

conditions exist, this embodiment operates in a different sense. More partif:uiarly,

nnder normal operating conditions the mains supply is isclated from the load and it i3

only under predstermined conditions that that mains supply is connected with the

-

load.

30 The clrouit also includes a seneor In the form of a conduotor 121 that is
elestrically connected with an external component that, under predsterminad
¢6nditions. provides & voltage signal. In this embodiment, conductor 121 is
slectrically connected to a component in the form of a common 2 Volt domestic



WD 2004/ 013943 PCT/ AU2003/ 000983 -25 snoke detector (not shown). Under
snoke free conditions, the detector does not apply a voltage to conductor
121. However, when the detector detects a snoke condition it provides a 9
Volts DC signal to conductor 121 which, in tam is feed by series current
limting r%?b?&@%g&%Z to an LED side of a triac opt 0- GRYNBhsdedsssuch 5
that the coupler I's progressed to a conductive state. Resistor 122 is a 56
a 0.5 watt netal filmtype resistor, while coupler 123 a type MXC

3020/ 3021 that is contained in a 6 pin package. Coupler 123, in the
conductive state, allows a current flow28ufficient to trigger a triac 124.
Two bi asi ng r esisbierdsed@fna sobwh Gndr emdiedeermniiorsghe dabvetontopstol | vity of

triac 10 124, 2 yrkaeswable
swi t chi ng trans%@’%gvgﬁa%q? h&c% 2(])1 Fﬁgﬁw%&tﬁﬁe&w&ﬁﬁg t ET 137F (in a

T0420 case) thatwr}dﬁimétwwd&‘tﬁ%@@w?@}gﬁ% %ﬁ“‘{i’ﬁ @lﬂﬁi‘}g‘mﬁ&% ¥8P% 125 and
126 are each 47Qerﬁzemhﬁimiﬁaglrmsfoems¢ SILEI bl 4 ieopteadoeplord 3 Sich WALt S.

Capaci {01 127, 1 % AnBOIER) ELotHS, EONRR Qe RlludeSas BhHaBs W01 F at 600

Vol ts AC. In Bt er nat onents and val ues axe 1s
used, A nini at umstbflpoypesedyorréilaguale0 2} ﬁ@’PﬁW 302044021 thatdgeqnipiaed iny o trj ac
124 being triggen g.ppaguage qU| ckly and easily energised as it is subjected to

bstantially th f th
Sate Shown 1 Fi gurGoatF o g enafffe elf bk SRRESIR FABAN aE 110 1 0°

is simlar to reltspi2d, Tmhmsmarmtmmmd &MPPEM“SF“&‘F%S@FWYQ%‘W%I ays are
used, A mainsgyrabednieh %aciltglflz'i 13 Gkell SHoMorPanG QhdesidBR skifding tBdREs. ] mal

conditions is not ener gl se I 130 -
toggles to the AtayGe 5’["&%“%%’gﬁésawébj'llg%cﬁ‘ﬁa@%%se&%&m atteﬁﬁs ul | mains
vol tage and qui ckltyAtagds sspi. fResittan] 25ent 266 ea@ﬁmamwlﬁﬁgirﬁﬁi&tﬂﬁﬁlﬁe nor nal
state shown, to ﬁau%eﬂtb%r%' &ﬁaa&t&ﬂtﬁ 1s(a%9i§es§ep%‘3apac%l‘3ﬁt fshitsd s2B00CCUr'S, the

s Vo a0 A et P CHR R A e e o e e
power and aabiwaided to alert those in the vicinity of the.snoke condition.
n other -enbodi nent s, . GNEY Yons SRRt nbd RBy ACARBA B, It s are at a

| ocati on other than ‘near e con 30, [ el %‘é 5 swi t ches
or toggl es bet V\é@ﬁgg{gﬁf%ls%ié‘fll’mﬂiﬁ‘f‘!l‘)?“%ﬁa%?‘*I%ijaﬁe“%ﬁ’é’ﬁ'@’l 1@% fnd cont act
132 returns to tiuemghodoRagel Thisfofmkds@doritdot Bﬁgumehek&te s@manigurHO)toaihaso

R W e e pty

circuitry (not uct 1 being held at or
20 e.mbodunants alternahve releys are used,

A mains rated relay 135 includes a cofl 136 that under norme] vonditions is not
energised. However, onge contact 132 of relay 130 toggles to the alternative state,
ooil 136 is subject to the full mains voltage and quickly toggles its two contacts 137
and 138 from the normal state showr, to the alternative state (not shown).” Once this
25  occurs, the mains voltage appearing at terminals 2 and 3 is transferred to terminals 7
and 8, As such, the alaem siren and warning lights are provided with maing power and
activateti to alert those it the vicinity of the smoke condition. In other embodiments,
however, the alasm siren and waming lights are at a location other than near the
- smoke condition, '
30 Onae relay 135 switches or toggles between states, coil 131 of relay 130 de-
" energises end contact 132 feturns to the state illustrated in Figure 10.
Cirenit 120 also includes an output signal conductor 139 that is connected 1o
exterﬁai oirouitry (not shown), Accordingly, with eonductor 121 being held at or
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fromthe resting state, the external circuitry is alerted to the snoke
condition and is able to anplify the condition. For exanple, the external
circuitry is, in one enbodi nent, an actuator for exit signs at the sane

site wherayg§hdosiishszl20 is installed. 6 Crcuit 120 i pcagankagenHus because
there is very little current |oad placed upon the snoke detector.

Moreover, the battery need supply that current for only a short period,
that is, 'until coil 131 I's energised, As with the other enmbodiments, the
fact that coil 131: is a nonminal $ Vol t $280C coil; and is being brlefly
exposed to a subPSHSNoltend gy Rfdossien Gom de ptingstatsy the exterpad SREYE si ng of
Lhat coil i ShVe&%ler&bﬁftﬁe snib?? AaGFCHndS Edle totahzﬁli@ﬂfeeﬁﬂdi@n Of"orte%pg: el EZI bC
attery in the not r,om se : rcuit
120 al so i ncl ude%tteg% ‘3’5“‘#@!’ 3“3‘?”5‘(%&‘!’1“%%{3@%&?%2@{% g%ﬂfzfim?%tlg allowing a
user to do- energ‘F@@ﬂ@‘éﬁﬂ mﬁmﬂﬁaﬂeﬁ hence once again isolate ternminals 7 and 8

fromtermnal g 2 a“dCﬁmt@i@ﬁa&%&ge%%ﬁa&eﬁﬁﬁ%»%Eﬁ]ﬂﬂ@dﬂgeﬁfb%dﬁlﬁﬂége Cond' tion
s not 16 still Lg)reﬁlgnt the a @rmswen and war ni

deacti vated, Thi kf“iit?‘ff’r’ Preﬁvﬁr’g’ﬁﬁquﬁﬁ“é?ﬁw&l?@ﬁ l“%mfg’ %ﬁ%‘f% to be
i ntegrated w th saot pdriad, that &) undlrepil Weninenengiséd, g.lawhﬂmmﬁlateh&mdzablﬁ{;th&l cal device

or appliance thaﬁmuﬁt&ﬁ%sf %‘inﬁ:ﬂm@l%\’o@c@ﬂ@%@ﬂjaﬁ&%&r% cpsg condi tions

bei ng satisfied, |In another circ ed within the
housi ng of a snﬂ?@st‘iﬁ‘g‘fe’é"c‘?{‘ﬁ?’m W%%t%%nﬁa@ass’fﬁhwﬂewe@v @2@ is anormally
open manual t@stAdmtlmgim,tﬁaﬂlﬁ‘emaﬂhealvbmmbaWakheﬁasdtdrM@li@aftbé he circuit. A
further embodi maph..0f NG ion, inthe formof a control circuit 150,
is illustrated macFlsgu)I?ée% f Kﬁé\?\% re correspondi ng features are denoted by

correspondi ng ref er 8 *ﬁ%ﬂ@ﬁ%ﬂ“@es saemElly plostdanvargdeton HI&T terminal s 2
and 3 that for eilesingi et oye-2frse BHEIGH bithends bive agaldisolat femideaiSUPBRY ( NOt

shown), and out ﬁpm' 7 ovi di.ng_t,hat | y,voltage to
a 12 Volt | oad %J’s om%é%h?%gg}aggéu%md%ssr “?r%lhfg" °¥8?n‘§%585r% ive
appl i cati ons,bHill preset e 2lgy srapind veming ferewill be deasityatedbnmer ci al use, in

t hi s enbodi ment the ’I[‘iﬁ@dirchiﬂ%fbr&i @ﬁivﬁlhr@ cxﬁ’@l’c,% ahia&@ge ﬁtsgxewa wid @O for

preventing that i.n Lhe eve starting current
is too great, Suc 9‘@8%(1@}%* on eﬁﬁ%%‘g%l@?‘gcwf gF %3?%1 I”‘ed‘““f"’ﬁt e motor is
heavi |y | oaded. P@”Pre%wpn Rertemmined peaditicns bewg seisfiedy Tronbireabidmenf a 12 Vol t

DC rel ay 151 andirguit 120 M%cludmi{hﬁitﬁé/hoiﬁ?g&fﬁﬁﬁukﬂﬁﬁeo%nf' gured simlarly to
relay 22 and relay 1 due to the

i1 foront -opdPat g 0B B QriY 120 s g psnte ot bton 485t

allows mannal testing of the clrouit.

A iurther embodiment of the inventian, in the form of a control circuit 150, is ‘
illustrated in Figure 11, where comresponding featutes are denoted by corresponding
reference numerals, Ciroult 150 includes input terminals 2 and 3 that for eiéc&ically

26  comecting with 2 12 Volt DC supply (not shown), and output terminals 7 and 8 for
providing that supply voltage to a 12 Volt load (not shown). This cirouit is primary
for automotive applications, but is also suitable for domestic and commercial use, In

“this embodiment the load is an electric motor, and eircuit 150 is for preventing that
motoy from starting in the event that the sfarting cutrent is toe great, Such a condition

30 occurs, for example, if the motor is heavily loaded.

Circuit 150 includes a two relay combination of a 12 Volt DC relay 151 and a
3 Volt DC relay 152 that ave configured similerly to relay 22 and relay 19 respectively
of Figure 3. However, due to the different operating voltages, the components are

=
-
=




WO 2004/ 013943 PCT/ AU2003/ 000983 -27. different. For instance: capacitor
52 is a 0.22 pF device that is rated at 30 Volts' DC, filanent |anps 51
and 58 are rated at 12 Volts DC, and resistors 27 and 57 are 2212 netal
filmresistors. Also included within circuit 15Qis a normally open manual
sw tch 153 wéfpss8643€S W th di ode 26, and a 0.5Q 30 AmeiRShSiews:l54

di sposed between termnals 3 and 8, and in parallel with coil 155 of relay
152, Once switch 153 is depressed to commence ‘the starting operation,
shoul d the load current of the motor-which also nust flow through resistor
154 - generate a sufficient voltage acro8s Coil 155, that coil wll be
energi sed and su@ﬂ’@'@eﬁ@ﬂ%@@ggﬂp@fiﬂréﬁwﬁﬂgﬁﬁﬂmﬂtﬁharmdaméﬂ‘écﬁ‘em,to the 10

al ternative stat Slamdddiaps banki 98 Bre ratdiled 120i0GE0ONRE fesilihS 2HROF wfe20W t he power
source and allow ttg}[}Einnuser to investigate and/ or renove the causes that

give rise to the™f ®S¥¥Hdi tion. Circuit 150 is applicable to other
vol tage supplies and Allxoam@&@t\m@nndithlaﬂsﬁmtammallyaﬁmmaqm]Mmtiﬂﬂn of. this

particul ar ci rﬁcugegestvgﬂﬁm%gzy%éame },émgt&qllghgﬁ% % EH@M{@M% is only of

the coil in rela rematedthat it
may al so be neceégé d?’bp%%gg “?’h}ess\‘i’gqé Eszopn?ﬁé‘g’}t‘?ﬁé?'é“ Pesido 154 to
ensure coil 155 efmmenaikystatini optﬁatemeh@ldSMOaﬁtcurt'dﬁﬁofmrﬂice&tmvﬁiﬁﬁh&ﬁdﬂO| d A
still further enpodhge ﬁﬁou re£1£1§r x's&‘ﬁéﬂ%x’ar@ﬁ'sufﬁmm% 043%1@%5%%1{1 $s5CRY &P' Cl rouit

160, is illustrated 1n Fi g ures-are denoted
by 20 corr espondig® FreFaiteg msavservintsrogsle rslay d i3 °H1®®B'ﬁf931§31 e to circuit

150, al t houghioi t aiteinmble SRS Thif ﬁtuﬁamtﬁﬂmsfb&ha‘&ttﬂa:ﬁsﬁtﬁl- fond 108 p@&e@@weh gl ly
connecting wth %F\Ag%,tmﬁ\%g %‘/AB (?rr&{l%th? au%l Kﬁg‘ig?’w?%é% lﬁt ermnals 7

and 8 for prow supp age fot shown). In
ot her enbodi ms\nt‘@n E‘F’r cuit 160 is applied to other supply voI t ages,

i ncl udi ng particul al’b&cz&aswﬁhﬁﬂmﬁﬁtmr%mé@uﬁﬁm%dIJW&MH&EW ot her 26

supplies voltag riate sel ection of
conponents t.hat e’l}re%gp?igﬁl gg?or &@@Fﬁp‘%é?ﬂ%ﬁﬁ %"g c@‘ﬁf"i“"‘g%ﬁﬁ mary for
mari ne appl |1@at‘-’lnb'r$’§th9199|lﬂmlf@&mﬁémdémmébm 5$oitwc!1chmmirmatmtﬂamr cial use,
as required. In gzgalbgnecegggpwaaﬁg}tthetvageslopﬁgsﬁﬁg%d@5&9%15541{%05@;{5 g(not shown),

and circuit 160 i:s DI e in fromoperating I'n the event
of a fault condi Pl%lfgé% Bl "s"ie"l’iél 5"9@ 'F?B‘H;? bet ween the active and neutr al
conductors of the pthlIﬁ!dhnreiebodimamrtﬂthsmmpmlmthaionmﬁ&;comqobimr_y concern
revol ves: ar ound 1ot ANk RhPhiine 8o AALELLET© W LD

electric and gl ectroni,c equi rrent {% enbodi nent .
Accordi ngly, 2sd& FEPIRding pyencs paekc Hﬁ%ﬁ%mlm cir@téwﬂw@%&

- includes inpud terminals 2 and 3 for elecirically connecting with a 24 Volt AC supply

(not shown), and output terminals 7 and 8 for providing that supply iroltage to 8 24
Volt load (not shown). In other embodiments, cireuit 160 is applied to other supply
voltages, including partionlarly 32 Valis AC and 42 Volts AC. However, many uther

26 supplies voliages ave elsy accotmmodated with the appropriate selection of
components that are rated for those voltages. This cirouit {s primary for marine
applications, but is algo suitable for domestic and commercial use, as roquired, In this

- embodiment the load 1s an electric motor (not shown), and cirewlt 160 is for

preventing that motor from operating in the event of 2 fault condition comprising &

30 short between the active end nouttal sonductors of the power source.

I'l.

In marine applications, & primary conoetn revolves around water, and the
ability for water to interfere with elsctric and elevtronic equipment such gs the motor
in this embodiment. Ascordingly, use Is made of a contact pad 161 that is comprised




WO 2004/ 013943 PCT/ AU2003/ 000983 -2g oftwo opposed stainless steel plates
that are nmounted on Bakelite nmaterial or other substrate, This pad is
nounted at the base of the notor. to other enbodi nents, however, a
plurality of such pads connected in parallel and nounted to the notor at
spaced apankghb®gaish@ns. As the substrate beconmes noi stpdrjaRéR@smssi vely
becones nore 6 conductive. Eventually, as the nbistness increases, pad 161
will act as a short circuit; ~and, due to the voltage drop across resistor
154, relay 152 will toggle states and the notor will be, isolated from
terminals 2 and 3. The control circuits "8¢-the preferred enmbodi nents are
abl e to be const PIRNP eppossd sisinloasrfeglpiatey Bpiard meiod on Balelite metedti prélmponent s

that are made by sdvesh, mgis & ik AbRFedal thOR of@le@bior B otiaflen@lo@iGhitgni C

manuf acturers. This i ncl.u n control
e e el amt o SR had Sl e 50 e B,
conponents are rmamlap@qigoae@mwa subsiiate hecowps iexddt tpegesidisrbesesicomereof about
30 nm x 20 MM dfhaigEve. Evahihigal @eﬁz&stﬁ&sﬁa@ﬂea’%@s‘ Im @ﬁzsahdaxatuohfo&amw thin the

exi sting housin f vari et of t J C S such as whi t e goods
or other domesti %‘di%"é%b Yolne ﬁ*ﬁﬂ%ﬁ@y A B PRI R i s
required, it neeuhotonmﬂtbemhﬂa@ﬁamtewimlsziﬁﬂe functionality and flexibility of

the circuits of the %@Eoﬁfr&}%&uﬁﬁ&‘?&'ﬁ@éﬁ%&eml?bhi’ni%ﬁ‘és%%blls %%Qﬁﬂsi%teﬁo be
applied not only. directl %P’ nt.o.1 ndi vi dual aaﬁ_@l ances, as a

SO
protection devi cBSTEEeely fipm aptf-tho-sislt” campprents detaremade bylegdipg site. In the
event of a f&aul ktecoricilelaoni mdvstdnizwehufadugs, olitahalen wiy o j@lifeher educe the

ri sk of el ectroch;ggg(rg“ggc&%ﬁkragg‘,gl{hg’a ety J}Q‘%’Iﬁlaﬁ&p ?réov@%&@ if the fault

condition is cause hree pin |ance a at does not
itself have a d eﬁ??ﬁ’ﬂeg GOTBRSRENS e félﬁtfvﬁlﬁlﬂ?mlﬁé*cd’ﬂ@i typieat fgtal ‘iiﬁéﬂsif’flﬁfé' Atddbn. The
embodi ment s used3omlx 20@nEi A Sumble%be\dnblhdvely'dﬁﬂfl fifledfvaththeeRiaghgt | On bei ng

recor i ngt v, eiolbbalcfs AR b el RBhtl oy SRR sl BRSPS 15 22
good as, and 6 ypplisreey Aleratisly, rftswawewm’émmd; iynegd agthba bibsentivé.or  art

protection devi ces. Twﬂa&ibﬁnglahd/ﬁextan@s@u@mkmﬁs;ﬁemlein%dnﬁéﬁ% vol tage
across the neut ragfto

uct or con or, Jhe floating
conductor is el et ‘P’ﬁ%&? RiRGHI bﬁ@@f”@%‘“’[‘ 8’83{%?5!5% d%klv @é@?@f}m@ﬁ EHEPs that a
user or other peafsg@rptchonldmequramiw@mnfam:wmtaammmﬁpmmmso t hat

surface or el enemix &aﬁ@éﬁemh@@ltomwe&ﬂn wm&’so%aéa&ﬁﬂ riek bf&é&rsuuﬁ&rb?er ned will
trigger,  Thi e prevention of

over-curren rat her t
a fault current ‘T???Efﬁlé peky |TP‘§fppf)‘F3a°é’€‘q§tgﬂe Qf”"é?"f“’“p‘?&"t“é‘@tb?’éﬁ“ﬁéiﬂ ces have
typi cal |y prot ectplitneapbihnsite totdoes s itselfhave adotigiof camsl citidtweueding tbhat Wi | |
still allow a | ahggvdngsd t current to flow, at .least

The embodlments used with AC mains supplies will, upon a fanlt condition

being present, trigger within about 30 msec at 2 mains frequency of 60 Hz,

25 Accérdingiy, the risk of clestrocution or electric shock is at least as pood as, and
typically better, than commereially available prior art protection devices. ‘

| Additionally, these embodiments monitor the voltage across the neutral conductor and

a floating conductor, The floating conductor is electrically conneoted to those
surfaces or elements that a user or other person is likely o contact and, as such, should

30 that surface or element become éleotriﬁed, the contro] clreult concernad will trlgger,
This is not over-current protection, but rather the prevention of a fault current in the
firat place. Prior art protection devices have typloally protected against over-currens
conditions. However, that will still allow a large fault cusrent to flow, at least -
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exists. The tine that the fault condition is allowed to persist is
critical when protecting against electrocution. It is in this area
ofmnimsing the quantum and duration of fault currents where the

enbodi ment sy@becliBBedznventi on are particul arly advant aggausiododose of the
enbodi nents of the invention are configured such that the relays coils and
as many of the other conponents as possible are at a rest condition - that
is, a l'ow power consunption condition - a during normal operating
conditions. It is only once a fault con@®tion occurs that the relays are
activated and comdighp wienye Subwndiriciets. Toview talbe falvenditiorhie sikomd ol t age DC

relay is only in @simmn@wﬁan pﬁ)@é&%’lﬁéﬁs%cﬁgou@ﬂ?telg gﬁ@@&{gﬁg@ﬂﬁ% . tn i me,

for as soon as t ns I
returned to a |l o B‘&?ﬁé’?“&%ﬁ%%? t@?ﬁ’?“é"hﬁfﬁ@ SERpRAPRER e yentioRe i nvent i on
Ienfl thems;al ves weopdrtiubfy ehvestipealsat ed for both electrical and physi cal f
i solation fromsurro ?‘{m& rsion o
t he control cﬁ cui ts%%k%lg%rnﬁg‘%ﬁ%&%g& gﬁ%ﬁonﬁ%:‘t}h&ucﬁ %%eli}gnﬁazar dous
envi ronment wi t hefiE *=EGF PEBtg H’tj°91PF§P¥‘PWW§@'PE‘S’@1SQW&Eiﬁﬁmﬂlﬂiﬁ‘ﬁé &etiges from
thedf act that theloermﬂmcmmﬁmﬁﬁomenkmmngh&ﬂslopmtefgcﬁﬂgi&?ﬁd Iﬂpﬁﬂﬁél ng
conditions, con nd hence radi ate
correspond ngly s Epdftoha BB (IRHRLS s B BRGS0 R 81 2
encapsul ating mak®fr dYlorggven tha e volizge Blasiinivemdy i aé@émamaonsmwn hat no
t her Irr:;tl lt;w I d1whmee|fdlr adeiyeﬁnmru&tﬁrﬁh@qn@hﬁmawrag&m%@eséﬂﬂﬁne@ﬁ&yﬁpl El ”:u'd t
itse romthe [ n.it w reci ated by, those skilled in
. ontcg QI‘Q%BTCE F 8W§28TV%I‘ O{)i‘lﬁﬁl’%}fﬁ%&%@tﬁ

the art that it 0SS 'ts and conbi nati ons of
conponents for the c @bt sgitodiments efitfietinversion iendthpmsplvat to being woabilow fohose

respective ci rCL%o&rﬁelécﬁlckl%n@qs}ﬂkiéaeﬁolhﬁn‘ﬁ@xh&iﬁﬁ%ﬁdu%%cmhﬁ oRSs. g%fRr essly
nmenti oned herein, z o@@ﬂlc i on,cl alg rlor%é romA stralian
provi si onal pat e%lf’ ?a alm’é’t TS YRR O LR BUFIRAPE of which is
i ncor por at ed Wer@mddyymyomenw@s‘s compfimrtearcerectdpelatory Thishdsek firent i on has

been descri bed wh ﬁatrﬂ?ai%é‘:ﬁ&ﬁm{eﬁtséﬂ%h%hﬂ‘on. hﬁm oﬁeiataﬂgéahmé?c ,appreci at ed
by those skilled in the art that it odied i n many otHRer 30

forms. -30- CLAIFEVES QY BB e LSy T Figiate comespondingly

miniscule amounts of heat, This will ensure that the encapsulating material will not
be prematurcly degraded, and that no thermal budld up will deteriorate the elements of
20 the control cirouit itself. K
From the teaching herein it will be appreciatéd by those skilled in the art that it
is possible to select components and combinations of components for the control

cireuits of the invention to allow those respef:zive‘circuifs to be applied to voltages and

Inads not expressly mentioned herein, ‘
26 This application claim priority from Australian provisional patent applicstion

no 2002950581, the disclosure of which is incorporated herein by way of oross

raference, ‘ ' g

Although the invention has been described with refarence to specific examples

itwill he appreciated by those skilled in the art that it may be ambodzed in many other

30 forms,



at least two input termnals for electrically connecting wwth at |east two
conductors of a power source; at least two output termnals for

el ectrically connecting with a | oad; a sensor having a sensor relay having
a single coil, the coil configured to be energized in response to a
reference signal being within a predeterm ned range, the reference signal
being derived froma voltage differenti al30between one or nore of the power
source conductors and a floating reference point based on a reference
conductor, the reference point being electrically isolated fromthe power
source conductors and the at |east two output term nals when in use,
wherein the sensor provides a sensor signal in response to the sensor relay
bei ng energi zed; and a switching device having a switching relay having a
single coi I ,CLAAMSi| configured to be responsive to the sensor signal for
progressing between a first node and a second node wherein: in the first
node t he |nput and output  termnals are respectively electrically
connect ed forl- aJ$69Wﬁ@C¥%@”Pﬁ%Hn%O receive power fromthe source via the
switching relay; and in the second node, the input and outgﬁLgterninals

are electrically & & 8nieciwyt F%Wlfﬁ}se@érﬁl?%ﬁj:a{llﬁéon%ﬂ?%é’“fhr HpPi%i ng

power to the | oadcyidacthReraphi&hiohger el ay. 2. A circuit according to claim
1 wherein the sensor relay is a |ow voltage DC relay. 3. Acircuit

according to clai Qﬂlgas’t!\ﬁﬁfcﬁiqﬁxtEeﬁ%:n%lé‘f&r@%c&&aﬂﬁb&hﬁeétﬁzﬁavzm Bsg;vol tage relay.
4. Acircuit according to claim3 wherein the switching relay is a DC

voltage relay. Sgséhshi Eaﬁr‘ﬂigta %Q&r@la{z‘%a&ﬁg &ls@igld cgml\/\/f}ﬁr&ilrbohh@r&?ﬁ%r si gnal
is: an AC signal; or -31- derived froman AC signal. 6. A control circuit

i ncl udi ng: at | eagrergigrs in esnense & paefarnse pighal bpias pthig Prodsaminedrangg with a
t t
power source; —a xﬂegﬁ@en&é'@ &%gﬁl@ déﬁvéa‘f{flﬁﬁﬁvfoﬁés%ec@%ﬁﬁa@%&ééeﬁeg&c i ng

with a load; a swtching re ing on one ing coll
swi tching coil comforegefrteaipowe s@eceseiné@cttwezwa ﬁeat@geﬁrfgxesmpmd)amd@n@ sed to

respectivel Y Pr O0L 85k Sna it BUIA-GEL il Buif LoLBt P RAG Sy pECON

node wherein: in rmnal’s are
respectivel y el ecpowaalolnyge comﬂwmmdldf the at least two output terminals when in use,

wherein the sensor provides a sensor signal in response to the sensor relay

being energized; and

a switching device having a switching relay having a single coil, the coil
configured to be responsive to the sensor signal for progressing between a first
mode and a second mode wherein: in the first mode the input and output
terminals are respectively electrically connected for allowing the load to
receive power from the source via the switching relay; and in the second mode,
the input and output terminals are electrically disconnected for preventing the

source from supplying power to the load via the switching relay.

2. A circuit according to claim 1 wherein the sensor relay is a low voltage DC
relay.

3. A circuit according to claim 2 wherein the switching relay is a mains voltage
relay.

4, A circuit according to claim 3 wherein the switching relay is a DC voltage
relay.

5. A circuit according to claim 1 wherein the sensor signal is:

an AC signal; or



allowing the load to receive power fromthe source via the switching rel ay;
and in the second node, the input and output termnals are electrically

di sconnected for preventing the source from supplying power to the |oad via
the switching relay; and a sensor relay having only one sensor coil, the
sensor coil being progressed to an energized state in response to a fault
condition indicated by a reference voltage for energi zing the swi tching
coil, wherein the reference voltage is a voltage between either one of the
input termnal or the output term nal and a reference conductor
electrically isolated fromthe input and output termnals. 7. Acircuit
according to clai éeredfremanmi@ kignalensor coil is a low voltage coil that is
energised in response to the fault condition. 8. A circuit according to

cl ai m 7 wher éi n t Hecdniyal ajnshit snglidingi | i s energised by a DC voltage. 9. A
circuit according to claim8 wherein the |ow voltage coil is energised by a
DC vol t age of gr eaitleast twigdrpus premipelstior el@ircally fonpestingacthoy hiwsgsduecec| ai m 6
wherein the switching relay has only one switching coil. 11. A circuit
accordi ng to cl ai #tdeadt tweeptrivhteyinpls by retestically toontdiog sntbradoaded state, the
switching relay de-energizes the sensor coil. 12. A control circuit

i ncludi ng: at | easswitahingirpipy bavtieg erilnahessviighing lceibtthe weichingcopedizireg with a
power source; -32: t wo . put LI f ri y
connecting with gt 9 %éaé%;ﬁ%ﬁ%% p%ﬁ‘%%&;ae?%dse%géé}?éﬁgtoa%ssf)%é’?@&s%ggj g%i tnhg‘3 coil,

t he sw tching coidwicbingirglay éda fitsd nlvde sed @ stconed npdendegirz édthiefirstesg@ionse to a
signal to progress the rela et ween two nodes wherei.n: in one of the
Todes the |t o BOHTE SHRRAeHEDs A6 TrRSTReP! Cery i fpRrie Y
connected for al | gwwigy thé®eal @Bdedite pdve BoahPede vid BBtk hiOdlgtndi a t he
swi tching rel ay; 'anﬂ}gi n the ot Ber node, . the input and output terminals are
el ectrically di scBnhéctSeEPnf ofops:eReniiY e OUPL BRI N8 uPRTFNY power
to the |load via tfigosMicdeaonpreb@iiay thedddtrcd BN sRplis) powdray idod $iangl e
sensor coil, the sensor coi|l for progressing to an energized state in
response to a faulPe Stz 49ddi cated by a reference voltage and
providing the signal, wherein in _the absence of a fault condition the
circuit includes? f#§S&dplpg haviug ody encsvasqgicsibdhe gepsorgodibeingiprogsseasiidi ng to

claim 12 wherein fheSEA30kaE B heshShs® th QWaliP b RGGL Ritlcated Y d Roference
voltage for energizing the switching coil, wherein the reference voltage is a
voltage between either one of the input terminal or the output terminal and a

reference conductor electrically isolated from the input and output terminals.

7. A circuit according to claim 6 wherein the sensor coil is a low voltage coil that

is energised in response to the fault condition.

8. A circuit according to claim 7 wherein the low voltage coil is energised by a
DC voltage.
9, A circuit according to claim 8 wherein the low voltage coil is energised by a

DC voltage of greater than one Volt.

10. A circuit according to claim 6 wherein the switching relay has only one switching

coil.

11. A circuit according to claims 6 wherein by progressing to the energized state, the

switching relay de-energizes the sensor coil.
12, A control circuit including:

at least two input terminals for electrically connecting with a power source;



energi zed in response to the fault condition.

claim 13 wherein the low voltage coil is energized by a DC voltage.
circuit according to claim 14 wherein the DC voltage is greater than one
volt. 16. Acircuit according to claim 12 wherein by progressing to the
energi zed state the swtching relay de-energizes the sensor coil.

13.

14.

15.

16.

232 -

at least two output terminals for electrically connecting with a load,

a switching relay having a single switching coil, the switching coil configured
to be selectively energized in response to a signal to progress the relay
between two modes wherein: in one of the modes the input and output
terminals are respectively electrically connected for allowing the load to
receive power from the source via the switching relay; and in the other mode,
the input and output terminals are electrically disconnected for preventing the

source from supplying power to the load via the switching relay; and

a sensor relay having a single sensor coil, the sensor coil for progressing to an
energized state in response to a fault condition indicated by a reference voltage
and providing the signal, wherein in the absence of a fault condition the circuit

includes no coils that are energised.

A circuit according to claim 12 wherein the sensor coil is a low voltage coil that is

energized in response to the fault condition.

A circuit according to claim 13 wherein the low voltage coil is energized by a DC

voltage.
A circuit according to claim 14 wherein the DC voltage is greater than one volt.

A circuit according to claim 12 wherein by progressing to the energized state the

switching relay de-energizes the sensor coil.

14. A circuit according to

15. A




