Overload Relay This invention relates to an overload relay for protecting a
notor (or other device) frombecomng thermally overl oaded. The maxi num

| oad cur rwot2omfo1ssirot or i s known as the Full Load Anps walreB2009/d6LA0val ue
of the nmotor. The FLA values of notors can vary fromO0.1 Anps to severa
hundred anps. Wen the current supplied to the notor by a power supply

exceeds the FLA value of the nopoL,.fgL4tRQ;L9ng, the notor can overheat
ay—rs—a—devrcg f

causi ng damage. An overl oad rel or protecting a notor or
ot her device froman overload condition byinterrupting the continuity of

t he power supply.before the notor or other device hecooes thermally

over | oaded. Fo&xéiaﬁﬁyg?%éOHDFSﬁaﬁﬁﬁ g8c89€°¥ﬁ5ﬁﬁﬁgl§eg§¥r 84ded due to
excessi vepgeyteedliaghai ngtsuppbiredthert hevipeor rebmdyecbaiag i nbal ance of
currents supplied by supply lines to the notor. Overload relays are

cl assi fi e§PBymal Yl PVEEaR2ARPs (FLA) val ue. An overload current is defined
as a current which exceeds the FLA value of the overload relay. The FLA

val ue of the overload relay is usually chosen to correspond to the FLA
val ue of the nBhermerintihelocddvicoertotbefpaonetbediby khhenouserkbad rel ay.

Overl oad rel ays are al so_classifi b tri ass. , The ip_class of an
over | oad thgyfagge?WPﬁega H& ﬁﬁx?ﬂﬁny??ﬂﬁ PE ghgowagoén %bSrFﬁéd current
can flow bgligee bhemeeBtsnubhyvatkyt icopovel BwMppl Yoi seivBkglrupted by the

overload relay. Typically, overload rel ays have atrig class of 10, 20 or
30, but OpHggrﬁgiﬁmgpasyggnapgg current supplied to the motor by a

power supply exceeds the FLA value of the motor for too

long, the motor can overheat causing damage.

An overload relay is a device for protecting a motor
or other device from an overload condition by
interrupting the continuity of the power supply before
the motor or other device becomes thermally overloaded.
For example, a motor may become thermally overloaded due
to excessive currents being supplied to the motor or due
to an imbalance of currents supplied by supply lines to

the motor.

Overload relays are classified by a Full Load Amps
(FLA) value. An overload current is defined as a current
which exceeds the FLA value of the overload relay. The
FLA value of the overload relay is usually chosen to
correspond to the FLA value of the motor or other device

to be protected by the overload relay.

Overload relays are also classified by a trip class.
The trip class of an overload relay determines the
maximum time in seconds an overload current can flow
before the continuity of the power supply is interrupted

by the overload relay. Typically, overload relays have a



exi st . The maxi mum perm ssible ratio of overload current to tinme flow ng
for a given notor is defined by standards such as the International

El ect r ot ewbrooalisgGonmi ssi on standard 60947 ("1 EC 60947" pCarGB2069001910
Underwiters Laboratories Safety Standard 508 ("UL 508") . Overload rel ays
are usually designed to interrupt the continuity of a power supply within

these standardls) ANMYEIIEASE) SCEMY | GURYotie AN OMSTdRAG LIS/ which is
twelve tinmes the maxi num working current for a period of up to thirty

seconds . F{iFt-8 shows a possible arrangenent for using an overload relay 1
(such as an overload relay according to the present invention) to protect a
t hree-phase AC notor 2 . In Fig. 2, the three-phase AC notor 2 connected

to a three- phastheAGgpawerm iy (idte steoving dify dhrndeslippinrdritnes 3a, 3b,
3c. The overl oaﬂﬁre_l a é is | ocated downstream of Cg contactor 4 . The
cont act or 4% FPEIELth A 19 Ehtt e d SHIETTDPY m@fRIHg and

restoring &g GRNWHHWI tit Ofndthieo MRPVET M B chifi&- Lo ARty s s a set  of
fixed contacts (connected to termnals LI, L2, L3) and noving contacts

(connect ed e dagrdiatll &’ TV IELR,6033)7 1otk d-Hien Unve pvidresuppl y |i nes 3a,
3b, 3c. T i : t trol 3 Lct t ted
¢ fL%b’B}Va:t’égc&Ce?s“ &%@eﬁiﬁ]‘;sﬁtaﬁh%(}ﬁqo liich XJLarS(f‘él ‘z)c rd%‘EBzQL%eadj (connecte

bet ween term na el ectrohagnet ‘energi'sed by current,
it generatres sy o iseded ushiadh ycldeseisyridte tooviimge rmonitadits: tawrithiendiitged cont act s

so as to provide continuity to.the power su . The overload relay controls
the suppl E)pfofa Wmsq@ly within L%ese stanpolgrds. A worst case y

scenario may be an overload current which is twelve times
the maximum working current for a period of up to thirty

seconds.

Fig. 8 shows a possible arrangement for using an
overload relay 1 (such as an overload relay according to
the present invention) to protect a three-phase AC motor
2. In Fig. 2, the three-phase AC motor 2 connected to a
three-phase AC power supply (not shown) by three supply
lines 3a, 3b, 3c. The overlocad relay 1 is located

downstream of a contactor 4.

The contactor 4 is an electrically controlled switch
for interrupting and restoring the continuity of the
power supply. The contactor has a set of fixed contacts
(connected to terminals L1, L2, L3) and moving contacts
(connected to terminals T1l, T2, T3) located in the power
supply lines 3a, 3b, 3c. The moving contacts are
controlled by an electromagnet (connected between
terminals Al, A2). When the electromagnet is energised by
current, it generates a field which closes the moving
contacts to the fixed contacts so as to provide

continuity to the power supply.



the el ectromagnet of the contactor. In nornmal operation (no overload) the
overload relay 1 supplies current to the contactor so as to maintain

cont i nui twoabiwtssipower supply. In the event of the not @CTHH2E@N0ITIIQ

over|l oaded, the overload relay 1 stops current from being supplied to the
contactor 4 which causes the contacts within the contactor 4 to open and so

that the contactyd dvdNtesd URdBay o1 NWHY Alpdhe Povelr sippl e A
circuit breaker 6 is |located upstream of the contactor 4 and is for

i nterrupt e tHecomiagnely of the govactpplin itPikRl ereraloion short

circuit. L I { S r ' [ onne e contactor
4 and all o@&?hoe&e%%a?é)z %@bﬁﬁ%%%%%wee%? a%%p%‘r%o%%%?e%%re two main
types of otes |lcadtaciay,selacttromecira cal caveirr wiady ref aytse guwlvest ect roni ¢
overload relays . Ele trorrechanifcal rel ays gg ude a therrrgi %Et al which
i s placed $¥PRach Isrhp%f‘i/ FYSHEE 1T &R IR Phes TS UPFTHE RS t her nal

bi metal beids dveIQRPItd 04y tD dthep £ Wieidnd | Wb HPUalbd Tiednth
therefore to the heat generated within the binmetal. |If an overload current
flows for Hgerdrdddior i hrevhigh e gt M RCihen thhien tilret al in that

supply line 4 aw)o%g}%% where a {@a@?{]}tegat%onr%%%})p% s, rel eased causing a

pair of contacts 1'n a contactor to open, ing the continuity
of the powertetppitys e ecdriei roointy mifi thheofpdweer povsslsuppl y has been
interrupted, the binetal cools and returns to its original shape and which
all ows the

A circuit breaker 6 is located upstream of the
contactor 4 and is for interrupting the continuity of the
power supply in the event of a short circuit. Local
controls 8 are provided which are connected to the
contactor 4 and allow the motor 2 to be controlled by an

operator.

There are two main types of overload relay,
electromechanical overload relays and electronic overload

relays.

Electromechanical relays include a thermal bimetal
which is placed in each supply line of a three-phase
power supply. Each thermal bimetal bends in proportion to
the current flowing through it, and therefore to the heat
generated within the bimetal. If an overload current
flows for a period of time through a supply line then the
bimetal in that supply line bends to a point where a
mechanical latch is released causing a pair of contacts
in a contactor to open, thus interrupting the continuity
of the power supply. Once the continuity of the power
supply has been interrupted, the bimetal cools and
returns to its original shape and which allows the

continuity of the power supply to be restored.



continuity of the power supply to be restored.Binetals heat and cool in a
way whi ch corresponds to the heating and cooling of a notor, i.e. according
to the thwormalo/assangy associated with a current throughPCha&BWIN01910he
thermal energy of a current can be defined as IRVE 2t where IRM5 is the
root mean sguared current and t is the duration of current flow By
choosi ng an el ectronmechani cal overload relay having a binetal which
approximates the thermal characteristics of a particular notor, the

el ect r omechani dalmedadrd dedhtr elrady doeolahilre & ovagyr ewhantth tdver matpemds am becomi ng

overl oaded., In practice,, this . s achi eved by sel ecting an el ectrqnechani cal
over | oad ?C@Iea);’ -r}%%ﬁolg I%é’ It‘?avfnogcﬂ#/’eslp&’fdsgct"vg’ﬁ FIR chet he |

not or.  El eGldr@i1C énaidypat Il iate dISE th GIIdigterdt atsffgrerctHe neasure the
current flow ng thro%%g each supply line of a power supply. The neasured

current | Sqteen Jhed the detle SRSTIXMRR Fercuendomam A yedfinask Jfower
supply shaul dibgpLptert uptgd,enM$H 8l ﬁ%‘éh‘)?hﬁa% rLoadehe! ayy work by

chargi ng a Capaci tor af™a rate proportional to the current nmeasured by the
current t rtduesfdumagrionThe chermgantorf lidwe @padidosrinigs arhen conpared to a

first threshold. If char exceeds the first threshol.d, then a hi-stable
relay is t 'eﬁﬁéfﬁn]eﬁh@ﬂfé%%t &St d:teltat'}’e%caﬁ’ﬁﬂgm?i %}“ﬁtﬁqhé’}ﬁﬁa?er suppl y.
Once the kippsicaihttied athd STHIMMReGhadeteaadiily off sChrngescwdd | it

drops bel ow a second threshold |l evel at which tine the bi-stable relay
returns t@qqngquﬁ,ﬁ%eqyﬁgmqqhﬁnlcal overload relay is able to

prevent the motor from becoming overloaded. In practice,
this is achieved by selecting an electromechanical
overload relay having an FLA value that corresponds to

the FLA of the motor.

Electronic overload relays use a current transformer
to measure the current flowing through each supply line
of a power supply. The measured current is then used to
determine whether the continuity of the power supply

should be interrupted.

Most electronic overload relays work by charging a
capacitor at a rate proportional to the current measured
by the current transformer. The charge on the capacitor
is then compared to a first threshold. If charge exceeds
the first threshold, then a bi-stable relay is tripped in
order to interrupt the continuity of the power supply.
Once the bi-stable relay is tripped, the capacitor
discharges until it drops below a second threshold level
at which time the bi-stable relay returns to its original

position.

At its most general, the invention provides an

overload relay for protecting a motor or other device



At its nost general, the invention provides an overload relay for
protecting a notor or other devicefroman overload condition, the overl oad
rel ay hawogomvassan nore shunt resistors which are | ocarablGB2009/®Bosuppl y
line(s) of a power supply for the notor or other device, and a control
means for measuring current in the supply line(s) of the power supply by

nmeasuring #hgn VB! tRES- 1asd P SSordi: SdlINtt He v OlodB )re IENE ORI SHW! Yy may
have a single supply line or plural supply lines. The supply line(s) may
carry AC orr DRraurshemt melstouss el giie Inaataduld rigl ayise nderined

current in the su Y | i 0 qﬁgpl i C t formers,
not shunt rirler{sla'l (ss'?ofég aPrdew%rusng?pel%\r,%Jn%c anin%:/oa dg%l ccgsﬁeg{]ddén‘{)?é?n’easur e
currents usid@ stumtraglesiesirs sfdaitmedsieady used-driterimal tHe -sowd@lys whi ch

bend according to the current passing .through it. The inventors have found

that shunt!&sist s ProRYEL HY a0 B RehiCIF e RETri bed bel ow.

In a firstzaspactef diigmd a4l (§hergd pdiavigighan mmeripad 4 el ay
according to claim 1. The control neans nmay be connected across each of the
shunt resisitrerls sswnly daime eveiRldiza lsi il  dpmesentTts VIR 1LY he vol t age

across eacﬂnseh&r}t é‘{a hiﬁﬂy o NG pARGAAdilg to the equation V=IR the

vol tage across th resistor 1s proportional to the current though the
shunt resistor, a signal representative of the voltage across the shunt
resistor is also representative of the current. through the shunt resistor.

Wen the over| GFFVPEYY SIETHUE TR e 1S QY] SISHET i n the
current path 19fe SURSPRLAINME of a power supply using current

transformers, not shunt resistors. Previous
electromechanical devices did not measure currents using
shunt resistors but instead used thermal bi-metals which
bend according to the current passing through it. The
inventors have found that shunt resistors provide various

advantages which are described below.

In a first aspect of the invention, there is

provided an overload relay according to claim 1.

The control means may be connected across each of
the shunt resistors, so it can receive a signal
representative of the voltage across each shunt resistor.
Since, according to the equation V=IR, the voltage across
the shunt resistor is proportional to the current though
the shunt resistor, a signal representative of the
voltage across the shunt resistor is also representative

of the current through the shunt resistor.

When the overload relay is in use, each shunt
resistor is located in the current path of a respective
supply line of the power supply and therefore the current

through each shunt resistor is the same as the current



supply line of the power supply and therefore the current through each
shunt resistor is the sane as the currentthrough a respective supply line
of the powerosuppsly. Accordingly, the signals represent CirGB2069/01e10 ent

t hrough the shunt resistors received by the neasuring units are al so
representative of current through the supply lines of the power supply when

t he overlqg\?ﬁ: IS ddb USBre & tor; ' ]t'éq_r able to

det er m ne ec{ e}f?yaan ov%l oad. c%%&?’tg?olnl%eexirggas éazpe& one%lﬁ;egﬁea more of the
si gnal s r dmasshtatliyve tdfe cuirgrents ttemmegentes istgpplfy dimesntof a power
supply wh the . overload relay .is in use. .The ter “current. t hrough the
shunt res?cg}roorusgh ang " &Hr}tenﬁé/stliﬁscootf Jiaﬁ:eelsvfpdplttv Irﬁﬁ‘r?eémﬁ%}f e overl oad
relay is ivhiuse'area e Usatdsdmfahiangesblgu el hiyugvaideoad condi tion

may be defined as a condition in which the notor or other device is at risk
of “bei ng &R 1M NGFeQlodddd PG Sumdive, "hhe tdiferdvead Sshditliash nay

include: quw rent,dhreaygh @ uRpl érhéajrpse iesxwé%l% Mdetey m ned threshol d,

e.g. an FLA value; current throu a supp ne exceedl ng a predeterm ned
t hr eshol d dedre ranipree ddtedrhr mexdh armmumitoagt ddnul;t dlags ex0fstes dagmsdy dri ne (i . e.

zero current in the sgﬂ‘ﬂl% line eind/ or_redu ecjc.currefgt in a.supply line.
For the avoitdafc&GF Bt HIE B 8 &ESEN e e se b & d€Yei ng based on
a signal, dhiatugly e¢RSSUpl e ididedd ¥ hased auddiat wsignalheor indirectly

based on that signal. For exanple, the process nay be carried out using a
further sioFedLoms Aeltys e ¢S vl GHMShe BHIFHaltigiansdl theat her t han

usi ng theé%ﬂdy @@sfgﬂyyg”iéﬁﬁﬂ‘current through theée supply lines

when the overload relay is in use” may be used

interchangeably herein.

An overload condition may be defined as a condition
in which the motor or other device is at risk of being
thermally overloaded. For example, the overload condition
may include: current through a supply line exceeding a
predetermined threshold, e.g. an FLA value; current
through a supply line exceeding a predetermined threshold
for a predetermined amount of time; loss of a supply line
(i.e. zero current in the supply line) and/or reduced

current in a supply line.

For the avoidance of doubt, where a process is
described as being based on a signal, that process may be
directly based on that signal or indirectly based on that
signal. For example, the process may be carried out using
a further signal which has been derived from the original
signal, rather than using the original signal itself.
Thus, the control means may be arranged to determine that
an overload condition exists based on a signal or

parameter which is derived from one or more of the



Thus, the control nmeans may be arranged to determ ne that an overl oad
condition exists based on a signal or paraneter which is derived fromone
or nore oVobthegiigsial s representative of current throughPCig&ERhM1IIeS] St Ors
In summary, the overload relay according to the first aspect uses shunt
resistors to nmeasure current through the supply lines of a power supply for

a nmotor orgiQders A Lseritter 1 Y &8 Qs ame hsfigted Hdadhddd s arrangenent

is able to provide various advantages over previous overload relays. One

advant age Hssitsfs@tirss shunt resistor can be nuch smaller than a current

transforner having the same current rating, therefore allowing a smaller

overload relay to be produced. A snaller overload relay can al so be

produced becaudsm tshenmshtint tilse | oatladdd® deldyheiordinig pad hclod a supply

l'i ne of aE?omer su pI Shunt. resistors al so have a | ower cost than
St ihero

equi val entt I 0T Pt SRRISHth® RRAMEREBITEHe over | oad
relay aCCQin'd?ﬂ;ht aHefdgs) eshReftoft % tﬂ?ﬁtert he, ey |aad 4 ehdod abl e to

be used with a direct current power supply for the 'notor or other device.
Previ ous dltéd&anr clsive asrerTisadi nedner spiaste e eiad diftat rignist or msr s for

current MRASUL %‘?r[étntc%% 4o ?’tucﬁr’g?ﬂfﬁ% W A LTNAL NG, Sl rent s The

control neans i ncl'ude a measuri ng units;, eac neasurlng
unit beln@ngynuﬂﬁenbdniaadefﬁmﬁysve one of the shunt resistors and
arranged to receive a signal representative of current through the shunt
resistor to which it is connected. Each measuring

One advantage is that a shunt resistor can be much
smaller than a current transformer having the same
current rating, therefore allowing a smaller overload
relay to be produced. A smaller overload relay can also
be produced because the shunt is locatable in the current
path of a supply line of a power supply. Shunt resistors
may also have a lower cost than equivalent current

transformers.

Yet another advantage of the overload relay
according to the first aspect is that the overload relay
is able to be used with a direct current power supply for
the motor or other device. Previcus electronic overload
relays which used current transformers for current

measurement could only be used with alternating currents.

The control means may include a plurality of
measuring units, each measuring unit being connected to a
respective one of the shunt resistors and arranged to
receive a signal representative of current through the
shunt resistor to which it is connected. Each measuring
unit may be provided as a separate integrated circuit,
such as an “application-specific” integrated circuit

(WASIC”) .



unit may be provided as a separate integrated circuit, such as an
"application-specific" integrated circuit ("ASIC') .Each neasuring unit my
be connecwoedowarissis a respective one of the shunt resi sPOTAB28@/®&0N
measuring unit can receive a signal representative of the voltage across a
respective shunt resistor (which is also representative of the current
t hrough the shunt resistor by the equation V=IR) . The neasuring units of
the overload relay nay be electrically isolated fromone another. In other
wor ds, the neastadmgneasusimpyurbet anaanigedcourdctdrhtadtesse as no direct
el ectrical_connection or cfg tact between each of the asuring units. The

r

el ectric iSRS o T He FHEy HOT Ry £35S SRt EEtri cal

i sol ating ymaitterdsH heiawan 4 hei JRasurdgiedotidseidd dheH@asdridsge units are
coupl ed to each other, the electrical isolation nmay be provided by the
measuri ng afiasS Fei IRFRFUPHER] I acte BtHET bW b 6rs ks el ectrical |y

I sol ating &%%%&i%&@%ﬁé&s%eﬁéoéﬁ&!& Qofh&r{ta'%éﬁé?&s- The

vol t ages be e sup a power supply, e.og. ree phase AC
power supply,thearedyetiery V=elfRje. Consequently, the voltages between the
shunt resistors of the overload relay may in practice be very large. The

i nventors have observed that |arge voltages such as these could cause

damage to the ques Inaduelay drfi@ady adhd hershid resis) odsy Wiy e connect ed
to a single unit. Therefore, if the overload relay has neasuring units

whi ch ar e lesdrdicadlly Jislahad 1o Gife AT, Ihedwsr Ivadisel ay my be
I ess "kaﬁﬁé‘hé§%d¥ﬂﬁgﬂﬁhf%@ may be arranged such that there is no

direct electrical connection or contact between each of
the measuring units. The electric isolation may be
provided by providing a space or an electrical isolating
material between the measuring units. If the measuring
units are coupled to each other, the electrical isolation
may be provided by the measuring units being coupled to
each other by one or more electrically isolating

components such as optical isolators and/or transformers.

The voltages between the supply lines of a power
supply, e.g. a three phase AC power supply, can be very
large. Consequently, the voltages between the shunt
resistors of the oyerload relay may in practice be very
large. The inventors have observed that large voltages
such as these could cause damage to the overload relay if
each of the shunt resistors were connected to a single
unit. Therefore, if the overload relay has measuring
units which are electrically isolated from one another,
the overload relay may be less likely to be damaged by
the large voltages that may exist between the supply
lines of the power supply.



the |l arge voltages that may exist between the supply lines of the power
supply. Each neasuring unit may include an anplification neans for

anpl i fyi nyotzhw/asgymal representative of current throughPCigsEhMOITIes] St Or
to which the neasuring unit is connected. This may nake the signal easier
for the control unit to process, e.g. if the shunt resistors have a | ow

resistance them e hldiAdes A1 hatNa Rl U LOSIRHANT coulid e very smal|

and so difficult to process 1f unanplified. Also, the anplification nmeans
may be useg¢ans tier adjplsitivemg dthearsiBbAly alepy egfentiad igedioathnreindy, as
descri bed in nmor e q]%t asih!unl%el QW.. 'Ehe %érq):wihg;c ation_neans .na uinn(;cl ulde one or

thr resistor the measurin it 15
nor e arrpllfhl ers. € dgain of somne or he “one “or nore arrpllfsl ers may

be adj ust abheedteel. MHAG a@Ehake Eaeh sTR@SUr icdg Wt tforyhencl ude an
anal ogue to digital converter for converting the signal representative of
current tPOEFR Lt MO ihhft BrESSStSor &t @ -whifc AlEn & Meds FSSHF Wadist hiedeconnect ed

into a digihal, signaltante (Mgl e FARBGR s’ LUPJRE tIRASWING uni ts may
subsequent|ly processed by a digital signal processor and/or a central
pr ocessi ngeghistt orEGPYpul dEdeh viegas wnadd @mict seay@ilifdfdlandd & enecggsst ore for

storing ener t 0. r, t measurin nit. This may enahl e.each measurin
unit to bé%p%\%gﬁg&l%r?'p%\?@ro’frgﬁ Y ?@&é&%%t‘%r rrlnz%%ntso%} ebr?eglsslﬁeﬁ ng uni'?
(e.g. fromnatpewerd jsispplentunift an Fireraue@. off thike o@aluwadgelnit,s are
powered fromone of the supply lines (e.g. as_describhed below) , then

i ncl udi ng 28n GEFEEGPESt de MeEF &dFd Fd Oifeadtt RFPIATESEAH %Font i nue to

function W@%ﬁst%%y include one or more amplifiers. The gain of
some or all of the one or more amplifiers may be

adjustable, i.e. programmable.

Each measuring unit may include an analogue to
digital converter for converting the signal
representative of current through the shunt resistor to
which the measuring unit is connected into a digital
signal. The digital signals from the measuring units may
subsequently processed by a digital signal processor

and/or a central processing unit (CPU).

Each measuring unit may include an energy store for
storing energy to power the measuring unit. This may
enable each measuring unit to be powered when power from
a source external to the measuring unit (e.g. from a
power supply unit) is removed. If the measuring units are
powered from one of the supply lines (e.g. as described
below), then including an energy store may enable the
measuring units to continue to function when the
continuity of the power supply is interrupted, e.g. for
more than 10 or 15 minutes so as to allow the cooling of
the motor or other device to be modelled. The energy

store may include a capacitor.



continuity of the power supply is interrupted, e.g. for nore than 10 or 15
m nutes so as to allow the cooling of the notor or other device to be
nodel | ed.wOhe10enesigy store may i nclude a capacitor. The ®OMGBOMBINS Mmay

i nclude a processing neans arranged to determ ne whether an overl oad
condition exists based on one or nore of the signals representative of
current through the shunt resistors. The processing neans nay be a digital
processi ng neans, since digital processing neans (e.g. digital processing

units) have beamd st idl aldawe fRle B & airsgsdiald aeafs whet her an
overload condition exists. The processing nmeans nmay include one or nore
proceSS|n@ﬁﬁﬁQQ?Qﬂﬁﬂ(ﬁeﬁfﬁﬂ%RQ1ﬂh%ﬁQﬁ%§§}ﬁ&ﬁﬁ%qa AR Prto@ssi ng means may

be arr angee%flts%sor&dég& SR JPhR S Walis d eprgsant atdwe Qnddhe ther mal

condition of a notor or other device based on one or nore of the signals

represent atfi \mlnﬁermjrtrl‘emuqfhmnﬂgrshmet steaits trags -stldves professirgnal  (s)

representative of t af 44 ondlt i on .of a notor Qar oth q: i ce may be
to t

produced JEEOHUIMNY rﬁﬁﬁﬁesﬁl%grnﬁans’ S0t Te C%éEV|ce A t her mal

nodel can ge _eyi nﬁadrﬁipr(%.ej’lt atii cpire 20 ﬁﬂtﬁ:éshsemmlurﬁatmacmafva)f a nmotor or
ot her devi ce. For exanple a thermal nodel for a notor could be based on
t he val ue bsren Rwmd t%f’éflé"‘l RS S fraldsteiedatian v of the root

mean squargd +Huy ey JJHIQ% & oHHN 1 SrES:Stds anthd ﬁr%éésr@ncf‘s anot her

exanple, a thermal nodel for a notor could be based on the val ue of
| RV62- 77t meants afayi sirtdioadghtornten am me mee qurcatasi sy ngefunddts taned Adreramal

response o
P eﬂ%ral processing unit.

The processing means may be arranged to produce one
or more signals representative of the thermal condition
of a motor or other device based on one or more of the
signals representative of current through the shunt

resistors.

The signal(s) representative of the thermal
condition of a motor or other device may be produced
according to a thermal model of a motor or other device.
A thermal model can be seen as a representation of the
thermal capacity of a motor or other device. For example,
a thermal model for a motor could be based on the value
of Imwzt, where Igys 1s a signal representative of the root
mean squared current through a shunt resistor and t is
time. As another example, a thermal model for a motor
could be based on the value of Ims® ''t, which is thought
to more accurately reflect the thermal reéponse of a
motor compared with the wvalue of Immzt. Thermal models are

well known.

The processing means may be arranged to produce one

or more signals representative of peak current through
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notor conpared with the value of | RVS 2t . Thermal nodels are well known.
The processing neans may be arranged to produce one or nore signals

repr esentwizow/afsipeak current throughone or nore of theCTaBOX®$I18t Or S
based on one or nore of the signals representative of current through the
shunt resistors. The processing neans nmay be arranged to determ ne whet her

an over| oagh £ondifdon gxisls based AL, Sl gnald Sy LaRL esefaLd ve of the

thermal condition of a notor or other ‘device and/or the sign (s)

r epr esent aifi vieheofs jppakl £ uremrgserDed ere m hgwhsdritertramowytertlomd condi ti on
exi sts based an signq&ﬁ%;) representative of the thermal condition of a
nmot or or Ot t Ps in the determ nation of whether a notor or

ot her device is thermally overl oaded. Determ ning whether an overl oad
condition exists based on signal (s) representative of peak current may be
usef ul because TR RTRGAS S HFAIRGRES e ¥vdtdh 3R IER5HI 5P |9 HINS power

supply can,| 4 G ci%xofoé%?cé%ﬂc{‘lgcitﬁéée@i'étys Qerdpaged.pd n one preferred

arrangenent, the processing neans inc s a plurality of processing units,
e.g. digitzlgrsgisal yeocesssdra;iwacht priceadsimg lunidndigiingn latated in a
respective one of t measuring units. In other words, the processing neans
may b d ST BRI CHE RS gt (e Eaoh ARt v UF ¢
| ocat ed i bR geSPaGLH M ONED O e Arklieh IRASHHE U1 NIt SovEy gy arranged to
produce a signal representative of the thermal condition of a notor or

condition exists based on signal(s) representative of the

thermal condition of a motor or other device helps in the

determination of whether a motor or other device is

thermally overloaded. Determining whether an overload

condition exists based on signal(s) representative of

peak current may be useful because a current imbalance

between the supply lines of a power supply can lead to a

motor becoming thermally overloaded.

In one preferred arrangement, the processing means
includes a plurality of processing units, e.g. digital
signal processors, each processing unit being located in
a respective one of the measuring units. In other words,
the proceésing means may be distributed between the

measuring units.

Each processing unit located in a respective one of
the measuring units may be arranged to produce a signal
representative of the thermal condition of a motor or
other device based on the signal representative of
current through the shunt resistor to which the measuring
unit is connected. The signal representative of the
thermal condition of a motor may be produced according to

a thermal model, e.g. by a modelling means.
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ot her device based on the signal representative of current through the
shunt resistor to which the neasuring unit is connected. The signal

repr esentwizow/afsithe thernal condition of a notor may IPETHGBR2AMBHI10
according to a thermal nodel, e.g. by a nodelling neans.Simlarly, each
processing unit located in a respective one of the neasuring units may be

arranged to pr%&ﬂgr@dCH%ﬁ%@]&Yﬁ]ﬂ Reak &yryeny based on the

signal representative of current e shunt resistor to which the
measur i ng ngERed Sl MR t@d. tthaned gval ng eprissemat ibee af rapesdd cur rent  may
be produced by a peak. detec . Each processing,unit |l ocated in a

resBecti vgjroon&/euco? 1 He' naalsulf'el%:]rge%%ﬁastp%? Cbtz L e d%‘?%‘?‘%% whet her
an over | oathe aidjrid O e @i sden thasiere aff thersdrgnalh rRepfreseid adhwe: of current

t hrough the shunt resistor tqQ which the measuring unit is connected. For
exanpl e, &5 PrIcdi'HY Uhith T IRIT HetF MHe viietarinest eferTitad conditi on

exi sts based; N a St APrRSE td e Al g thes ef%{ Sl dd P pf @ ot or

or other device and/or a signal representative of p current produced by
the sane pr qeegsidrfaatiar. The determ nati on of whether an overl oad
condition exists may be perfornmed by a logic circuit . One of the plurality
of nmeasuring units nmay a naster neasuring unit arranged to produce the trip
signal . The on@&awh PyEaidiarg mEaSUridg e tis mRyrddpiafore e dave
measuring units. In a preferred arrangenment, each measuring unit is

arranged tCISAETHNQ MBS Y RRerd ORI IChdia i 89t ik i9fe mast er

measuring d#Nidverload condition exists based on the signal

representative of current through the shunt resistor to
which the measuring unit is connected. For example, each
processing unit could determine whether an overload
condition exists based on a signal representative of the
thermal condition of a motor or other device and/or a
signal representative of peak current produced by the
same processing unit. The determination of whether an
overload condition exists may be performed by a logic

circuit.

One of the plurality of measuring units may a master
measuring unit arranged to produce the trip signal. The
one or more other measuring units may therefore be slave
measuring units. In a preferred arrangement, each
measuring unit is arranged to determine whether an
overload condition exists and the master measuring unit
is arranged to produce the trip signal if any of the
measuring. units determines that an overload condition
exists. However, the determination of whether an overload
condition exists could alternatively be carried out only
by the master measuring unit, e.g. based on signal(s)
representative of the thermal condition of a motor or

other device and/or signal(s) representative of peak
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is arranged to produce the trip signal if any of the neasuring units
determ nes that an overload condition exists. However, the determ nation of
whet her awoavsvdissad condition exists could alternativel pChaBa0vioedoout
only by the master neasuring unit, e.g. based on signal (s) representative
of the thermal condition of a notor or other device and/or signal (s)

represent gl Ve, of PERAKCUNE eRdadt LIRS hen PBASUL I iis 1 L §1 2P MBSt er - sl ave
arrangenent nmay have the advantage of being | ow cost, e.g. because it can

avoi d use afrangemnralmgy oexesi tge undvantage olmBeingrebauréagtunit is
preferably coupled to the other neasuring.unit(s | ignals to be
b al SR CATRE L 0 LR £ phose sl g

transm tted Pet asuring e couplin one or nore
el ectricaldhyitsol ati ng conponents, such as optical isolators, so that the
measuring units can be electrically isolated fromeach other. In another

preferred arrangenent, the processing neans is a central processing unit

(CPU) coupl ed tf,d he, oeasurd0g, Bk g Sun D Advant a0e.19f  t b o Eg apgenent i s
that the CPU can carry out cal cul ati ons which invol ve/ conbi ne the signals
repr esent atheweotfexumeasurinomal t (of tdhex et wignplsi te beThe CPU may be
electrically isolated fromthe nmeasuring. units,. e. 0_pr | ar ge
vol t ages t%%?n?%ﬁg%??s?etb%?%e%h? hnée%%l‘bp ryl/gllitlrhle%s b?rlf%]ec%éﬁgfgéu% y from
damagi ng the KPWwndher Gk erayl éber eéor By bessupieg ¢anphieemessusidty units
by one or nore electrically isolating conponents, such as optical isolators
and/ or trasfeRpefal isolators, so that the measuring units can be

electrically isolated from each other.

In another preferred arrangement, the processing
means is a central processing unit (CPU) coupled to the
measuring units. An advantage of this arrangement is that
the CPU can carry out calculations which involve/combine
the signals representative of current from all of the

measuring units.

The CPU may be electrically isolated from the
measuring units, e.g. to prevent the large voltages that
may exist between the supply lines of the power supply
from damaging the CPU. The CPU may therefore be coupled
to the measuring units by one or more electrically
isolating components, such as optical isolators and/or

transformers.

The CPU may be coupled to an energy store for
storing energy to power the CPU. This may enable the CPU
to be powered when power from a source external to the
CPU (e.g. from a power supply unit) is reméved. If the
CPU is powered from one of the supply lines (e.g. as
described below), then having such an energy store may

enable the CPU to continue to function when the
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The CPU may be coupled to an energy store for storing energy to power the
CPU. This nmay enable the CPU to be powered when power from a source
external wo2tm18RU (e.g. froma power supply unit) is PeEm®BB2d0/d0i910he CPU
is powered fromone of the supply lines (e.g. as described below , then
havi ng such an energy store may enable the CPU to continue to function when

(econt Y4 Sl P SO, SUPALY J &) S MRS G O grrgdhan 10 or

15 m nut es so as cooll device to be
t her mal | y mmdeldhedh IThererndsr gyirsttye gmynd nad uwdd av aapaciddringlhe CPU may

be arranged to power the neasuring units. The CRPU nma ncl ude an oscill ator
for poweri 5 e £3uR T Tu etVchgel'H'é’ (R?erqhﬁéﬁ‘qjgiyaﬁcfﬁjﬁ/lli%'l Jde€ a

plurality Qfeddanfc¥dmel=y antithee PUdpaeikearranged to power each of the
measuring unit’s through a respective one of the transforners. This

arrangenment may help to provide electrical isolation between the CPU and

t he measuri ng it T tr gﬁg@ r.han det erm ne whet her
an overl oad co#gfet i%(%:‘rtlJ gr%yg'?% base n ﬁéﬁ%‘%\/xgltﬁe gnﬁe sz)u%lglg{ri p cl ass of
t he overl aad trsel e ICRY. mschiridiatidd ke @serilldad orelfyr hasvehiend rdhepi ng

characteristics ,associ.ated gth th%ﬁl}tA val ue and/or. trip class. As
expl ai ned "EEGHE 10 &NGSd 1Sy S Fo4aY &¥ssiNGiétfSctording to their

FLA val ue /%mﬁatl_rﬂtrgz l@@%%ad@'ﬂd:ﬂ?nékrse 40t R neeldpik iewn RaramiRfen tthe FLA

val ue and/or trip'class of the overload relay may be adjustable by a user.
Ther ef or e pavars@adhs ofbltdie Gesuing MDA bralthe caedy & 199Reidss of the

one of the transformers. This arrangement may help to
provide electrical isolation between the CPU and the

measuring units.

The control means may be arranged to determine
whether an overload condition exists based on an FLA
value and/or a trip class of the overload relay, i.e.
such that the overload relay has the tripping
characteristics associated with that FLA value and/or
trip class. As explained above, overload relays are
usually classified according to their FLA value and trip

class, which are'both well known parameters.

The FLA value and/or trip class of the overload
relay may be adjustable by a user. Therefore, a user is
able to set the FLA value and/or trip class of the
overload relay according to the requiremenﬁs of a
particular motor or other device that is to be used in
combination with the overload relay. The FLA value may be

adjustable over an FLA value range.

Although it is known to have overload relays which
have adjustable FLA values, existing overload relays tend

to have a very limited FLA value range, due to their
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overload relay according to the requirenents of a particular notor or other
device that is to be used in conbination with the overload relay. The FLA
val ue maywbeosdjissttabl e over an FLA val ue range. Al t hou@hTidB20&/domavn t o
have overl oad rel ays whi ch have adjustable FLA val ues, existing overl oad
relays tend to have a very limted FLA val ue range, due to theirusing

current {1 ANS{OIIELS. KO TIEAME & £ULL YU oD d S ASKANSE A

transforners nnot  usu y measure currents over a w de ranger%ecause t hey
tend to sdtagatse aturiggit duraresfermeite qeossithlues A w atames of
el ectronechani cal overl oad .rcﬁelra S gra:er(l;_zleven nore restricted due to the need

to use a dHFEER DiFetdl™y LR (1t he QVvRT YL S el ay of

the presenit iMivgNtdWberiy I effe I SodBaT¥ ed pWaShidY desistors which can
typically neasure currents over a w der range than an equival ent current

t r ansf or nerlectiromsdiaaniale HRTIRH Tl Gre IRV 65X i nvention may
have a wi qeés‘#:ﬂi%t"e% Y ac’lgecl-f%grgeeq{ & Q& Qv ;ﬂ%&fﬂhaﬁ@né@]{*&dfm' ude

current transfornmers. An over relay according to e ITnvention may, for
exanpl e, heaoh &lmaxiatura.FLA val ue which is five or nore tines, or ten or
nore tinmes |arger than a m nimum FLA value. This may allow, for exanple, a

current range of 0O .IAto IOCOA to be covered by three or four different

overload rel aysiagcand RErdra dde ddIMBNIGORNhEL ke S0 RidhtiaIlie ranges of
O .IAtolA ITAto 10A 3.7A to 37A and 6.3A to I 00A. Typically, seven

current treatSTeEmerS Bess iafk Yo £ U] £8$ iGt ofisnéthdeh amet al - based
over| oad rt%}p%%%lwln%a%%&e%etnocsc%%rr 4 wider range than an

equivalent current transformer. Therefore, the overload
relay of the present invention may have a wider FLA value
range than previous overload relays which include current
transformers. An overload relay according to the
invention may, for example, have a maximum FLA value
which is five or more times, or ten or more times larger
than a minimum FLA value. This may allow, for example, a
current range of 0.1A to 100A to be covered by three or
four different overload relays according to the
invention, e.g. using FLA value ranges of 0.1A to 1A, 1A
to 10A, 3.7A to 37A and 6.3A to 100A. Typically, seven
current transformer-based overlocad relays or nineteen bi-
metal-based overload relays would be needed to cover a

range of 0.1A to 100A.

The tripping characteristics of the overload relay
may be arranged to correspond to the FLA value and/or
trip class of the overload relay in any suitable manner.
For example, the tripping characteristics of the overload
relay may be arranged to correspond to the FLA value of
the overload relay by changing the gain of the
amplification means in the measuring units. As another

example, the tripping characteristics of the overload
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range of 0.1A to I00A The tripping characteristics of the overload rel ay
may be arranged to correspond to the FLA value and/or trip class of the
over | oad wel2aw/iimi1any suitabl e manner. For exanpl e, thePCTiGRE00901910
characteristics of the overload relay nay be arranged to correspond to the
FLA val ue of the overload relay by changing the gain of the anplification

nmeans int ri J a i ppl
char act eri%ellégq?)%&t e %%%érr?%%ﬁrg? a@g%ggé%@éﬁgﬁ%}é%hf%{é:oﬁéeé;%o%% to the
trip cl asstiod dher bvad | valey ébays it sl ¢ adbl eewd t Bs@td Ora of harhdier mal nodel

used by the overl oad rel e.g.. by altering a tine constant of fhe thermnal
nodel . Thé ¥ r‘b?e‘?d'reté)hs%yo‘b%ﬂa‘?%/%n’@%]oaﬁf'o Droddte ATt G gndlC t o
restore thesdniUt Verd thermowahosappl y. The control means may be
arranged to produce the reset signal if it determ nes that an overl oad

condition does not exist based on one or nore of the signals representative

of current thr%@%&&f@%eéﬁ%iﬁ%?@e o Elgrg(%é&]itsoiﬁrc; c&aasereé@te

overload relay can be reset wt manua nt ervention by a user. The
control nesicmaiaytorekesttdies et eron tiaiu oty ba echompeignadugs)y .
representative of the thermal condition of the notor or other device and/or
signal (s) based on peak current through the shunt resistor described

above. The overfiad:-dral @1 Myahaves ol onitd<a nslg @l @ ngial node. I'n
the automatic node, the control neans may be arranged to produce the reset

signal if iesefetrdidlesif hidt et oveiiead vohdn o doead mrndiiisen e. g. as
described ahave,od NG YUY JPAhe 1A LU 'Y {TRANSi gnals

representative of current through the shunt resistors.

Where this is the case, the overload relay can be reset

without manual intervention by a user. The control means

may make this determination based on signal (s)

representative of the thermal condition of the motor or

other device and/or signal(s) based on peak current

through the shunt resistor described above.

The overload relay may have an automatic mode and a
manual mode. In the automatic mode, the control means may
be arranged to produce the reset signal if it determines
that an overload condition does not exist, e.g. as
described above. In the manual mode, the control means
may be arranged to produce the reset signal in response
to user input. The control means may be
adjustable/switchable between the automatic mode and the

manual mode.

The overload relay may include a trip circuit
arranged to interrupt the continuity of the power supply
in response to the trip signal from the control means.
The trip circuit may be arranged to restore the

continuity of the power supply in response to a reset
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may be arranged to produce the reset signal in response to user input. The
control neans may be adj ustabl e/swi tchable between the automati c node and
t he manuawvorroten1s8iime overl oad relay may i nclude a trip ecCraB200%01anged to
interrupt the continuity of the power supply in response to the trip signal
fromthe control neans. The trip circuit nmay be arranged to restore the

conti nui t ys ofnd her RANEThS UBPAYré N FESPONSERd Oc B ESELSh PNk § N t he
control neans. The trip circuit may be arranged to interrupt/restore the

cont i nui t y2fandrd penekn sepPIRE (F es o rorthr tent ihel tyme f ot hereeowe may be

coupl ed tos&e&?h} Py ¢l redid ~Pne or nore electrically isolating
conponents €.g.” optical i sola ors, to allow a trip/reset signal fromthe

processing neans to be transmtted to the trip circuit whilst providing
el ectrical isol @tion bet ween the processing neans and the trip circuit. The

trip circuit G fQHdeRa BT e 5 . LURRTT NgHDe et alP T ihdbl e

bet ween a gy rede sdabhdr& afd @F atd 01y fodo it 8d Wlhphdhes coginuity of the
power supply and a second stable configuration for restoring the continuity
of the povRtistipplisolpieotsi prteiakhivt ardrimteskt asigngl chpacithe for
storing c r 1 i t - nl.e y,d nto the first
confi guram%%%%enfﬁ%% ptg:ﬁi%]een%ar?%@]béutcfeé :édraets}%a{| tgralﬁ?iccfltrocru tor storing
char ge f orwhsiiistchhmg idiendie @t ecalelimpliattion heetsesandlgonf i gurati on. The
trip and reset capacitors may be useful for avoiding a scenario where there

i s insuffiAEHRSTHT S THhA 20 €L her e

The trip circuit may include a bi-stable (i.e.
latching) relay switchable between a first stable
configurafion for interrupting the continuity of the
power supply and a second stable configuration for

restoring the continuity of the power supply.

The trip circuit may include a trip capacitor for
storing charge for switching the bi-stable relay into the
first configuration. The trip circuit may include a reset
capacitor for storing charge for switching the bi-stable
relay into the second configuration. The trip and reset
capacitors may be useful for avoiding a scenario where
there is insufficient current/charge available elsewhere

in the overload relay to switch the bi-stable relay.

The trip capacitor and/or reset capacitor may be
protected from discharging. In other words, the trip
capacitor and/or the reset capacitor may be protected
from discharging in the event that a power supply to the
capacitor is removed. This enables the trip circuit to
switch the bi-stable relay in the event that a power
supply to the capacitor is removed. It is particularly

useful for the reset capacitor to be protected where the
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in the overload relay to switch the bi-stable relay. The trip capacitor
and/ or reset capacitor may be protected from di scharging. In other words,
the trip wepaovatissiiand/ or the reset capacitor may be pr@CeaiBdo%aoorm

di scharging in the event that a power supply to the capacitor is renoved.
This enables the trip circuit to switch the bi-stable relay in the event

that a powefe SUPR Yrd Paf NEs CIPREFL QT £+ rﬁrq@vgéjn It oh Sy PALLLEW 251y useful
for the resegt capac]i:torIIto be protect e%n ere th%oé/%r?%ad é%%yay%s power ed
fromthe stme movwer swupptlyeasdeniceantsre drelier sieweetl{seavdeloay , since

th I I t i Vi f th I th
cont i nui ty- O HEhoer® SURRTYY TA8 IPAFY (i 2 S P SR 1 SFPREARS Hay be

arranged tithd esgivensignads tepresest asupel fivoliegesupesaween the shunt
resistors, e.g. by each nmeasuring unit being connected to two or nore of
the shunt resistors. The control neans nay be arranged to cal cul ate any one

or more of: undg(d QVett MOl LRleh s IR 1AITd Bng PP Sl LN d eé‘fctme&)Pé’Ver

factor, and energy consunption based on the signals representative of

vol t ages. Rrreombaliveans neytiges deketwrsn drhengleantenpes st tuwwes sensor s,
e.g. for rreeasurbi ng any one or. rmrenlotf t erm nal terg)%i ture, shunt
terrperature',g'or Y ocdr” dhbi ehit rf%rf‘beratkfﬁjer?g Det e $5om t He Ee(?rp%Jf ature
sensors cawrk her ugsed drupr opd slestdher THOtE@M 1 1 frsad Handptig or ot her
device, or to provide a warning to a user. The shunt resistors my have a
resi st anceOrRNIRN dr0 | &S U3 i H i Qe (RONERCT DL § PRIRE AINRE resi stors.

The shunt J@siseor s dBmy havees | eshstAlee Qfr 200V Qoo esad@or,

and energy consumption based on the signals

representative of voltages.

The control means may include one or more
temperature sensors, e.g. for measuring any one or more
of terminal temperature, shunt temperature, or local
ambient temperature. Data from the temperature sensors
could be used to provide other protection for the motor

or other device, or to provide a warning to a user.

The shunt resistors may have a resistance of 1mQ or
less, to minimise power loss in the shunt resistors. The
shunt resistors may have a resistance of 20uQ or more, to
ensure that the voltage across the shunt resistor is

sufficient to be detected by the measuring units.

The power supply may be an AC power supply. The
power supply may be a three-phase AC power supply having
three supply lines, in which case the overload relay may
suitably have three shunt resistors and optionally three

measuring units.
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ensure that the voltage across the shunt resistor is sufficient to be
detected by the neasuring units. The power supply may be an AC power
supply. TWe 2povmassisupply nay be a three-phase AC power ®apBrotvz0iag t hr ee
supply lines, in which case the overload relay nmay suitably have three
shunt resistors and optionally three neasuring units. The overload relay may

i nclude a powerpsunphyy LOAL £O7asURR Vil RVes o dhes QYT agdi¢el ay. The
power supply unit nay be arranged to be powered from one or” nore supply

| i nes of tHer powrrlsuppl Jowdr cho pohereve hoakviekayt The gppotecting. The
power supg&y be bed .in.connection with the third aspect

\ } :
of the inverﬁl‘:a.lfc}“urﬁ%/ m%%abse daegfar‘ﬁ%‘?go o he powered 4o on€ o

r .
a cond aspe nventi on, there is provided an

appar at us rhéwe NguFPp Pt DInds Of hetie devh€r; swwpPOyerh Setppboywddyitige a plural ity
of supply lines for supplying power to the notor or other device; and an

over| oad rét%) s desT it abtie; TR PIMtSTRRIS 1 H 1 bMIhePDVR? | oad
relay bei ng.docatesl 10 dAensUE1ERy DA N @nTRSPESIdve SEpphy |ine of the

power supply. In a third aspect of the invention, there i1s provided a power
suppl y uniin¥entisuppl yi ng power to an overload relay, the power supply unit
having: a rectifier for producing a direct current fromone or nore supply
| ines of an AC power supply connected to a notor or other device protected
by the overl oadin & agscandl @épdeassdf oftee tirmnsitoides flogreolpl i ng the power

supply unigrééﬁéggaéﬁﬁggé§¥g{§gagéving a motor or other device; a
power supply having a plurality of supply lines for
supplying power to the motor or other device; and an
overload relay as described above, each shunt resistor of

the overload relay being located in the current path of a

respective supply line of the power supply.

In a third aspect of the invention, there is
provided a power supply unit for supplying power to an
overload relay, the power supply unit having:

a rectifier for producing a direct current from one
or more supply lines of an AC power supply connected to a
motor or other device protected by the overload relay;
and

at least one transformer for coupling the power

supply unit to the overload relay.

Accordingly, the overload relay can be powered from
the power supply which powers the device it is
protecting, such as a motor. This avoids the use of an

external power supply for the overload relay.

The supply lines may have large voltages between
them, which could therefore damage the overload relay.

The transformer may therefore be useful because it can
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Accordingly, the overload relay can be powered fromthe power supply which
powers the device it is protecting, such as a notor. This avoids the use of
an ext er maD 2povessisuppl y for the overload relay. The supplyGHB220008®1918y have
| arge vol tages between them which could therefore danage the overl oad
relay. The transfornmer may therefore be useful because it canelectrically

isolate t - | ysdid e FE0 V, £ ay. wer supply may
have pl urg(fléé)%%\%?ﬁf%ess. It emay %aé%%ﬁr%@%p‘?y 1filfnre%-r{?etelp%) in the case
of a threeopdmakeadGobaer supply. Another advantage of using a rectifier in

t he power supply unit is that power can be supplied to the overload relay
particularly quickly, so that the overload relay can have a fast startup

time (i.e. the trhdMpdiet akgsplPrmifendverpnachl oshseiy Dpesal ing after
power is supplied toit) . The overload relay may have a startup tine of

| ess t han e Batonehree sty 1ipesS ofe i Essin A ofReSeeRbrdl FRreRt
essenti al rQviding. oy d protection, since overloads typically
occur overgkggesrslpo]gisl F?%nger t afn)}abne second (e.g. tens of seconds). However,
the overload relay could have other protective functions for which a

startup tinme of_ |less than one secopd may be highly. desirable, e.g. ground
fault protecti oz?‘f}ofl?ﬁﬁ p?%‘fae%tt?%% %ﬁd‘f%JrIY%tadl’Te(gﬁ’Jo%e%{ilorhétbq‘?}ep%% r supply
unit nmay idedpite Oier Of s ML IeGd At &5 BOrsumeii&d i g the eveetdagurrent
produced by the rectifier. Regulators nay be useful to snpoth the direct

current priefhrReddNtidelaeky | FuEskand/ I treHdigyeoverload relay

can have a fast startup time (i.e. the time it takes for
the overload to begin operating after power is supplied
to it). The overload relay may have a startup time of
less than one second. A startup time of less than one
second is not essential for providing overload
protection, since overloads typically occur over periods
longer than one second (e.g. tens of seconds). However,
the overload relay could have other protective functions
for which a startup time of less than one second may be
highly desirable, e.g. ground fault protection, jam

protection and/or stall protection.

The power supply unit may include one or more
regulators for regulating the direct current produced by
the rectifier. Regulators may be useful to smooth the
direct current produced by the rectifier and/or to change
(e.g. reduce) the voltage of the direct current produced

by the rectifier.

The power supply unit may include an oscillator for
supplying the overload relay with alternating current.
The oscillator may be arranged to supply the overload
relay with alternating current via one or more

transformers.
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(e.g. reduce) the voltage of the direct current produced by the rectifier.
The power supply unit may include an oscillator for supplying the overl oad
rel ay w twoabtoaris&tti ng current. The oscillator may be aPcargprdovwisopply
the overload relay with alternating current via one or nore transforners
. The overload relay may include a rectifier, and optionally a regul ator,
for converting alternating current fromthe oscillator into direct current
for use by the overload relay. The properties of the alternating current
supplied to thelTlwervontoad aglednae thobede by setetfiay, amndppropriate

oscl |1 at oo, 80,85 10 TBLED. 1 DEoECaMLE BN S, Ofn ) hey vl opdorelay (e. g
r at her thanpu5|ng ternating cuf rent direct y rom The sup%ly lines of the
power supptyjrent ffidie oherdooatllietay imecd udeseat pturaént yfof weasuri ng

units, the oscillator. may be coupled to each neasuring unit by a respective

transforme?Y SPHcRVehtLLaRehRYvi Hre PERFT chfS i bl B¢ obl BREdReh d he

nmeasuri ng. c[EREh tTeASH L1 1\a UPL t t RBYo v &l sl Aol fftddh ebe @NGsOPthpnal ly a
regul ator, for converting alternating current fromthe oscillator into
direct curselrctiorg iwe dyrroerhebe uwsegllater, |$0 aas oue thatepethe of t he

i nvention e ] vi de n oad | ay, for protecti a notor or
ot her devi%:%&l;lr%énﬁ%rg{%v%%%%% %\g%g%?(gn%éfﬁ Ve 05%11‘}?% a@g avi ng: a shunt
resi stor locaighdetémdthienguctienénpadiredt by stypgph yehé neuebl @ poves supply

for the notor or other
of the power supply) .

If the overload relay includes a plurality of
measuring units, the oscillator may be coupled to each
measuring unit by a respective transformer, since this
can provide electrical isolation between the measuring.
Each measuring unit may include a rectifier, and
optionally a regulator, for converting alternating
current from the oscillator into direct current for use

by the measuring unit.

In a fourth aspect of the invention there is
provided an overload relay for protecting a motor or
other device from an overload condition, the overload
relay having: |

a shunt resistor locatable in the current path of a
supply line of a power supply for the motor or other
device; and

a control means connected to the shunt resistor and
arranged to receive or produce a signal representative of
current through the shunt resistor;

wherein the control means is arranged to produce a
trip signal to interrupt the continuity of the power

supply if it determines that an overload condition exists
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device; and a control means connected to the shunt resistor and arranged to
receive or produce a signal representative of current through the shunt

resi st or ;woetrerogiissithe control means is arranged to prodece/GB20e%v1uDgnal to
interrupt the continuity of the power supply if it determ nes that an

overl oad condition exi stsbased on the signal representative of current

through t heasbdinbn resé & 0gnaTheestosent L PLVE HRYChE PRPVEHEELER PNer | oad
rel ay having only one shunt resistor, e.g. for protecting a nbtor or other

devi ce poweriert byegl power supply having a single supply line, e.g. a single
phase AC power supply. The overload relay may accordingly have any feature
associated with the overload relay described above. In particular, the
over| oad rel ay Tigrdifivee A tieasernag baiproondedt #0 dvetheaghuslayesi stor
and arranged fo receive a signal rgfresentative of current through the

shunt resi3T6H9 RO ARFRF PPeterPed §e%ht ubRE BFOLRGLHAG Aspect of the

invention R&YoPeAPRKAEEH 48y PRy ?@#e?édtﬂi'}g LU hShe ASPESH By hAvaddifion, any
one or nore aspects of the invention may be conbi ned mnt% any of her aspect.
Enbodi nentsirngleuwpugpbposine, af ed di s ceitrebe ethase AF thovef eseppbyto t he

acconpanyhﬂ? Qg%gi1 in fggc v L 8eodal S %¥¥? | j.c di mof a first

overl oad relay. |dg§% 1S & sc%%n% e d%daﬁénlo gt%@Yf#ggﬁgggerload rel ay.

Fig. 3 is assohinetd oviilagtiaen ofe al oedstelag desdribed above. In
particular, the overload relay may have a measuring unit
connected to the shunt resistor and arranged to receive a

signal representative of current through the shunt

resistor.

Optional and/or preferred features of any one aspect
of the invention may be applied to any one of the other
aspects. In addition, any one or more aspects of the

invention may be combined with any other aspect.

Embodiments of our proposals are discussed below,
with reference to the accompanying drawings in which:

Fig. 1 is a symbolic diagram of a first overload
relay.

Fig. 2 is a schematic diagram of the first overload
relay.

Fig. 3 is a schematic diagram of a measuring unit of
the first overload relay.

Fig. 4 is a schematic diagram of a power supply unit
of the first overload relay.

Fig. 5 is a schematic diagram of a second overload
relay.

Fig. 6 is a schematic diagram of a power supply unit

of the second overload relay.
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the first overload relay. Fig. is a schematic diagram of a power supply
unit of the first overload relay. Fig. 5 is a schematic diagram of a second
over | oad wel2aw/01581g. 6 is a schematic di agram of a powePCIWGR2LE/WNG1D of the
second overload relay.Fig. 7 is a schematic diagramof a third overl oad
relay. Fig. 8 is a schematic diagramof an arrangenent for using an

overload relay po,protest asmRENLe 1 &l §ia %ﬁaafsgnp91£§ Jollp-Tal of a first

overload relay 101 for protecting a three- se notor froma three-phase AC
power supptglavhe overload relay 101 includes line termnations L , |oad
termnations T _. sh t.resistgrs 110, .a controt means_120 and a_trip
circuit 150. Figr92 Shbws®t REOFTREEC 39l PR1AY 169279 Rore tetail. The
first overhoney red ayvdPlodacteles threeotéde denstoations LI, L2, L3, three
| oad termnations Tl, T2, T3 and three shunt resistors 110a, 110b, 110c

whi ch each connect one of the line termnations LI, L2, L3 to a respective

one of the loadeierm nali ons o112, qildyrdi€o £091 £ 0L s RGNS, 1204 0f the first
{hr

overload relay 1 i ncl udes ee neasuring units 122a, 122b, 122c and a
i nput neansell@y. 10hef 61 reptooeet imadc retegeiasarndierr i ficdrudes a trip

circuit 150 and 0 supply unit. 16 The lihe termnatjons LI, L2, L3

of the firéhr?ﬁﬁéhéééfé%l%@ﬁi%1$%ﬁ%}%bgﬁg%ﬁ%ﬂﬁ{ % ern%%%|§& i nes of a

t hr ee- phasgn X eyer i 15¢1ppé ¥m Ui £ 1 dMOTL Shoywy eathimecloed T, shunt
resistors 110, a control means 120 and a trip circuit

150.

Fig. 2 shows the first overload relay 101 in more
detail. The first overload relay 101 includes three line
terminations L1, L2, L3, three load terminations T1l, T2,
T3 and three shunt resistors 110a, 110b, 110c which each
connect one of the line terminations L1, L2, L3 to a
respective one of the load terminations T1l, T2, T3. The
control means 120 of the first overload relay 101
includes three measuring units 122a, 122b, 122c¢ and a
input means 124. The first overload relay 101 further

includes a trip circuit 150 and a power supply unit 160.

The line terminations L1, L2, L3 of the first
overload relay 101 are connected to the supply lines of a
three—phaée AC power supply unit (not shown) and the locad
terminations T1l, T2, T3 of the first overload relay 101
are connected to a three-phase induction motor (not
shown). Because each of the three shunt resistors 110a,
110b, 110c connects one of the line terminations L1, L2,
L3 to a respective one of the load terminations T1l, T2,
T3, each one of the shunt resistors 110a, 110b, 110c is
located in a respective one of the supply lines of the

power supply. The shunt resistors 110a, 110b, 110c are
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termnations TI, T2, T3 of the first overload relay 101 are connected to a
t hr ee- phase i nduction notor (not shown) . Because each of the three shunt
resi st or swb20m,013810b, 110c connects one of the |ine terRCHAIB2009800091p L2, L3
to a respective one of the load termnations Tl, T2, T3, each one of the
shunt resistors 110a, 110b, 110c is located in a respective one of the
supply |ineswodhimhe pesestsupphyvidfea shegtstestst Of stld0aandd0popd10c
arel ow ohnmic resistors having a resistance in the range 20mWto ImMN to
mini mi se pbRet™PossC i RIRHBISEPPPYCT i hess ofnt Hee poveP Ll ¥ ubprgs Ehchhereasuri ng
uni t 122aqu@gp,sggg is an application-specific integrated circuit (ASIC

Each nmeasuring unit- 122a, 122b, 122c is connected across a respective one
of the shunt resistors 110a, 110b, 110c and is therefore arranged to

receive a sign r.epresentative of ta cro and consequently the
current througﬁ%“ﬁf§n?%%%%%??v%n§5u %ﬁ?@gf%?%T i%%%,;iiﬁ%, 110c. Because
each of thgpshikdtiestspecsf1d0intddPhbted1OLrdsit ocased) | nE@csUpply |ine of

t he power supply, the signal representative of current through one of the
shunt resiBIDYE DN HY 0b2231023R al 59° repreeifr@tsde2®fosardent t hr ough

a respect i vessuppiVe | OF Lhe PoVRE lsé@pworé/\hffbé,helwrlf@@p' y isin

use, there may be very large vol tages between each supply 1ine of the power
supply. Beralises edvdreeaserdngpnged 1Q2egcdPdd,a 192Pgnak connected to a

eSPecty Ve kBl LIV, #Iel G, PONEL UBOLy. (il gie.ghpfe, el 1 eststors
el ectricaldyrrent through, its respective shunt resistor 110a,

110b, 110c. Because each of the shunt resistors 110a,

110b, 110c is located in a supply line of the power

supply, the signal representative of current through one

of the shunt resistors 110a, 110b, 110c is also

representative of current through a respective supply

line of the power supply.

When the power supply is in use, there may be very
large voltages between each supply line of the power
supply. Because each measuring unit 122a, 122b, 122c is
connected to a respective supply line of the power supply
(via one of the shunt resistors 110a, 110b, 110c¢), the
measuring units 122a, 122b, 122c have been electrically
isolated from one another (i.e. no direct electrical
connection or contact between them). This helps to
prevent the large voltages that may exist between the
supply lines of the power supply from damaging the
measuring units 122a, 122b, 122c.

The three measuring units 122a, 122b, 122c are in a
master/slave configuration, there being one master
measuring unit 122b and two slave measuring units 122a,

122c. The master measuring unit 122b is arranged to
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i solated fromone another (i.e. no direct electrical connection or contact
between them) . This helps to prevent the | arge voltages that may exi st

bet ween twe 2810ppb8111 i nes of the power supply from damagiPol/GH2e09®EHEAr i Ng
units 122a, 122b, 122c. The three nmeasuring units 122a, 122b, 122c are in a
master/slave configuration, there being one master measuring unit 122b and

two sl ave gRARYEd N9 WplpSs1dRa 4226 dPRuBSLRE SBRSUILIG Uk Led22b is

arranged toproduce a trip signal to interrupt the continuity of
t hr ee- phas@m\mh@@@ppqwf $ePp by def er i heddebaxmbmedvigrdoaah condi ti on

exi sts base an e nt ati,ve S current hro h the shunt
resistors \Q%Pfoaﬂ_ gn%l{) Q%T% lsrr%sas%an ng URi T894 ‘gﬁ erlfzaz%l Are
coupl ed t opnaaanehhethbyugh echie i Stahty ol atdng rmm,onemks, 1o0al | ow

signals, in this case digital signals, to be transmtted between them
whi | st maintaining electrical isolation between the neasuring units 122a,

122b, 122c. In fhd %@y@@pm@n&mwelwsmm upis & coupl&ed {ogether by
optical isolators 126. The input neans 124 aliows a user to adjust an FLA

val ue, a tonu9 aﬂca‘ts?seJari@h/aehw@ai%\lﬁbrﬁawbam ofmpérenver [oad rel ay 101,

The i nput s coupl 0 £ IS4 09 unit 122b to enable
an FLA val ue, rllpgrtl: ass arﬁ 1;Bkgré n%én%ealga%t%%t? hode’ |npukf by a user to be

transm tt edrdrosr hec e shet weastiem gl 4 t In wanth B¢ oe Tect hiecsl ave
measuring units 122a, 122c (via the optical jsolators 126), so t hat
'tljc?sz(cfo

the overl oYl ERP teAt e a%*f%s‘?e‘?st IR9 ot s charact 69413
correspondrf o1 | dita fkdh v 2l 1 ah d0 $h&! @SBts are coupled

together by optical isolators 126.

The input means 124 allows a user to adjust an FLA
value, a trip class and a manual/automatic mode of the
overload relay 101. The input means 124 is coupled to the
master measuring unit 122b to enable an FLA value, trip
class and/or manual/automatic mode input by a user to be
transmitted to the master measuring unit 122b and also to
the slave measuring units 122a, 122c (via the optical
isolators 126), e.g. so that the overload relay 101 can
adjust its tripping characteristics to correspond to an

input FLA value and trip class.

The master measuring unit 122b is coupled to the
trip circuit 150 so as allow trip/reset signals from the
master measuring unit 122b to be transmitted to the trip
circuit 150. In this embodiment the master measuring unit
122b is coupled to the trip circuit 150 by optical
isolators 128 so as to electrically isolate the measuring
units 122a, 122b, 122c from the trip circuit 150. The
trip circuit 150 is arranged to interrupt the continuity
of the power supply in response to a trip signal from the

master measuring unit 122b and to restore the continuity
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The master neasuring unit 122b is coupled to the trip circuit 150 so as
allow trip/reset signals fromthe naster neasuring unit 122b to be

transm t two 20m/aibsattrip circuit 150. In this enbodi nent PCha&BIAGN@1910
measuring unit 122b is coupled to the trip circuit 150 by optical isolators
128 so as to electrically isolate the nmeasuring units 122a, 122b, 122c from

Lhe 111D SBECURL B3fer TREGLTY D61 FGUREN80LL 5 ALL00CG; L NEELRUD! L De
continuity of the power Ry ply in response to a trip signal fromthe master
nmeasuri ng umetmd2Rér amdasorirgtonett h22bonti nuityof the power supply in
response to a reset signal fromthe master neasuring unit 122b. The trip
circuit 150 include a trip/reset store 152 and a bi-stable relay 158. The

trip/reset storend52ripctugdesia 150picapagttortibd/podet £€60E Tapaci tor
156 for storing charge ithese capacitors are illustrated in Fig. 4 which is

descri bed ¥t of)biThabicsrabie tef ayThegtripbrpsehaptereet déen a first
stabl e confi o) i in h ontjinuity o] supply
via a cont%%?%éé%%o€ éﬁ%ﬂm§£§%%y§§£eg%%d§%§aﬂl%Q%%%f?gé?%??%g r§§ restoring
continui tyfof s$therpogechasuppl ythvése t bepaontacs oxre | nlihetfatsd shabl e

configuration, the bi-stable relay 158 does not supply current to the
cont act or %ﬁgth%lﬁkh%hcbﬁt?%%?fﬁb%#1?%%0% wer supply is interrupted by the

contactor. In the second stable configuration the bi stable relay 158
supplies current to the contactor (not shown) so that the contactor

provi des cont i nti¢ yoiostaRbiere kappl 38 (hotSehbwrgble IbetReanexanpl e, the
bi -stable ¢glay JO8 POULERSE: 4iSaCHEh b, T 1 QML NG SURP! ¥ndi nes

continuity of the power supply via a contactor (not
shown) and a second stable configuration for restoring
continuity of the power supply via the contactor. In the
first stable configuration, the bi-stable relay 158 does
not supply current to the contactor so that the
continuity of the power supply is interrupted by the
contactor. In the second stable configuration the bi-
stable relay 158 supplies current to the contactor (not
shown) so that the contactor provides continuity to a
power supply (not shown). In this example, the bi-stable
relay 158 sources its current from the supply lines

coming into the contactor (not shown).

The trip capacitor 154 is arranged to discharge to
the bi-stable relay 158 via a trip line 155 if the master
measuring unit 122b produces a trip signal, so as to
switch the bi-stable relay 158 from the second
configuration into the first configuration. The reset
capacitor 156 is arranged to discharge to the bi-stable
relay 158 via a reset line 157 if the master measuring
unit 122b produces a reset signal. The presence of the

capacitors 154, 156 helps to avoid a scenario where there
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comng into the contactor (not shown) . The trip capacitor 154 is arranged
to discharge to the bi-stable relay 158 via a trip line 155 if the master
measur i ngwornto/d2am produces a trip signal, so as to swPCEIGE2b@/doi918t abl e
relay 158 fromthe second configuration into the first configuration. The
reset capacitor 156 is arranged to discharge to the bi-stable relay 158 via

a reset line %Jufhéb@n%&@feﬁ@ﬁéh‘éf@& UNsdyH2Ed DF oglicesyar 1688t Signal .

The presence of the capacitors 154 hel ps to avoid a scenari o where
thereis i nsefdy cientrimpfreset chize gelescahereelayth®8 overload relay to
trip/reset the bi-stable relay 158. The bi-stable relay 158 includes a test
button 159a and a reset button 159b for nmanually switching the bi stable
relay 158 into the Bi+stalbhed seronpdl s®nihgliiaés cnsteespect toel ys9dhe power
supply unit 160 powers the neasuring units 122a, 122b, 122c and trip
circuit 159P&mR #%s%sk&‘i“ﬂb% 1390 er daranalhe| 9 Wi efef dite to Fig. 4

Fig. 3 shows ong pf, theg NERSUr{Ng EDEES d92 4o ec&?fﬁ%]uragﬂ?mémasu” ng
unit 122 includes an anplification neans 130, an anal ogue to digital

converter dSHedttiveby ocessing unit 140. The anplification nmeans 130
includes a first anplifier 131, a second anplifier 132 and a third
anplifier- 133. The first anplifier 131 is connected across a shunt

resistor 110 anrhé spewi¢ang@sbly wnpt i f§0 t hewaod taige mes 0s6ihdeushunt
resistor 110. The second anplifier 132 anplifies the outé)ut of the first

anpl i fier 4242, atePRhel 445 raPdnpfiRi %+r‘113{3t ahp? i 37 Hée Bt poed of P

more detail below with reference to Fig. 4.

Fig. 3 shows one of the measuring units 122 in more
detail. The measuring unit 122 includes an amplification
means 130, an analogue to digital converter 135 and a

processing unit 140.

The amplification means 130 includes a first
amplifier 131, a second amplifier 132 and a third
amplifier- 133. The first amplifier 131 is connected
across a shunt resistor 110 and is arranged to amplify
the voltage across the shunt resistor 110. The second
amplifier 132 amplifies the output of the first amplifier
131, and the third amplifier 133 amplifies the output of
the second amplifier 132.

According to the equation V = IR, the voltage across
the shunt resistor 110 is proportional to, and therefore
representative of, the current flowing through the shunt
resistor 110. Therefore, the output of each amplifier
131, 132, 133 in the amplification means 130 is a signal
representative of the current through the shunt resistor

110, and therefore representative of the current through
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the second anplifier 132. According to the equation V = IR, the voltage
across the shunt resistor 110 is proportional to, and therefore

repr esentwioi2o®/@fsgiit he current flow ng through the shunPCrass28e90019m20.
Therefore, the output of each anplifier 131, 132, 133 in the anplification
means 130 is a signal representative of the current through the shunt

resistor 1l0:;eshul£hes edh® y enrasent athy e iofed Noh L34 180 £ NE

respective supply [ine of the three-phase power supply. The first anplifier
131 is a fixed-gain anplifier. In this enbodinment the fixed gain first

anplifier 131 i ol g1 Hz) . Ise the resjstance of the
shunt resistor %% iI's gpgllnr}laj[]‘F%/le\%g(:airé/ﬂs(n’la%Ia(teBlfa)ge%I At ?ﬁ/ffe]fhe vol t age
across thelrshtiis reshedonerit] Oches £d 6ed Vg yn sfitdt aeref Dee, 13heidirst

anplifier 131 is used to anmplify the voltage across, the shunt resistor 110

|
so that itPEHH IR EHRITSA b@@%ﬂ/er@%ﬂa‘i‘?ﬁ e digiisiarsynat . tAite second

amplifier ddg@andkd e dhiTh ampld Ji 882184 @8, piearanabl e sgid @l i fiers.
Their functions are described in nore detail 'bel ow. The anal ogue to digital
converter 8H comeerisltate sAgprds ridpr edamatissai sforcur¥@nis tdkvugh t he

shunt resist fr ?]I@H ' ' %%pls 30 1 a digital signal.
A sui t abl e‘ﬁearro?él%éaglel't gma%%ﬁ a ’cogn}%/eg?jtieg\i n1alyf]1beer aﬁag Jb:?tu%%)(%]\a/teorter

whi ch sanpngsl iafy 4 HéHzvo A dipndrqags ¢ eflet estoent srgitialedl 1® $dettaaal ogue to
digital converter 135 to act as a voltage reference so that the anal ogue to

di gital corveérderh EDiCPHEFOI1HGRe &Y 2L IR beessi ng uni't

140 processes the signal

The second amplifier 132 and the third amplifier 134
are programmable gain amplifiers. Their functions are

described in more detail below.

The énalogue to digital converter 135 converts the
signal representative of current through the shunt
resistor 110 from the amplification means 130 into a
digital signal. A suitable analogue to digital converter
135 may be a 12 bit converter which samples at 4 KHz. A
band-gap reference is provided to the analogue to digital
converter 135 to act as a voltage reference so that the
analogue to digital converter can measure bi-polar

voltage signals.

The processing unit 140 processes the signal
representative of current through the shunt resistor 110
from the analogue to digital converter 135. The
processing unit 140 includes two processing branches
which lead to a trip/reset logic 146. The first branch of
the processing unit 140 includes a multiplication means
141, a modelling means 142 and a first threshold detector

143. The second branch of the processing unit 140
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representative of current through the shunt resistor 110 fromthe anal ogue
to digital converter 135. The processing unit 140 includes two processing
branches wbizetv/dissad to a trip/reset |ogic 146. The firs®ChrGBrodp/iswhe
processing unit 140 includes a nultiplication means 141, a nodelling neans
142 and a first threshold detector 143. The second branch of the processing

uni t 140i nehudegea Regkadetieeketold44andna sesepdnbihtgshahd det ector 145.
The nmultiplication neans 141 is arranged to produce a signal representative

of the neafie§g§aapedléarrent through the shunt resistor 110 based on the
signal representative of current through the shunt resistor 110 fromthe
anal ogue to digital converter 135. In one enbodinent, the multiplication
nmeans 141 may imhéudelaidﬂgbaaﬁonumebpbiénlcmabhnedngbdhta prpgticer der

| ow- pass digita means 142 is grranged to produce a

i n
eSS e S Libat| FEoEPSENEaERaEr BRGERB o g ERE FOELrIbace on Lhe

signal reptgsenynt tMe shuhberBBaBtsguanedpayesesh tReodghnkhe shunt
resistor 110 fromthe nultiplication means 141. The nodelling neans 142

produces t hePsfgaaratepeeséncarredtothrpeghhehaaphenhdresdator LhHE not or
according £p,a £98rQH£1 del ¢ gfd%§§tg9t85nvéﬁ£59r t mpdel,af the notor can

be seen as a representa on o not or ernma capaC|ty Such thermal
nodel s ar eempbdikaown. tha mhlslpmhodtmantmeahe $4@nmhyrepcésdetat|ve of the

thermal conditjo he.notor i ed.on the. val ue I N@Zt 25 mhere | RVS
et he s onaptFab, BushiEiTok bpnBaRRawiBh &"F:Y8LUEE,

digital filter.

The modelling means 142 is arranged to produce a
signal representative of the thermal condition of the
motor based on the signal representative of the mean
squared current through the shunt resistor 110 from the
multiplication means 141. The modelling means 142
produces the signal representative of the thermal
condition of the motor according to a thermal model of
the motor. A thermal model of the motor can be seen as a
representation of the motor’s thermal capacity. Such

thermal models are well known.

In this embodiment, the signal representative of the
thermal condition of the motor is based on the value of
Trus’t, where Igus is the signal representative of mean
squared current from the multiplication means 141 and t
is time. In another embodiment the signal representative
of the thermal condition of the motor is based on the

2.77¢ . which is thought to more accurately

value of Igums
model the thermal response of a motor but can be more

computationally intensive.
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squared current fromthe nultiplication nmeans 141 and t is tinme. In another
enbodi nent the signal representative of the thermal condition of the notor
i s based wo 2otwivahue of | RMs2-77 t , which is thought wPoTMaB2009%®CUNat el y
nodel the thermal response of a notor but can be nore conputationally
intensive. The first threshold detector 143 is arranged to conpare the
signal represe i L of .t i th a first

t hreshol d val uﬁﬁ%fffﬂ% s%}gﬁ%%ﬁge(g?%esg%?gﬁ vgy%fi% h%gf%gé%l w():ondi tion of

t he notor cenpaeat ene thiggnéd herépressehtaesheol df viaheiethéheala si gnal
indicating that the first threshol d has been exceeded. i s produced by the
first thre%%‘ﬁlﬂth%?e%%[ o‘:rshﬂéf%?t%rs‘i’bﬁlélaigﬁiﬁt%? %%dtﬁglf?r_&fthreshol d
has been exggeseghdr orepheséhtstivareshohd dietBcdprcdiditsohndtcatdve of a
thermal |y overloaded notor. The peak detector 144 is arranged to produce a
si gnal repreteht ks i veedFer hehprakheuftest threoskmld heakhant theriastor 110
based on t i gn LV, f gﬁﬁjl e nt resistor
110 from t%%g’zér‘% %%jjeg%]%ﬁg?g% I’?%# tg}(i)(%l)vfefr}]?éet? e{llrg%é e(gghe%:%n%é?’ﬁreshol d

det ect or l&bcesdead riangexbducednpar €hé¢ hei ssgnathre Sps bs e aecver of 43 he peak
current through the, shunt resistor 110 wjth a second threshold value. If

t he signal r%p‘??—:%gn%%&%tb?? pEXk® ¢ ‘?eﬁr?% Foeeshe ‘ftﬂ_hfﬂ?uﬁ R@%™¥nd t hreshol d
val ue, theskeesdamatrdmdikat f st hekréfigo P@akeCakit &Pt143 pel ow the second
threshold is produced. The second threshold value nmay, for exanple be 70%
or 20% of IMEIRN VRalee dfthewendllgtooveleader metyr101. signal indicating
that the peak

The peak detector 144 is arranged to produce a
signal representative of the peak current through the
shunt resistor 110 based on the signal representative of
current through the shunt resistor 110 from the analogue

to digital converter 135.

The second threshold detector 145 1is arranged to
compare the signal representative of the peak current
through the shunt resistor 110 with a second threshold
value. If the signal representative of peak current is
less than the second threshold value, then a signal
indicating that the peak current is below the second
threshold is produced. The second threshold value may,
for example be 70% or 20% of the FLA value of the first
overload relay 101. A signal indicating that the peak
current is below the second threshold from the second
threshold detector 145 is therefore indicative of one of
the supply lines having a reduced or zero current flow,
which may lead to the motor becoming thermally overloaded

due to current imbalance between the supply lines.

The trip/reset logic 146 is arranged to determine

whether an overload condition exists based on the signal
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current is below the second threshold fromthe second threshol d detector
145 is therefore indicative of one of the supply lines having a reduced or
zer o cur reotofodosgiiwhi ch may | ead to the notor becom ngPCEBRadd0p1910

over| oaded due to current inbal ance between the supply |ines. The V
trip/reset logic 146 is arranged to determ ne whether an overload condition

exi sts Daseth:lkddieyof anals st essnt el G ISflind EOUA Lo shunt

resi stor In this particular enbodi ne ogic 146
achi eves thi sthos deterindwian emeed ameveritead cigntieson kxdist s146 it

receives a si.gnal indicating that.the first threshold has been exceeded
fromthe falcghsjtqe‘ﬁﬁ' etrs}}fosf 3)36e R oi?halstf 1 ?%eclgi?ﬁeg %O%C?b%?n i ndi cati ng
that the peakstaurirfenitt isedelwys tdhesspeond ddireshiold fhom the seeand

threshol d detector 145. The trip/rest logic 146 is arranged to produce a
si gnal i nditERShRYd HEs REYV A RRAIDNA I i edi it i fhreshit®r ni nes t hat

an over | oa«condit ifs & st 5 d neAld BFNAL] W8 SIbodi B, 10 dypgel ing
means 142 and peak detector 144 may 1be arranged to produce a signal
i ndi cat i ngheheestkatmiofertthel pdverow Ui ey tmdigatidgf e tfe a

plurality of states suc s, l.0ss, of upply .li.ne, s |y Iine present with
| ow power St It orpeesglacfrhi(gndea%ea‘?to o t@ef‘napfl%%\}:e%po/arcfsq#ﬁe%%lcs{Hg%egllss could
then be usaddngdded Hiydeseta | O 1l4 idadeierdAad ngh Wiaddieracn
overload condjtion exist. If the trip/reset |ogic 146 of the master

neasur i ng QAIG Wb detEririidest t iRt P IGAS | EBhditgoPaski sts or
receives asifnalod ndiscatd ng that an overload condition exists fromthe
trip/reset logic of any of the slave

In alternative embodiment, the modelling means 142
and peak detector 144 may be arranged to produce a signal
indicating the state of the power supply, e.g. indicating
one of a plurality of states such as loss of a supply
line, supply line present with low power, normal
operation and/or thermal overload. These signals could
then be used by the trip/reset logic 146 in determining

whether an overload condition exist.

If the trip/reset iogic 146 of the master measuring
unit 122b determines that an overload condition exists or
receives a signal indicating that an overload condition
exists from the trip/reset logic of any of the slave
measuring units 122a, 122c¢, the master measuring unit
122b produces a trip signal to interrupt the continuity
of the three-phase power supply. This signal is

transmitted to the trip circuit 150 as explained above.

As explained above, the overload relay 101 has an
automatic mode and a manual mode. In the automatic mode,
the master measuring unit 122b is arranged to produce a

reset signal when it determines that an overload
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measuring units 122a, 122c, the master neasuring unit 122b produces a trip
signal to interrupt the continuity of the three-phase power supply. This
si gnal isworamdrssited to the trip circuit 150 as expl ai Rew/GH20090198
expl ai ned above, the overload relay 101 has an automatic node and a nanual
node. In the automati c node, the master neasuring unit 122b is arranged to

produce a ¢&seit Bbgnabewhest i &xdet e(8i fesbébats@ncRyenbeadcgydi tion does
not exi st (%ﬂg because the notor has cooled) . Therefore, the autonmatic

mode can beP %QPtOT%$¥%ﬁPﬁ%nt¥%%i@VtQWath%Iﬁaﬁ%rcéﬁp%ﬁyu&h@ntgp over | oad
condi tion ggﬁghrggnﬁ?%ggtylggi{ﬁ%r§%%@4 éﬁéﬁ? t$ﬁé§ﬂ§$€5vg?f§gélng uni t

122b only produces the reset signal In res e to user I npu The
conti nui t ycariditieon hiees phalseepbser Supphy mamual stode, relse onasttemnual |y

i th t button, 15 d i bed above. Each one of the peasurin
i1 DS G b ¢ S e L e S P S r P L1 B power g

the neasuridepenid std fudde Tombt NUThY &dntheuity eer PhRs e RPYELpBMPP! Y has
been interrupted (e.P. due to a trip signal fromthe nmaster nmeasuring unit
122b) . THRY'habtRLY Hea® bkl Peoiettere@dedned L heusbagukhig units 122a,

122D, 122%é§ep%%&ﬁi% %&@@rw&@é d hree- phase power supply has been

interrupted (e.g I C e require or overload relay 101 to function
correctly in the automatic node) . The energy store of each measuring unit

Pl erabl Y, St oues. Iayeh EnGL Ol o, L, TERoL 1, uni 15, bepover e for ot

to be updatrash widd sdn tdree 1@} 05t dSe Sthdt SROIANIEoTNEoRELI[Y the
measuring units if the continuity of the three-phase
power supply has been interrupted (e.g. due to a trip
signal from the master measuring unit 122b). This enables
the thermal model in each of the measuring units 122a,
122b, 122c to be maintained even when the three-phase
power supply has been interrupted (e.g. which may be
required for overload relay 101 to function correctly in
the automatic mode). The energy store of each measuring
unit preferably stores enough energy for the measuring
unit to be powered for at least 15 minutes, to allow the
thermal model in each of the measuring units to be
updated whilst the motor is still cooling. The energy
store may be a capacitor which is charged by the power

supply unit 160.

As explained above, the overload relay 101 has an
FLA value which is adjustable by a user via input means
124. Each master measuring unit 122a, 122b, 122c¢c is |
arranged to determine whether an overload condition
exists based on the FLA value of the overload relay 101,
i.e. such that the overload relay 101 has the tripping
characteristics associated with that FLA value. In this

embodiment, the tripping characteristics of the overload
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store may be a capacitor which is charged by the power supply unit 160. As
expl ai ned above, the overload relay 101 has an FLA value which is

adj ust ablwolyimisser vi a i nput means 124. Each naster neas@B20g/00md1d 122a,
122b, 122c is arranged to determ ne whet her an overload condition exists
based on the FLA value of the overload relay 101, i.e. such that the

overload redayy 19de hasrihged rt OPEFBr EH3E RS ES | Shé CBLASSQThAt &€ vhd h that
FLA value. In this enbodinment, the tripping characteristics of the
over | oadr e?e§r bead a¥e bayjeely t ohee i g ponel Jdin hef Filre va¢eendf the overl oad

rel ay by cliangl ot he,gan ol the, peepadl ATpLILLEL 432 of of hey APl i 1 cati on

means 150 suc output o e anplification neans 1S al ways the
sanme when tihwe cuwrpentof htloegémp hef sbant on ese st o©rl 1001 eqabbsy $ hehdLA val ue

of the overload relay 101. For exanple, if the FLA value ra of the
over | oad reAB5 YiSH Tho\ FRrERNE [ HATOYHE HARI T CGE FORPrOYI HEW by t ho

anpl i fi catd @ reanse 130n Wi ludeo A0t hé BPe FDs£d fPE14 €1 LA watk ue of 0. 5A
then it would for the FLA value of 5A. The third anplifier 133 is used for

range sel exxarmle Thif g DRAtheledi Fangett fike ¢osenbpadtiedlavtbsal |l ow the
gain of t %aigqlf at. NBans . . adj C t for the
resi stanczéa'o t (%a éé ’un‘%ﬁé&éa stoar“'gﬁ%oE %%ﬁb&!ds%%&‘?g%%ﬁ l?iat?ﬁl{'he out put of

t he anpl i famgat i Dicaeans msams WAYE whel searel Wheimd fiemene r €nt  the ofigh t he

shunt resistor is_equal to the FLA value of the over]oad relay 101,
i rrespect i V&G ?%e@‘pit?l%%‘? art s%%‘h]rgrg%li’ Stiyt ng? ‘é‘%d‘?E Afl’%'yexpl ai ned

above, the overload relay 101 has a

The third amplifier 133 is used for range selection.
The gain of the third amplifier is adjustable to allow
the gain of the amplification means 130 to be adjusted to
account for the resistance of the shunt resistor 110
being used, such that the output of the amplification
means 1s always the same when the current through the
shunt resistor is equal to the FLA value of the overload
relay 101, irrespective of the particular shunt resistor

being used.

As explained above, the overload relay 101 has a
trip class which is adjustable by a user via input means
124. Each master measuring unit 122a, 1225, 122c 1is
arranged to determine whether an overload condition
exists based on the trip class of the overload relay 101,
i.e. such that the overload relay 101 has the tripping
characteristics associated with that trip class. In this
embodiment, the tripping characteristics of the overload
relay are arranged to correspond to the trip class of the
overload relay by appropriate adjustment of the thermal
models used by the measuring units 122a, 122b, 122c¢, e.q.

by changing the time constant of the thermal models.
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trip class which is adjustable by a user via input neans 124. Each master
measuring unit 122a, 122b, 122c is arranged to determ ne whet her an

over | oad wordioiiss11exi sts based on the trip class of thecCoGB2boAd1T1e] ay
101, i.e. such that the overload relay 101 has the tripping characteristics
associated with that trip class. In this enbodi nent, the tripping

characteristicsﬁgé_t@esgg@glgﬁg b&lay Qﬁﬁg??réﬁgedl%@ ¢Arfespond to the

trip class of the overload relay by appro ate adj ustnent of the thernmal
nodel s usedebyilheTheagovéngsupply @R24, 1602hnclindes thgeebyinhangi ng the

time constant of the the I dels.Fig..4_s t he po supply unit 160
in nore deﬁgf??n %5 B%MBﬁggu%g?yauﬁ??kggbefngggzeg fﬁsgggﬁ?ﬁe?gérninals LI,
L2, L3, a teettfiprcdpacitoregbhabng 164ettbgphtipoeapnei bortad4 and reset

capacitor 156 of,the,trig circuit 150, an oscillator 166 and three
i sol ation PFARSFOFABES 168, 2M68BC1468E0r ThRC| pRE FRFAPNAFQIEFIOD2, L3 are

connected {p;hbe thees $HPR] Y1kbpes18ct he three-phase AC power supply. The
rectifier 162 1s arranged to produce a direct current fromthe alternating

currents in the three supply lines of the power supply. Preferably, the
rectifier 162 i s arranged so.that jnt event _of one o e of the supply
| hes of tho pohs Lebp bobRIhETFobl: ' PRe bEcers: efniastednte Pie' produce &
direct curtepéefs@pplieliesai 8f ngheupptyetpnese Abepobegul atpp1364 i s used

to snooth the rectified direct current fromthe rectifier 162. As can be
seen from Prg. rectifherrbe?i $F e HPPERE EOrPERAEUFS BsEUTEOLcRAFER Ehe trip

capaci tor éééma@getgfternating currents in the three supply lines
of the power supply. Preferably, the rectifier 162 is
arranged so that in the event of one or more of the
supply lines of the power supply being lost, the
rectifier 162 can still produce a direct current from the
remaining supply lines. The regulator 164 is used to
smooth the rectified direct current from the rectifier

162.

As can be seen from Fig. 4, the rectified direct
current is used to charge the trip capacitor 154 and the

reset capacitor 156 of the trip circuit 150.

The reset capacitor 156 (and/or the tfip capacitor
154) may be protected such that it does not discharge
when the continuity of the three-phase power supply is
interrupted (e.g. for at least 2 minutes). This enables
the reset capacitor 156 to be used to restore the
continuity of the three-phase power supply even if the
continuity of the three—phase power supply has been
interrupted. The trip capacitor 154 and the reset

capacitor 156 may be 1lmF capacitors.
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reset capacitor 156 of the trip circuit 150. The reset capacitor 156
(and/or the trip capacitor 154) may be protected such that it does not

di schar geweterv/aibsaiconti nuity of the three-phase power SapB2009001910
interrupted (e.g. for at least 2 mnutes). This enables the reset capacitor
156 to be used to restore the continuity of the three-phase power supply

even if the conpjouily; piathe i@§§§52€§é§ﬁ88“@£i§&p9%8 Qféepgen

interrupted. The trip capacitor e reset - capacitor 156 may be |nF
capaci t or scTheenscitomt the 166ct sfpenet €2 asdngeghbadoret64 cuthent fromthe

rectifier 162, and regulator 164. The oscillator 166 _su i es e measuring
units 122a?siﬁgg?t3§2£%aﬁ?HPQE%%Fn P?n@e%ﬁ?¥bﬂ?.umht%rggéatoléggctricalIy
i sol ate thexpeoweitBUPPtYruAattind68ufrentt he nmeasuring units 122a, 122b,
122c, the alternating current fromthe oscillator 166 is supplied to the

nmeasuring units 122a, 122b, 122c via three transformers 168a, 168b, 168c.
O O one1fPaslL} 0o U0t Lec 122811 ) 28001 220 hDchyder @upgey ! fl el and a

regul at or (not shown converting t alternating current m t he
osci |l | at orudt6 160 of dometche cueasutifgrumnses by22dhe bRAsurid@cuntlbe The

i nduct in the t f 168a,. 168b, . 168 low. Therefore, th
L1 ans or ne? U TERR: ABERI CARRE FEGAGRe oSGl £ 9" off put® ot UREF P anpunt of

current wet@ W héLEUEnNcy A EYr 1294, (s2Eh, as22bev b/ 6RFHe AC current
typically found in mains electr|C|t¥ﬁsuppIy lines) to be supplied thereto.

To avoi d thFanpiopneRs théaal tefhat i AYC cubrentoReppfi Ble byeemer b3gil | at or
166 may haﬂﬁi@shi§f§[ 122b, 122c includes a rectifier and a

regulator (not shown) for converting the alternating
current from the oscillator 166 into direct current for

use by the measuring unit.

The inductance in the transformers 168a, 168b, 168c
may be low. Therefore, the transformers 168a, 168b, 168c
may not be able to output a useful amount of current were
low frequency AC current (such as the 50/60Hz AC current
typically found in mains electricity supply lines) to be
supplied thereto. To avoid this problem, the alternating
current supplied by the oscillator 166 may have a higher
frequency than mains electricity, e.g. 1 MHz or higher.
The transformers 168a, 168b, 168c may have windings whose
capacitance is small so reducing the chance of

circulating currents flowing.

Fig. 5 shows a second overload relay 201. The second
overload relay 201 shares many of the features of the
first overlcocad relay 101 and has been numbered
accordingly. These features will not be discussed in

further detail.
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frequency than mains electricity, e.g. 1 Mdz or higher. The transforners
168a, 168b, 168c may have w ndi ngs whose capacitance is small so reducing
t he chancwoabioaitssiwl ati ng currents flowing. Fig. 5 showeCa/GReoovdiaver | oad
relay 201. The second overload relay 201 shares many of the features of the
first overload relay 101 and has been nunbered accordingly. These features

Wi Il not be di sgyssedcbndfsvéhesadetaily THer secondqoyes! egdctelay 201
i ncludes a control means 220 which includes a central processing unit (CPU)

240 arrangeears &efevhdele whelhdesan cortlahdrropessinn exitt éChased on the
signals re S i hr h the shunt,resistors, HOa, HO,
d%ﬂ?z g%gﬁégg @ gﬁéfﬁ%né wgggheé.an oye %03§2§?n§§5b?n2220 by

HOc. The i's”couple rée mnmeasuri ng uni
optical i sekhsossb226d son ashé 0s pgexest r&épphsyntdapes bet weenehbe supply

| ines of the three-phase power supply from damagi ng.the central processing
unit 240. TRECEHY 249 %\rh‘(’jg‘fr’r"%st?ggﬁgtlﬁ%@' of L e g%@%ndT%%eW%a APelay are

power ed byi @ PONETeSURP! th ol tmeb8url 59! @tioh 25200t 25 2qui 526l beyween the
CPU 240 and the trip/reset circuit 150 because these elenents sit at a

conmon vol eRigeCad thsokaipers 220t He pOVE? BLPEYL umigh 260l tades neasuri ng
i 222 h I 201 i | ud
units abeé%%%h @ggq%ﬂéﬁhéﬁlfgggngggyﬁég??%%é%%ﬁgéet%?%gg g$§?

n
anplification neans an al ogue nver sTm f¥o t hose
shown i n Fxgom damddpiveyethe tdenteabusragessins 222, 22@2bTh@22eU of t he

second ovgﬂooad relay 201 do, not_jnclude a processing units,_ since the

processi ng o ¥Md fet et ol ret aye second overload relay are
powered by a power supply unit 260.

Isolation is not required between the CPU 240 and
the trip/reset circuit 150 because these elements sit at
a common voltage with respect to the power supply unit

260.

The measuring units 222a, 222b, 222c of the second
overload relay 201 include an amplification means and an
analogue to digital converter similar to those shown in
Fig. 3. However, the measuring units 222a,'222b, 222c of
the second overload relay 201 do not include a processing
units, since the processing of the second overload relay

201 is carried out by the CPU 240.

The determination of whether an overload condition
exists by the CPU 240 is similar to that carried out by
the trip/reset logics 146 of the first overload relay.
For example, the CPU 240 produces a signal representative
of the peak current through each shunt resistor 110a,
110b, 110c. However, in contrast to the trip/reset logics
146 of the first overload relay 101, the CPU 240 only
produces only one signal representative of the thermal

condition of the motor based on all the signals
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201 is carried out by the CPU 240. The determ nation of whether an overl oad
condition exists by the CPU 240 is simlar to that carried out by the
trip/resewol2ogiass1i46 of the first overload relay. For examgH2e)y/aiaoCPU 240
produces a signal representative of the peak current through each shunt
resistor HOa, HOb, HOc. However, in contrast to the trip/reset |ogics 146

of the firstppuseheadivel 8y &QtrehbetfPbigdOtRal ¥nahedvegsseBky one signal
representative of the thernmal condition of the notor based on all the

si gnal sreptédent hiPhe d10cur TBAS PRFBUGA @heoshuAECRESESt BPYelldag 110D,
110c. ThisoperiiL!s,a-oi ecanfutabs gpiehling.of ;gfthésgqg%ag&“d' tion of
oug .

t he notor ?alt nmay require nore conputation powe he CPU 240 may
have nore cegputatmonal cpmpetathanal hpopenressi ng nmeans 150 provi ded on the
measuring units 122a, 122b, 122c of the first overload relay 101. This may

allow the CPU 240 to use a nore conputationally intensive, but nore

accurate, thernahe nOoigl 24 baRalNBatBARYEE NEotpit St 18881 parbr LRAS of the
first overload relay 101. Increased conputational power may al so allow

further patBfePErccsding Bapeal abedrrarsded ueh nghe @PesREdngaynatfow t he

t hermal no us I n I L D9+ hhst tion of the
second ove??%%ﬁ re %& %%%?C?%nggc%%59€v§?+%§%§$e€%§égoib?hc?h%gs an i nput
nmeans 224 maypdkbow otihdeCPPUR2 28010t osal & ow e usenptvattdpusiian FLA val ue,

trip class, and nanual / aut omati ¢ _node of {he sefond Oﬁerload relay 201.

/ t
Simlarly PRERE YT SPUDVEPFBadcrerae1o0ae Tl sBednd bUaRI bRY relay 201

measuring units 122a, 122b, 122c of the first overload
relay 101. Increased computational power may also allow
further parameters to be calculated. Also, using a CPU
240 may allow the thermal model used in the CPU 240 to be
adjusted during installation of the second overload relay

201.

The second overload relay 201 includes an input
means 224 coupled to the CPU 240, to allow a user to
adjust an FLA value, trip class and manual/automatic mode
of the second overload relay 201. Similarly to the first
overload relay 101, the second overload relay 201
determines whether an oVerload condition exists based on
the FLA value and the trip class. Similarly to the first
overload relay 101, in the automatic mode of the second
overload relay 201, the CPU 240 is arranged to produce a
reset signal if it determines that an overload condition

does not exist.

The central processing unit 240 is used to power the
measuring channels 222a, 222b, 222c. An AC current is
supplied by an oscillator in the central processing unit
240 to each of the measuring units 222a, 222b, 222c via a

respective transformer 268a, 268b, 268c (see Fig. 5), to
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determ nes whet her an overload condition exists based on the FLA val ue and
the trip class. Simlarly to the first overload relay 101, in the automatic
node of twe 8mmassiioverl oad relay 201, the CPU 240 is arcargprdodmigpnoduce a
reset signal if it determnes that an overl oad condition does not exist.
The central processing unit 240 is used to power the neasuring channels

2222, 222b,.35265 ANebCroULT eMbol 5 URD! hec DynamasgELLaLoran. the central

processi ng unit A e neasuring units , 222c via a
respecti vechaansisr h22a 2682a2b268p2c268ctiisefiFsy. oberloagr ogide el ectri cal

i sol ation. S wth the asuring channels 122a 22b 2C the first
over | oad r%ﬁ%y S kopis %%%hggngH%fmgﬁﬁuﬁéﬁgu??hbsu%?%@’2%%&,'2%2%? 952¢ of the
second ovetheagdeth@yorOdl bag! vdesyazoecthéigiedand aceegulatosndngt shown)
in order to convert the alternating current fromthe central processing

unit 240 i AegubrtREt (RRF reRewRbr ipodkdehgt® heonsastr thg ahFernghéngent ral
processi ng | 4 y. oy S i sat | shgRa (- optica
P R e e A P U i ok
anal ogue toudrgnt afoxagrveeteng dhetheaseasngi ugiunits 222a, 222b, 222c are
sanpling simultaneously. Fig. 6 shows the power supply unit 260 of the
second overload relay 201 in nore detail. The power supply unit 260

includes three thaecdefaNapsotéssidg it a24@Chafi gFodbde @ first
regul ator 264, a second regulator 265, a transformer 266 and out put

regul ator 267ChPORISHoURPR i HLERYL 6Viathee pelketcalippf9lakeEs 2880 steoupl ed
to the trip,capacitPind St pPd s58.ressscopasitoy dp6,pL LHS LELR

analogue to digital converters of the measuring units

222a, 222b, 222c are sampling simultaneously.

Fig. 6 shows the power supply unit 260 of the second
overload relay 201 in more detail. The power supply unit
260 includes three line terminals L1, L2, L3, a rectifier
262, a first regulator 264, a second regulator 265, a
transformer 266 and output regulator 267. As shown in
Fig. 6, the power supply unit 260 is coupled to the trip
capacitor 154 and the reset capacitor 156 of the trip

circuit 150.

The line terminals L1, L2, L3 are connected to the

- three supply lines of the power supply. The rectifier 262
is arranged to produce a direct current from the
alternating currents in the three supply lines of the
power supply. Preferably, the rectifier 262 is arranged
so that in the event of one or more of the supply lines
of the power supply beingvlost, the rectifier 262 can
still produce a direct current from the remaining supply

lines.
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circuit 150. The line termnals LI, L2, L3 are connected to the three
supply lines of the power supply. The rectifier 262 is arranged to produce
a direct woresms§imomthe alternating currents in the tkRrCceEsERIEpIy10I nes of
the power supply. Preferably, the rectifier 262 is arranged so that in the
event of one or nore of the supply lines of the power supply being |ost,

the rectifier 26Recanrsti bbgplredyeergqdisest seuprentihegm tbguigraini ng
supply lines .The first regulator 264 is a sinple_linear regul ator which

outputs a Wpiektowkpyuentat RAFers Fharert thallby. linétedcbad44@Yul ator 265
outputs a fheeclosha’ e0hu1RLGR bas! bHLLeHLte VeodbecaeEond %ﬁﬁ?{aﬁfe or 265

provides a significant current gain a erefore al I'ows nic
current ouitpulircapaditot9v. However, the output fromthe second regul ator
265 may not be sufficient to switch the bi stable relay 258 of the trip

circuit 250. Therefore, the trip capacitor 154 and the reset capacitor 156

of the trip cirthldtsdSOnareeghasgsd 269mibei Qs pé'tsi?%nihfc&@ﬁ:ond regul at or
265 so that the stored charge can be used to switch the bi-stable relay.

The transf@FEeNR6E1R preseReIebOEE et Fowal MYCh sbigher t perrent  al
processi ng, Wi de 2o om Lhe supRLYy| 108S Qlehfie PPYRT RUPBLY, Jhe output

of the output regulator islrmtedto supplying the central
processi ngregulat2dd 265 mppweot bargef Siorage capsweltoh stfieobishown) can
used to enstne (ha the, syPpLy ke {1, contral, PEOGeSRLOg HDLL T8

trip capacitor 154 and the reset capacitor 156 of the

trip circuit 150 are charged from the output of the

second regulator 265 so that the stored charge can be

used to switch the bi-stable relay.

The transformer 266 is present to electrically
isolate the central processing unit 240 from the supply

lines of the power supply.

The output of the output regulator 267 is limited to
3.3V for supplying the central processing unit 240 with
power. Large storage capacitors (not shown) can used to
ensure that the supply to the central processing unit is
maintained for up to 15 minutes after the continuity of
the power supply has been interrupted, to ensure that the
central processing unit 240 is able to maintain its

thermal model.

Fig. 7 shows a third overload relay 301. The third
overload relay 301 shares many of the features of the
second overload relay 201 and has been numbered

accordingly.
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mai ntai ned for up to 15 mnutes after the continuity of the power supply
has been interrupted, to ensure that the central processing unit 240 is
abl e to meproewvmssits thernmal nodel. Fig. 7 shows a thir@Coboadiriel ay
301. The third overload relay 301 shares many of the features of the second
overl oad relay 201 and has been nunbered accordi ngly. Each one of the

Connect 6d 1o o FeabaRvvat ohieofe Pt tianth} bl EFhr < 1468 1400, °

connected to a respect|ve one o re5|s or 100 and
also to andh@dt@£ﬁ@toﬁaﬁloédthelshuﬂ@lrfglebﬂﬁécﬂéaato1a0besﬁé6€1by a

respective pair_of resjistors 312a, 312c to formsinple voltage
di vi ders. TR¢sChrthmgement Eﬁﬁb?%gr%a%% ?f thePnehslir edBAta4RPL 82224,

222b, 222c,4Q £§f§é¥§tao§ég8€|tﬁ§p£§§§9t§éé¥§t8£stffo¥0|iﬁ@ﬁ beiyeen an
adj acent pair of supply Iines of the power supply. These signals can then

be transmbyed I©Spﬁ©tt@©tP@irp®609%81ﬁgonﬁlBlzao viabppdleal tésol ators 228

(e.g. by ItlpleX| S reseptative of voli h_the signa
representgflve o%m%urrenfsaégLélVlggﬁ% gfgﬁaler%p?%%%% a?lveio? currents

in, and votieagest behaersasthemeupplyitsnes2af 2hebl hzeeepbaseepeoiee supply,
the central processing unit 240 may_able to_cal cul ate additional paraneters
of the threesh¥de fﬁﬁ%ﬁs%ﬂbﬁFﬁves%Eht%% UnYeR2BVRFLUBFE adR, real and

apparent cygyeadnt RONEF bACEQPp1 @NGiROST Y 698519&9&&0@11 ;iqlﬁ othoLdi nary
skill after Teading the foregoing description wl e to affect

vari ous chahgesls atarrbitéonke andnsmbtt@@tt©n§h©f0@an@hl@n@@eaﬁzh@ut
unit 240 via optical isolators 228 (e.g. by multiplexing

the signal representative of voltage with the signal

representative of current).

Using the signals representative of currents in, and
voltages between, the supply lines of the three-phase
power supply, the central processing unit 240 may able to
calculate additional parameters of the three-phase power
supply, such as under/over voltage, real and apparent

current, power factor, and energy consumption.

One of ordinary skill after reading the foregoing
description will be able to affect various changes,
alterations, and subtractions of equivalents without
departing from the broad concepts disclosed. It is
therefore intended that the scope of the patent granted
hereon be limited only by the appended claims, as
interpreted with reference to the description and
drawings, and not by limitation of the embodiments
described herein. In particular, although overload relays
have been described herein with reference to protecting
motors, the overload relays could also be used to protect

other devices, e.g. a kettle.
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departing fromthe broad concepts disclosed. It is therefore intended that
the scope of the patent granted hereon be limted only by the appended

cl ai ms, awoOi2ntoenpsiet ed with reference to the descri pti orCamgB2desznmags, and
not by limtation of the enbodi nents described herein. In particular,

al t hough overl oad rel ays have been described herein with reference to
protecti ng-ymipEs, the overload relays could also be used to protect other
devices, eg—a kettle.CLAIMS : 1 . An overload relay for protecting a
notor or other device froman overload condition, the overload rel ay
having: a plurality of.shynt resistors, each,shunt resistor being |ocatable
in the curtent %t%v%flgaaegﬁQEYig%rs%E%Fﬁc ihe 3 Pbwet QEPPFy for the
motor or ohdeiceeri6®; aANdvarLOAlr 8bndBaNSn fOPRECHREriSagagh1 8y the shunt
resistors and arranged to receive signals representative of current through

each of the2ehu®t resistors; wherein the control nmeans is arranged to

produce a trip 5ignalal ey nber bl thes OPLEBUT LYCRT Alie PPYELBYpPLY 1 it

determ nes that an overl oad condition exists based on one or nore of the
signal s repesentiatavebbé torteatcthrenghpatie shuatresséstovs. 2 . An

overload rel a acgording to claim1l m@gLfin %he cont rol neaﬁs i ncl udes a
plurality offheasutthgCtnftBOVehci R PhgtiRi FOBRT ng* cOhfetted to a
respecti vegonec®f 4h@ shunt resistors and arranged to receive a signal

representative of current through the shunt resistor to
a control means connected to each of the shunt

resistors and arranged to receive signals representative
of current through each of the shunt resistors;

wherein the control means is arranged to produce a
trip signal to interrupt the continuity of the power
supply if it determines that an overload condition exists
based on one or more of the signals representative of

current through the shunt resistors.

2. An overload relay according to claim 1 wherein the
control means includes a plurality of measuring units,

each measuring unit being connected to a respective one
of the shunt resistors and arranged to receive a signal
representative of current through the shunt resistor to

which it is connected.

3. An overload relay according to claim 2 wherein each
of the plurality of measuring units are electrically

isolated from one another.

4. An overload relay according to claim 2 or 3 wherein
each measuring unit includes an amplification means for
amplifying the signal representative of current through
the shunt resistor to which the measuring unit is

connected.
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which it is connected. 3 . An overload relay according to claim2 wherein
each of the plurality of neasuring units are electrically isolated from one
anot her. WO 2Ar/avanl oad relay according to claim2 or 3PaiiaB20ey/@aah
measuring unit includes an anplification nmeans for anplifying the signal
representative of current through the shunt resistor to which the measuring
unit is connected.5 . An overload relay according to any one of clains 2 to
4 wherein each neasuring unit includes an anal ogue to digital converter for
converting5the &mg@@¢rl@®¢e§%h@htav@ooﬁi@mrt@n@nyh@@@g@fthéa$Man2 resistor

Lo thich the NRFRULLNG LOLL 4S.SOPNRELGR: LI O- . GLOLLE! 5L 0nalc- 16 -

over | oad re ay ACCOF ¢ 0 any onhe wher el h” eac neasur|ng
unit |ncIuﬂﬁglﬁm&emmm@gr@énrﬁofo¢oﬁﬁ@ftﬁ@geﬂﬁégylgmapomer t he measuring
unit. 7 . An overl oad rela accordlng%to any one of claing 1 to 6 wherein

t he controWePﬁﬁﬁﬁP??ﬁﬁﬁﬂe% CPF bR st BN S FRRe F$ DL BBPEr AP ne whet her

an over | oagh condiftd ofe £Xh 81 9q based PY OHEnOLL LSBT En0d A hgigional s
representative of current through the shunt resistors. 8.7 An overload rel ay

accordi ng $grdhi m 7 wherein the processing neans is arranged to produce
one or nore signals representative of a thermal condition of a notor or
ot her devi ce based on one or nore of the signals representative of current
through the. shumt ¢esibéadSrebay dfocoverh@ato rehpyomecof dehgine 2l aim 8
wher ei n the proceSS|ng nmeans i s arranged to, groduce one or nore

whereinn each measuring unlt includes an energy store

for storing energy to power the measuring unit.

7. An overload relay according to any one of claims 1
to 6 wherein the control means includes a. processing
means arranged to determine whether an overload condition
exists based on one or more of the signals representative

of current through the shunt resistors.

8. An overload relay according to claim 7 wherein the
processing means is arranged to produce one or more
signals representative of a thermal condition of a motor
or other device based on one or more of the signals

representative of current through the shunt resistors.

9. An overload relay according to claim 8 wherein the
processing means is arranged to produce one or more
signals representative of a thermal condition of a motor
or other device according to a thermal model of a motor

or other device.

10. An overload relay according to any one of claims 7
to 9 wherein the processing means is arranged to produce
one or more signals representative of peak current

through one or more of the shunt resistors based on one
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signals representative of a thermal condition of a notor or other device
according to a thermal nodel of a notor or other device. 10. An overl oad
rel ay accwodorigissitany one of clains 7 to 9 wherein thePpraB2ee/oogIEans is
arranged to produce one or nore signals representative of peak current

t hrough one or nore of the shunt resistors based on oneor nore of the

signal s reptressptabEvenel seghaent rbProvghc hpevehyat cfi8sEREOERrokdn AN
overload relay according to any one of clains 8 to 10 wherein the

processi ngtheapBunt reFaffedSto deternmi ne whether an overload condition

exi sts based on the one or nore signals representative of the thermnal
condition of a notor or other device and/or the one or nore signals
representative dfi peaklcadrealayl2ccédndbngrtoadnyebay accoldimng 8o clains 7
to 11 as dege gen% on,cla%n12 , Wherein the processing neans includes a
plurality © g ofRSETHY bLRFt BrOESRAIRY 0BRRRF nyS uAF F2PePAgtPocated in a

respecti veddeasw h8Owh8ther 18n S0 PYE5H08ENH EE BYn a8£PEAL NPakaqChal M 12
wherein each processing unit is arranged to produce a signal representative

of the thebh@alordndF tMone ofianabs orepreseheat Hevi et basethenmahe signal
repr esent ali g, 01 oRULECRnkDEPUGD LD SNADY 518405 Duuhlgh Lbe measuri ng

unit is connect ed. verl oad relay accordin crai m12°or 13
wher ei n eactrrotgssl agreprésestatiangefl poaprodicena. si gnal representative
of peak current based on the signal representative of current through the

shunt resistor to which the neasuring unit is connected.
12. An overload relay according to claims 7 to 11 as

dependent on claim 2, wherein the processing means
includes a plurality of processing units, each processing

unit being located in a respective measuring unit.

13. An overload relay according to claim 12 wherein each
processing unit is arranged to produce a signal
representative of the thermal condition of a motor or
other device based on the signal representative of
current through the shunt resistor to which the measuring

unit is connected.

14. An overload relay according to claim 12 or 13
wherein each processing unit is arranged to produce a
signal representative of peak current based on the signal
representative of current through the shunt resistor to

which the measuring unit is connected.

15. An overload relay according to any one of claims 12
to 14 wherein each processing unit is arranged to
determine whether an overload condition exists based on
the signal representative of current through the shunt

resistor to which the measuring unit is connected.
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15. An overload relay according to any one of clains 12 to 14 wherein each
processing unit is arranged to determ ne whether an overload condition

exi sts baweaoommissie si gnal representative of current thProugiB20MWDEIONT
resistor to which the neasuring unit is connected.16. An overload relay
according to any one of clainms 12 to 15 wherein one of the plurality of

nmeasuri ng its,ls r ur | j r e o.pr t trip
signal . 117%] AnAlj(’)voer %ggégefggggc%%é%fﬁgﬁ%o@(gzl ai q%ém%grggﬁgﬁﬁebﬁaster
measuri ng i 15 iwheoajh edn¢ oof hehenelorahvte of heeaseasnyi ngitusiis by one
or nore electrically isolating conponents . 18. An overl|oad relay according
to any one® JFaTter MteFSiot1g ‘g l‘ﬁgg’éﬁ?i%%?do?locﬁ”é‘?%%e,t}i)\ﬁepé’r?l t he

processi ngs 5.iS a central processing unit coupled to the measuring
units. 19. An overload relay according to claim218 wherein the central
processing unit is coupled to the neasuring units by one or nore

electricaliy isgl &é@l&é’&rpfé‘gé‘%sacg&d A ;’*%’S.réf’z?ﬂnr b YR 8FEPRALNg to claim

18 or 19 erein the centra cessing is coupled to an energy store
for storimpener gyedsoupovwerunhe tentoadled ocesshagonmi dr Rdre Antloeer | oad

relay according to any. one of clains 18 to. 20 wherejn the central
procgssi nd“‘?ﬁlfﬁ TIRQ 4t Ja%gﬂyt%n%oé\%rm?ﬂ% ‘?T]e%%ﬁlfjr?@ﬂu%ijt%?lﬁ%n%n over | oad

rel ay accofshpehdx €l ai m 21 wherein the overload relay includes a plurality
of transformers and the central processing unit is arranged to power each
of

18. An overload relay according to any one of claims 7
to 11 as dependent on claim 2, wherein the processing
means is a central processing unit coupled to the

measuring units.

19. An overload relay according to claim 18 wherein the
central processing unit is coupled to the measuring units

by one or more electrically isolating components.

20. An overload relay according to claim 18 or 19
wherein the central processing unit is coupled to an
energy store for storing energy to power the central

processing unit.

21. An overload relay according to any one of claims 18
to 20 wherein the central processing unit is arranged to

power the measuring units.

22. An overload relay according to claim 21 wherein the
overload relay includes a plurality of transformers and
the central processing unit is arranged to power each of
the measuring units via a respective one of the

transformers.
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the neasuring units via a respective one of the transformers .23. An
overload relay according to any one of clains 1 to 22 wherein the control
means i s worangassiio determ ne whet her an overl oad condiPCr@B2e09v®1s0based
on an FLA value and/or a trip class of the overload relay. 24. An overl oad
relay according to claim23 wherein the FLA value and/or trip class is

adj ust abl eohy aAHsseer%éadA@eqsg;%geeragheytecgﬁpdbﬂg be éﬁxéﬁeelof the

previous clainms wherein the con nmeans” i s arranged to produce a reset
signal to tes2dreheheivofhengionygrofl mhenpower asuppbydi £oi Hetletrminenes t hat
an overloadhggﬂgition gge§ exi,st .based.o or, nore_o he signals

represent ali've of Glrrén Pnggﬁaﬁdfﬁéoghﬁﬁ%sgggEEFSPs9“2@? Hkoverload

relay accovding &ndapy anerep thespreyi ene elarlbawheeebp.the overload
relay has an automatic node in which the control neans is arranged to
produce the reset signal if it determ nes that an overload condition does

not exist; and ﬁnn@?@?hoHBdgeﬁQy“QEEBr&BﬁgCQBFE?Eiﬂeggswhéréﬁﬁagggd to

produce the reset signal in response to uSer input. 27. An overload relay
accordi ng FbAanyloaecanfl/vhetpipvicbassciai adjwheakila biieaoueekoad rel ay
includes a trip circuit arranged to interrupt the continuity of the power
supply in response to the trip signal fromthe control neans. 28. An

overl oad rebay mecevdibgatiorelaymaddoviengi dot Aeyt 6he 6FKredet is arranged
to restore the continuity of the power suEpI¥ in response to a reset signal
fromthe cBREYbPUFeah31DT. WARTEYRr FBAACPRI &Y. aReBPEI 4 BETENdPfh 27 or 28

produce a reset signal to restore the continuity of the
power supply if it determines that an overload condition
does not exist based on one or more of the signals

representative of current through the shunt resistors.

26. An overload relay according to any one of the
previous claims wherein the overload relay has an
automatic mode in which the control means is arranged to
produce the reset signal if it determines that an
overload condition does not exist; and a manual mode in
which the control means is arranged to produce the reset

signal in response to user input.

27. An overload relay according to any one of the
previous claims wherein the overload relay includes a
trip circuit arranged to interrupt the continuity of the
power supply in response to the trip signal from the

control means.

28. An overload relay according to claim 27 wherein the
trip circuit is arranged to restore the continuity of the
power supply in response to a reset signal from the

control means.
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wherein the circuit includes a bi-stable relay switchable between a first
stable configuration for interrupting the continuity of the power supply
and a secwnaosrmebdie configuration for restoring the conPCmGR29090191he power
supply. 30. An overload relay according to claim29 wherein the circuit
includes a trip capacitor for storing charge for switching the bi-stable

relay intozthe Ahrstvee0BhHg¥ERbORcc3EdiAg Q¥ekhaag pel gy agcording to
claim?29 or 30 wherein the circuit includés a reset capacitor for storing

charge forwB@Feéni hhet Rerenist apréudepay batrstehéessedad ewatichabaei on. 32.
An overl oag.gglay aceordingeLpil aLAY3Gu0L 34, wheL el LA Ll Rocapact tor
and/ or reset capacitor 1s/are protecte Fom di 5¢ ar g ng. 8nover | oad
rel ay accocdnhgntibtgnygfohkeopowhe poppilgusandl ai secwhar establibe control neans

i s arranged tg.receive signals reg[esenhative of vol tages between the shunt
resi stors. 34T T AT BGEPT oA  r EFEYOELREr G RgCPBTARY 1 b¥e bt tRRePBIEYi ous

cl ai ns wheggppi{yhe control means includes one or nore tenperature sensors.
35. An overload relay according to any one of the previous clains wherein
each shunt resistor has a resistance of ImNor |ess.36. An overload relay

according §9. any, 060t oLhe RIEY! QUS-ELALEB UNSTELY 2ChL8hURE ERSIstor has

a resistance of 0 or nore. . n overroad relay according to any one of

t he circuit includes a trip capacitor for storing charge for
switching the bi-stable relay into the first

configuration.

31. An overload relay according to claim 29 or 30
wherein the circuit includes a reset capacitor for
storing charge for switching the bi-stable relay into the

second configuration.

32. An overload relay according to claim 30 or 31
wherein the trip capacitor and/or reset capacitor is/are

protected from discharging.

33. An overload relay according to any one of the
previous claims wherein the control means is arranged to
receive signals representative of voltages between the

shunt resistors.

34. An overload relay according to any one of the
previous claims wherein the control means includes one or

more temperature sensors.
35. An overload relay according to any one of the

previous claims wherein each shunt resistor has a

resistance of 1mQ or less.
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previous clainms wherein the overload relay includes a power supply unit
according to any one of clains 40 to 45. 38. An apparatus having: a notor
or ot her wevomanssai1power supply having a plurality of sepmlgB2bew®sI1hor
suppl ying power to the notor or other device; and an overload rel ay
according to any one of the previous clainms, each shunt resistor of the

over| oad rekay Rhei Bgckroeatedel Byt RecEWHLRRt tBahRyObna beSReetive supply
line of the power supply. 39. An apparatu$ according to claim 38 wherein

the power BUPPL9UPsCAaiRfedbDpRgde ABChowBHNSUPPP¥Stad. hAspewer supply unit

for supply%ggigggﬁgetgfagog&eBQOQQrgelay, the power supply unit having: a
rectifier for producing a direct current fromone or nore supply lines of

an AC power supply connected to a notor or other device protected by the
over | oad rg%ay; and at .| eas ne transfornmer for cou Iinga%he power supply

| t
unit to the’oveflo8YSFera .rﬁiéyA958REPl§9pBPyaﬂﬁiPn cBér&ffg to claim 40

Wherein_thﬁr@@ﬂ@ﬁssémﬁthUQhéréﬂﬁ'HH@SOQBQl@Ed”Pé@a?EQHE§b9é§ gor
regulating the direct current produced by the rectitier.42. A power supply

unit accorBPYgrt BuUBPAVniBdtopcgerdhegetn ahE pofepisappimsuAlt thncl udes an
oscillatoryzfor supplying the overload relay with alternating current. 43. A
power supply unit according to claim42 wherein the overload relay includes
arectifier for converting alternating current fromthe oscillator into
ir _
direct 38. An apparatus having:
a motor or other device;
a power supply having a plurality of supply lines
for supplying power to the motor or other device; and
an overload relay according to any one of the
previous claims, each shunt resistor of the overload
relay being located in the current path of a respective

supply line of the power supply.

39. An apparatus according to claim 38 wherein the power

supply is a three-phase AC power supply.

40. A power supply unit for supplying power to an
overload relay, the power supply unit having:

a rectifier for producing a direct current from one
or more supply lines of an AC power supply connected to a
motor or other device protected by the overload relay;
and

at least one transformer for coupling the power

supply unit to the overload relay.
41. A power supply unit according to claim 40 wherein

the power supply unit includes one or more regulators for

regulating the direct current produced by the rectifier.
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current for use by the overload relay. 44. A power supply unit according to
claim42 or 43 wherein the overload relay includes a plurality of neasuring
units andwea2plumsdiity of transformers, the oscillator becmgBowgloedot o each
measuring unit by a respective transfornmer. 45. A power supply unit
according to claim44 wherein each neasuring unit includes a rectifier for

convertingaalteangbhag suppept uhienutherassy! Lot eraint 2odiokea current for
use by the neasuring unit. 46. An overload relay including a power supply

unit accortPpgeind bR BAECSH! SEPRLNsuBbtt dngbuday. apnosedlilesdrr pbay for
protect'ngﬁg;gg§gﬁ%gghgt89&rﬁsxPC§e&égn%§9h°g§£é9§9tSggdahgge the overl oad

rel ay havi resistor [ocatable I'n e current pa SF'a supply
line of a power supply for the notor or other device; and a control neans

connect ed the shunt resistor and arranged to receive_or_ produce a signal
representa%?Ve %fp%ﬁ?Feﬁ?pPﬁYoHBﬁttﬁﬁcgﬁgg?grﬁgi%f%?? &ﬂewggﬁeﬁﬂe contrgl

neans is athangedrioadr pduse antliResi gNpbct OridterbPEohhereQni nuity of
t he pomersuEEIy if it determnes that an overload condition exiSts based on

the signal 2+epFeakhtat FYETeRtclirpentheheaaghleher shihe désestor. 48. An
over| oad rﬁﬁ?¥e§9b§$§”&é§|£¥ @ﬁeh858kg ggsgéigzq with reference to and as
shown in the acconpanyi ng draw ngs . g7A power supply unit substantially
as herein

44. A power supply unit according to claim 42 or 43

wherein the overload relay includes a plurality of

measuring units and a plurality of transformers, the

oscillator being coupled to each measuring unit by a

respective transformer.

45. A power supply unit according to claim 44 wherein
each measuring unit includes a rectifier for converting
alternating current from the oscillator into direct

current for use by the measuring unit.

46. An overload relay including a power supply unit

according to any one of claims 40 to 45.

47. An overload relay for protecting a motor or other
device from an overload condition, the overload relay
having:

a shunt resistor locatable in the current path of a
supply line of a power supply for the motor or other
device; and

a control means connected to the shunt resistor and
‘arranged to receive or produce a signal representative of
current through the shunt resistor;

wherein the control means is arranged to produce a

trip signal to interrupt the continuity of the power
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described with reference to and as shown in Figs. 4 or 6

WO 2010/015811 PCT/GB2009/001910

supply if it determines that an overload condition exists
based on the signal representative of current through the

shunt resistor.

48. An overload relay substantially as herein described
with reference to and as shown in the accompanying

drawings.

49. A power supply unit substantially as herein

described with reference to and as shown in Figs. 4 or 6.
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