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-1- ———ANFARFSLEAKAGE DEFECFOR-CLRCULTE . 1. Field of the

i nventi on: The present invention relates to an electrical earth |[|eakage
ci‘rcuit breaker. 2. Description of the related art: Eart h | eakage
circuit breoworngnéseye been proposed in the prior art in nu%&g&;ﬁa@&ents
whereby a core balance (differential) current transfornmer is use d# t he
detection of electrical earth faults apg. should any one of
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1. Field of the invention:

The present invention relates to an electrical earth

leakage circuit breaker.

- script of the re ed

Earth leakage circuit breakers have been proposed in the
prior art in numerous patents whereby a core balance
(differential) current transformer is used for the
detection of electrical earth faults and should any cne of
the two electrical supply wires leak to the electrical
earth by the pre-determined level, the circuit breaker will
trip thereby alerting the user of the excess of leakage
current. Such a circuit comprises a core balance
(differential) transformer having primary coils usually
consisting of the "Live"” and "Neutral" coils, and a
secondary sensing coil and a trigger circuit to energise
the solenoid of the circuit breaker. The circuitry is
usually arranged in such a way that should the electrical
leakage current exceeds the pre-determined level (usually
30 to 100 milli-amperes), the current induced in the
secondary sensing coil will trigger the solenocid of the
circuit breaker via the trigger circuit/mechanism to shut

down the electrical supply.



the two electrical supply wires leak to the electrical earth by the
pre-determ ned | evel, the—circuit breaker will _trip thereby alerting the

usesr of the excess of |eakage current. Such a circuit conprises a
core balance (differential) transformer having primary coils usually

consi sting of wbeendsgve" and "Neutral"” coils, and a secondary sensing coil
i‘q'ﬁcég;pg&l

and a trigger circuit to energise the solenoid of the circui

The circuitry is wusually arranged in suchp-a way that should the electrical
| eakage current.exceeds the pre-determned | evel (usually 30 to 100

m | |i-anper es)The heafetyerliievald uxte dwhich héhes deakigey aurrenty can| passl
trigger the solenoid of the <circuit breaker via the trigger | . .

ci rcui t/ mechanFBEPEgh skhe hysan bReYcWiEhputpe¥erp| ghock or injury is

estimated to be below 10 milli-amperes with a duration of
less than 250 milli-seconds. However, most of the
electrical appliances in use in the homes and offices today
do have certain degree of electrical leakage current and
when they are used together with the same circuit breaker,
the total leakage current could easily exceed the pre-

dQetermined level of the circuit breaker.

This phenomenon poses a problem in selecting the pre-
determined level of leakage current since if the electrical
leakage current is set ¢to a safe level of say, below 10
milli-amperes, to ensure the safety of the user, then the
circuit breaker is rendered useless as it would trip
frequently when several electrical appliances with normal
leakage current are used simultaneously. Conversely, if
the pre~determined level of leakage current is set at a
higher level to enable the electrical appliances with
normal leakage current to be used, then the electrical
leakage current setting would have exceeded the safety

limit the human body could endure.

With such a dilemma, it is difficult to design the circuit
breaker to protect the user from severe electrical shock or
injuries as well as to provide a safe limit for all the

electrical appliances in use. Moreover, with the
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hupan body wi thout severe shock or injury is estimated 55“1
mili-anperes with a duration of less than 250 nilli-{seconBEPLAGED
However, ni¥096/26567 the electrical appliances in use in the_hones and

of fices today do have certain degree of electrical Ieakage’%"‘f’é’m‘mhnd
when they are used together with the same circuit breaker, the total

| eakage current could easily exceed the pre- determ ned |evel of the
circuit breakmereasinkhi sumibesnoofnebegtsisal appliances) bel vsei 4y the pre-
determ ned | evel of |eakage current since if the electrical _|eakage
current is shemes andqfeffiges, otheayrisik| of 1the nuser. srgeeiéing od@sure

h f f_th hen {h i rcui r r i r | i
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electrical appliances also mean a higher electrical leakage
current is required in order to prevent frequent tripping
of the circuit breaker even though there was no electrical

earth fault in all of the appliances in use.
Summary of the Inpvention

It is the object of the present invention to overcome these
disadvantages of the prior art described above by providing
an apparatus to differentiate between the electrical earth
leakage current of electrical appliances and the electrical

leakage current passing through the human body.

According to the invention in the first aspect there is
provided an earth leakage detector circuit comprising means
for sensing current flow in live, neutral and earth lines,
and for sensing a difference between the current flowing in
the 1live line and the sum of currents flowing in the
neutral and earth lines, the sensitivity of the current
sensing means for the earth line being arranged to differ
from that' of the 1live and neutral 1lines and means
responsive to the sensing means for actuating a circuit
breaker if said difference exceeds a pre-determined level.
N
as Been Rep‘laced |
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frequently when several electrical appliances with nornmal | eakage current
are used sinul tafreously. Genversel y,- i __the pre-determ ned | evel of

| eakage current is set at a higher level to enable the electrical
appliances wwth normal |eakage current to be used, then the electrical

| eakage currentweighidgg Wwoul d have exceeded the safety |imt the human
body coul d endure. Wth such a dilemma, it is difficult to

circuit breaker to protect the user fromsevere electrical shock or

injuries as well as to provide a safe limitTor all the electrical

appliances in qyge. ref &f\’%hb_od bRt téle the inventjon includes a
-3-  increasing nuth ectrical appliances in use In the homes

dxfferential current sensing transformer, 130 with its
primary coils consisting of the "Live", "ﬁeutral" and
"Eérth" coils and a secondary coil, 140 which is tuned to
coincide with or around the local electrical mains supply
frequency. The primary coils of the differential current
sensing transformer, 130 are so arranged such that the live
and neutral coils are identical to each other in all
aspects but not the earth coil. The difference in the
characteristic/sensitivity of <the earth coil may be
achieved magnetically or electrically or the combination of
both. The degree of the differénce in the
characteristic/sensitivity of the primary coils is used to
determine the ratio of sensitivity between the electrical
shock current and the leakage current of all the electrical
appliances connected to the circuit breaker. A voltage
amplifying means to amplify the induced wvoltage of the
tuned secondary coil, 140 in which the voltage amplifier is
incorporated with a T-notch filter wired in the feedback
1oop of the voltage amplifier to serve as a band-pass
amplifier which frequency is tuned to or around the local

electrical mains supply frequency.

The described embodiment of the present invention provides
a circuit ¢to detect the difference between the
aforementioned kinds of leakage current so that the circuit

breaker can be made to respond by triggering a circuit with



and offices, the risk of the user receiving an electrical shock is higher.
Such +re+ease—+n—the—use—eft—el ect rical—appliances—al so nean—a higher

el ectrical |eakage current is required in order to prevent frequent
tripping of the circuit breaker even though there was no electrical earth

fault in all waeeibssrappl i ances i n use. P&%&B«ﬁopf t he
I nvention It is the object of the present invention to overcone these

di sadvant ages of the prior art descri bed_f_bove by providing an apparatus to
differentiate between the electrical earth | eakage current of electrical
appl i ances angiﬁﬂe SIRAlivaRly |SPKage, Cheithnt PaRslID-diperad whenhuen
body. Accordifng to the invéntion inh the first aspect there is provided an
earth | eakagegdfbest Cth#t r thel SDEPtr ) Aedkhger entrirentc uisent laeirsg ng
transformer having a core, a plurality of primary coils connectable to
live, neutral throughr ahdif fiexent cearthotaneind pdone (de admaman kedy f9%rence
between the current, flowing in the live coil, and the sum of currents‘i
flowing in t han¥eddvima, Hing) (Fhidiq Alioping & erRat; PEeRehytned 1 | ux

| i nkage bridgin he th coil; and ns p ' t e r
for actuati ngllgggiﬁ‘r c‘{f f{%Meerc\’?r%%ggéai Fﬁgi’e%&goégge&&éae%é%?eﬁﬁ ned
level . earth system (ie electrical appliances) without tripping

the circuit breaker unless the pre-determined level
designated for the electrical appliances have been

exceeded.

According to the invention in a second aspect, there is
provided an earth leakage detector circuit comprising a
plurality of earth leakage detectors, each for sensing the
level of earth leakage from a different source and means
responsive to the detector for actuating a circuit breaker
if any one of said plurality of detectors detects an earth

leakage in excess of a pre-determined level.

The described embodiment of circuit breaker of the first
aspect of the invéntion can be incorporated with multiple
earth leakage detectors of the second aspect for separate
groups of electrical appliances in use with the same
circuit breaker, each of which with a trip leakage current
of, for example, 10 to 30 milli-amperes. The total trip
current of all the earth leakage current detectors can then
be éet to trip the circuit breaker at, say 200 milli-

amperes by means of designing the sensitivity ratio of, for
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-4- The preferred-enbodi Fert—ef—t he invention includes a differential
current sensing transformer, 130 with its primary coils consisting of the
"Live", "Neutral" and "Earth" coils and a secondary coil, 140 which is
tuned to coi nciwimeeneséy or around the |local electrical mains suppl
frequency. The primary coils of the differential current sensi G95/00001
transforner, 130 are so arranged such that «gse Iive and neutral coils are
identical to each other in all aspects but not the earth coil. The

di fference i n thexamhleatt erilo0i desweaent thet plectriicatashbckorchrrantband
achi eved magnetically or electrically or.the conbination of _ both. The
degree of  thEhe ‘PFFE?%nEErr?ﬁ‘F of Ll he aARRtiances.seds thist $age t he

primary coils isgysed Lo, 9807 ThO ' BFsf Bbrdle SR We''d SRS

el ectri cal
{or thereabouts).

A preferred embodiment containing the f£first and second
aspects of the invention may comprise a differential
current sensing transformer which consists of three primary
coils for the "Live", "Neutral”™, and "Earth" supply, and a
tuned secondary coil to detect the electrical leakage when
current is flowing through a human body tc a different
earth/ground plane, in which the sensitivity of the earth
primary coil is arranged to differ from that of the live
and neutral primary co_ils, a band-pass voltage amplifier to
amplify this weak electrical current to a suitable level,
a buffer amplifier and an offset transformer to neutralise
the potential difference between the Neutral and Earth
Lines, a plurality of earth leakage current detectors to
detect the earth leakage current of the appliances in use,
a trigger circuit to combine the amplified signal from the
differential current sensing transformer with the leakage
current from the earth leakage detectors to trigger the
solenoid of the circuit breaker and a low voltage power

supply for the apparatus.

According to the invention in the third aspect, there is

provided a differential current transformer having a



shock current and the | eakage current of all the electrical appliances
connectet—to—the—et+reui-t—breaker. —Aveltage—anplifying Lify
t he i nduced voltage of the tuned secondary coil, 14 NEep [ age
amplifier is incorporated with a T-notch filter wir Jhﬁ%%§.=|#%%§g§@L

| oop of thewmddasssy anplifier to serve as a band- pass i '
frequency is tuned to or around the local electrical mins

frequency. The descri bed enbodi nent gf-the present invention provides a
circuit to. detect the difference between the aforenentioned kinds of

| eakage currphurabityaprimaryi colls abdecak@ecoadavy cedd tfex esensihdy

triggering a circuit, with WO 96/ 26567
PCT/ S5/ 0oogwrrent imbalance between the primary coils and wherein the

position of ¢the coils relative to each other is/are

adjustable.

The differential transformer of a third aspect of the
invention may comprise a core upon which the primary and

secondary coils are mounted, the coil or coils being

slidable on the core.

The adjustability of the coil or coils allows them to be
moved to a position to obtain a null between live and
neutral coils and thus compensate for unequal physical

dimensions/position of the primary coils.

According to the invention in a fourth aspect, there is
provided an earth leakage detector circuit comprising means
for sensing current flow in live, neutral and earth lines,
and for sensing a difference between the current flowing in
the live line and the sum of currents flowing in the
neutral and earth lines, means responsive to the sensing
means for actuating a circuit breaker if said difference
exceeds a pre-determined level and wherein the current
sensing means comprises a differential current sensing
transformer having primary coils corresponding to the live
and neutral lines and an earth leakage current detector

transformer having a primary coil for sensing earth leakage

This Sheet Has Been Rerlaced




-5-" high sensitivity of say, below 5 nmilli-anperes when it __senses that

the electrical |eakage cur+ent—s flowng through a di ffﬁr*;ems BEET M BepN
plane (ie a human body or any living thing) while allow g a NREMBICED
pre-determ ned |evel of |eakage current to flow through t
earth system (wosshesyri cal appliances) without tripping the_circuit
breaker unless the pre-determ ned | evel designated for the e
appl i ances have been exceeded. Accordingto the invention in a second
aspect, there is provided an earth | eakage detector circuit conprising a
plurality of eaghPrésekswacietigtieoNInesasheipit seacdrtaryheoillevehnettearth
| eakage froma different source and neans responsive to the detector for
actuating a cirteoi tthe caifferehtiay awrrehtsasenging aktrapsfbrmerccn sa
detects an earth

second secondary coil connected to the earth leakage

current detector transformer; and the difference sensing
means comprises means for comparing the current signals

from the secondary transformers.
E ! : n 3 t ] : ! ] E *

An embodiment of the invention will now be described, by
way of example, with reference to the accompanying

drawings, in which:

Figure 1 is a block diagram of an embodiment of the
circuit breaker with expandable earth leakage current

detector transformers for electrical appliances.

Figure 2 is an earth leakage current flow circuit
showing the difference between the electrical earth of an
appliance and the earth/ground plane of a human body or

living things.

Figure 3 is a band-pass voltage amplifier with tunable

band-pass frequency to suit the frequency of the local

electrical mains supply.

Figure 4 shows a trigger circuit with light-emitting
-_—

This Sheet Has Been Reﬁlaced
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| eakage in excess of a pre-determ ned |evel.

The descri bed enbodinent of

ci r curt—br eaketr—ef—the—F++rst— aspect—ef—t-he—-hwvention can—be-incorporated

with multiple

groups of electrical appliances in use with the same circuit breaker,
of whi ch vwwigwpensseri p | eakage current of, for exanple, 10

mlli-anperes. The total trip current of all the earth | éakage cur%ent

earth | eakage detectors of the second aspect for separate

each

detectors can then be set to trip theegaircuit breaker at, say 200 mlli-
anperes by neans of designing the sensitivity ratio of, for

96/ 26567

diode indicators and with individualPRE$&GC0S/i0flGds for the

-6- exanple 1 : 100 between the electrical shock current and

different earth faults detectors.

Figures 5A and 5B are a plan view and side view in the
direction of arrow A of figure 5A respectively and show a

construction of a differential current sensing transformer.

Figure 6 illustrates a second embodiment of the

invention.

Figures 7A and 7B show alternative construction of the

balance circuit of Figure 6.

Figure 7C shows 'a modification of the circuit of

Figure 6 for multiple earth leakage detection.
Descripti of the ed Embodi

A preferred embodiment of the present invention will be
described in reference to Figure 1 and Figure 2. This
apparatus basically consists of an electro-mechanical
éwitch, 100 which serves as a circuit breaker. The input
terminals, L1/N1 of the circuit breaker, 100 are connected
to the "Live" and "Neutral" of the incoming electrical
supply. The "Live" and "Neutral" terminals are further
connected to a conventional low-voltage power supply

circuitry, 110 via a step-down transformer, 120 to provide

)



the | eakage current of all the appliances. In this case, the electrical
shock trip current wll he 2 mlli-anperes (or_thereabouts). A

preferred enbodi nent containing the first and second aspects of the
i nvention may conprise a differential current sensing transforner which

consi sts of thrwoofsgsgpry coils for the "Live", "Neutral", anpq";@s;“@"q
supply, and a tuned secondary coil to detect the electrical |eakage 4n
current is flowi ng through a human body to_fogifferent eart h/ ground pl ane,
in which the sensitivity of the earth prinary coil is arranged to differ

fromthat of theghétfecddvhrieibidbolREAGE Suplly IDiPebNCuPAGSt \BHPHI98 to

anplifier to anplify this weak electrical current to a suitable Tevel, a

buffer anplifieroperate thé ssledtrvrdicocircutierpeutral i se the potenti al

di fference between the Neutral and Earth Lines, a plurality of earth

| eakage current detectors to
The incoming earth line is connected to one terminal of the
secondary winding of an offset transformer 350, the primary
winding of_which is connected to the output of a buffer
amplifier, 360. The input of the buffer amplifier 360 is
connected to the Neutral line via capacitor 370, preset
resistor 372 and resistor 374. This arrangement ensures
that any "stray" voltage vhich appears between the neutral
and earth lines is neutralised by adjusting the preset
resistor, 372, thereby reducing the possibility of a false
tripping. The "stray" voltage which appears between the
neutral and earth lines is the result of the voltage
dropped along the neutral line and/or earth resistance when
electrical power is drawn between the live and neutral

lines.

In a single-phase 2-conductor supply system (without the
incoming earth conductor), the input of the earth terminal,
El may be connected to the neutral terminal, Ni1. In this
case, the offset transformer, 350 and the buffer amplifier,
360 may be omitted since there is no potential difference
between the neutral and earth lines, the sensitivity of the
lcurrent sensing means for the earth line being arranged to

differ from that of the live and neutral lines.



detect the earth | eakage current of the appliances in use, a trigger

ci r curt—to—conbi-ne-tte—anmptit+ed sighrat—+oemthe—di fferentdal—curent
sensing transfornmer with the | eakage current fromthe earth | eakage
détectors to trigger the solenoid of the circuit breaker and a | ow voltage

power suppl WOf96268he appar at us. According to the inventi ysGoked Ni M d
aspect, there is provided a differential current transformer having a
-7- Plurality of primary coils and a sggondary coil for sensing current

i mbal ance between the primary coils and wherein the position of the coils
relative to emné other termimalhdpfistiedlsecondiny diirfddmgniofalthier mfffsetner of
a third aspect of the invention nmay conprise a core upon which the primary

and secondar ytransformer ndbfls efogekhersomiths the |eutRityy L2/¥R2HPE 3he he

core.
circuit breaker, 100 are connected to L3/N3/El1 of a

" differential current sensing transformer, 130 whose primary
coils 135, 137, 139, are so arranged such that the
characteristic/sensitivity of the live and neutral coils
are identical in all aspects but not the earth coil. The
difference in the sensitivity of the earth primary coil may
be achieved magnetically or electrically or the combination
of both. The degree of difference in the sensitivities of
the primary coils is used to determine the ratio of
sensitivity between the electrical shock currer;t and the
leakage current of all the electrical appliances connected

to the circuit breaker by means of the following examples:

a) Magnetically - As shown in Figure 5, in which the
| coils are mounted on a toroidal core 500, if the ratio
of the cross-sectional area between the differential
current sensing transformer core 501 on to which the
earth coil 139 is positioned and a magnetic flux
linkage 502 that bridges across the two magnetic poles
of the earth coil is 9 : 1, assuming the length of the
core 501 and branch 502 are egual and the number of
turns of all the primary coils 135, 137, 139 are
equal, and if the sensitivity of the electrical shock
current is designed to trip at 1 milli-ampere, then

the trip leakage current for electrical appliances



The adjustability.of the coil or coils allows themto be noved to a
position to obtain a nul betwsen=li ve and neutral coils and thus__
conpensat e for unequal physical dinensions/position of the primary coils.
According to the invention in a fourth aspect, there is provided an earth

| eakage det ect oswerdgiesgzt conprising a differential current senﬁinﬁ
transforner having primary coils for sensing current flowint

neutral lines and an earth | eakage current .ggtector transformer having a
primary coil for sensing earth | eakage current on the earth line, a first
secondary coil connecwddlt bet approkimseely a0 amidldramperesag transf or ner
and a second secondary coil connected to the earth | eakage current detector
transforner; means for conparing the current signals fromthe secondary

il G TSR R At i gt (L SR

e desorbed, by way SECABRLERS Hiv#haEAd BBE g i eBKRE 5RRy Le 26"

drawings, in which: . 9 apa the sensitivity of the electrical shock
current is designed to trip at 1 milli-ampere, then
the trip leakage current for electrical appliances

will be 10 milli-amperes.

A fourth coil, 140 of the differential current sensing
transformer, 130 serves as the secondary coil the resonant
frequency of which is tuned to coincide with or around the
local mains supply frequency by means of capacitor, 145.
The secondary coil, 140 is connected to a band-pass voltage
amplifier, 150 via resistor 155 and two clamp diodes, 157
and 159. The function of the resistor, 155 is to limit the
high current surge and transient when the two clamp diodes,
157 and 159 are brought into action each time the
electrical surge and transient are present in the

electrical power lines.

The band-pass voltage amplifier, 150 is shown in more
detail in figure 3 and comprises an integrated circuit
amplifier, 400 biased by resistors 402, 404, having an
input through broad band filter 406, 408, with a T-notch

filter, 410 placed in the feed back path of the amplifier



Fi.gure 1 is a bl ock diagram of an enbodi nent of the circuit breaker wth
expandapte—earth—teakage—etr-ent deteeter—t+anrstornmers for—electrical
appl i ances. Figure 2 is an earth | eakage current flow circuit show ng the
di‘f ference between the electrical earth of an appliance and the

ear t h/ gr oundwvebdessé7rof a human body or |iving things. Fi guper,

band- pass voltage anplifier with tunabl e band- pass frequency to SUIt t he

frequency of the local electrical na|n34§UppIy Figure 4 shows a trigger
circuit with Ilght em t ting VO 96/
PCT/ SG95/ 0004P0+ The filtér 410 is of s"-andaé'd bapdaRasfFeRsEFYCHH R i t h

ndi vi dual Reseh ke BgBabfbokbas s ' H 2 £ANH" rbRYLEBrEC E6! Oho.

Variable resistor 422 connects ground to the connection
between capacitors 412, 414 and is adjustable to provide
maximum amplification at the band-pass frequency
corresponding to the electrical main frequency (generally

50/60 Hz) or thereabouts.

The "Earth" coil terminal, E2 of the differential current
sensing transformer, 130 is connected to terminals E3 (...
to Ex) of an earth leakage current detector transformer,
170(1) the outpﬁt terminals of which E4(... to Ey) together
with terminals L4 and N4 of the differential current
sensing transformer, 130 are terminated as the electrical
supply outputs Live 1, Neutral 1, Earth 1 ... Earth n ready
to be cénnected to all the electrical appliances in thé'

conventional and well-known manner.

Under normal working conditions, there is no signal output
from the secondary coil, 140 of the differential current
sensing transformer, 130 when an electrical appliance is
connected to the output terminals, Live 1, Neutral 1 and
Earth 1 (or Live 1, Neutral 1 and Earth n) of the apparatus
because the current flowing through the "Live" coil, 135,
is equal and of the opposing phase to that flowing through
the ' ®Neutral" coil, 137 and "Earth" coil, 139. However,

‘when the load current of the electrical appliance is high,



Figures 5A and 5B are a plan view and side viewin the direction of arrow
A of figure 5A respectively—and- show a construction of a differential
current sensing transfornmer. Figure 6 illustrates a second

enbodi nent of the i nventi on. Figures 7A and 7B show al ternative

construction ofwblegnesepal ance circuit of Figure 6. - Fi fgﬁ!éﬁlllﬁl ows
hﬂ¢%a age ?
A

a nodification of the circuit of Figure 6 for nmultiple eart

det ecti on. Description of the-pseferred Enbodi nent

preferred enbodi nent of the present invention will be described in

reference to Fi galight setledinjigal Rurréhtsimbalance between the "Live" and
"Neutral® coils of the differential current sensing
transformer, 130 would result in a small voltage being
induced in the secondary coil, 140 because of the unequal
physical dimensions/position of the "Live", "Neutral" and

*Earth" coils.

This problem is solved by a specially constructed
differential curtent sensing transformer, 130 as shown in
figure 5 in which the coils are allowed to slide
along/around its core 500 to obtain a "null"™ between the
"Live® and "Neutral" coils, 135, 139. The current
imbalance between the "Live® and "Earth" coils is
insignificant because the current flowing (leakage current
of the appliance) from the "Live" to the "Earth" is usually
small. In fact, when the electrical leakage current of the
appliance exceeﬁs the pre-determined level (usually below
100 milli-amperes), the circuit breaker would have tripped
by then. In the preferred embodiment shown in Figure 5,
only the secondary coil 140 is movable, as indicated by

arrows 510.

The earth leakage current of the electrical appliance(s)
will appear across the terminals EL1 and EL2 of the earth
leakage current detector transformer, 170(1). A plurality
of earth leakage current detectors can be incorporated to

provide separate groupings of electrical appliances



apparatus basically consists of an el ectromechani cal swi tch, 100 which
serves—as a Ci r ctHt—b+eaker— The |.n.pu-t-—t-e-r-m_n.a.L$, L1/ Nl_of the circuit
breaker, 100 are connected to the "Live" and "Neutral" of the incom ng

el-ectri cal supply. The "Live" and "Neutral" termnals are further
connect ed twosszssewenti onal | ow vol t age power supply Ci I pbbéokmonptC Via a
step-down transfornmer, 120 to provide WO 96/ 26567 f&

PCT/ S5/ 00001 =15~ -10- t he necessary

| ow-vol tage supply (Direct Current supply) to _operate_the el ectronlc
Circuitry. connggre %d’tﬁn% SAME, qUtpRL; §°6'Bﬁﬁé%§e€li't’8 BnGnFeP‘FPPFrEP of the

secondary \Mf' dio o€ ?1 vin Ofil.chseeteérr'@l-rx] SL?.{::LTR& ?é%ghecgedp %4 Y different

earth terminal, such as Earth n of the earth 1leakage
current detector transformer, 170(n). This arrangement
enhances the reliability of the apparatus in such a way
that the electrical earth leakage of each group of
appliances within the same earth leakage current detector
transformer are not compounded with the other groups of
electrical appliances_ and the total electrical 1leakage
curreﬁt of all the electrical appliances in use, thereby
preventing unwarranted tfipping of the circuit breaker even
though none of the electrical appliances in use are faulty
of excessive earth leakage. The total trip current along
the earth conductor from which all the earth leakage
current detectors are connected is determined by the ratio'
of sensitivity between the live/neutral primary coils and
the earth coils. Moreover, the grouping of separate earth
leakage current _ detectors also facilitates easy
identification of the faulty group of appliances in
question. A trigger circuit 200, for actuating circuit
breaker 100 in response to earth leakage current detector
transformers 170, will now be described with reference to

figure 4.

The output signal VO from the band-pass voltage amplifier,
150' is connected to input Es of the trigger circuit 200 of .

figure 4, via a variable preset resistor, 210 (Figure 1)



wi ndi ng of which is connected to the output of a buffer anplifier, 360.
The input of the buffer amplifier 360 .is. connected to the Neutral |.ine
via capacitor 370, preset resistor 372 and resistor 374. This arrangenent
ensur es that any "stray" vol tage whi ch appears between the neutral and

earth lines is woskhaget sed by adjusting the preset resistor, F%iz hereby
reduci ng the possibility of a fal se tripping. The "stray"

appears between the neutral and earth |im&6=is the result of the voltage
dropped along the neutral line and/or earth resistance when el ectrical
power is drawn Dériflanocame e usgdd teouseth the jglectrical, shagkgleakagec

2. conductof _SupPLe 43k o (¥hé "Ghed 5 2 |GE B SRR T
NL. In this caghe bEpdt Sﬂgﬁi@%?&ﬂ%he%ﬁx&%‘iﬂtﬁ}e T babeA leakafe
) detector transformers, 170(1) to 170(n), are connected to
the inputs PS1, PS2, ... Psn of the trigger circuit 200,
via individual appliance earth 1leakage current variable
resistor presets, 2é0(1) - 220(n) (Figure 1) which have the
earth leakage current limit set in the range of 10 to 30
milli-amperes or any other leakage current of practical
limits. The total earth leakage current of all the leakage
current detectors, 170(1) to 170({n) will appear at the
secondary coil, 140 of the differential current sensing
transformer, 130 as if electrical shock current has been
detected but at a lower sensitivity. The degree of
sensitivity between the electrical shock current and the
total leakage current of electrical appliances |is
determined by the ratio of the difference in its primary

coils as described earlier.

The ¢trigger circuit basically consists of a SN74LS14
Schmitt trigger circuit 230 to toggle a SN74LS00 wired as
" RS Flip-flop circuit 240. The earth leakage current
signals from the voltage amplifier, 150 and the plurality
of the earth leakage current detector transformers, 170(1)
- 170(n) are connected to the inputs of respective Schmitt
triggers 230 via respective transistor emitter-follower

circuits 250. The outputs Q¢ from all the RS Flip-flop



360 may be omitted since there is no potential difference bet ween t he

neut r ' - sensititymoft-heo—  current_sensing.neans for_____
the earth |ine being arranged to differ fromthat of the live and neutral

| isnes. WD 96/ 26567

PCT/ SG35/ 00000 96126567 -11- The ot her i@ﬂﬁ&ﬂﬁhﬂﬂf t he
secondary wi nding of the offset transforner 350, together wth the output,

L2/ N2 of the <circuit breaker, 100 are -«prwected to L3/N3/El of a

differential. current sensing transfornmer, 130 whose primary coils 135,

137, 139, ar €ixkeuwiisang240saxe t pannetted cux adt diwaststageentransispounf t he
live and neut coils .,are identical in all aspects but not the earth

cail. The di%% &9 to gpergiee: the (Solpnqit of the GirrRiy PEPpKREy

100 via respective diodes 280. The other output Q1 from

each RS Flip-flop circuit, 240 is used to drive a
respective light-emitting diode indicator, 290 to
facilitate easy identification of the faulty appliance.
Once the fault has been identified and rectified it is then
reset by activating respective Reset switch 295 (Figure 4)

before switching on the circuit breaker 100 again.

In figure 2, the earth wire connected to the electrical
appliance 300 is shown to have been disconnected
accidentally (marked X) so that the chassis of the
electrical appliance has become LIVE. The live chassis of
the unearthed_electrical appliance will cause an unequal
current flow between the three coils 135, 137, 139 when the-
chassis of the unearthed electrical appliance 300 is
touched by the unaware user because the electric current
has leaked through the user to a different earth/ground
plane (the floor/ground) thereby causing the current
flowing through coil 135 to be greater than the current
flowing through coil 137 and coil 139. Such unequal flow
of electric current in the three coils causes a voltage to
be induced in the secondary coil, 140 of the differential
current sensing transformer, 130. The same applies when

the ‘live wire is accidentally touched by the user.



be-achi eved magnetically or electrically or the conbination of both. The
degree of difference in the-sensitivities of the primgary coils.L.s used to
determne the ratio of sensitivity between the electrical shock current
and the |eakage current of all the electrical appliances connected to the

circuit breakernydyesggens of the foll ow ng exanpl es: a) I\/agr!ﬁ% : cal | ¥ - As
shown in Figure 5, in which the coils are nounted on a tore

500, if the ratio of the cross-sect+pgal area between the
differenti al current sensing transformer core 501 on to which the
earth coil 139 iBheoihduceddvaltagenfyowt ithef [aecondary qquagacBOQf thae
bridges across the two magnetic poles of the earth coil is

assuni ng the | erdifferential euref@oﬁén§629a?@‘bﬁ‘%9ﬂﬁ’30213§r ése&l!aluﬁﬁﬁdt he

cqual, and i1 tHEYERE: BroRrpate “YREERR!pRPLLFLER, 480 'tn "Ehe "hinner as
described earlier. The amplified signal is made adjustable
and calibration can be made to correspond the triggering
voltage with the desired limits of the electrical leakage

current flowing through a human body.

The test switches, 300 (Appliances) and 310 (Electrical
Shock) are also incorporated to facilitate periodical
testing of its circuitry as shown in Figure 1, these
operating by providing a short from live to earth via
respective resistors connected to the output earth 1

terminal and El1 on either side of transformer, 130.

As can be understood from the above, the earth leakage
circuit breaker according to the present invention can be
of a simple configuration, ie - single earth leakage
current detection with a differential current sensing
transformer as described in the above invention with a
fixed secondary coil, for low current operation or a more
elaborate configuration with multiple earth leakage current
detection terminals for multiple groups of appliances
connected to the same circuit breaker and a sliding
Primaries and/or secondary coils of the differential
current sensing transformer as shown in figure 5 for higher

current operation.



current is designed to trip at 1 mlli-anpere, then the trip | eakage

current for elestricab—applances——————WO-56/26567

PCT/ SG95/ 00001 - -12- will be
approximately 10 m | li-anperes. b) Electrically - if the ratio of the
nunber of t<WioVYerness7 between the live/neutral coil and thpersebédbosoi | 1S
10 9 and the sensitivity of the electrical shock current is
designed to trip at 1 mlli-anpere, thel 9= the trip | eakage current
for electrical appliances will b&710 mlli-anperes. A fourth

coil, 140 of gjhRrdi {§ caRews abhnCH1tarhateVei Bidthod of differentiating
between the electrical earth leakage of appliances and the
electrical leakage current flowing through a human body by
"means of a conventional differential current sensing
transformer, 130 having its primary coils corresponding to

the live and neutral coils but without an earth coil.

The sensing coil, 140 of the differential current sensing
transformer, 130 and  the secondary coil, EL1/EL2 of the
earth leakage current detector transformer, 170 are mixed
together in the balance circuit network, 151 so that the
-induced currents of both the sensing coil, 140 and the
secondary coil, EL1/EL2 cancel or oppose each other when
the electrical earth leakage occurs between the power lines
and the electrical earth of the appliances. The balance
circuit network, 151 may consists of a parallel-connected
or a series-connected circuits as shown in Figure 7A and 7B
respectively. The polarity of the sensing coil, 140 and
the secondary coil, EL1/EL2 are connected "out-of-phase" in
a parallel-connected circuit and "phase-to-phase" in a
series-connected circuit. The polarity of the coils and
its connections are indicated by a dot marking next to one
terminal of each coil as illustrated in Figure 7A and 7B.
The variable resistor, VR is included in the circuit to
set/adjust the induced currents of both the sensing coil,
140 and the secondary coil, EL1/EL2 so as to obtain an

output corresponding to the ratio of the two earth currents



transforner, 130 serves as the secondary coil the resonant frequency of
which is tuned to coincide with or around the l.acal mai ns supply
frequency by nmeans of capacitor, 145. The secondary coil, 140 is
connected to a band-pass voltage anplifier, 150 via resistor 155 and two
clamp di odes, ¥pgogneagyd 159. The function of the resistor, 15gmﬁ%dﬂhéﬂﬂﬁt
t he hi gh current surge and transi ent when the two clanp di odes, 1 and
159 are brought into action each tine the -g2e+ectrical surge and transient
are present in the el ectrical power lines. = The band-pass voltage
anplifier, 150 istshewminalndrof thst drdlance iginauiy merwankor i %b. anThe
Integrated circuit anplifier, 400 bi ased by resistors 402, 404, having an
i nput t hr ough br%%ﬂpﬁﬁﬂge¥$$$%4 Drt the bagance, chreyit, netpprke, 1521 pa

placed in the fegg Qﬁﬁéegahg %BjBQEiSSDLhL'$£r1ab1e resistor VR so as to

obtain a "null output" if seperate detection of the two

earth currents is desired. The output terminal D of the
balance network, 151 is connected to the voltage amplifier,
150 in the same manner as previously described. The
capacitor, 146 is connected to the terminals, EL1 and EL2
of the earth leakage current detector transformer, 170 to
form an LC tuned circuit whose frequency is tuned to or

around the mains supply frequency.

Under normal working condition, there is no signal output
from the terminal D of the balance circuit network, 151
when an electrical appliance is connected to the apparatus
since the currents flowing in both the live and neutral
coils of the differential current sensing transformer, 130
are egual and are of the opposing phase. However, when an
electrical earth leakage occurs between the power lines and
the electrical earth of the appliance(s) it causes an
unequal flow of currents in the live and neutral coils,
thereby inducing a signal corresponding to the magnitude of
the leakage current of the appliance(s) in the sensing
coil, 140 of the differential current sensing transformer,
130. Since, an earth leakage current detector transformer,
170 is connected in between the electrical earth supply and

the appliance, a signal corresponding to the magnitude of



WD 96/ 26567 PCT/ SG35/ 00001
13- 400 _The filter- 410 js of stanrdard—bapre—pass const rdet-or—tnctuding —
capacitors 412, 414, 416 and resistors 418, 420. Variable resistor 422
connects ground to the connection between capacitors 412, 414 and is
adj ust abl e wwo%nessyde nmaximum anplification at the pex
frequency corresponding to the electrical main frequency (generally 50/60
Hz) or thereabouts. The "Earth" coil-germnal, E2 of the differential
current sensing transforner, 130 is connected to terminals E3 (... to Ex)
of an earth lthekayeakageecunksirdct of tthenshppiiance(SD( Willheadsopube
termnals of which E4(... to Ey) together wth termnals L4 and N4 of the
di fferenti al ifduces in the secondary coil, EL1/EL2 of the earth leakage
current detector transformer, 170. These two signals from
the sensing coil, 140 and the secondary coil, EL1/EL2,
which may or may not be of equal amplitude, are mixed
together in the balance circuit network, 151 in such a way
that the two signals cancel or oppose each other so as to
maintain a desired ratio of sensitivity at the output
output terminal D of the balance circuit network, 151. Any
unequal amplitude between the sensing coil, 140 and the
secondary coil, EL1/EL2 will cause a signal to appear at
terminal D of the balance circuit network, 151 and this is
compensated by means of adjusting the variable resistor, VR
to obtain the desired ratio of sensitivity at the output
terminal D of the balance circuit network, 151. The output
at terminal D may also be adjusted to "null" if seperate

detection of the two earth currents is desired.

The balance circuit network, 151 will cause a signal to
appear at its terminal D when an earth leakage current flow
through a different path, which could be a human being or
any living things because of the fact that the current
induced in the sensing coil, of the sum of the earth
leakage current of the appliance(s) (I,) and the electrical
shock current(Igs) flowing through a human bedy, such that:

'Sensing Coil, 140(SC) = Iy + Igg



sensing transfornmer, 130 are term nated as the electrical supply outputs
Live 1, Neutral 1, Earth_1 Farth n.ready to-be connected to-all the

el ectrical appliances in the conventional and well-known manner. Under
normal wor ki ng conditions, there is no signal output fromthe secondary
coil, 140 of t | rential current sensing transforner, 1

el ectrical appﬁﬁgﬁ%%ﬁ?s connected to the output term nals, LiveEQ?%W@ﬁhrzﬂ
1 and Earth 1 (or Live 1, Neutral 1 and E§H£J1 n) of the apparatus because
the current flowi ng through the "Live" coil,” 135, is equal and of the
-0pposi ng phase tyhdrids ftmeV Eer#dHtOUpkauddit ir\otid dbar€?i lealade 280rréret N”
coil, 139. However, when the load current of the electrical appliance is
hi gh, detector transformer, 170 consists of only the earth

leakage current of all the appliances(I;) connected to it,

such that:

Earth leakage detector, 170(ELD) = I,

Therefore, the signal at the output terminal D of the

balance circuit network, 151 may be expressed as follows:

(a) Combined detection determined by the ratio of

sensitivity between the two earth currents:

= Igg + 0.1(I;)

(Sensitivity ratio = 10:1)

(b) Separate Detection of the two earth currents)

SC-ELD=IL+IES-IL

= Igg

The electrical shock current(Iz;) and the leakage current of
appliances at the pre-determined level will trigger the

circuit breaker via the trigger circuit, 200.

In the case of a simple configuration where separate

detection of the two earth currents is desired, the
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£ 14- slight electrical-current 4i-+~batearee—petween the "bve'—and
"Neutral" coils of the differential current sensing transforner, 130

woul d result in a small voltage being i nduced in the secondary coil, 140
because of ﬁ@ﬁmugggual physi cal di mensi ons/ position of tpeTisicosmssbol
"Neutral" an "Earth" coils. This problemis solved by a specially

constructed differential current sensigag transformer, 130 as shown in

figure 5 in which the coils are allowed to slide along/around its core
500 to obtai rppatatus’ hayweeonsist ofl | ac' conmentional r adiffevential 135
1309. The current | mbal ance between the "Live" and "Earth" coils is

i nsi gni f i canCIEEERYsBEPALNG FrANRIGIMEKi/ N30 ank Ay S1inglrcpar tholeakage
appl i ance) f%%%&%%% Ebk%géogot%ggs;ggﬁéﬁr i§0ugggjéé¥ecting the earth
leakage current of all the electrical appliances connected
to the apparatus, the triggering signal for all <the
electrical appliances is taken from the terminai EL1l of the
earth leakage current detector transformer, 170 (shown in
broken line in Figure 6) via preset resistor, 220,whereas
the triggering signal for the electric shock current is
taken from terminal D of the balance network, 151 via
voltage amplifier 150 (in this case, the output terminal D
of the balance network, 151 is set by VR to obtain a "null"
output). For multiple earth leakage detection, the circuit
may comprise a plurality of earth leakage current detector
transformers, 170(1-n) arranged as shown in Figure 7C. The
common earth line to which one terminal of the primary coil
of all the earth leakage current detector transformers,
170{1-n) are connected together is connected to E4 of the
earth leakage current detector transformer, 170 of Figure
6. A capacitor, C may be connected across each secondary
coil of all the earth leakage current detector

transformers, 170(1-n) as shown in Figure 7C which function

is similar to capacitor, 146 of Figure 6.

It must be noted that the details of the design and
construction of the invention may be varied and therefore

it does not limit the patent hereon granted other than as



small. In fact, when the electrical |eakage current ofyth E '
exceeds the pre-determned | evel (usually belaw 100 M%l'ﬂﬁ%Zﬁ%%ﬁE NHe
circuit breaker would have tripped by then. In the p ef er REH di nent

shown in Figure 5, only the secondary coil 140 is novable, as I ndicated
by arrows 51@q jie earth | eakage current of the electric€é{

appl i ance(s) W appear across the termnals EL1 and EL2 o ‘%e ear{h
| eakage current detector transforner, 17 . Aplurality of earth

| eakage current detectors can be incorporated to provi de separate
groupi ngs of eljgicated dyYPthe@ngéépe of the \Allgéﬁﬁ»/d&%@iams.

PCT/ SG5/ 00001
For example, the described embodiment combines means for
sensing a leakage current on the earth lead so that any
difference between live and the sum of neutral and earth
currents will indicate a current leakage through another
path which could be the human body, means of determining
the sensitivity ratio between the electrical shock current
and the earth leakage current of electrical appliances and,
also, the provision of multiple earth leakage current
detectors for different groups of appliances to facilitate
{1) easy identification of faulty appliances or groups of
appliances, (2) separate and adjustable leakage current
setting (sensitivity) for different loads and (3) higher -
reliability by ensuring that the "trace" leakage currents
from one application or a group of appliances do not sum up
together with other groups of appliances. However, as will -
be apparent to one skilled in the art, these features are
independent and may be used separately one from the other.
Also, the arrangement shown in the drawings relate to a
single-phase power supply circuit but the invention is also
applicable to multi-phase power supply circuits, including

three-phase power supply circuits.
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connected to the
the earth wiring

sanme output—termmats—tive 1 and Neutral 1 but having

of the earth | eak;iglgnem El‘ﬂ I’I &.leﬂmransf or ma'; ?r 5% EETWBEEF

arrangenent enhances t

earth | eakage of each group of appl imCHNSE9508001i N t he
transforner are not conpounded with

that the e

sane earth Ieakage current detector

t he ot her groups
| eakage  current

preventing unwarranted tripping of theLAIMEuit breaker even

of the electrical

| eakage. The total trip current along the earth conductor from which al

the earth | eakag
‘ratio of skhsit

t he apparatys _in ﬁ%&AQ§DNay

of el ectrical appliagses and the total electrical
of all the electrical appliances in use, thereby

appliances in use are faulty of. excessive earth

BB BRERSE HeausBren GEPALE [remRR P s MEaRe £ot

earth coils. Mor %mgt RRrPefPE 8y ¥n 39RR", 2h&éubiil fhna eartn 1ines;

and means for sensing a difference between the current
flowing in the live line, and the sum of currents
flowing ‘in the neutral and earth lines; the
sensitivity of the current sensing means for the earth
line being arranged to differ from that of the live
and neutral lines; and means responsive to the sensing
means for actuating a circuit breaker if said

difference exceeds a pre-determined level.

A circuit is claimed in claim 1 wherein the sensing
means comprises a differential current sensing
transformer having a plurality of primary coils
corresponding to the live, neutral and earth lines and

a secondary coil for sensing said difference.

A circuit is claimed in claim 2 wherein the
transformer includes a core upon which the primary and
secondary coils are mounted and the core includes a

magnetic flux linkage bridging the earth coil.

A circuit is claimed in claim 2 wherein the number of

‘turns of the earth coil differs from the number of

turns of the line and neutral coils.
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| eakage current detectors also facilitates easy [dentif]

of the faulty -group of apphiances in guestion. —A triggey THIS SHERT QK B
for actuating circuit br ea (mln\ll‘u:u lﬁﬂfe to earth Ieakagggp t
det ect or transforners 170, kmll“{ H i bed with refere HMEW
figure 4. Thwoosaast si gnal” VO flonf the band- pass vol t age ap&l#éds}}ﬁooi
150 is connected to input Es of the trigger circuit 200 of figure Vi a

a variable preset resistor, 210 (Figure 1y26- - WD 96/ 26567
- 16- whi ch can be use to set the e*;ctrl cal shock | eakage current in
the range of 1 Po 5 #i AirShbferds. clphmed, ip any one of claims 1 to 4

wherein the secondary coil and the primary coils are

adjustable in position relative to each other.

6. A circuit is claimed in claim 5 wherein the primary
and secondary coils are mounted on a yoke and the

secondary coil is slidable on the yoke.

7. A circuit is claimed in any one of the preceding
claims further comprising a plurality of earth leakage
detectors, each for sensing the level of earth leakage
from a different source, the detector.s being connected
to said responsive means for actuating the circuit
breaker when a said earth leakage exceeds a pre-

determined. level.

8. A circuit as claimed in any one of the preceding
claims further comprising voltage compensation means
for compensating for voltage difference between the

neutral and earth lines.

9, A circuit as claimed in claim 8 wherein said voltage
compensation means comprises voltége sensing means,
amplifying means for producing a compensation voltage
and means for applying said compensation voltage to

' ‘the earth line.

. This Sheet Has Been R
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t he out put signals from earth | eakage etector
trans#e+ﬁe+e——%¥9f1)—ko ﬁ I H“EH cted—+o—the i ——
L

PSn of the trigger C|rc |vidual appl i ange earpgtp egnage
current variable reS|stor presets 220(1) - 220(n) (Fi =
t he eart hwiozglesge current limt set in the range of 10 t 1
mlli-anperes or any other | eakage current of practical limts. The t ot al
earth | eakage current of all the | eakag@7- current detectors, 170(1) to
170(n) will . appear at the secondary coil, 140 of the differentjial current
sensing tragsfolmedrcedt as ¢laibmedtin wlaigh8cwheneinnsaidsaprliing
detected but at a | ower senS|t|V|ty The dﬁgree of sensitivity between
the el ectrical sh@@NSuCPBRTiERE ®hkrangipzme 1 eakage current of

el ectrical appliances is determ ned by the ratio of the difference in
its primry coils as described earlier.

11. A circuit is claimed in claim 1 wherein the current

sensing means comprises a differential current sensing
transformer having primafy coils corresponding to the
live and neutral lines and an earth leakage current
detector transformer having a primary coil for sensing
earth leakage current on the 1live 1line, a first
éecondary coil connected to the differential current
sensing transformer and a second secondary coil
connected to the earth 1leakage current detector
transformer; and the difference sensing means
comprises means for comparing the current signals from

the secondary transformers.

12. The circuit is claimed in claim 11 wherein the
secondary coils are connected in parallel and out-of-
phase to each other or are connected in series and

phase~-to-phase.
" 13. A circuit is claimed in claim 11 or claim 12 further

comprising an adjustment means for adjusting the

relative magnitudes of the current signals.

\

T



The trigger circuit basically consists of a SN74LS14 Schmtt trigger
Ci r cui-+—236—te—+6¢gl-e—a—SNF4LS00 witred—as——RS—FLip-fl op citcuit240

The

earth | eakage current signals fromthe voltage anplifier, 150 and the
plurality of the earth | eakage current detector .transformers, 170(1) -
170(n) are owogewseyd to the inputs of respective Schmtt W 30 via
respective transistor emtter-foll ower circuits 250. The outputs from
-17- circuits, 240 are connected

all the RS Flip-flop WO 96/ 26567

PCT/ SG35/ 00001

to a two-stage transistor driver 270 to energi se the solenoid of the
circuit breaker 100 via respective di'édes 280. The ot her out put QL from
each RS Flip-flop circuit, 240 is used to drive a
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respective light-emtting diode indicator, 290 to facilitate easy
I dent+H-eatt+on—of - +-he—fauty—-appl -ance—OCree—the fault has been identified

and rectified it is then reset by activating respective Reset sw tch 295
(Figure 4) Dbefore switching on the circuit breaker 100 agai n. In figure
2, the eartwomdghgsegonnected to the electrical appliance 3Qristostbued t O
have been di sconnected accidentally (marked X) so that the chassis of the
el ectrical appliance has becone LIVE. The live chassis of the unearthed

el ectrical appliance will cause an uneq?ﬁ current flow between the three
coils 135, 137, 139 when the chassis of the unearthed el ectrical appliance
300 is touched by the unawar§ user because the el.ectric current has

| eaked through the user to a chferent earth/ground plane (the

fl oor/ ground) t'I're'r'eL.y TTEOST IR, - tfe—gurrent flow ng through coil 135 to
be greater than|the.qurgeht \
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flow ng through coil 137 and coil 139. Such unequal flow of electric

curreﬂ%—+ﬂ—+he—%hpee—ee+Ls_9auses.ép4“#44¥¥L44;—4m;| ndu

coil, 140 of the differential current sensing transformer, 130. The sane
applies when the'live wire is accidentally touched by the user. WO
96/ 26567 WO 96/26567 PCT/ SG95/ 00001  perrscesnoooo:

- 18- The i nduced voltage fromthe secondary coil, 140 of the

differential current sensing transformer, 130 is anplified by the

band- pass voltage anplifier, 150 in the manner as described earlier. The

anplified signal is nade adjustable and calibration can be nmade to
correspond the triggering vol t age wi tH7t he desired limts of the
el.ectrical |eakage
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current flow ng through a human body. The test switches, 300

( AppH-arees—anrad—310—(Fect+rical —Shosk)—are—-also i ncorpor_ar..ed t.0.

facilitate periodical testing of its circuitry as shown in Figure 1;
t hese operating by providing a short fromlive to earth via respective
resistors copwepessd to the output earth 1 termnal and E%mﬁﬂmﬁb&ﬂ@f si de

of transfornmer, 130. As can be understood fromthe above, the earth
| eakage circuit breaker according to the present i nvention can be of a
sinple configuration, ie - single earth | g age current detection with a
differential current sensing transforneqaas described in the above
I nvention with a fi xed secondary coil, L ow current operation or a
nor e el aborate configuration with nultl arth | eakage current
detection termnals for nultiple groups of | i ances connected to the
sane circuit ghf eaker ¢ a sliding

. +
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primari es and/ or secondary coils of the differenti al current sensing

t'r arsf-ormer—as—shewn—n—figur e 5 foer—higher———=etrent operatt+eor———————>\0
96/ 26567 PCT/ SG35/ 00001

-.19- Figure 6 shows an alternative nethod of differentiating bet ween

the el ectrivgberdét h | eakage of appliances and the el ectgdpédesheunkage
current flow ng through a human body by nmeans of a conventi onal

differential current sensing transforner, 130 having its primary coils
corresponding to the live and neutral coils but without an earth coil.

The sensing coil, 140 of the differergt/gal current sensing
a
D,
4 \ )
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transforner, 130 and the secondary coil, EL1/EL2 of the eart h | eakage

eurrent detector transforner 170 are—r-xed—toget her +HA—the—batance
circuit network, 151 so that the i nduced currents of both the sensing

coil, 140 and the secondary coil, EL1/EL2 cancel or oppose each other
when t he ﬁbw.pal earth | eakage occurs between the poweCT/SG569001 and
the electrical earth of the appliances. The bal ance circuit network, 151
may consists of a parallel-connected 64 a series-connected circuits as
shown in Figure 7A and 7B respectively. The polarity of the sensing coil,

140 and the secondary coil, EL1/EL2 are connected "out-of-phase" in "~ a
paral | el -connec = . g£eri es-connect ed
circuit. The pofarity of the-coils and its connectiong are indicated by a
dot marking nex§y to one tefm nalk of each coil as illugtrated in Figure 7A
and 7B. The Pqri aple-resitor, YRis included in the ¢ircuit to
set/ adj ust t hedndy, ocurré?ts ot:both t he sensing coil,
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140 and the secondary coil, EL1/EL2 so as to obtain an out put

corresponding.to the ratio of the two earth currents WO 96/ 26567
PCT/ S5/ 00001 - 20- at termnal D of the

bal ance circuit network, 151. The output term nal D of the bal ance
circuit netywghkes¢gprl MYy be offset by adjusting the variﬁﬂ_{ | stor VR
so as to %gt ain a "null output"” if seperate detection of gdlrswﬁ earth
currents is desired. The output termnal D of the bal ance network, 151 is
connected to the voltage anplifier, 2D in the sanme manner as previously
descri bed. The _, capacitor,4146 is connegted to the tgrmnnals, EL1 and
EL2 of the eart]p | eakage current detector transforner®» 170 to form an

LC tuned circuit ose frequeﬁcy i's tuned Eo or s
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d the mains supply frequency. Under nornal wor ki ng é é? E ; e
no—signal—output—Ffrom-the te bal ance é+ﬁ ébﬁf

when an el ectrical appliiance is connected to the apparatus si nce

urrents flomnng in both the live and neutral coils of =
renti al iﬁﬁ sen5|n t ransf or ner, 130 are e ual andyp
i ng phase. ver, : OBakage oCH
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(57) Abstract

An earth leskage detection circuit is disclosed which includes a differential transformer (130) with primary coils (135/7/9) for sensing
current flow in live, neutral and earth lines and a secondary coil (140) for sensing a diffierence between the current flowing in the live line
and the sum of currents floving in the neutral and earth lines and a trigger circuit (200) responsive to a difference signal from the secondary
coil (140) for actuating a circuit breaker (100) if the difference exceeds a pre-determined level. Also disclosed is an earth leakage detection
circuit comprising a plurality of carth leakage detectors (170) each for sensing for the level of earth Jeakage from a different source, the
trigger circuit (200) being responsive to the detectors (170) for actuating the circuit breaker (100) if any one of the plurality of detectors
(170) detects an carth Jeakage in excess of a pre-determined Ievel. The secondary coil (140) of the differential transformer is also adjustable
in position to obtain a null between primary coils and thus compensate for unequal physical dimensions/position of the primary coils.
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-21- the | eakage current of the appliance(s) will also bRECEMEQRAG IPJLT

the secondary coil, EL1/EL2 of the earth |eakage cur r ent eret-e€tor
transformer, 170. These two signals from3 +he sensing coi| JTHB48REHIHASSEEN
secondary coil, EL1/EL2, whi ch may or may not be of equal anplREPUAGED are

00

1996

m xed together in the balance circyit network, 151 in such a wa T hat
the two siwejésc%é!u“&eroﬁﬁo§ée§5€ﬁcéi-héPP%ba%%eﬁ ol YRS rfhithes NeBesr ed
rati o of sgnsidffides,attidheicit Pt theousput réesiviveg 4 aflddtriallasteck

circuit netwark, 151. Any . unequal .a | tude between fhe .sensi caoil, 140

~and the %%ﬁhﬁgﬁﬁﬁrtxﬁ%%ﬁ EOEA ewﬂPrBhguggeapgi%ﬁ%ﬁkﬁ%géi[éﬁ%jgépé%s

ternm nal ildot medmlaidghenr eliectmécadr keaksdde acdrrénts is required in
order to prevent frequent tripping of the circuit breaker even

though there was no electrical earth fault in all of the
appliances in use.

Summary of the Invention

It is the object of the present invention to overcome these
disadvantages of the prior art described above by providing an
apparatus to differentiate between the electrical earth leakage
current of electrical appliances and the electrical leakage
current ‘passing through the human body. '

According to the invention in the first aspect there is
provided an earth leakage detector circuit cdmprising a
differential current sensing transformer having a core, a
plurality of primary coils connectable to live, neutral and
earth lines and a secondary coil for sensing a difference
between the current flowing in the live coil, and the sum of
currents flowing in the neutral and earth coils, the core
including a magnetic flux linkage bridging the earth coil; and
means responsive to the transformer for actuating a circuit
breaker if said difference exceeds a pre-determined level.

—_—
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gorrperrsat ed by ]rreans of adj usti nght he véri abl e rePiGTl’)r G‘FB 5(! cﬁtgio 013.
esired ratio of sensitivity at the out put term t lje

circuit network, 151. The out put at term nal rﬂgcfﬁs\&g b gﬁ?@%o
"null" if seperate detection of the two earth curren =5 "“"‘ ed The

bal ance circuit network, 151 will caus& 4 Signal ‘to 1|EFH%S&SHQET HAS BEEN
terminal D when an earth | eakage current flom/ throug1 a diRERLABRD pat h

whi ch I th T_1he fact
that 't he. doRPEELCY B8 PELRE-F (oot Aland 14 Hhdndipy; RETKos aenptaa 1
| eakage curwereRnifinbrlamppe keteder the mm]rr)axand:cxﬂes elret twhegalin thteock

current (| [ﬁééi&léﬂoé!‘f Nohd hé&iw Pe T B RYeact St ddBlis/are  SENSi NG
Coi |, 140(Sc?usta err] + I[err]

The differential transformer of a third aspect of the
invention may comprise a core upon which the primary and
secondary coils are mounted, the coil or coils being slidable
on the core.

{ The adjustability of the coil or coils allows them to be moved
to a position to obtain a null between live and neutral coils
and thus compensate for unequal physical dimentions/position
of the primary coils. ° : _ -

According to the invention in a fourth aspect, there is
providéd an earth leakage detector circuit comprising a _
differential current sensing transformer having primary coils
for sensing current flow in the live and neutral lines and a
secondary coil; an earth leakage current detector transformer
having a primary coil for sensing earth leakage current on the
earth line and a. secondary coil; means for comparing the
current signals from the secdndary coils and means responsive

¢ to the comparing means for activating a circuit breaker if
said difference exceeds a predetermined level.

This Sheet Has Been Replaced
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-22- Whereas the current induced in the earth | eakage cuRr%EWEtﬁt@e(ﬁ &CT 199
transforner, 170 consists. of only the earth | eakage cur —of—att+—t1
/ o o T s e

appliances(I[err]) connected to it, such that: E3 ggﬁ
detector, 170(ELD) = I[err] Therefore, the signal at tlhe ouBERkA D
termnal D of the bal ance  circuit petwork, 1%%%n%éwpe expressed as

fol | ows: (a) Conbi nedBAALECPEEEr HRELODy Qe bRy UNQWINGS o of
sensitivity between the two earth currents: SC-ELD = I[err] +
Egg;;%tivggg éé%g%{igab:qg the invention M& &rho$ BelééLSEEQéd, by way of

example, with reference to the accompanying drawings, in which:

PRSRSEcl

Figure 1 is a block diagram of an embodiment of the circuit
breaker with expandable earth leakage current detector
transformers for electrical appliances.

Figure 2 is an earth leakage current flow circuit showing the
difference between the electrical earth of an appliance and the
earth/ground plane of a human body or living things.

Figure 3 is a band-pass voltage amplifier with tunable band-
pass frequency to suit the frequency of the local electrical

mains supply.

Figure 4 shows a trigger circuit with light-emitting

- This Sheet Has Been R«
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E F{'
(b) Separate Detection of the two earth currents) 1/9 j —O 0001
I'ferr] + I[err] - I[err] 0 =1[err] TheRECeE:WEBalG InOEE 1996

current(l[err]) and the | eakage current of appl i ances ret—t-he
pre-determined Level will -trigger the = 24ircuit breaker WHE;SHEEIHAQQEEN

circuit, 200. In the case of a sinple configuration[mheréﬂﬁ@n
detectlon of the two earth currents is desired, the, “-vtreﬁ+g§§51___
pCT/SGg5/ggth;ated by the scope of the appendg@ ¢laims.

For example, the described embodiment combines means for sensing
a leakage current on the earth ;lead so that any difference
between live and the sum of neutral and, earth currents will
indicate a current leakage through another path which could be
the human body, means of determining the sensitivity ‘ratio
between the electrical shock current and the earth leakage
current of electrical appliances and, also, the provision of
multiple earth leakage current detectors for different groups of
appliances to facilitate (1) easy identification of faulty
appliances or groups of appliances, (2) separate and adjustable
leakage current setting (sensitivity) for different loads and (3)
higher reliability by ensuring that the "trace" leakage currents
from one appliance or a dgroup of appliances” do not sum up
together with other groups of appliances. However, as will be
apparent to one skilled in the art, these features are
independent and may be used separately one from the other. Also,
the arrangement shown in the drawings relate to a single-phase
power supply circuit but the invention is also applicable to
multi-phase power supply circuits, including three-phase power
supply circuits. '
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' [ | diff i al ‘P(ﬁTﬁ q () ]
appar at i ﬂu a conventiona ifferentia curr
t'ransfonmmﬁmamrumn |ng| e earth | eakage current det ecﬁgrcfﬁééd]%} r3eQCT 199
170 for detéctitng"thd earth | eakage current of all the electrical
appl i ances connected to the apparatus, 2bhe triggering sEgﬁa+—4{#-éuJ_JJn1.
el ectrical appliances is taken fromthe terminal EL1 of tpéHIS SHEEhWHAS BERNe
current detector transformer, 170 (shown in broken linefin FWﬁElACED Vi a
preset reSGIAIMS 520, whereas the triggering signal for the erecrrrc—sho

current is taken fromterm nal D of the bal ance netmo[kb 151 Viﬁ .
I [if h t he outpyt term,na t he ba ance
hetwork, 151 | &L sEEip YRakdugyfiefRetor ittt cofpnisingon afiferracial
| eakage detusendnsengéngi tramsformey haoimg aecarg) W @Llutraldzi:yeeftlisrinm{@ge
current JQ{AAOM conhbRRIGIETEES, 1AL RbnBLbANgGH A% iles; 94hS.
of °T he pr r} ¢6r1 and¢ %JI

The conmon ne 't erm na
t he earthﬁ%&@@é%u@@bﬁt foat e%@féﬁlftg aBsfdififigrence between the current

flowing in the live coil, and the sum of currents flowing in the
neutral and earth coils, the core including a magnetic flux
linkage bridging the earth coil; and means responsive to the
transformer for actuating a circuit breaker if said difference
exceeds a pre-determined level.

2, A circuit as claimed in claims 1 wherein the secondary coil
and the primary coils are adjustable in p051tlon relatlve to each_
other.,

3. A circuit as claimed in claim 2 wherein the primary and
secondary coils are mounted on a yoke and the secondary coil is
slidable on the yoke.

4, A circuit as claimed in any one of the preceding claims

~ further comprising a plurality of earth leakage detectors, each
for sensing the level of earth leakage from a different source,
the detectors being connected to said responsive means for
aétuating the circuit breaker when a said earth leakage exceeds
a pre-determined level.

5. A circuit as claimed in any one of the prededing claims
further comprising voltage compensation means for compensating
for voltage difference between the neutral and earth lines.

6. A circuit as claimed in claim 8 wherein said voltage
compensation means comprises voltage sensing means, amplifying
means for producing a compensation voltage and means for applying
said compensation voltage to the earth line.

\
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.170(1-n) are connected together is connected to E@'Efbtl{ég éa’ 0 IOeaﬂaQe

§3LLZQEe31MHﬂ$ﬂlllmmlllﬂmdar”0 coi " of all thitieal VT EAHEE s

“current deteétof “tr%n§forners 170(1-n) as shown ip FEigure 7C which
function is simlar to capacitor, l4@ef-Figure 6. TH|g SHPETS HAB BERAL ed
that the details of the design and construction of [he i mgE@pabpy Ny
vari ed and therefore it does not |imt. the patent hu
than as 7- A circuit as claimed in claim -6 ehere iy sadtce dppl vimg scope of

t he appem%%%éﬂé%ﬁ§¢13e§¥ﬁ XYt Srmd e descri bed enbodi nent conbi nes neans
for sensing a | eakage current on the earth ;lead so that any difference

8. An earth leakage detector circuit comprising a
differential current sensing transformer héving primary coils
for sensing current flow in the live and neutral lines and a
secondary coil; an earth leakage current detector transformer
having a primary coil for sensing earth leakage current on the
earth line, and a secondary coil; means for coniparing the
current signals from the secondary coils and means responsive
to the comparing means for activating a circuit breaker if
said diffence exceeds a predetermined level.

9. The circuit is ¢laimed in claim 8 wherein the sgcon&ary
coils are connected in parallel and out¥of-phase to each other
or are connected in series and phase-to-phase.

10. A circuit is claimed in claim 8 or claim 9 further
comprising an adjustment means for adjusting the relative
magnitudes of the current signals.

11. An earth leakage detector circuit comprising a plurality
_ of earth leakage detectors, each for sensing the level of
N earth leakage from a different source and means responsive to
the detectors for actuating a circuit breaker if any one of
said detectors detects an earth leakage in excess of a pre-
determined level.

12. A differential current transformer having a plurality of
primary coils and a secondary coil for sensing current
imbalance between the primary coils and wherein the position
of the coils relative to each other is adjustable.

-_—
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“-between |live and the sumof neutral and earth currents will indicate a

= current |eakage through another path which could be the hunman body, neans
of determning the sensitivity ratio between the electrical shock current
and the earth | eakage current of electrvidka appliances and, al'so, the

provision of nultiple earth Ieakage current detectors for dlfferent groups

of appliances to facilitate easy identification of faulty
appl i anc’e‘kcﬁa%%p%“‘&beﬁp%f-l %1&1%% r:.q@]) %Eib’e&%ﬂ"ee%rﬂd‘ étﬁ%slt‘hb‘}fte I*&Qﬂk%&;

current éxedtdaflﬂléé@psmevriyk 6.@%%%%@%&6@&&@% (Pledd Byl shock:
reliabiljty %hensurégghtha the "trace" |eakage urrents fro

appl i ancks LS oup abB?F%ﬂﬁ%slHotm%tu§%wﬁ cleget el vﬁRé&%ﬁWﬁﬁsgroups
of appl i abses. medhvevhighas eléttbbcabphe&hagéocummemkli$eﬂéquut@@ it

nese  SBLUCESA" Sy QHBERRRheAR bRl ERETEI ALY MEELPTILE
power suph¢ggh|tbere uas n?ezleob?tc@h ¢ﬁrbhsﬁa@bbllmam%b 0} 3] hm¢il-phase

u circuits
DS L e B e M eakage det ect or ai roul t compr i sing a
differential current sensing transfornmer having a core, a plurality of

primary coils connectable SQmmhkyeof'angtIﬁbenandn earth lines and a

It is the object of the present invention to overcome these
disadvantages of the prior art described above by providing an
. apparatus to differentiate between the electrical earth leakage
current of electrical appliances and the electrical leakage

current passing through the human body.

According to the invention in the first aspect there is
-provided an earth leakage detector circuit comprising a
differential .current sensiﬁg transformer having a core, a
plurality of primary coils connectable to live, neutral and
earth lines and a secondary coil for sensing a difference
between the current flowing in the live coil, and the sum of
currents flowing in the neutral and earth coils, the core
including a magnetic flux linkage bridging the earth coil; and
means responsive to the transformer for actuating a circuit
breaker if said difference exceeds a pre-determined level.

DATE : _ 30 JUN 1996
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secondary coil for sensing a di fference between the current flowng in the

live coil, and the sumof currents flowing in the neutral and earth coils,
the core including a nmagnetic flux |linkage bridging the earth coil; and
means responsive to the transformer for?actuating a circuit breaker if said
di fference exceeds a pre-determ ned | evel. 2. Acircuit as clained in

clainms 1_wherein the secondary coil and the prinmary ¢oils are agdjustable in
‘posi ti oRlneadityeofoPEamALy: feils and apserPRARrYaSod) afREdsensendi m 2

wher ei nchbget TRbY1andesSbethdany thei pginaeynBuiledafd wh¥pkenatHet he
secondar COl, | on t as C

I | i dabl K 4. . A ci ' I d, i
one of P élBFSEegﬁaﬁhgﬁgpﬁésfSFEﬁgxgégﬁﬁrFthgoﬁﬁ%?ﬁgé??Fﬁ Bg?ggﬁ?higegﬂgge
detectors, each for sensing the |evel of earth | eakage froma different

cotuat| Te; ALREREEAI 10 LAnsPaaRENT0r 3 BRI 2, GSPERE v, TRETInvERtion
pre- det @Ay comprdgel a coxe upon whdich 4becpzimadyi Andnpesnndaryt Reils

precedi Bg.eC 3t el LR RAMPOrSicd 1¥0bledng s2HBEBIA! bANtABARSLEOT
conpensating for voltage difference between the neutral and earth Iines.
6. Acircuit as claimed in claim 8 wherein said voltage conpensation

nmeans c@mp adgustebidde s afsithe wedls orampliillsy aldomsatheotopbedmnoved a
compensati on 4014345 407 KR AP EHIR A 14 vEOTRE" AR 1 Aiage T
' and thus compensate for unequal_physical dimensions/position of

the primary coils.

According to the invention in a fourth aspect, there is
provided an earth leakage detector circuit comprising a
differential current sensing transformer having primary coils
for sensing current flow in the live and neutral lines and an
earth leakage current detector transformer having a primary
coil for sensing earth leakage current on the -earth line, a
first secondary coil connected to the differential current
- sensing transformer and a second secondary coil connected to
the earth leakage current detector transformer; means for
comparing the current signals from the secondary coils and
means responsive to the comparing means for activating a

(" circuit breaker if said difference exceeds a predetermined
level.

REPLACEMENT SHEET




- 26 - 7. Acircuit as clained in claim6 wherein said applying neans
conprises a transforner. 8. An earth |eakage detector circuit conpri sing
a differential current sensing transformer having primary coils for sensing
current flowin the live and neutral 1i%hes and an earth | eakage current

det ector transfornmer haV|ng a primary coil for sensing earth |eakage
current on the earth |ij coi | connected to the
differential current se , , d - gecondary coi
connected to the earth Ieakage current detector transforner means for

conpari th urrent si t he s ndar nd ns,_respensi ve
Co The B8 supRihREE,of: SRR, InvoRELRe “uEEE ROR: Ko  danr BPra oy ur ¥ B ence
exceedserampidet witthned feeence to9theThecompanyingsdrawings, i incwhioh8
wherein the secondary coils are connected in parallel and out-of-phase to
each other or are connected in series and phase-to-phase. 10. A circuit
is claFkgurenlcisi m bdogk dimgiram off ant pmbodémpntspfigthe edrguvifient neans

for adj yebhrert k8 thelkdbav@abagnchydas 18hkhge eurkent akgaatsr

transformers for electrical appllances

Figure 2 is an earth leakage current flow circuit shéwing the
difference between the electrical earth of an appliance and the
earth/ground plane of a human body or living things.

Figure 3-is a bahd—pass voltage amplifier with tunable band-
pass frequency to suit the frequency of the local electrical

mains supply.

Figure 4 shows a trigger circuit with light-emitting

REPLACEMENT SHEET

DATE ; _30 JUN 1398




11. An earth | eakage detector circuit conprising a plurality of earth
| eakage detectors, each for sensing the |level. of earth | eakage from a
di fferent source and neans responsive to the detectors for actuating a

circuit breaker

rel ative to.each other is/are adjustable. WO 96/ 26567

PCT/ S5/ 00001 -27- 10. A circuit as clained

in cl aForoexampden theddeppribad embodimemteombinegs seeans thaih sfeysing

11.

AaCi T&tdgd S chrbiRd d €hal r@a]rt‘tﬂ”'efféé'dt B CtHd€Nhny diffeRdddd
een live and the sunm oé”keggggin%nd earth currents will

nmeans %%t rises,a differential curr

indicate a current leakage through another path which could be
the human body, means of determining the sensitivity ratio
between the electrical shock current and the earth leakage
current of electrical appliances and, also, the provision of
multiple earth leakage current detectors for different groups of
appliances to facilitate (1) easy identification of faulty
appliances or groups of appliances, (2) separate and adjustable
leakage current setting (sensitivity) for different loads and (3)
higher reliability by ensuring that the "trace" leakage currents
from one appliance or a group of -appliances do not sum up
together with other groups of appliances. However, as will be
apparent to one skilled in the art, these features are
independent and may be used separately one from the other. Also,
the arrangement shown in the dfawings relate to a single~phase
power supply circuit but the.invention is also applicable to

multi-phase power supply circuits, including three-phase power
supply circuits.

i f any one of said deRdctors detects an earth | eakage in
excess of a pre-determ ned | evel. 12. A differential current transforner
having a plurality of primary coils and a second coi
i tbal adndibatedebyt lthepsicopey ofoithe appentdedechaims.position of the coils

L e e a e

for sensing current

'REPLACEMENT SHEET
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transfornmer having primary coils corresponding to the live and

neutral
haV|ng

th | eakage current det ect or transformer
“Hm ummﬂl sensi ng earth | eakage current on the live

line, a first - # s sécondary coil commcted to the differential current
sensing transformer and a second secondary coil connected to the

earth |

eakage current detectar transforner; and the difference

'sensi ng ciEas conpri ses neans for conparing the current signals

from

— the secondary transforners. 12. The circuit is clainmed in

claim11l wherein the secondary coils are connected in parallel and

out - of -
phase-t
further

1. An gqduide Yealeagsh deteator cireuddncempedsingsardibffandntial
GRS sensink’ trAnSFoHer hivehg f%bid, d 3lrdliey GkabMdéry
coils connectable to live, neutral and earth lines and a
secondary coil for sensing a difference between the current
flowing in the live coil, and the sum of currents flowing in the
neutral and earth coils, the core including a magnetic flux
linkage bridging the earth coil; and means responsive to the
transformer for actuating a circuit breaker if said difference
exceeds a pre-determined level.

2. A circuit as claimed in claims 1 wherein the secondary coil

and the primary coils .are adjustable in position relative to each
other. '

3. A circuit as claimed in claim 2 wherein the.primary'and
secondary coils are mounted on a yoke and the secondary coil is
'slidable on.the yoke

4,. A circuit as claimed in any one of the preceding claims
further comprising a plurality of earth leakage detectors, each
for sensing the level of earth leakage from a different source,
the detectors being connected to said responsive means for

actuating the circuit breaker when a said earth leakage exceeds
a pre-determined level.

5. A circuit as claimed in any one of the preceding claims
further comprising voltage compensation means for compensating
for voltage difference between the neutral and earth lines.

6. A circuit as clainmed in claim 8 wherein said voltage

‘compensation means comprises voltage sensing means, ampllfying

means for producing a compensation voltagé and means for applying
said compensation voltage to the earth line.

'REPLACEMENT SHEET
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nprising an adjustnent neans for adjusting the relative

ma9“'lillilllfﬂllﬂIll?l?ﬂlllﬂm s
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7. A circuit as claimed in claim 6 wherein said applying means
comprises a transformer.

8. An earth leakage detector circuit comprising a differential

current sensing transformer having primary coils for sensing
current flow in the. live and neutral lines and an earth leakage
current detector transformer having a primary coil for sensing
earth leakage current on the earth line, a first secondary coil
connected to the differential current sensing transformer and a
second secondary coil connected to the earth leakage current
detector transformer; means for comparing the current signals
from the secondary coils and means responsive to the comparing
means for activating a circuit breaker if said difference exceeds
‘a predetermined level.

9. The circuit is claimed in claim 8 wherein the secondary
coils are connected in parallel and out-of-phase to each other or
are connected in series and phase-~to-phase.

10. A circuit is claimed -in claim 8 or claim 9 further

comprising an adjustment means for adjusting the relative
magnitudes of the current signals. | ' '

-11. An earth leakage detector circuit comprising a plurality of
earth leakage detectors, each for sensing the level of earth
leakage from a different source and means responsive to the
detectors for actuating a circuit breaker if any one of said

detectors detects an earth leakage in excess of a pre-determined
level. '

12. A differential current transformer having a plurality of
primary coils and a second coil for sensing current imbaiance
_between the primary coils and wherein the position of the coils
relative to.each other is/are adjustable.
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