1 A RELAY FOR AUTOVATI CALLY SELECTI NG A MONI TORI NG RANGE TECHNI CAL FI ELD
The present invention relates broadly to a relay for automatically
selecting a nonitoring range and to a fmethod for nonitoring a paraneter of
an input source. BACKGROUND In the electronics industry, devices
such as relays are typically used to operate 15machinery and circuits. Such
devices typically rely on energisation or switching on/off for operations.
Convent i on@ IRELAN FORi AUTOWMATICALLYISEBh&EGTINGSAMIONIEORINGo! rel ay,
typically, the relay is specific to niitoring a certain overall paraneter
range of e.g. a power source, a 20 R@ﬁﬂgﬁge source, a current source etc.
The paraneter nay be e.g. current, voltage, three-phase power etc. For
exanple, a control relay nay be provided for nonitoring an overall current
range of 0.15A to 15A. Practically, that control relay may be provided with
differefgcﬁuha&arﬂgﬁ)to be chosen by connection of the source to be
nonitored to i% erent respective termnals. That is, the relay may have
multiple input termnals corresponding to different 25 nonitoring ranges

or sub-rang [ t Y Y L

ub: ranges s s et 1R fin BB BR@dy IE TR RURIERN Relbliy o,
cur r ent mphitasisl sanpeoinddn a metheedfor myqpiitodnd § pawettenad ap dmweseure® two corr ect
terjg nal's (out of multiple termnals) for nonitoring a sub-range of 1.5A to
15A." 30Thus, one significant problemthat may arise is that the user may
connect the source to be nonitored to incorrect termnals and the relay
woul d tBRBKHRO tion as desired. This may cause the user to interpret
the relay as a mal functioned product. Furthernore, a connection of a high
current source to an incorrect termnal for nonitoring a | ow current range
may cause danmage to the relay. 2 In addition, the user needs to
know bef or ehianttie peleciramiosr industryt Idevisesisoeh tas istaysears Uyeidallyeuspd tohepérated

t ; j it vol i t i ; t
pch Aty L RRAEyNC SRR Herle iEly Rt ERBRERAELEduichifd S for g
and/ or apemtionk. pur poses.

Conventionally, for monitoring or control operations using a control relay, typically,

the relay is specific to monitoring a certain overall parameter range of e.g. a power source, a

20  voltage source, a current source etc. The parameter may be e.g. current, voltage, three-

phase power etc. For example, a control relay may be provided for monitoring an overall

current range of 0.15A to 15A. Practically, that control relay may be provided with different

sub-ranges o be chosen by connection of the source to be monitored to different respective

terminals. That is, the relay may have multiple input terminals corresponding to different

25  monitoring ranges or sub-ranges. For example, the overall range may be broken up into sub-

ranges such as 0.15A to 1.5A, 0.5 to 5A and 1.5A o 15A. To monitor a current threshold of

BA, a user typically needs to connect to two correct terminals (out of muitiple terminals) for
monitoring a sub-range of 1.5A to 15A.

30 Thus, one significant problem that may arise is that the user may connect the source
to be monitored to incorrect terminals and the relay would then not function as desired. This
may cause the user to interpret the relay as a malfunctioned product. Furthermore, a
connection of a high current source to an incorrect terminal for monitoring a iow current
range may cause damage to the relay.

35



5 Wth multiple input termnals, the nunber for conbinatori al
permutations for selecting two input termnals (out of many term nals) can
i ncrease the conplexity of operation of the relay. Wile user nanuals are
typically provided to tabul ate the correspondi ng conbi nati on of two
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likeli h@ﬁgoscgs human error still exists which may | ead to product

mal f uncti on or damage. From a product supplier's perspective, 15 this is

hi gl y undesirabl e as the nunber of product returns may increase and it may
not be possia} e IR j at e a}[rgg r |
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typjcal ) j diff t _paranmeter thresholds. Therefore,
thgirog ctgém@% tlggtaagghﬁ%%lge?n%?tsﬁglcgﬁéﬁﬂﬁge avai l abl e for a certain range
thus leading to confusion for users. For exanple, there may be a relay for
nmoni t ori ng 099?5 r - I or i i g
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conpr i susegs onactgal detectve prodiucis causedibysog phamiadtwingheodaspes. source; a
plurality of switchable circuits coupled to the one or nore termnals; a
processi ng nodul e coupled to the 3 plurality of switchable circuits for
aut onmat i cal | yp sdditaxny iasgthe mwnberoofli ngutr Enp@afs that apl ke arasept ofi axoelay ¢ i ng
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number of relays made available for a certain range thus leading to confusion for users. For

| ay

example, there may be a relay for monitoring 0.003A to 0.03A of current, another relay for
25 monitoring 0.01A to 0.1A of current, and yet another relay for monitoring sub-ranges 0.1A to
1A, 0.3A to 1.5A, 1A to 5A and 3A to 15A of current.

Hence, in view of the above, there exists a need for a relay and a corresponding
method that seek to address or ameliorate at least one of the above probiems.
30

SUMMARY

In accordance with a first aspect of the present invention, there is provided a relay for
35 automatically selecting a monitoring range for monitoring a parameter of an input source, the
relay comprising one or more terminals for coupling to the input source; a plurality of

switchable circuits coupled to the one or more terminals; a processing modute coupled to the



5signal provided by the processi ng nodul e. The relay may further
conprise a switching nodule for inplenenting the switchable circuits, the
swi tching nodul e conprising at | east tyw swi tches being each operable in an
open state or a closed state, wherein the at |east two switches may be
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the § npslgnfé(mm\madd:rydheOrqa;ssasgmhelepl urality of nonitoring ranges for
automatically selecting the nonitoring range. 20 The assessnent may be
based on assessing respective upper and | ower boundaries of the plurality
of nonitori he redmgesybadte amorbe asswifshind wadiwie for implementifipdhe lsodtethbit at e
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to 'St O y conprisin resistors
to pr ov:ndmddalfcfp@nanﬂ cl;isedtstatesal resi st ance from 30t he input source to the
processi ng nodul e. The processing nodul e may be configured to
automatically select the nonitoring range based on a voltage drop across

t he resi st ofFheaproagssingdmodule ridebé epofigupet tonipsicuct mbyeasd ope bb theatwilcbes bf one
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15 parameter of the input source.

The processing module may be configured to sample the value of the parameter of the
input source and to assess the plurality of monitoring ranges for automatically selecting the
monitoring range.

20
The assessment may be based on assessing respective upper and lower boundaries

of the plurality of monitoring ranges based on the sampled value.

The closed state of each one of the at least two switches may correspond to a
25 respective monitoring range such that each one of the switches remains in its closed state
when the value of the parameter is within the respective monitoring range.

The relay may further comprise a resistor array for coupling to the input source, the
resistor array comprising a plurality of resistors to provide different electrical resistance from

30 the input source to the processing module.

The processing module may be configured to automatically select the monitoring

range based on a voltage drop across the resistor array.

35 The relay may further comprise no more than two input terminals.



The relay may be conpatible for use separately with a first input source
having a first 5input paranmeter and a second input source having a second

i nput parameter, the ratio of the firsgy input paraneter to the second input
par anmeter being at |east 5000. No nore than one of the at |east two
swi t ches naVhd@puinpdrirestel omgtosipate ablkeastronemia yitage and atdument df@he input The
relay may further conprise at | east one of a voltage protection nodule or a
current > Btecti on nodul e coupl ed to the processing nodul e for
substantially preventing danage to the processi ng nodul e caused by

el ectrical PhORS e belcoinPatitl® PatussGebatell ithe first iBR@IsoaicgNavingayfiree

provi ded by the processi ng nodul e when one or re charac% erLsti_CS ﬁ{@the
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nore ch@saRp@pasdréter 1Gade Bsconaligsilt 9arahicten bairgr Algases0G0. St i ng of single
phase voltage, three phase voltage, single phase current and power. 20 The
predeterm ned conditions nay be user set. I n accordance with a second

aspect of tRE nyreJRM ordWiaRE iaPlast MY Qvitched iy HEciH the RREBO Etat® Bt aMNOAOr | NY
a paraneter of an input source, the nethod conprising the steps of 25

coupl i PR BitiG¥al ity of switchable circuits to the source; obtaining a
valye of the paraneter; selecting a nonitoring range froma plurality of

moni toring FANEes MASRANE Ldntlfis¥ 3t kasOdnd i VRREGTBloRctiBh (rjﬁdaﬁ}_ei &g&%uln%ﬂw ce,

each nonitoring randge associated wth one or nore of said sw tchable
ci r cui tRyoteshien produiedioHpled to iesprapessing Bpede forcubsiapiatlymrevantion demage to
crreul ttﬂg%@&%mgsiﬁgn‘%dwe'dw@éd By SBaticARIPSIERR ST hplit dardhe paraneter. 30

The net rther conprise providing a swtching nodule for
i npl enenting the switchable circuits, the sw tching nodul e conprising at
| eaxst two sThe biggsr bignalgmagdie ppwided| by the procegsing siaalule whem avkeowethost at e,

wherein_th | i | ovide di fferent
el ectr i%ha raecéaﬁg?%fégg&‘ﬁ@%@%%&&%?tﬁ I viogﬁnaﬁggéég%%gﬁgﬂegl%ggéﬁ&?gst at es.
The one or more characteristics may be selected from a group consisting of single

phase voltage, three phase voltage, single phase current and power.

20
The predetermined conditions may be user set.

In accordance with a second aspect of the present invention, there is provided a
method for monitoring a parameter of an input source, the method comprising the steps of
25  coupling a plurality of switchable circuits to the source; obtaining a value of the parameter;
selecting a monitoring range from a plurality of monitoring ranges based on the value of the
parameter of the input source, each monitoring range associated with one or more of said
switchable circuits; and providing or disrupting electrical communication to a circuit, based
on a trigger signal based on monitoring the parameter.
30
The method may further comprise providing a switching module for implementing the
switchable circuits, the switching module comprising at least two switches being each
operable in an open state or a closed state, wherein the at least two switches may be
configured to provide different electrical paths based on their individual open and closed

35 states.



5 The step of selecting the nonitoring range nmay conprise instructing
at |l east one of the switches of the switching nodule to be in the open
state or the closed state based on thesval ue of the paraneter of the input
source. 5The nethod may further conprise sanpling the value of the
par anet er ofhe hepiof pelectiguhe eoaitatirgssegs may comerigs ibstaliating abfeaatmiaaﬁrthmg
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The cl osed state of each one of the at |east two switches may correspond to
a respective nonitoring range such that each one of the switches remains in
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pl ural |mnmringesnm.ors to provide different electrical resistance to the
i nput source. 20The step of automatically selecting the nonitoring range
may be further based on a voltage drop across the resistor array. The
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15
The method may further comprise coupling a resistor array to the input source, the
resistor array comprising a plurality of resistors to provide different electrical resistance to

the input source.

20 The step of automatically selecting the monitoring range may be further based on a

voltage drop across the resistor array.

The method may further comprise providing no more than two input terminals for

coupling to the input source.

25
The input parameter may comprise at least one of a voltage and a current of the input
source.
A ratio of a first monitoring range to a second monitoring range may be at least 5000.
30

No more than one of the at least two switches may be in the closed state at any one
point of time.

The method may further comprise providing at least one of a voltage protection
35 module or a current protection module for substantially preventing damage caused by

electrical properties of the input source.



el ectrical properties of the input source. 6 The trigger signal may
be generated when one or nore characteristics of the input source neets one
or nore predeterm ned conditions. 6 The one or nore characteristics
may be selected froma group consisting of single 5phase voltage, three
phase vol t afyes triggagkignahase beLganeruteoamﬂepmmeror more ¢haeatderastios o theciopdi ti ons
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(i) conparing var (8% parane er with a respective monitoring
range of one switch of the switching nodule to determi ne whether the value
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in a closed state.

In accordance with a third aspect of the present invention, there is provided a

computer readable data storage medium having stored thereon computer code means for

20  instructing a processing module of a relay to execute a method for menitoring a parameter of
an input source, the method comprising the steps of coupling a plurality of switchable circuits

to the source; obtaining a value of the parameter; selecting a monitoring range from a
plurality of monitoring ranges based on the value of the parameter of the input source, each
monitoring range associated with one or more of said switchable circuits; and providing or

25 disrupting electrical communication to a circuit, based on a trigger signal based on

monitoring the parameter.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Example embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

35 Fig. 1(a) is a schematic diagram illustrating a relay in an example embodiment.



30 Exanpl e enbodi nents of the invention will be better understood

and readily apparent to one of ordinary skill in the art fromthe follow ng
witten description, by way of exanpl g only, and in conjunction with the
drawi ngs, in which: 7 Fig. 1(b) is a schematic circuit diagram

i | lustratingighd(meisag schentaticexiamil diagnabodiustratingofthé-irglay libajhe example

Fig. 2] . i | ow diagram for broadly illustrating an al gorithm of
an 5exeénn1§)tf°?r'@g$li%r?§nfﬁaﬁ@'for a processing nodule in an exanpl e enbodi nent.

Fig. 3is a schematic diagramillustrating an interface allow ng a user to

set predetergy ned._conditj . l. in_a

enbodi nent . I-_!i%F?g’.s % %g%}g%gé r@%tﬁ f&@?&ﬁ ?&Pgﬁvgégcﬁbar’]@ég%m ggd{ﬂ?&?{tﬁﬁﬁéﬁa&i ng a
t r i ggeraxampidrg bmiwadrenfafa prcessingphedule iniamasampld enbedipeoicessi ng nodul e in an
exanpl e enbodi nent . Fig.5 (a) is a schematic drawing illustrating a

current control relay in an exanpl e enbodi ment. 15 Fig.5 (b) is a
schenat i ¢ blfdgk 3disagrsoematiaddiggrainl ilsstraiingngn dotefece rdllewinf a wasrrtenset

cont rol J ; I La|n . ' (a) is a
cenenmtTe PR AMREETRU SERREHER el inaneramelesrabddintit ) L0 LT 2o
enbodi nment . Fig.6 (b) is a schematic bl ock di agram broadly

e mont | 6§ Sreatematl tfw Kiach B8 To BP9 BoBR R A et eny ¢ or

nmoni t oréxempkanp imavere or apgfrocessing module in an example embodiment.

Fig.5 (a) is a schematic drawing illustrating a current control relay in an example
embodiment.
15
Fig.5 (b) is a schematic block diagram broadly illusirating components of a current

control relay in an example embodiment.

Fig.6 (a) is a schematic drawing illustrating a voltage control relay in an example
20 embodiment. ‘

Fig.6 (b) is a schematic block diagram broadly illustrating components of a voltage

control relay in an example embodiment.

25 Fig.7 is a schematic flowchart for illustrating a method for monitoring a parameter of

an input source in an example embodiment.

DESCRIPTION OF EXAMPLE EMBODIMENTS

30
Example embodiments described below can provide a relay for automaticaily
selecting an electrical path therein and a method of automatically selecting an electrical path
within said relay.
35 There can be provided a relay that allows automatic range selection for monitoring to

allow users ease of connection and being user friendly. A user can simply connect an input

source to be monitored to, preferably, one terminal and set an appropriate threshold at a



an input source in an exanple enbodi nent. DESCRI PTI ON OF EXAVPLE
EVMBODI MENTS 30 Exanpl e enbodi nents descri bed bel ow can provide a
relay for automatically selecting an & ectrical path therein and a nethod
of automatically selecting an electrical path within said relay. 35There
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different monitoring ranges. The processing module then decides which switch or switches
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25  compatible/appropriate monitoring range.

In the description herein, a relay can be an energisable coil device that can include,
but is not limited to, any device thai can be switched/powered on and off such as an
electrical relay or other electromechanical switching devices, components or paris. An

30 energisation event of an energisable coil device can include, but is not limited to, an

electrical powering on/off of the element and/or a mechanical switching on/off of the element.

The terms "coupled” or "connected” as used in this description are intended to cover
both directly connected or connected through one or more intermediate means, unless
35 otherwise stated.
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can use different control flows without departing from the scope of the invention.

35 Furthermore, one or more of the steps of the computer program if applicable may be
performed in parallel and/or sequentially. Such a computer program if applicable may be

stored on any computer readable medium. The computer readable medium may include
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voltage source. The relay 100 can detect values of one or more parameters of the source to

20  be monitored.

Fig. 1(b) is a schematic circuit diagram illustrating the refay 100 in the example

embodiment of Fig. 1(a).

25 In the example embodiment, the relay 100 comprises a resistor array 106 coupled to
a switching module 108. The switching module 108 is coupled to a protection module 110 in
the form of a voltage protection module. The voltage protection module is coupled to a signal
conditioning module 112 which is further coupled to a processing module 114, The
processing module 114 is coupled to an output module 116. The processing module 114 is

30 also coupled to a seiting module 103 that is in turn coupled to a user interface 105. The
processing module 114 is further coupled to a trigger module 120 that can control a trigger
switch 122 of the relay 100. The resistor array 106 can couple to an input source 118 using
e.g. two input terminals 102 and 104. A power supply module 128 can be provided to supply
power to the various components of the relay 100. The relay 100 may aiso be coupled to a

35 programmable logic controller (not shown) for feedback.
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whether the sampled parameter value is within the monitoring range of each switch.

For example, the sampled parameter value may be a voltage of 0.4V and this voltage

is within the voltage monitoring range associated with S1 (e.g. range of 0.05V to 0.5V) but

35 outside the voltage monitoring range associated with S2 (e.g. range of 0.51V to 5V), S3 (e.g.
range of 5.01V to 50V) and S4 (e.g. range of 50.01V to 600V). In this example embodiment,

S1 is provided to be in a closed state while the remaining switches S2, §3 and S4 are
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val ues sanpled at the source at nuneral 118 fall wthin a working range
based on these "sets of conditions”". In the exanple enbodi nent, the setting
nodul e 103 chwpuses érerfagel 105adant gongfrise external manipulated elements to be accessed

by a user of the relay 100, e.g. for setting working/threshold conditions. The manipulation or
setting set by the user on the user interface 105 is sensed by the setting module 103 and is

30 ftranslated into an electrical signal at the setting module 103. The signal is transmitted to the
processing module 114 for processing at the processing module 114.

There are various types of manipulation or settings depending on the type of relay

100. In this example, some possible manipulation or setting can include, but not limited to,

35 under-voltage setting, over-voltage setting etc. Hysteresis setting can be included as well.
The settings set via the user interface 105 provide one or more threshold levels or “sets of

conditions” that the relay 100 uses at the processing module 114 in order to determine
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30
in the example embodiment, the trigger switch 122 can be constructed as an electro-
mechanical relay switch. The trigger switch 122 comprises a coil portion 124 and a contact
portion 126. The coil portion 124 can be energized or de-energized by the trigger module
120 in order to switch the position or logic of the contact portion 126. it wili be appreciated

35 that the switch element can be any of electro-mechanical relay or solid-state switch.
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35 Fig. 2 is a schematic flow diagram 200 for broadly illustrating an algorithm of an

exemplary firmware for the processing module 114 of Fig. 1 in an example embodiment. The
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30 stored in the processing module 114, i.e. the lower boundary of the monitoring range. In the
example embodiment, RMS values are used for such comparisons because the inventors
have recognised that a true RMS value is e.g. a voltage reading that does not depend on the
shape of the signal, i.e. regardless of whether the signal is in sinusoidal, triangular, square or
distorted shape and in various frequencies of waveform etc. A RMS value can be a useful

35 measurement for reai world waveforms as compared o other methods such as peak
detection or the averaging method. If the RMS value is within the monitoring range

associated with switch S2, then the temporary true RMS value is taken to be the actual true
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the relay switch 122 is to be triggered.

It will be appreciated that more than four switches in the switching module may be
35 present and more than five resistors in the resistor array may be present. in such cases, the
general concept of the above algorithm can still apply accordingly with variations {o suit the

number of resistors and switches added. Further, although the algorithm proceeds by
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to the next step 206.

In step 2086, the processing module 114 activates the switch 83 to be in the closed
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i.e. by comparing against the lower boundary associated with 82. Since this RMS value of
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Fig. 3 is a schematic diagram illustrating an interface allowing a user to set
predetermined conditions such as threshold levels in an example embodiment. The interface
302 comprises one or more potentiometers e.g. 304. The user can manipulate a
20 potentiometer e.g. 304 for overvoltage at 10% of a setting value. Thus, if a monitored voltage
exceeds 10% of a setting value of a normal working condition, a fauit is detected. It will be
appreciated that in other embodiments, instead of setting the threshold levels based on
percentages, the user may be able to set the exact threshold levels (i.e. a working range)
before a fault is detected.
25
In an example embodiment, if a storage module is provided, the working condition
information can be stored for future use. Further, an actuator such as a buiton and/or a
sliding door can be provided to a teach module of a relay (not shown) so that a user can
manipulate the actuator to send an instructional input for instructing the relay to access a
30 present detected parameter value for determining/setting the working condition, and to
disregard any previous stored working condition information. As yet another alternative, the
relay can be instructed to determine/set the working condition at each powering-up of the
relay, that is, each initial detection of a power supply to the relay acts as an instructional
input.
35
In an example embodiment, the trigger signal can also function to send a visual

indication/display to a user. For example, the trigger signal can be transmitted to a light



5 Fig.5 (b) is a schematic block diagrambroadly illustrating
conponents of a current control relay in an exanple enbodi nent. Bl ock 506
is provided to receive a wi de range obpi nput current sources, e.g. from
0.002A to 15A. A hardware interface 508 is provided to conprise e.g. a

resi st osam'ﬁtinga;iom(dlEQ) swtﬁtdhatrigptmmarel,Equlrmﬁtevﬁa'nragcdﬁe@pdmomg)parametnapﬂ ed to
10 the | 0 r..Ql

appr opr{ S S RE Rt £ug108 ofiebiiS celdPren By dhE B ol il BSTENBBRLS (e
pr ocesslikg nhmobek fitoil @, deTetwecewtagmle\wﬂ ispeethrmined &l b@toetiid@aggda 6f% tolaramiet or i ng

range Sf%rﬁ%tvﬁ%ﬂé gﬁ& ﬁéﬁopﬁn‘%@@@éﬂ?ﬁ’d‘aﬁ P%rkﬂlr?é%ﬁ Léﬂﬁﬁ&ﬁ?@@t P4 85K cQfrenf! OCK

512 is provi e curre he” I nput 'sour ce
f or Smonieveis d@em;nnedw@ lmd:u;s:ded g8 toteraneg froangevorkiryy condition faFitige Gurfek. i s a
schematic drawing illustrating a voltage control relay in an exanple

enbodi nent. The relay 600 conprises one termnal pair E1-M 602 for
connecti ng tBhumn i rtpejtdescjihedeexamm emivdinoerdsl. tha tefayeishedpableeot seling a
| nt erf 4 dSiu t t
?&?rkﬁ:g conaltl ﬁ% |c b% f<6% I'ag rlaetmgfbfg e?erc{f’ est%p giteﬂﬁ%% r%m%ﬁeeozn?‘ s of
voI tagewwthmgr I@Inge edaaythen mns@xmﬁeueorenappldmmtthremm keveo &o |ﬂ$e pebwpd@d; to
recgj ve e i o t V. A
nar S 25 e Y SR RE, teL B8 dhuk B YROBaraRIIGERS ouioing BBy e, £vRUE. *,
swi t chi signatodube se® fromothegsiapgliis oel irGL@le asvisual pidnationtotbe Luber. i nt er f ace 608
for controlling the interface 608 and sel ecting an appropriate electri cal
path via the interface 608 fromthe bl ock 606 to the processing block 610.
The el ectri clb. $istsihemstic Soweliagnan @0 dor tuoainiliugirating artriggpeing elgseitren obr
determ u I 6 ded to
out put 3 FHGEaE (EyRPE ek MR proB St in Bl aRE by P i aR Bl Ae driociflh 00,
sel Bct ethaypocessinghyodeledé4 c30 determlne whethdia tagmreslgmtgrto be denixtartpd telay
enbodi [Qutomatic selection of a conpatible electrical
pat h t@%ﬁjz géﬁéﬁ%hm%httb Source can be provided to a user in that the user
is not required to know the different conmbinatorial ways to connect the
relay for d| i r | ens
assoni af ed vitTCY AcR e g ESRed PR ARCARARIGEEMIRNE SRR REREIRE T
sour ce tansetaths doqundaiiesnen agwsocihet wethyni @h Slhowldm@lsataﬁmp lice. trelay switthi Tbr r ect
uct W such
Phetd T riEhHE . ShHERSTAERRE pabiRaRiey Rt oF o0 ¥ SEEVLE (4 % =9
avai | abif meoa)ﬂtagremlcmaesatsb maiel thare 4@%adf SOVprhish ideVeoftheigpnt gsiusse) devidde of or
novi ce Y Vv
i mpl 1 F3a T s Bop T8, fe (Y FROBIAE vihfe deceBRES IeiAS% 3R 107 sov
descri b&hiclemaﬁmofdhenwwsmm)s can be applied to control relays and timer
rel ay products such that a |larger nunber of users can be attracted to using
such 5devi ces. Al t hough t he above exanpl e enbodi nents have been
dest i bed asAtseteh, 404 the Iworkieg appditioisaseitinghate Wranslated taodot imeani snare
altern S qVv mofliE !
thersa\}ééqe% @é;gsl‘rt& dﬁ‘g)esl?éod B?‘t PP)%Se a preC| at@é (ﬁ;{gﬁ't}% afﬁﬁgﬂgﬁ ves
10ar e rmtecteaah@aﬁtandearmnprmatmmbmtqrmgtrema ©omperecrig8scri bed bel ow.

At step 408, a working range is determined based on the settings of step 404 and a
30  current detected parameter value. At step 410, the parameter value at numeral 118 (using
terminals 102,104) is franslated in equivalent root mean square value for comparison with

the working range.

At step 412, if the root mean square value of the parameter falls outside the working
35 range, the trigger switch 122 is triggered through the trigger module 120 and a fault signal is

issued/transmitted, and can be stored.
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par anete
current |s capable of passing from an input source to the processing module via the switch.

30 The closed state of the switch may correspond to an “on” state and the open state of the
switch may correspond to an “off” state. In one embodiment, the switches of the switching
module are to be differentiated from the relay switch of the relay. In this embodiment, the
switches of the switching module do not directly control a downstream circuit that is
electrically coupled to the relay switch, which instead is controlled by the relay switch. In

35 such an embodiment, the relay switch switches on and off in a manner that is independent of
the state of the switches in the switching module, and is triggered based on a trigger signal

sent from the processing module.
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rdingly, the switching nodule is configured to provide different
el ectrical paths fromthe resistor array to the switching nodule. 35
In one embodiment, the processing module coupled to the swiiching module is

capable of automatically controlling the operation of the switches in the switching module as
weill as the operation of the relay switch. The control of the operation of the switches in the
switching module may be based on different factors from the controf of the operation of the
25 switches in the switching module. The processing module may comprise one or more
processors. In some embodiments, the processing module may comprise one processor for
controlling the operation of the switches in the switching module and another processor for
controlling the operation of the relay switch. In some other embodiments, a single processor
is used to control the operation of the switches in the switching module and the operation of
30 the relay switch. The processing module may have other functions other than controlling the
switching module and relay switch. The processing module, for example, may monitor an
input parameter from the input source; and/or calculate a value of the input parameter;
andf/or compare the calculated value against a set of predetermined conditions, and/or
determine whether to send a trigger signal to the relay switch.
35
In some embodiments, the processing module is configured to monitor an input

parameter from the input source and to instruct at least one of the switches of the switching



26 nodul e is di sposed between the resistor array and the protection nodul e
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The relay may be adapted for use with a first input source having a first input

25 parameter and a second input source having a second input parameter, the ratio of the first
input parameter to the second input parameter being at least about 100 times. The ratio of

the first input parameter to the second input parameter may be selected from the group
consisting of at least about 100 times, at least about 500 times, at least about 1000 times, at

least about 2000 times, at least about 3000 times, at least about 4000 times, at least about

30 5000 times, at least about 6000 times, at least about 7000 times, at least about 8000 times,
at least about 9000 times, at least about 10000 fimes, at least about 11000 times and at

least about 120000 times. Preferably, the ratio is selected from at least one of about 7500
times and at least about 12000 times. The ratio of the first input parameter to the second

input parameter may also be more than any one of the numerical values listed above. In one

35 embodiment whereby the relay has only one terminal for connecting the relay to the input
source, the ratio of the first input parameter to the second input parameter is at least more

than about 10 times. The ratio of the first input parameter to the second input parameter may



27 the open state when the value of the paranmeter is outside the nonitoring
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modules. Accordingly, the voltage or current protection module substantially prevents

damage to the signal conditioning module caused by the electrical properties of the input

source.
30
In one embodiment, the switching module is coupled to both the voitage/current
protection module and the resistor array and positioned therebetween. Accordingly, the
switching module is configured to provide different electrical paths from the resistor array to
the switching module.
35

In one embodiment, the resistor array, switching module, protection module, signal

conditioning module and processing module are arranged in series such that the switching



paranmeter of an input source in an exanple embodi nent . At step 702, a
plurality of switchable circuits are coupled to the source. At step 704, a
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nore term
compatible electrical path is provided from the input source to the processing module. This

allows an appropriate monitoring range associated with the electrical path to be selected for

rmonitoring the input parameter.

25 In one embodiment, the step of automatically controlling at ieast one of the switches
of the switching module to be in the open state or the closed state comprises comparing a
value of the input parameter with the monitoring range associated with a first switch of the
switching module to determine whether the value of the input parameter is within the
monitoring range associated with the first switch; and providing the first switch to be in the

30 closed state when the value of the parameter is within the monitoring range associated with

the first switch.

In another embodiment, the step of automatically controlling at least one of the

switches of the switching module to be in the open state or the closed state comprises

35 comparing a value of the input parameter with the monitoring range associated with a first
switch of the switching module to determine whether the value of the input parameter is

within the monitoring range associated with the first switch,; providing the first switch to be in



a processing nodul e coupled to the plurality of switchable circuits for
automatically selecting a nonitoring range froma plurality of nonitoring
ranges based on a val ue of the paraneper of the input source, each

nmoni toring range associated with one or nore of said 10switchable circuits;
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until the value of the parameter is determined to be inside the monitoring range associated

with one of the switches in the switching module and that switch is provided in a closed

state.

20 In one embodiment, a first switch of the switching module is in a closed state by
default while the remaining switches are in the open state by default. In this embodiment, the
processing module first monitors a value of the input parameter of the input source and
compares it with the monitoring range associated with a first switch to determine whether the
value of the input parameter is within the monitoring range associated with the first switch. If

25  affirmative, the first switch remains in the closed state. Otherwise, the processing module
triggers the first switch to be in the open state and provides a next second switch in the
closed state. In this embodiment, the processing module then monitors the value of the input
parameter of the input source and compares it with the monitoring range associated with the
second switch to determine whether the value of the input parameter is within the monitoring

30 range associated with the second switch. If affirmative, the second switch remains in the
closed state. Otherwise, the processing module iriggers the second switch to be in the open
state and provides a next third switch in the closed state and the process continues until a
switch having an associated monitoring range that is compatible with the value of the input
parameter is located and provided in a closed state.

35

There is also provided a computer readable data storage medium having stored

thereon computer code means for instructing a processing module of a relay disclosed



30 7. The relay as clainmed in any one of clains 1 to 4, further conprising a
resistor array for coupling to the input source, the resistor array
conprising a plurality of resistors tggprovide different electrical

resi stance fromthe input source to the processing nodule. 58.The relay as
cl ai mederein ¢¢ akenuls awralhasl disclheecphereinsior sgjecting wneslegriead paihgwithen theorelay
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8, furﬂM@ﬂS@wwpr|S|ng no nore 10than two i nput term nals. 10. The
relay as clainmed in any one of the preceding clains, wherein the input
paraneter conprises at |east one of a voltage and a current of the input
soubce. 151FigReisr el agheawmtic| ddwnbdrti RO pr dhvstrating lae metheaske dor groniterings a

wher ei rbhH}ﬁetErelo"Plyarf tpﬁp 'EBQrtcbbllnearfl chaHﬁ)f‘e g%@afﬂ{e‘?\ yAWs{etfb 905' 5 Iur’aﬁgucgf
source having a firs nput second 1 nput source ha

second Siwﬁpmbl@awraw@t @e, cqum@dr b:t the murcmeAtf stﬁst7G4n@uvalq@mm&rﬂa& @ararra,eteme

d o y :
any.ondoagheg DAY 8RB Al 2 iGBing gl ROcomphiy \aRdi RinCE FlAIGRH, "
swi t chesonitoring ram@scbwddorsttm efab.le efntheoparapeientof dhe tinpus. source, andi@achThe
rel,gy Q'ﬁorﬁﬂoﬁhg?grge |saz@éo<9§t%d%itﬁ Bt BF %g'o@%aﬁl %l%a?ita%rrcpg Fﬁqé@d' 3ng at

| east one o tage protection nodule or a current protection UIe
coupl eclearigaheommunication is provided or disrupted to a circuit, based on a trigger signal based

on monitoring the parameter. It will be appreciated that the circuit in step 708 can refer to a
downstream circuit that is affected by the relay actions e.g. the triggering causing a
disruption etc.
15
In some example embodiments, the monitoring is not limited fo assessing a

parameter value against conditions but can include a reading of the parameter value.

Further, although the switching module and resistor array has been described above,

20 in certain example embodiments, it will be appreciated that the components are not limited
as such. In such embodiments, a plurality of switchable circuits are provided coupled to the

one or more terminals of the relay. The processing module is coupled to the plurality of
switchable circuits for automatically selecting a monitoring range from a plurality of
monitoring ranges based on a value of the parameter of the source to be monitored. Similar

25  to monitoring ranges being associated with one or more switches, each monitoring range is
associated with one or more of the switchable circuits. In such embodiments, a relay switch

can be provided downstream to provide or disrupt electrical communication to a downstream

circuit based on a trigger signal provided by the processing module (i.e. relay action).

30 ft will be appreciated by a person skilled in the art that other variations and/or
modifications may be made to the specific embodiments without departing from the spirit or
scope of the invention as broadly described. The present embodiments are, therefore, to be

considered in all respects to be illustrative and not restrictive.

35



25processing nodul e for substantially preventing danage to the processing
nodul e caused by el ectrical properties of the input source. 14.
The relay as clained in any one of thegpreceding clains, wherein the
trigger signal is provided by the processing nodul e when one or nore

char act@cABMScs of the input 30source neets one or nore predeterm ned

condi ti ons. 15. The relay as clained in claim14, wherein the one or
nore characteristics is selected froma group consisting of single phase
vol t age, thtree phasmelayofcr amdomsiioal)y eseidvdisg « unerdletingrdngsder m@Borirgll a

17. A nethod, f nj toring . of an input source, the nethod
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parameter of the input source, each monitoring range associated with one or more of said
10 switchable circuits; and
a relay switch being configured to provide or disrupt electrical communication to a

circuit, based on a trigger signal provided by the processing module.

2. The relay as claimed in claim 1, further comprising a switching module for

15  implementing the switchable circuits, the switching module comprising at least two switches
being each operable in an open state or a closed state, wherein the at least two switches are
configured to provide different electrical paths from the input source to the processing

module based on their individual open and closed states.

20 3. The relay as claimed in claim 2, the processing module is configured to
instruct at least one of the switches of the switching moduie to be in the open state or the

closed state based on the value of the parameter of the input source.

4. The relay as claimed in any one of claims 1 to 3, wherein the processing
25  module is configured to sample the value of the parameter of the input source and to assess

the plurality of monitoring ranges for automatically selecting the monitoring range.

5. The relay as claimed in claim 4, wherein the assessment is based on
assessing respective upper and lower boundaries of the plurality of monitoring ranges based

30 on the sampled value.

6. The relay as claimed in any one of claims 2 to 5, wherein the closed state of
each one of the at least two switches corresponds to a respective monitoring range such that
each one of the switches remains in its closed state when the value of the parameter is

35  within the respective monitoring range.



18. The method as clained in claim17, further conprising providing a
switching nodule for inplenenting the switchable circuits, the swi tching
nodul e conprising at |east two switchgg being each operable in an open
state or a closed state, wherein the at |east two switches are confi gured
to provide differdw redyestaaicat ipahhsnerafsadaims tohkifurthendomprilirgg a 1€aigten and
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cl osed state based on the value of the paraneter of the input 20source.

20. The nethod as clained in any one of clainms 17 to 19, further conpri sing
sanpl i ng t e val uBheofelayhes gaimann elaino¥?, whereinpapranessiog maddleds sesfigurag t he
plurality of nmonitoring.ra far | cal | ect | J: i ng
Fange. tyiuiom SR, 36iclRuleBfRh g raRle BB B YorRBe 3650 Blicbhane el 10y
assessiargayt especti ve upper and | ower boundaries of the plurality of
nonitoring ranges based on the sanpled val ue. 3022. The nethod as clainmed in
any one of clains 18 to 21, wherein the closed state of each one of the at

| east two s®i t chebhecmtayespdaidedtio any 0es péclaime 1 to A fudhémepmising sumbret hat
each o of the switches remains in its closed state when the value of the
par ma'?tg?n °Wﬂ‘ﬁf*ﬁ;"ﬁ%§- respective nonitoring range. 3523. The nethod as
claimed in any one of clains 17 to 22, further conprising coupling a

rlesi stor arfy toTARidyItlaleal Beanyt it bERIeSrocediig elging Mhieredh g Mput
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automatically selecting the nonitoring range is further based on a voltage
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clains 17 to 24, further corrp_nsynq_ ) e
compatible for use separately with a first input source having a first input parameter and a
second input source having a second input parameter, the ratio of the first input parameter to

the second input parameter being at least 5000.

20 12. The relay as claimed in any one of claims 2 to 11, wherein no more than one

of the at least two switches is in the closed state at any one point of time.

13. The relay as claimed in any one of the preceding claims, further comprising at
least one of a voltage protection module or a current protection module coupled to the
25  processing module for substantially preventing damage to the processing module caused by

electrical properties of the input source.

14. The relay as claimed in any one of the preceding claims, wherein the trigger
signal is provided by the processing module when one or more characteristics of the input

30 source meets one or more predetermined conditions.

15. The relay as claimed in claim 14, wherein the one or more characteristics is
selected from a group consisting of single phase voltage, three phase voltage, single phase
current and power.

35
16. The relay as claimed in any one of claims 14 to 15, wherein the

predetermined conditions are user set.



providing no nore than two input termnals for coupling to the input
source. 26.The nethod as clained in any one of clains 17 to 25, wherein the
i nput parameter conprises at |east ongi1of a voltage and a current of the

i nput source. 10 27. The nmethod as clainmed in any one of clains 17 to
26, whereinl7a ratAomethod for rreonitooing t orpangmetengd e iapdesasics, nthei tethadg

range i 28. The nethod as clained in any one of clains
18 to c‘S}jrﬁar;\/\/ﬁ’l ?iﬁéﬁgggmﬂe than 150ne of the at least two switches is in the

cl osed stat@uahnmpluc&m g einitchaifle cirawds to the sour2e, The net hod as clained in

any one of teﬂbiﬁ@ajﬂ%l %ﬁepérH&E{é‘?r conprising providing at | east one of a
vol tage protection e o current protection nodule for substantially
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he method as clainmed in any one of clains 18 to 32, wherein the step
18. The method as claimed in claim 17, further comprising providing a switching

module for implementing the switchable circuits, the switching module comprising at least
two switches being each operable in an open state or a closed state, wherein the at least
two switches are configured to provide different electrical paths based on their individual

15  open and closed states.

19. The method as claimed in claim 18, wherein the step of selecting the
monitoring range comprises instructing at least one of the switches of the switching module
to be in the open state or the closed state based on the value of the parameter of the input

20 Source.

20. The method as claimed in any one of claims 17 to 19, further comprising
sampling the value of the parameter of the input source and assessing the plurality of
monitoring ranges for automatically selecting the monitoring range.

25

21. The method as claimed in claim 20, further comprising assessing respective

upper and lower boundaries of the plurality of monitoring ranges based on the sampled

value.

30 22. The method as claimed in any one of claims 18 to 21, wherein the closed
state of each one of the at least two switches corresponds to a respective monitoring range
such that each one of the switches remains in its closed state when the value of the

parameter is within the respective monitoring range.

35 23. The method as claimed in any one of claims 17 to 22, further comprising
coupling a resistor array to the input source, the resistor array comprising a plurality of

resistors to provide different electrical resistance to the input source.
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27. The method as claimed in any one of claims 17 to 26, wherein a ratio of a first

monitoring range to a second monitoring range is at least 5000.

28. The method as claimed in any one of claims 18 to 27, wherein no more than

15  one of the at least two switches is in the closed state at any one point of time.

29, The method as claimed in any one of claims 17 to 28, further comprising
providing at least one of a voltage protection module or a current protection module for

substantially preventing damage caused by electrical properties of the input source.
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30. The method as claimed in any one of claims 17 to 29, wherein the trigger
signal is generated when one or more characteristics of the input source meets one or more
predetermined conditions.
25 31. The method as claimed in ¢laim 30, wherein the one or more characteristics

is selected from a group consisting of single phase voltage, three phase voltage, single

phase current and power.

32. The method as claimed in any one of claims 30 to 31, wherein the

30 predetermined conditions are user set.

33. The method as claimed in any one of claims 18 to 32, wherein the step of
selecting the monitoring range comprises:
i. comparing the value of the parameter with a respective monitoring range of one
35  switch of the switching module to determine whether the value is within the monitoring range

of that switch;



providing or disrupting electrical communication to a circuit, based on a
trigger signal based on nonitoring the paraneter.
33

ii. providing that switch to be in the open state if the value is outside the monitoring
range of that switch, or in the closed state if the value is within the monitoring range of that
switch;

ii. repeating steps {i} and (ii) with each of the other switches until the value is

5 determined to be inside the monitoring range of one of the switches in the switching module

and that switch is provided in a closed state.

34. A computer readable data storage medium having stored thereon computer
code means for instructing a processing module of a relay tc execute a method for
10  monitoring a parameter of an input source, the method comprising the steps of:
coupling a plurality of switchable circuits 1o the source;
cbtaining a value of the parameter,
selecting a monitoring range from a plurality of monitoring ranges based on the value
of the parameter of the input source, each monitoring range associated with one or more of
15  said switchable circuits; and
providing or disrupting electrical communication to a circuit, based on a trigger signal

based on monitoring the parameter.



