;. ; e3eAs>ppq, r<rLr6rTs*, *159159* ELECTRONI C TRI P DEVI CE COVPRI SI NG A

CAPACI TOR FOR SUPPLY OF A TRIP CO L. Background of the invention The
invention relates to an electronic trip device conprising current measuring
means connected to an el ectronic processing circuit designed to perform

protection functions and conparing the neasured curﬂmlmm,mmm | east one
tripping threshold, and to a power supply circuit c ,mower supply
capacitor and means for regulating the voltage at the tefsgkpal s of the

capacitor according to a preset reference voltage. State of the art In
known trip devices, the trip coil is generally supplied by a supply

capacit LI CAI t i i t he
suppl y CHECTRAIE TRIEIEYICE CHMERISING 3 CRPARI TR FORRIATE T A 1 or <
of an elEetr CoOal. power systemto be protected. The power supply circuit is
generally of the switching power supply type enabps he voltage at the
termnals of the supply capacitor to be regul ate I/]M] me/ﬂmm trip devices,
a first _supply voltage of .about 18V is generally re the termnals
of the %B&gp@é&féﬁ?wepmacm eve dependabl e trippi ooy the trip coil. A
second, |ower, supply voltage, of about |0V for exanple, sufficient for
supply of the electronic circuitry of the trip device. is branched off from

t he vol Thgeineéntioherelaggsnionah flefrohibetripr dgvidengompiising tourrentAmehdiginki hedrisme of
a capacitor is determ ned by the difference between the maxi rum vol t age
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operating voltage, the dependabi,lit f the trippi capacitor inplies the
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circuit comprising a power supply capacitor and means for regulating the voltage at the

terminals of the capacitor according to a preset reference voltage.
State of the art

In known trip devices, the trip coil is generally supplied by a supply capacitor of a power
supply circuit. In system-powered trip devices, the supply capacitor is charged by current
sensors associated to the conductors of an electrical power system to be protected. The
power supply circuit is generally of the switching power supply type enabling the voltage at

the terminals of the supply capacitor to be regulated.

In present trip devices, a first supply voltage of about 18V is generally required at the
terminals of the supply capacitor to achieve dependable tripping by the trip coil. A second,
lower, supply voltage, of about 10V for example, sufficient for supply of the electronic
circuitry of the trip device, is branched off from the voltage at the terminals of the tripping

capacitor.

As the lifetime of a capacitor is determined by the difference between the maximum voltage
acceptable by the capacitor (rated voltage of the capacitor) and the actual operating voltage,

the dependability of the tripping capacitor implies the use of capacitors of sufficient size.



The object of the invention is to provide a trip device enabling the
dependability of the tripping capacitor to be naintained or increased while
at the same tine reducing the size and cost thereof. According to the
invention, this object is achieved by the fact that the electronic
processing circuit conprises neans for conparing the neasured current with
a preset threshold, lower than the tri@ing threshold, the trip device
conprising nmeans for setting the reference voltage of the regul ating neans
to a first preset value during a preset period, when poweron of the trip
device is perfornmed or when the neasured current is equal to or greater

t han t he [eseé t hreshol d, and to a second preset value, |ower than the
first vapgé$ta theinxeptipn, eset period. According to a devel opment of the

i nvention, the second reference voltage value is |ower than the voltage
necessary to activate a trip coil of the trip device. Brief description of
t he drawlgsbjetthefl thaduadiitiag €s t@pebvideah uripsiewick lenbisiir@he ndependabitay loy the
apparent fromthe follow ng description of a particul ar enbodi nent of the
i nvent i ofiPRingeIapagstos to\oa-masrined wor ecressgdmyhileon| the sarae tigsr wdeging thei vize he
acconpan iqg qha%ﬁpgs in which: Figure 1 represents an electronic trip
devi ce at@SPd 8'?0 the prior art in schematic form Figure 2 represents a
power supply circuit of a trip device according to the prior art. Figure 3
represents a particular enbodinment of a trip device according to the

i nvent i ofccordifg F Guarieendanahd obfect ssbeved by vhe faturbatrthe elettheniv ardcagsirgns
versus tine of the voltaqe at the term nal s, of the,iypply capgg{%gr and of
a power QIEHICHMEFIZHIANCHS TPheoranasag thihmeagirgd eHrFany with dprest ghrgehple dower

accor di ng,t o ‘crﬂi‘bﬁt’f‘g ?‘nreshold, the trip device comprising means for setting the reference
voltage of the regulating means to a first preset value during a preset period, when power-
on of the trip device is performed or when the measured current is equal to or greater than
the preset threshold, and to a second preset value, lower than the first value, after said preset

period.

According to a development of the invention, the second reference voltage value is lower

than the voltage necessary to activate a trip coil of the trip device.

Brief description of the drawings

Other advantages and teatures will become more clearly apparent from the following
description of a particular embodiment of the invention given as a non-restrictive example
only and represented in the accompanying drawings in which:

Figure | represents an electronic trip device according to the prior art in schematic form.

Figure 2 represents a power supply circuit of a trip device according to the prior art.

Figure 3 represents a particular embodiment of a trip device according to the invention.



Figure 5 represents a particul ar enbodi nent of a flowhart of operation of
a power supply circuit of a trip device according to figure 3. Description
of a particular enbodi ment An electronic trip device according to the prior
art is illustrated in figure 1. Only the el enents necessary for

under standi ng the invention have been represented in the figure. Current
sensors 1 associated to conductors of an electrical power systemto be
protected supply signals representative of the currents flowing in the
conductors to an electronic processing circuit 2. The el ectronic processing
circuit 2, preferably nicroprocessor-based and designed to perform

protecti@Qn functian sure .currents t ast
trippin EWFas n§ %&SE%BFFY&E tm%g Iv%rda qnanvgfsuﬁ t|lr\'r41\ét Eé*%e\”/%‘ﬁ aftcme
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signal Dis applied to a control electrode of an electronic swtch 3, for

exanpl e «toiprdesichyaceordingrto sigare.3.Cl osi ng of the electronic switch 3 by a
tripping signal D causes excitation of a trip coil 4 connected in series
with the electronic switch to the termnals of a first supply voltage Vi.
The fi ¥ érggéll %6@49&5@ ﬁrt\éufére b%Hﬂlpédt%‘fla%v&hQRV&? ipét‘d@@ﬂl f &E Ftlsu(ﬁig I'n
system powere |ce power supply circuit Is's I ed by
current @enﬁofsn&qs&mwaﬁcﬁdrdﬁng ttohbgw?@ﬂductors of the electri caI power system
to be protected. The current sensors connected to the power supply circuit
can be the current sensors 1 or, as represented in figure |, current
sensors[i di s |nc¥ fro t]he lp‘é ﬁ: ous ones. In the latter case, the current
sensor s 1518 8?8 a3 ﬁff’ ) for exanple forned by Rogowski coils,
whereas the current sensors 6 are preferably i ron-core sensors. 4 The
power supply circuit 5 also supplies a second supply voltage V2, |ower than
the firsAn elmfrbnicite’ptda‘vme poweting apphe pubr afteisallestrateshir figirecli Only dfe t he

trip device. Conventi t he,. power circuit 5is t chi ng
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figure 2, e current sensors, 6, are connected td0 a rectifier circuit
7, pref eopddymgn‘alst k@résahlhhvmoé t}neecunrénterﬂob\ymm,m tlarpondsictogs tovan eldcprohic

term nals, one whereqgf _js Pr ounded and the ather is connect ed to %
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At rot o Corp B RHofh phileqdiR UL, LEHIATHE nftbs hBECh RS Mifray Rhi
supply ‘eat &r&ﬂﬁng/thres}ﬁldtﬁkm’lﬁtpbﬁéh i arippheg signdd UB tothe&venteotan fhuhdfor }:Qamplenect ed
in such a way as to be on when the voltage at the output of the rectifying
ci rcui t I cese @f et eyertoad rpr\shogrreyfty Tihg tf‘lﬁé‘“épiié%‘ilt@ iSaappliedy t@a?pﬁ%‘i“f%r C is
connect g I ol,t age t i u

Form naresothat 3o renl it ot 27 e Elntitl Wi Wbl CRMABPHE o,
is a reelsetrbie sWihdeby faokipBrgRygal I[Bba@&deﬁcﬁﬁﬁﬁﬁi of @stript @ils4 E’oﬂme&f&d ifR2
connected in series. The md-point of the resistive divider is connected to
an i nputerids with tgeletronig swiitch to the 1drmahals bf « brst suppdy véléagelVgct roni ¢ switch 9.
Athird resistor R3 is connected in series with a Zener diode Zd in
parallel to the capa0|tor C, the point common to the third resistor R3 and
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switch 9 in the open position (off in the case of a transistor). The

conduct tire ®wéresupplyrcércuit aan be the\duarenhsensers tlj drj ay reprasemied inyfigyre ldpwerat 10,

f th t f t tage V3 h
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char gi ng ané ptefieraldg paaicoor sefisdrs.om cont i nui ng. The first supply voltage V1 is
thus regulated to the value of the preset reference voltage. The second
supply voltage V2 is then obtained at the term nals of the Zener diode Zd.



In known trip devices, the reference voltage is chosen so as to ensure
dependabl e tripping of the trip coil at all times in the event of a fault.
For exanple, if the voltage required for dependable tripping of the trip
coil 4 is about 18V, the reference voltage is fixed at a value of 19V. The
trip device according to the invention represented in figure 3 differs from
t he one described above by the fact thdt the regulating circuit 11
conprises an additional input connected to an additional output of the

el ectronic processing circuit 2 of the trip device. The electronic
processing circuit 2 causes a nodification of the reference voltage of the
regulating circuit 1 1 so that it takes a first preset value during a
preset period, when poweron of the trip device is perforned or when the
measured.current | is.e | to or.greater .than. a pres hreshol d | | ower
Uhan-t herte fasitrgbRi i et ok S b P BBV PaES T T nts e
first v - af i i.od. . i a trip device

accor di g i HoR sl 6F i B B i AP EE. et ai I i th
reference to figures 4a, 4b and 5. On start-up, i.e. when power-on of the
trip device is performed, the voltage V 1 at the termnals of the capacitor
Cis zer&pnvertinally dhepewerniuppingitcalt Disi of thpewitching pewpasunpby tyde snglkling

h i Th | t Vi .i . At ti. ti it fiCi t
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A power supply signal A (figure 4b), up to now at O, 6 then takes the

val ue | circuit t7] atdfenbly of the duli-wape péaider Bypk, €6mgusieg Syvo afutputderalinads,ramwi ¢
processing circuit mecroprocessor. This circuit, the etg a quantity O to
zero in "‘g‘ebq?gé%g@‘f‘g%qié?f?%t%ﬁ?%é coanssiedoie 4 ﬁ@%@égez‘e&ﬁ%i@&ngﬁ*&, to a
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value of the reference voltage during a preset period T, for exanple

conpr i sedpiiptvetiage Yisnddnnegted tnilis caneuci@® wiald digde b denneTiedrin sheh awayep F4,
the m croprocessor checks whether the period T has elapsed (0t =1 s ?). If
this isastebeasavheyake veltagatat tfe quaput of the reehfyimmeirquits? tsrgreate tan of, ande
reference voltage Vref in a step F5,.which voltage tﬂke&ba S cond,%?lue
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el ectronic processing circul e regufating circul uses thi s second
val ue ofyi/ifg it af RLisieediviiet a8ttheliNTiAL bhdBedodd (rbsdstorstR, dnb) R, EbhecRRagi tor C
then discharges until the voltage at its termnals takes the second

r ef er ensarissalThemid-poimt vhthdeesigive ibader is ocomsected tbhan snfult o€ b eeguldtimgmiovit de a
dependabl e power supply to the electronic circuitry of the trip device,

i.e. it linyhiclheonjradsitherelactranicgwiich % e thiwk repisior &y iepdrgrtednt sergsrideat ed
whi |l e being Lower than the voltage necessary to ensure dependabl e

act i vat Zenergtiodenéd iry pgsaliedito the|cppadier e thedint deaunorblo the Hpekigsisiw Roandut  of
F4), the nicroprqcessor qoes on to a st%%.EG in which it increnents the
quant i t jle4enepyliode &d constityine secppd BitRY! YRR PPYER HBPY 5 ulta SUBPIYHIE theie st ep
FS where thg reﬁng?ce‘yoltage has dropped to the second, |ower, value, the
nicropra%ﬁ@ SYPRDAS %¥53¥step F7) a possi bl e overshoot of a preset
threshold Is, lower than ..i the tripping threshold, by the neasured
current I (I >_1s ?). So long as the neasured current renmains |ower than

t hi s t hragRelshe(Woataky @id-psiht &ithe rdsheive afvede RERpHGbitAGR JTeREIslmgeNGhanged
and the m croprocessor continues its nonitoring of the evolution of the

current thytetRdRIsef thaekpdchod 139 18h€Rs e voltagkfVv als 8wkt flRantadprelie reRants ed
current reaches or exceeds the threshold Is (Yes output of F7), the

m cr opr eckseothel regudstinpaakcuitol It keeps thepelé@ronthevitehf ®irethe ®penipbsigen Wi€in t hen
reverts to the first, higher, value_ and the capacitor C recharges_until it
r eaches thengase ghp SEnsisiepy 3‘%@9?4@0«5& fh%efpm@@m?ﬁdwpéhwcvﬁ@r Biftefand

indicates that .the |latter has_.exceeded its el val.ue d constitutes an
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will lead to tripping being required. As an exanple, if Inis the rated
current of the trip device, the threshold Is can be equal to 2 In. If the
el ectronic processing circuit 2 does not detect a fault during the period T
followwng the tinme t;, the reference voltage reverts to its second val ue
after this period. If on the other hand a fault is detected during this
period. a tripping signal Dis then transmtted at the time to in figure
4b. The trip coil 4, correctly supplied by the capacitor C which has just



In the enbodi ment of figure 5, the specific values ( 19V and | OV) of the
‘reference voltage are fixed during the steps F3 and F5, these val ues then
being transmtted to the regulating circuit 11. In an alternative

enbodi nent, the two values able to be taken by the reference voltage Vref
are preset wthin the regulating circuit and the m croprocessor only
transmits to the regulating circuit a bifnary signal representative of the
value to be used. The invention thus enables the size and therefore the
cost of the supply capacitor C of the trip coil 4 to be reduced whil st
ensuring dependabl e operation of the latter in the event of a fault. As a
tripis arelativel .are. event, the capacitor is only at full char

dur i ng snefeepdir atialif STy ciosdS i BGRe Moot amyth thed® Py o 1o
occur, Vtransiéem,ntmevmbnf&ceifﬁnghﬁe gt AFUhE GedriTicPRILOR MBRE A WL {HRR
measured current reaches a préset threshold Is. 8 As an exanple, a 22pF
capaci t oturndd &ff aravamtingichavgihg afjtheahp&odr Cafromaecondmhiag.cthebfyrsasuppliFvaimgaci t or
w th a maxi mum vol tage of 25V. As the difference between the maxi mum

vol t age &f i3 thes segplated orthemalue 0 therpseset referened veltpge Bhe sedorcbsiipphoval@8%/- 19V,
i.e. 16V, to 25V-10V, i.e. 15V, the lifetime and dependability of the
capaci t oV, & temppiainel abihg termiipalnpibe ZepershodeesZdf an appreci abl e reduction
of the size and cost thereof. Inversely, at constant capacitor size, a

| arge increase of the lifetine and therefore of the dependability of the
capaci t of, ﬁ%rpﬁiﬁa&mc%\é,etﬂe refex%ng %l@e]i% chfbefi |58%% & @bﬁlré Ei!eﬁ.lng?xﬁé i ping
conprising current measuring neans , b) connected to an elec F OMMIC
processi sQtheitfig doll af 2 tigkesiig Hadevient PLA FAIMFARF ek&apleOif theIneltdgetsqiard for
conparing the nmeasured current with at |east one tripping thr es%ol d) and to
2 power  SKRspaPITADiNE OfthY Urirorgs &5 shyuis | BYuibe relapspbs veligeads fised aic) valuel
nmeans (15&) 9f r regulating the voltage at the termnals of the capacitor
accordin 'to’a preset reference voltage (Vref), a trip device characterized
in that the electronic processing circuit (2) conprises neans for comnparing
the neasured current (1) with a preset threshold (Is), lower than the

t ri ppi ngThetrgs devick acdoedingitp theinveeticomppresnteg imehgere fodiffes fiong thehene

ref erence vol tage r ef f the requl at.i ng. nea 11).to a first preset
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preset threshold (Is), a second preset va | ower t I rst
val ue, aTleelesteinic proesssingpeirduitd? c2use¥ lembdifipatitey o theaeboverdte nltage of diem 1,
characterized in that the second value of the reference vqltage (Vref) is
| oner t HERUIARRE GRUlesotaatdt ke a fiEst REGSEL Ylue during gpresst period, ”%Tentﬂ‘?@’ef‘r ip
devi ce. el bR devi i I | @i d 2,
char act &7 SSHE 1P gt pEROARER AR hOmRBbE] VR Pl ol & o biFheel uBAY
connect edlptesetathreshdlfus, [ofvei thanahe afpping chrpsholl ad rgsecond preset(Vlue, Jowerhe
trip device according to any one of the clains 1 to 3, characterized in
that t hethpp dsdirstyaiucopfigrsaidpagset R&&@dbet ween 10 mil | i seconds and |00
mlliseconds. 5. The trip device according to any one of the clains 1 to 4,
characterized in that the power supply circuit (5) is a switching power

supply. THsYoperaiog .ok aAkip AlBvife AdcordiR(hedfiention will be explained in greater detail

with reference to figures 4a, 4b and 5.

On start-up, i.e. when power-on of the trip device is performed, the voltage V| at the
terminals of the capacitor C is zero. As the electronic switch 9 is open, the capacitor starts
charging. The voltage V, increases. At a time t,, it reaches a sufficient value, for example

8V in figure 4A, to supply the electronic circuitry of the trip device and more particularly

the electronic processing circuit 2. A power supply signal A (figure 4b), up to now at 0,
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then takes the value 1, initialising a start-up phase F1 (figure 5) of the electronic processing
circuit microprocessor. This circuit then sets a quantity At to zero in a phase F2, then sets
the value of the reference voltage Vref to a first value in a phase F3. In the particular
embodiment represented, this first value of the reference voltage is 19V. Under the control
of the electronic processing circuit 2, the regulating circuit 11 uses this first value of the
reference voltage during a preset period T, for example comprised between 10 milliseconds

and 100 milliseconds.

Then, in a step F4, the microprocessor checks whether the period T has elapsed (At = 1s ?).
[f this is the case (Yes output of F4), it then modifies the value of the reference voltage Vref
in a step F5, which voltage takes a second value lower than the first one. In the particular
embodiment represented, this second value of the reference voltage is 10V. Under the
control of the electronic processing circuit 2, the regulating circuit 11 uses this second value
of the reference voltage from a time t, (t, = t; +T). The capacitor C then discharges until the
voltage at its terminals takes the second reference value. This value is chosen so as to be
sufficient to provide a dependable power supply to the electronic circuitry of the trip
device, i.e. it must be greater than 8V in the particular embodiment represented while being
lower than the voltage necessary to ensure dependable activation of the trip coil. If the
period T has not elapsed (No output of F4), the microprocessor goes on to a step F6 in

which it increments the quantity At (At = At+1) before looping back to the step F4.

After the step F5 where the reference voltage has dropped to the second, lower, value, the
microprocessor monitors (step F7) a possiPle overshoot of a preset threshold Is, lower than
the tripping threshold, by the measured current [ (I21Is 7). So long as the measured current
remains lower than this threshold (No output of F7), the reference voltage remains
unchanged and the microprocessor continues its monitoring of the evolution of the current

by looping back to the step F7.
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If at a time t; the measured current reaches or exceeds the threshold Is (Yes output of F7),
the microprocessor loops back to the step F2. The reference voltage Vref then reverts to the
first, higher, value and the capacitor C recharges until it reaches this value. Overshooting of
the threshold Is by the current indicates that the latter has exceeded its normal value and
constitutes an indication of the possibility of imminence of detection of a fault that will lead
to tripping being required. As an example, if In is the rated current of the trip device, the
threshold Is can be equal to 2 In. If the electronic processing circuit 2 does not detect a
fault during the period T following the time t;, the reference voltage reverts to its second
value after this period. If on the other hand a fault is detected during this period. a tripping
signal D is then transmitted at the time t, in figure 4b. The trip coil 4, correctly supplied by
the capacitor C which has just been recharged, then performs interruption of the current in
the power system to be protected. The power supply circuit 5 is then no longer supplied by
the current sensors and the capacitor C discharges. At a time ts, the voltage at the terminals

of the capacitor becomes insufficient to supply the electronic circuitry of the trip device

correctly (A = 0). In conventional manner, the microprocessor takes measures to store

certain data during the period t,-t5 following tripping.

In the embodiment of figure 5, the specific values (19V and 10V) of the reference voltage
are fixed during the steps F3 and F5, these values then being transmitted to the regulating
circuit 11. In an alternative embodiment, the two values able to be taken by the reference
voltage Vref are preset within the regulating circuit and the microprocessor only transmits

to the regulating circuit a binary signal representative of the value to be used.

The invention thus enables the size and therefore the cost of the supply capacitor C of the
trip coil 4 to be reduced whilst ensuring dependable operation of the latter in the event of a
fault. As a trip is a relatively rare event, the capacitor is only at full charge during short
periods, of 1s for example, during which a fault is liable to occur, viz. when power-on of

the trip device is performed and when the measured current reaches a preset threshold Is.
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As an example, a 22uF capacitor with a maximum voltage of 35V can be replaced by a
22uF capacitor with a maximum voltage of 25V. As the difference between the maximum
voltage of the capacitor and the operating voltage is reduced from 35V-19V, i.e. 16V, to
25V-10V, i.e. 15V, the lifetime and dependability of the capacitor are appreciably
maintained in spite of an appreciable reduction of the size and cost thereof. Inversely, at
constant capacitor size, a large increase of the lifetime and therefore of the dependability of

the capacitor can be achieved.
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Claims

1. An electronic trip device comprising current measuring means (1, 6) connected to an
electronic processing circuit (2) designed to perform protection functions and
comparing the measured current with at least one tripping threshold, and to a power
supply circuit (5) comprising a power supply capacitor (C) and means (11) for
regulating the voltage at the terminals of the capacitor according to a preset reference
voltage (Vref), a trip device characterized in that the electronic processing circuit (2)
comprises means for comparing the measured current (I) with a preset threshold (Is),
lower than the tripping threshold, the trip device comprising means for setting the
reference voltage (Vref) of the regulating means (11) to a first preset value during a
preset period (T), when power-on of the trip device is performed or when the measured
current (I) is equal to or greater than the preset threshold (Is), and to a second preset

value, lower than the first value, after said preset period.

2. The trip device according to claim 1, characterized in that the second value of the
reference voltage (Vref) is lower than the voltage necessary to activate a trip coil (4) of

the trip device.

3. The trip device according to either one of the claims 1 and 2, characterized in that the
regulating circuit (11) comprises an input connected to an output of the electronic

processing circuit (2).

4, The trip device according to any one of the claims 1 to 3, characterized in that the

preset period is comprised between 10 milliseconds and 100 milliseconds.

5. The trip device according to any one of the claims 1 to 4, characterized in that the

power supply circuit (5) is a switching power supply.



