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1 AN ELECTRONI C TRI P DEVI CE COWPRI SI NG A PONER SUPPLY DEVI CE BACKGRCUﬁBFéf?%
THE | NVENTI ON The invention relates to an electronic trip device for a
circuit- breaker conprising: - at |east one current sensor supplying a
secondary current representative of a current flowng in a conductor of a
power system protected by the circuit bregker, - a processing unit

receiving signals representative of currents flowng in conductors of the
power system protected by the circuit breaker, and supplying a tripping
order, - a first power supply circuit conprising an input connected to said
current sensor, an output connected to a power supply line supplying

el ectrical anANELECTRONIC TRIPCDEYICE OCOMPRISING A POWER SUPPLY DEVICE
regul ati ng neans connected between the input and the output of said first
power supply circuit, and - a second power supply circuit conprising an

i nput connect BACKERGUNRIQR FHE INVENTION-al  power source and an out put

connected to the power supply line. Electronic trip devices of known types
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circuits are generally connected to current transforners fitted on power
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supply circuits conprise in state of the art manner chopping regul ators
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_ of the power system protected by the circuit breaker, and_supplymg a tripping

order,

- a first power supply circuit comprising an input connected to said current sensor,
an output connected to a power supply fine supplying electrical and electronic
circuitry of the trip device, and first regulating means connected between the input
and the output of said first power supply circuit, and

- a second power supply circuit comprising an input connected to an external
electrical power source and an output connected to the power supply fine.

Electronic trip devices of known types comprise power supply circuits to supply the
electrical power necessary for operation of the electronic circuitry and trip relay. The
power supply circuits are generally connected to current transformers fitted on power
conductors of the power system to be protected. The currents suppiied by the
transformers are rectified then applied to a power supply circuit which supplies DC
voltages to the different circuit breaker circuits.

The power supply circuits comprise in state of the at manner chopping regulators
which short-circuit the secondary current of the transformers when the voltage
supplied exceeds a preset threshold. The current supplied by the current transformers
is generally sufficient to enable normal operation of the trip device.

The trip devices can comprise auxiliary circuits designed for functions connected to
electrical protection, for example electrical power measurement, load monitoring,
isolation or leakage current monitoring. When auxiliary circuits are present in the trip



suppl i ed exceeds a preset threshold. The current supplied by the current
transforners is generally sufficient to enable nornmal operation of the trip
device.: The trip devices can conprise auxiliary circuits designed for
functions connected to electrical protection, for exanple electrical power
nmeasurenent, |oad nonitoring, isolation oi | eakage current nonitoring. Wen
auxiliary circuits are present in the trip 2 device, the current
supplied by the transformers may not be sufficient to supply all the
circuits. The main function of electronic trip devices being protection of
the electrical power systens, the electrical power supplied by the
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protection. In certain known trip devices, power supply managenent devices

di sabl e oper af¥8#Sor stop the power supply of auxiliary circuits when the
current supplied by the transforners becones insufficient. It is also known

t ddit,) - C} | k ; ' v
of currontSupSt i (IR of VERIGHC frdiiogh belly frokiiorP b ETibetieA poiency

connected to SYSeMeaige elesticabrewarsupplied: by hedransformers ipresaresd BRI T ns
power supply ¢He tifcuits ipedoimiing tiis ippstedtion! inncerted Xnowary @fp ddvides! powensuppiyt

f h ' | il . o A
appli ed to ¢ nEasagment deyES teaBl dHeraton of Hib iE pEMAAb brulBaBR ik
corresponds t ahehéhe/eirrentaupplied bicthp daasiosngsp becames ipsyfficernie

It is also known to use an additional power supply circuit to make up for the
insufficiency of current supplied by the transformers. The power supply circuit is
connected to a voltage source external to the circuit breaker and performs power
supply of the circuit breaker continuously, even when the current from the
transformers is very low or nil.

The external voltage source appiied to the power supply circuits can have high
values. it generally corresponds to the voltage of the power supply system to be
protected, for example 100 to 700V. However, the voltage supplied by the power
supply circuits has a low value of about 10V to 20V and preferably has to be
gaivanically isolated from the external source. The electrical power dissipated by the
power supply circuits is then generally high and means that bulky electronic power
components have to be used.

The additional power supply circuits can easily be incorporated in circuit breakers of
very large dimensions. For circuit breakers of smaller dimensions, said circuits are
usually fitted in modules external to the circuit breakers.

Integrating additional power supply circuits is very difficult. The space available in
circuit breakers of medium or small dimensions is generally very small and the flow of
large currents in the contacts and main conductors of the circuit breakers causes the
working temperature to rise. This high temperature in circuit breakers would lead to
increasing the dimensions of the components forming the circuitry. An increase of the
volume occupied by the components would then be incompatible with the small space
available in the circuit breakers.



protected, for exanple 100 to 700V. However, the voltage supplied by the
power supply circuits has a | ow val ue of about 10V to 20V and preferably
has to be galvanically isolated fromthe external source. The electrica
power dissipated by the power supply circuits is then generally high and
means that bul ky el ectronic power conponerys have to be used. The

addi tional power supply circuits can easily be incorporated in circuit
breakers of very large dinensions. For circuit breakers of snaller

di nrensions, said circuits are usually fitted in nodul es external to the
circuit breakers. Integrating additional power supply circuits is very
difficult. TheSUmRRRYORTHEINYENTIONrcuit breakers of nmediumor small
dimensions is generally very small and the flow of large currents in the
contacts and main conductors of the circuit breakers causes the working
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regul ati ng megsput connected to the power supply line and control means connected to the first
chopping regulating means, the control means controlling the second reguiating
means to reduce the mean current supplied by the second power supply circuit

when the current supplied by the current sensor increases.

In a particular embodiment, the second regulating means comprise current limiting
means connected between the input and output of said regulating means, said
current limiting means being controlled by the control means.

According to a preferred embodiment, the first regulating means comprise a first
chopping regulator, the second regulating means comprise a second chopping
regulator, and the control means comprise synchronization means connected
between the first and second chopping regulators.

In a development of the preferred embodiment :
- the first chopping regulator comprises current diverting means connected to the
input of the first regulating means and first detection means connected between the
power supply fine and the diverting means, said detection means ordering shornt-
circuiting of the input of the first regulating means when the voltage of the power
supply line exceeds a first preset threshoid, and

- the second chopping regulator comprises current interrupting means controlled by
the control means, the control means ordering interruption of the current supplied by
the second regulator when the first regulating means order short-circuiting of the input
of the first regulating means.

In a first development of the invention, the output of the second regulating means is
connected to the input of the first regulating means.



conprising an input connected to the output of the second power supply
cifcuit, an output connected to the power supply Iine and control neans
connected to the first chopping regul ati ng neans, the control neans
controlling the second regul ating neans to reduce the nean current supplied
by the second power supply circuit when the current supplied by the current
sensor increases. In a particular enbodi nent, the second regul ati ng neans
conprise current limting means connected between the input and output of
said regul ati ng neans, said current limting neans being controlled by the
control neans. According to a preferred enbodi nent, the first regulating
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- the second C ping r conpri ses rent interrupting neans
controll ed by the control neans, the control nmeans ordering interruption of
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neans i s winding and connected to the input of the second regulating means.
The chopper is preferably of the flyback type.
BRIEF DESCRIPTION OF THE DRAWINGS
Other advantages and features will become more clearly apparent from the following
description of illustrative embodiments of the invention, given as non-restrictive
examples only and represented in the accompanying drawings in which :.

Figure 1 represents the diagram of a known trip device associated to a circuit breaker,

Figure 2 represents the diagram of a trip device according to a first embodiment of the
invention,

Figure 3 represents the diagram of a trip device according to a second embodiment of
the invention, |

Figures 4a to 4c¢ show electrical signals representative of a regulating mode in a trip
device according to figures 2 or 3,

Figure 5 represents a detailed diagram of a trip device according to figure 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 represents a circuit breaker of known type. An electrical power system 1 to



connected to the input of the first regul ati ng neans. 4 In a second
devel opnent of the invention, the output of the second regulating neans is
connected to the output of the first regulating nmeans. Preferably, the
second power supply circuit conprises a rectifier circuit connected to the
external electrical power source, a voltage limter connected to the
outputs of the rectifier circuit, and a chopper connected to outputs of the
limter and supplying a voltage to an input of the second regul ati ng neans.
The chopper conprises a transformer conprising a primary w nding supplied
by neans of an oscillator and a secondary winding electrically isolated
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enbodi nent of
tripping order produced by the processing unit 4 is applied to the input of a control

relay 5 which actuates an opening mechanism 6 of the circuit breaker contacts 2. The
power supply circuit 7 supplies the electrical and electronic circuits of the trip device,

notably the processing unit 4, relay 5 and auxiliary circuits 8 via a power supply line
10.

A second power supply circuit 9, connected between .an external electrical power
source 11 and the power supply line 10, supplies the electrical and electronic circuits
4, 5§ and 8 of the trip device when the current supplied by the sensors is no longer
sufficient.

In the drawing of figure 1, the first power supply circuit 7 converts the current itc
supplied by the sensors into one or more DC voltages supplying the power supply line
10. The second power supply circuit 8 converts g first DC or AC voltage VL supplied
by the source 11 into a second DC voltage supplying the line 10, The power supply
line is preferably galvanically isolated from the external source 11.

In the electronic trip device represented by the drawing of figure 2, the current
transformers T1, T2 and T3 are connected to AC inputs of three rectifier bridges,
respectively 3A, 3b and 3¢. The positive outputs of the rectifier bridges are connected
to aline 12 and the negative outputs of said bridges are connected to a reference line
0. The line 12 connects the positive outputs of the bridges to an input of the first
power supply circuit 7. The secondary currents generated by the current transformers
are rectified by the bridges 3a, 3b and 3c, then supplied to the input of the first power
supply circuit 7.

In state of the art manner, the first power supply circuit 7 comprises a diode 13
connected between an input connected to the line 12 and an output connected to the
power supply line 10, a capacitor 14 connected between the output and the reference



the invention, Figures 4a to 4c show el ectrical signals representative of a
regulating node in a trip device according to figures 2 or 3, Figure 5
represents a detailed diagramof a trip device according to figure 3.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Figure 1 represents a
circuit breaker of known type. An electrigal power system1l to 5 be
protected conprises electrical conductors connected to contacts 2 enabling
the current to be established or interrupted. Current sensors T1l, T2, T3
associated to the different conductors of the power systemtransformthe
primary currents of high intensity into secondary currents conpatible with
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the v tage between the line 10 and the reference hne 0 le the voltage Ve at the
terminals of the capacitor 14, exceeds a preset voltage threshold, the chopping
regulator 16 orders turn-on of the transistor 15. The current from the transformers is
then diverted to the reference line 0 and no longer flows via the power supply line 10.
The diode 13 blocks discharging of the capacitor to the transistor 15.

- The chopping regulator 16 controls turn-on and turn-off of the transistor 15 according

to the voltage present on the power supply line 10. The chopping frequency and cycle
rate vary according to the current from the transformers and to the current absorbed
by the circuits connected to the line 10. If the current from the transformers increases,
the mean time during which the transistor 15 is turned on increases and the time
during which said transistor is turmned off decreases, the capacitor charging current
being higher.

According to a first embodiment of the invention, the trip device of figure 2 comprises
a current regulating circuit 17 connected between the second power supply circuit 9
and the power supply line 10. The circuit 17 comprises an input receiving a DC or
rectified voltage supplied by the power supply circuit 8 and an output supplying a
regulated current to the line 10. Regulation of the current of the circuit 17 is such that
it decreases the mean value of the current supplied by the circuit 17 to the line 10
when the secondary current of the transformers T1, T2 or T3 increases.

The regulation circuit 17 comprises a transistor 18 and diode 19 connected in series
between its input and its output, and a control device 20 connected to the base of the
transistor 18 for control of the supply of current to the line 10. The monitoring device
20 controls the transistor 18 in chopping. It comprises an input connected by a
synchronization line S to the chopping regulator 16.

In this embodiment of the invention, the control device is synchronized with the
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source 11 and the power supply line 10, supplies the electrical and
electronic circuits 4, 5 and 8 of the trip device when the current supplied
by ‘the sensors is no longer sufficient. In the drawing of figure 1, the
first power supply circuit 7 converts the current Itc supplied by the
sensors into one or nore DC vol tages supplying the power supply line 10.
The second power supply circuit 9 converts a first DC or AC vol tage VL
supplied by the source 11 into a second DC vol tage supplying the |ine 10.
The power supply line is preferably galvanically isolated fromthe external
source 11. In the electronic trip device represented by the draw ng of
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first power supply circuit 7. The secondary currents generated by the
current transformers are rectified by the bridges 3a, 3b and 3c, then
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reference Qoltage of the line 10. During discharging of the capacitor, the current from the
transformers is diverted to the line 0 and the current supplied by the circuits 8 and 17

is zero,

The time during which the capacitor 14 charges depends on the value of the current
supplied by the current transformers and on the value of the current supplied by the
circuit 17. The mean value of the current supplied by the circuit 17 depends on the
cycle rate corresponding to the charging and discharging time of the capacitor 17.
The circuit 17 supplies current to the line 10 only during charging of the capacitor.
When the current supplied by the transformers increases, the charging time of the
capacitor is reduced and the mean current supplied by the circuit 17 decreases.

The drawing of figure 3 shows another embodiment of a trip device according to the
invention. The output of the regulating circuit 17 is connected to the input of the first
power supply circuit 7. The regulator 16 comprises a first comparator 21 with
hysteresis to compare the voltage of the line 10 with a reference voitage and control
operation of the transistor 15. The circuit 17 comprises a controlled current limiter 22
connected between the input and output of the circuit 17.

The control circuit 20 comprises a second comparator 23 having a first input
connected to the output of the circuit 17, a second input connected to a reference

voltage and an output connected to the current limiter 22 to control the output current
of the circuit 17.

Synchronization of the control circuit 20 with the chopping regulator 16 is performed
by means of the connection between the output of the circuit 17 and the input of the
circuit 7. When the capacitor has to be charged, the comparator 21 orders turn-off of
the transistor 15. The current from the transformers 71, T2 or T3 is then directed to



line O, a transistor 15 connected between the input and the reference |ine
0, "and a first chopping controller 16 connected between the power supply
line 10-and the reference Iine 0 and conprising an output connected to a
control electrode of the transistor 15. The current supplied by the
transformers T1, T2 or T3 is rectified by ¢ he bridges 3a, 3b or 3c. Then,
so long as the transistor 15 is off, said current flows through the diode
13, charges the capacitor 14 and supplies the circuits connected to the

i ne 10. When the voltage between the Iine 10 and the reference line O,
i.e. the voltage Vc at the termnals of the capacitor 14, exceeds a preset
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to the line 10, %?9”' ation of the current of the Circuit 17 is such that
circut 7.

As in the first embodiment, the circuit 17 supplies current to the line 10 only during
charging of the capacitor. The current flows, in this case, through the first power
supply circuit 7.

In the drawing of figure 3, a particular embodiment of the second power supply circuit
9 comprises a rectifier circuit 24 connected to the external source 11, a voltage limiter
25 connected to outputs of the rectifier circuit, and a chopper 26 connected to outputs
of the limiter 25 and supplying a voltage to the input of the circuit 17.

The rectifier 24 comprises inputs connected to the external source 11 and outputs
supplying a DC or polarized voltage. The source 11 ¢an be DC or AC, single-phase or

| three-phase. The circuit 25 limits the maximum value of the DC voltage applied to the
inputs of the chopper 26.

The chopper 26 comprises a transformer 27 having a primary winding 28 and a
secondary winding 29. The primary winding is connected to the inputs of the chopper
and supplied via an electronic oscillator 30. The secondary winding is connected to
the circuit 17 by means of a rectifier diode 31. The transformer 27 isolates the source
11 galvanically from the trip device.

Operation of the chopper is preferably of the Flyback type.



It decreases the mean value of the current supplied by the circuit 17 to
the line 10 when the secondary current of the transfornmers T1, T2 or T3

i ncCreases. The regulation circuit 17 conprises a transistor 18 and di ode 19
connected in series between its input and its output, and a control device
20 connected to the base of the transistorg 18 for control of the supply of
current to the line 10. The nonitoring deV|ce 20 controls the transistor 18
in chopping. It conprises an input connected by a synchronization line Sto
t he chopping regulator 16. In this enbodi rent of the invention, the control
device is synchronized with the 7 chopping regulator 16. \Wen the
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of f, the current fro t he tr@xﬁna ornmers and the current fromthe circuit
are added to {?Hé?"aés?ﬁ%rgg Br 14 and increase the voltage of the line
10. During discharging of the capacitor, the current fromthe transforners
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val ue of the &§Minals Vi State 1 means that the transistor 15 is off an that the voltage Vtis high,
appreciably equal to the voitage of the line 10. State 0 means that the transistor 15 is
on and that its voltage Vit is very low, close to 0 Volts.

Figure 4c shows the signal Vc representative of the voitage of the line 10, or voltage
at the terminals of the capacitor 14. The variations of the voltage Vc represent
charging and discharging of the capacitor 14.

Figure 4d shows the current Is supplied by the regulating circuit 17.

Between the times t0 and t1, the current itc is zero, and the trip device is supplied only
by the current supplied the circuit 17. The charging time of the capacitor is long and,
in each charge/discharge cycle of the capacitor, the supply time of the current Is is
greater than the time during which said current Is is turned off. In the embodiment
represented at the time {0, the capacitor 14 is already charged at a voltage close to
the threshold voltage controlling turn-on of the transistor 15, the external power supply
already being in operation.

Between the times t1 and t2, the current Itc is low, the trip device is supplied by the
current Is and the current itc. The duration of supply of the current s, per cycle, is
lower than between the times t0 and t2. The mean current supplied by the circuit 17 to
the line 10 therefore decreases.

Between the times 12 and 13, the current ltc is high, the charging time is reduced and
the duration of supply of the current Is, per cycle, lower than the duration of turn-off of
said current Is is shorter than between t1 and t2. The mean current supplied by the
circuit 17 to the line 10 therefore decreases even more.

Figure 5 shows a detailed drawing of a particular embodiment of the power supply of



supplied by the current transforners and on the value of the current
supplied by the circuit 17. The nean val ue of the current supplied by the
circuit 17 depends on the cycle rate corresponding to the charging and

di scharging time of the capacitor 17. The circuit 17 supplies current to
the line 10 only during charging of the cagacitor. Wen the current
supplied by the transforners increases, the charging tinme of the capacitor
is reduced and the mean current supplied by the circuit 17 decreases. The
drawi ng of figure 3 shows anot her enbodi nent of a trip device according to
the invention. The output of the regulating circuit 17 is connected to the
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with a refer enrgére\%ﬁup%‘gEhgﬁgéﬂ?%ﬁt%?o'ﬁ @Bgﬁsg&egﬁby(ﬁoq h‘ﬁo‘%ﬁsaﬁg’i g?'oggl%‘.d %e
circuit 17 congannegied @sca fulk-wavecrectifierr Ehe chihoiles of the diodes 82ecandhd3 wupplyt he

i nput and out padsitiRE dulntCtothéliihe 12 cohREctE® S krBhsidtbr §4/iahd 49 it BIBEE SIS The
second conpar at or

S P ek PR e 3 ot 3 o Il Vg soeami b
connected to ti¥kamitheeeferehcerditesd. 22 to control the output current of the
circuit 17. Synchroni zation of the control circuit 20 with the chopping
regulator 16 is performed_ by means of the connection between the output of
the circuit 17ThéhEeaualing ikt 4F qamerises dbg cComPaiin2t Ippe@lipa Eceedinga® 8o be
charged, the cigysraess eycie Revistsrs 37 98 2nafd9 46 dohRediédbetwekA thel hon-Hverting
current from tAg L ANRESIMRLT thloutddt &'the orBarki? the i€ G S the line 10, thus
determining the threshold and window of the hysteresis. A zener diode 40 connected
between the inverting inout and the line O sets a reference voltage of the comparator.
Polarization of the diode 40 is performed by a resistor 41 connected between the line
10 and the cathode of said diode. A capacitor 42 connected in paraliel to the diode 40
improves the operation on power-up. The output of the comparator is polarized by a
resistor 43 connecting the output of said comparator to the line 10. A zener dicde
connected between the output of the comparator 21 and the gate of the transistor 15
fimits the control voitage of the transistor. Polarization of the gate of the transistor 15
and of the zener diode 44 is performed by a resistor 45 connecting the gate of the
transistor 15 to the line 0.

The chopper 26 only a part of which is represented in figure 5, supplies a polarized
voltage. This voltage is a DC voltage or, more generally, in the form of puises. The
chopper voltage is applied to the current limiter 22 via a line 46. The limiter 22
comprises a transistor 47 having an emitter connected to the line 46 via a resistor 48.
The base voltage of the transistor 47 is determined by a zener diode 49 connected
between said base and the line 46 and by a polarizing resistor 50 connected between
the anode of the diode 49 and the line 0. The value of the limited current is given by :
(V2 - Vbe)/R, where V2 is the voltage of the zener diode 49, Vbe is the base emitter
voltage of the transistor 47 and R the value of the resistance 48.

The output of the current limiter is made on the collector of the transistor 47. The
limited current flows via a diode 51 and is then added to the current from the
transformers on the line 12, A resistor 52 connected between the collector of the
transistor 47 and the line 46 enables regulation of the voltage of the line 10 to be
triggered and facilitated when the supply current is provided by the circuit 17 only.



8 the capacitor 14 and line 10. The conparator 23 of the circuit 20 detects
a high voltage Vt on the output of the circuit 17 (voltage at the term nals
of the transistor 15 which is off) and orders supply of a current by the
circuit 17 to the input of the circuit 7. The current supplied by the
circuit 17 is added to the current fromthg current transformers. As soon
as the voltage Vc at the termnals of the capaC|tor 14, i.e. the vol tage of
the line 10, reaches a preset threshold, the conparator 21 orders turn-on
of the transistor 15 to divert the input current of the circuit 7. The
short-circuit achieved by the transistor 15 nmakes the voltage Vt at the

i nput of the CFHeCéﬂntroﬂcu%ﬂij Zekomﬁﬁs%ﬁtﬂonﬁﬁar&&ez@ bﬁ@ Wi dontrd! tFHnQQtorEBeThe
conpar at or 23 .detect.s he short-circuit

P! a6t he dfirRniteut i e SBpARior i Earfnteistilo aomi RATBOT B e civiser e

i nput of the diridgefarmad bysw mesistersfGarand il resistor 53 isecaninected thefiveenuthel i es
current to theghini B&ﬂtoéﬂdythg%hé NG, A EHH Adistir gmg cOAREMd Bétye;fm\ecﬁ{er §nt

flows, in this case, rou first_power circult

drawi ng of fi Qe éh%°°’ﬁm85rpgi"&t'ﬁ caPagkAs i 'ﬁﬁ?ﬂ“e&?eattﬂ estetninals ghtherresistophd
circuit I9 conyio ffi flﬂa&havml&gélof therdividerdidge.2Phecresishet diiddrritife f53>@£§d‘p®he§§urce
11, a vo tage &5 ectlfi cu

a chopper 26 C%fr?ﬁantc 8&’%) t§3{?§ﬁ1§1§ﬂi8§ ﬁpﬁggﬁﬁﬁ%cp &pa}fg)raér’?d?éﬁﬁﬁﬁﬂvﬁgmg I#Po“ittage
to the input of theneoraparatar 23 Wown@ed & thef qutput 2iithedimiter 22ghatripta sayctorthect ed

to the exter najoliédiordf theltfandiRtbr@it put s supplying a DC or pol arized vol t age.
The source 11 can be DC or AC, single-phase or three-phase. The circuit 25

limts the maxi nrum val ue of the DC voltage applied to the
The output of the comparator 23 is connected to the control gate of the transistor 58

by means of a resistor 56. A polarizing resistor 57 is connected between the gate and
source of the transistor 5§2.

When the transistor 15 is off, the voltage of the line 12 is at a high value, the non-
inverting input of the comparator 23 at a voltage greater than the reference voltage
applied to its inverting input and the comparator 23 does not order turn-on of the
transistor 58. The current limiter 22 then supplies a current which is added to the
current of the transformer T1.

If the voitage of the line 12 increases, the comparator 21 orders turn-on-of the
transistor 15. The voltage of the non-inverting input of the comparator 23 becomes
lower than the reference voltage applied to its inverting input. The output of the
comparator 23 then orders turn-on of the transistor 58 which short-circuits the zener
diode 48. The transistor 47 is then turned-off and the current limiter only supplies a
very low current flowing in the resistor 52.

The trip device according to the invention generally comprises current transformers
with magnetic circuits which supply both current measuring signals and the electrical
power supply. In other embodiments, a trip device according to the invention can
comprise air transformers, of Rogowski toroid type, for measuring the current and
magnetic circuit transformers for the electricat power supply.

In the embodiments described above, a single power supply fine 10 supplies the trip
device circuits, but it is possible to achieve trip devices according to the invention
comprising several power supply lines designed for various circuits and having
different voltages. )



I nputs of the chopper 26. The chopper 26 conprises a transfornmer 27 having
a primary winding 28 and a secondary winding 29. The primary winding is
corinected to the inputs of the chopper and supplied via an electronic
oscillator 30. The secondary winding is connected to the circuit 17 by
means of a rectifier diode 31. The transfesner 27 isolates the source 11
galvanically fromthe trip device. Operation of the chopper is preferably
of the Flyback type. 9 In figures 4a to 4c signals are represented
representative of the power supply of a trip device according to the

I nvention. Figure 4a shows the current Itc supplied by the current
transforners. dgajmeen the tinmes t0 and t1, the current is zero. Between the
time tl and t2, the current is of small anplitude and between the tine t2
and t23, the current is of large anplitude. Figure 4b shows the state of
the transi st on. Ab eleotioditiipaievice fprarditctifbreakdragmpdsingf S termnals Vt. State
1 means that the transistor 15 is off and that the voltage WVt is high,
appreci ably equal to the voltage of the line 10. State O neans that the
transi stor 15-i 8t deasinane reurrent sepsont 456 V2, i) veupphingwa seoensiant auimeol t s.

Figure 4c shows réﬂ?@seﬁtéiiﬂé"of y@ufr@\ﬂrf@mt.ﬁfalabﬁdeémrt&% y&&érégﬁeﬁfmm%téc&ébe 10,

or voltage at the termlgs s, of the capacitor 14. The vari ations of
vol tage Vc repr ¥ s SircH h"d and di schargi ng of the capacitor 14.

- a processing unit (4) receiving signals representative of currents flowing in
conductors of the power system (1) protected by the circuit breaker, and supplying
a tripping order,

- a first power supply circuit (7) comprising an input connected to said current
sensor, an output connected to a power supply line (10) supplying electrical and
electronic circuitry (4, 5, 8) of the trip device, and first regulating means (15, 16)
- connected between the input and the output of said first power supply circuit, and

- a second power supply circuit (9) comprising an input connected to an external
electrical power source (11) and an output connected to the power supply line (10),

a trip device characterized in that it comprises second regulating means (17)
comptrising an input connected to the output of the second power supply circuit (8),
an output connected to the power supply line (10) and control means (20)
connected to the first chopping regulating means (15, 16), the control means (20)
controlling the second regulating means (17) to reduce the mean current supplied by
the second power supply circuit when the current supplied by the current sensor
increases.

2. The trip device according to claim 1, characterized in that the second regulating
means (17) comprise current limiting means (18, 22, 47, 48, 49) connected between
the input and output of said regulating means, said current limiting means being
controlled by the control means (20). '

3. The trip device according to claims 1 and 2, characterized in that the first regulating

means (15, 16) comprise a first chopping regulator (15, 16, 21, 37-44), the second
regulating means (17) comprise a second chopping regulator (18, 20, 22, 58, 56, 57),

UL



Figure 4d shows the current Is supplied by the regulating circuit 17.
Between the tinmes t0O and t1, the current Itc is zero, and the trip device
i s"supplied only by the current supplied the circuit 17. The charging tine
of -the capacitor is long and, in each charge/discharge cycle of the
capacitor, the supply tinme of the current18s is greater than the tine
during which said current Is is turned off. In the enbodi nent represented
at the time t0, the capacitor 14 is already charged at a voltage close to
the threshold voltage controlling turn-on of the transistor 15, the
external power supply already being in operation. Between the tinmes t1 and
t2, the curremhdl the icontradvinetfie (R0) [Toftpvise esynshidnipstionetheanst (5 23)r 68455) | S

and the curreny gljﬁ rent is, per cycle,
is lower than Ere'Jt‘é\/\c/geedn ‘{%ﬁ %’és??a@%%%%?%h%ﬁ%g %glﬁfg%rrent suppl i ed by the
circuit 17 to the line 10 therefore decreases. Between the tines t2 and t3,
the current |MCThéuiblcﬁbzcefaB@:réihgﬁc%Iﬁi%.’s'dﬁﬁrdc&niéiﬂ#l@ﬁéi :and the duration of

supply of the n the,. duration. of turn-off of
SUPBlY Of e 5he DAL Horping BRUBE STaclen 251 ShAd comiren i Mg peady
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supply of 10 atrip, ccor ure raw n only
t he transf or néReans qrdefngpshostircuting of &he BpyY ? ¢ i3t 1pguigting, meaR} é’Begff

di odes 32, 33voftdgendithe3fower supply line exceeds a first preset threshold, and

he our

- the second chopping regulator comprises current interrupting means (18, 22, 47, 58)
controlled by the control means (20), the control means ordering interruption of the
current supplied by the second regulator when the first reguiating means order short-
cireuiting of the input of the first regulating means.

5. The trip device according to any one of the claims 1 to 4, characterized in that the
output of the second regulating means (17) is connected to the input of the first
regulating means (16).

6. The trip device according to any one of the claims 1 to 4, characterized in that the
output of the second regulating means (17) is connected to the output of the first
regulating means (16).

7. The trip device according to any one of the claims 1 to 6, characterized in that the
second power supply circuit (9) comprises a rectifier circuit (24) connected to the
external electrical power source (11), a voltage limiter (25) connected to the outputs of
the rectifier circuit, and a chopper (26) connected to outputs of the limiter (25) and
supplying a voltage to an input of the second regulating means (17).

8. The trip device according to claim 7, characterized in that the chopper (26)
comprises a transformer (27) comprising a primary winding (28) supplied by means of
an oscillator (30) and a secondary winding (29) electrically isolated from the primary
winding and connected to the input of the second regulating means (17).

9. The trip device according to claim 8, characterized in that the chopper (26) is of the
flyback type.
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connected as a full-wave rectifier. The cathodes of the diodes 32 and 33
supply positive current to the [ine 12 connected to transistor 15 and to

t he di ode 13. The anodes of the diodes 34 and 35 receive the current
feedback via a neasuring resistor 36 and the reference line 0. The
regulating circuit 16 conprises the conparator 21 operating according to a
hysteresis cycle. Resistors 37, 38 and 39 are connected between the
non-inverting input and respectively the output of the conparator, the line
0 and the line 10, thus determ ning the threshold and wi ndow of the
hysteresis. A zener diode 40 connected Hetween the inverting input and the
line O sets a reference voltage of the donparator. Polarization of the

di ode 40 is perfornmed by a resistor 41 donnect eg—betweenr—the |line 10 and

t he cat hode of said diode. A capacitor ted in-parpllel to the

di ode 40 |inb»es the operation on powerf-up. T é outp&Etbf t he conparat or

is polarize Riput of J$Ai fHeconparator to
the line 10. b out pgkcof | t hB conpar at or
21 and the|gat®s B 5 contrag wo|tage of the
transistor.f Pgl ai zation of t he gate of the transistor I5 and of the zener
di ode 44 i s onnectlng the gate of the

transi stor . (HRre—ehoeppe y payrt of which is . '

represented in
vol t age or,

applied to the
transi stor 47 h
The base voltag
connect ed betwe
connect ed shet

This voltage is a DC
Hre—chopper voltage is
he Limter 22 conprises a
z |neE§6_y.a\a resi stor 48.
, determ ned by—a zg¢new di ode 49
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t he anode of the diode 49 and the line 0. The value of the limted current
is-given by: (V2 - Vbe)/R, where V2 is the voltage of the zener diode 49,
Vbe is the base emtter voltage of the transistor 47 and R the value of the
resi stance 48. The output of the current limter is made on the collector
of the transistor 47. The limted currer?2 flows via a diode 51 and is then
added to the current fromthe transfornmers on the line 12. A resistor 52
connected between the collector of the transistor 47 and the line 46
enabl es regul ation of the voltage of the line_10 to be triggered and
facilitated when the supply current is providgd byZ;qg circuit 17 only.

The control circuit 20 conprises jthe conparatpr 23<angila controu transi stor
58. The inverting input of the conparator Is fonnect to a co n poi nt of
a resistive divider bridge forred by two resistors;ﬁSEaﬁq°54. ThHe resistor
53 is connected between the co n point and the t+né&’ 10, and tHe resistor
54 is connected between the line [0 a the comon point. A capadgitor 55 is
connected to the termnals of the residstor 54 to filter the voltjlage of the
di vider bridge. The resistive di b?\q e—b3—-54 supplies a rleference
voltage to the invert#hg i nput of] the Tonparator 223. The non-inVerting
input of the conparator 23 js _connected to the—outiput—of the limiter 22,

that is to say|to the collector of the transi$tor &. The outpuy of the
conparator 23 |{s connected to thel control gate of %@Q;transistor 58 by
means of a resistor 56. A polarizjng resistorib57 i§5§§rnected bdt ween t he
gate and sourc¢ of the transistor} 52. f < _
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When the transistor 15 is off, the voltage of the line 12 is at a high
valrue, the non- inverting input of the conparator 23 at a voltage greater
than the reference voltage applied to its inverting input and the
conparator 23 does not order turn-on of the transistor 58. The current
limter 22 then supplies a current whiclBis added to the current of the
transfornmer T1l. If the voltage of the line 12 increases, the conparator 21
orders turn-on of the transistor 15. The voltage of the non-inverting input
of the conparator 23 becones |ower than the reference voltage applied to
its inverting input. The output of the conparator 2B tThen_grders turn-on of
the transistor 58 which short-circuits the zener dipde &9: The transistor
47 is then turned-off aned the current |i suppla &sa verytl ow
current flowng in the Te%istor 52. Thestjrip devicel acces & to the
i nvention general |l yf conprises currént tRansformers Wi netic cijrcuits
whi ch supply both current T, ring signdls and the el ectrical powgr

supply. | n ot hergnpodirments trip devijce 3 ding to the inventji on can
conprise air trangfeerers ) | Rogoywski t e I ; measuri ng tihe
current and nagnetii NN cli ransforners for the electfical power |supply.

In the enbodi meny s bovej a single power pUpPP i ne 10ggupplies
the trip device &
according to the i
for various circui
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12 CLAIMS 1. An el ect
-| east one current

ronic trip device for a circuit breaker conprising:
sensor (T1, T2, T3) supplying a secondary current

representative of a current flowing in a conductor of a power system (1)

protected by the circuit breaker,

representative of cur

protected by the circuit breaker,
«ﬂ@ conprising an input connected to said current

power supply circuiy

- a processing unit (4) receiving signals
rents flowng in copductors of the power system (1)
and supplying a tripping order, a first

sensor, an output cohnected to a power supply line (10) suppl yi ng

el ectrical and electfonic circuitry (4, 5, 8) of thg dg and first
regul ating nmeans (15} 16) connected between the in pyit put of

sai d firsthgge supply circuit, and - a second po cuit (9
conpri sing 4&@ tonnect ed to an axt e : agurce (11)

and an out put connect
characterized in that
an input connected tt

out put connected to tohe pomer supphy l'ine (10) ang control
connected to the first chopping regul ati ng neans (15, 16),

nean&3(20)
t he control
means (20) controlling the second regulating neans (17) to reduce the nean

current supplied by phe second power supply circuit when the current
supplied by the currght sensor increases. 2. The trip device according to
claim1, characteritze ir"ﬂ—ﬂla tHre pacpRdmel iMoo n M o n
FIG.4b
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means (17) conprise current limting nmeans (18, 22, 47, 48, 49) connected
bettween the i nput and output of said regulating nmeans, said current
limting neans being controlled by the control neans (20). 3. The trip
dewi ce according to clains 1-and 2, characterized in that the first
regul ati ng means (15, 16) conprise a fir%t chopping regulator (15, 16, 21,
37-44), the second regul ating neans (17) conprise a second choppi ng

regul ator (18, 20, 22, 58, 56, 57), 13 anqothe control neans (20)
conpri se synchronlzatlon means (5, 23, 53 ected between the first
and second choppi ng regulators 4. The tr)p device according to claphs3,

characterized in4ghat: - the (t&t choppi hg regfirator (15, 16, 2T,
conpri ses +{i&—+#r%¥i4.u AEDhs—(o)}—cehreeted A

cur,
regul atin ns irst_detectioh nmeans connrcted bet wigeq
supply Iin dt | verfipng ngan aid detection neqns oK

,_

short-cirCU| T ng of e i the first regulatin
vol tage of tHhe pbher| supp i ne—exeeeds a first
t he second cb Feg ri seq current
47, 58) controlled by th ang (20), t
i nterrupti t rrent spuppli byl t he sec(

short-}circulting of the
5.1 The tripj device adcording t
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to 4, characteri
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out put .of the second regul ating neans (17) is connected to the input of the
first regulating neans (16). 6. The trip device according to any one of the
claims 1 to 4, characterized in that the output of the second regul ating
means (17) is connected to the output of the first regulating neans (16).

7. The trip device according to any one of the clains 1 to 6, characteri zed
in that the second power supply circuit (9) conprises a rectifier circuit
(24) connected to the external electrical power source (11), a voltage
limter (25) 8&%&@@% to the outputs of the rectifier circuit, and a
chopper (26) @l to outputs of the limter (25) and supplying a
voltage to an input of the second regulating neans (17). 8. The trip device
according to éﬁ&&m&?ﬁé"ﬁéﬁHéﬁés'dbﬁﬁ%bn&&%@@?@ﬁﬁdﬂ@gﬁ%%éSes a
transfornmer ( conprrsing a primary w nding ( supplie y nmeans of an
oscillator (30) and a secondary winding (29) electrically isolated fron1the

primary w ndi fge 3EnEOR 'i‘élﬁfe@%?hné@&rdrﬂfﬂfp &’JVI@ﬁrsaeéiWuﬂ H@Q&Hr%}ﬂus

(17). 9. The tri evi ce accor alm 8 racteri zed
chopper (26) legsheneg garent $BBAE ('{ygl' T3) supplying a current to a first power supply c:rcun

(7). A distribution line (10) connected to an output of the first power supply circuit
distributes an electrical voltage regulated by a first chopping regulator (16) to
electronic circuits of the trip device. The trip device comprises a second power supply
circuit (9) connected to an external power source (11) and a second chopping
regulator (17) connected between the second power supply circuit (8) and the
distribution line (10) The second chopping regulator (17) operates in synchronized
manner with the first chopping regulator.

(Figure 2)



