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CAPACITOR FOR SUPPLY OF A TRIP COIL. Background of the invention  The
invention relates to an electronic trip device comprising current measuring
means connected to an electronic processing circuit designed to perform
protection functions and comparing the measured current with at least one
tripping threshold, and to a power supply 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 l0V 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.   2 Object of the invention 



The object of the invention is to provide a trip device enabling the
dependability of the tripping capacitor to be maintained or increased while
at the same time reducing the size and cost thereof. According to the
invention, this object is achieved by the fact that the electronic
processing circuit comprises means for comparing the measured current with
a preset threshold, lower than the tripping threshold, the trip device
comprising means for setting the reference voltage of the regulating means
to a first preset value during a preset period, when poweron 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 features 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 1 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.   3 Figures 4a and 4b respectively illustrate the variations
versus time of the voltage at the terminals of the supply capacitor and of
a power supply signal of the electronic circuitry of a trip device
according to figure 3. 



Figure 5 represents a particular embodiment of a flowchart of operation of
a power supply circuit of a trip device according to figure 3. Description
of a particular embodiment An electronic trip device according to the prior
art is illustrated in figure 1. Only the elements necessary for
understanding the invention have been represented in the figure. Current
sensors 1 associated to conductors of an electrical power system to be
protected supply signals representative of the currents flowing in the
conductors to an electronic processing circuit 2. The electronic processing
circuit 2, preferably microprocessor-based and designed to perform
protection functions, compares the measured currents with at least one
tripping threshold and supplies a tripping signal D in the event of a
fault, for example in case of an overload or short-circuit. The tripping
signal D is applied to a control electrode of an electronic switch 3, for
example formed by a thyristor. Closing 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 terminals of a first supply voltage V i.
The first supply voltage V ~ is supplied by a power supply circuit 5. In
system-powered trip devices, the power supply circuit 5 is supplied by
current sensors associated to the conductors of the electrical 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 l, current
sensors 6 distinct from the previous ones. In the latter case, the current
sensors 1 are preferably air sensors, for example formed by Rogowski coils,
whereas the current sensors 6 are preferably iron-core sensors.   4 The
power supply circuit 5 also supplies a second supply voltage V2, lower than
the first, sufficient for power supply of the electronic circuitry of the
trip device. Conventionally the power supply circuit 5 is of the switching
power supply type enabling the voltage at the terminals of the supply
capacitor to be regulated. In the particular embodiment represented in
figure 2, the current sensors, 1 or 6, are connected to a rectifier circuit
7, preferably of the full-wave rectifier type, comprising two output
terminals, one whereof is grounded and the other is connected to a
conductor 8. An electronic switch 9, performing the function of a chopper,
is connected in parallel to the output terminals of the rectifier circuit.
A first output terminal of the power supply circuit 5 supplying the first
supply voltage V i is connected to the conductor 8 via a diode 10 connected
in such a way as to be on when the voltage at the output of the rectifying
circuit 7 is greater than V1 and off in the opposite case. A capacitor C is
connected in parallel with a voltage divider between the first output
terminal of the power supply circuit 5 and the ground. The voltage divider
is a resistive divider formed by first and second resistors R i and R2
connected in series. The mid-point of the resistive divider is connected to
an input of a regulating circuit 11 which controls the electronic switch 9.
A third resistor R3 is connected in series with a Zener diode Zd in
parallel to the capacitor C, the point common to the third resistor R3 and
the Zener diode Zd constituting a second output of the power supply circuit
5 supplying the second supply voltage V.,. The voltage V3 at the mid-point
of the resistive divider is representative of the voltage V1 at the
terminals of the capacitor. So long as the voltage V3 is lower than a
preset reference voltage, the regulating circuit 1 I keeps the electronic
switch 9 in the open position (off in the case of a transistor). The
conductor C therefore charges, via the rectifier circuit 7 and diode 10,
from the current transformers. As soon as the voltage V3 reaches the
reference   5 voltage, the regulating circuit 11 closes the electronic
switch 9 (turn-on in the case of a transistor), thus short-circuiting the
output of the rectifier circuit. The diode 10 is then turned off preventing
charging of the capacitor C from continuing. 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 terminals of the Zener diode Zd. 



In known trip devices, the reference voltage is chosen so as to ensure
dependable tripping of the trip coil at all times in the event of a fault.
For example, 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
the one described above by the fact that the regulating circuit 11
comprises an additional input connected to an additional output of the
electronic processing circuit 2 of the trip device. The electronic
processing circuit 2 causes a modification of the reference voltage of the
regulating circuit 1 I so that it takes a first preset value during a
preset period, when poweron of the trip device is performed or when the
measured current I is equal to or greater than a preset threshold Is, lower
than the tripping threshold, and a second preset value, lower than the
first value, after said preset period. The operation of a trip device
according to the invention 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 1 at the terminals of the capacitor
C is zero. As the electronic switch 9 is open, the capacitor starts
charging. The voltage Vi increases. At a time ti, 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,   6 then takes the
value l, initialising a start-up phase F 1 (figure 5) of the electronic
processing circuit microprocessor. This circuit then sets a quantity Ot 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 (0t = 1 s ?). If
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 t2 (t2 = ti +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 ~t (Ot = Ot+1 ) before looping back to the step F4. After the step
FS where the reference voltage has dropped to the second, lower, value, the
microprocessor monitors (step F7) a possible overshoot of a preset
threshold Is, lower than ..i the tripping threshold, by the measured
current I (I >_ Is ?). 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.    If at a time t3 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 to 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
t5, 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,tT40t5-t~ following tripping. 



In the embodiment of figure 5, the specific values ( 19V and lOV) 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 1 s 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.   8 As an example, a 22pF
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.   9 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 l00
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. .AY.A.Ahe.A.AU.Ah.A.A{+.AGRno(Facd/ 



A s
/1i5{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]caU]ca!5Y-/ !$%6%''K)-//85688:;
;>?}@AA}x{vqlgb]X]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caGRnofG"10%:&'()-3
10%:&'()-My10%:&'()-&10%:&'()-l "10%:&'()- #Y10%]]&'()-(F^_`dE:/ 10:
10:7M!10%:&'()-&6"10%:&'()-l4"10%:&'()-`*"10%:&'()-f
"10%:&'()-10%:&'()-`ac{/ A sxY:/ 10:"10%H&'()- >f10%H&'()-9"10%H&'()-p9
"10%H&'()-Z9 "10%&'()-Zys10%H&'()- 10:s5 



,-.dE:/ 10H
10Hp-&!10%H&'()--&!10%<&'()-@,"10%H&'()-@#"10%H&'()-#"10%3&'()-!P""10%H&'()
-./1ixY:/ 10H10%\&'()-@"10%\&'()-   10%\&'()-&#10%\&'()-&l
"10%\&'()-ys10%\&'()- 10H5bC 10Hs"10%'o&'()-fs10%'o&'()- 10\ 10\ 10\
."10%\&'()-@"10%\&'()-Y 10%\&'()-5Y*+,-/ bC 



10H` "10%5&'()-,`10%5&'()- 10'o 10'o
10'o1"10%'o&'()-@"10%'o&'()-f&S10%'o&'()- !$%6%''''dYNC 10H 105 105
1051"10%5&'()-0Y.10%5&'()-0,l"10%5&'()-&"10%5&'()-L9"10%5&'()-''K)-Q.}/~///
dYNC 10H 105 105 1050."10%5&'()-."10%5&'()-s"10%5&'()-L
"10%5&'()-s10%5&'()-//85688888xmbC 10Ht10%5&'()- 10: 



10: 10:2"10%:&'()-("10%:&'()- #10%:&'()-`Ss10%:&'()-8::::;;>?_=
10H!|#"10%oo&'()-F!T9 "10%{o{o&'()-& 10%'o&'()-S10%'o&'()- 105 105 105
"10%5&'()-@?}@AA_= 10H!|#"10%oo&'()-F!T9 "10%{o{o&'()-&
10%'o&!q96"10%oo&'()-!r 1"10%oo&'()-!ws*"10%oo&'()-F Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font`.,$,57>BDFHJLNPR5A*+`s.5 '/8?A,-./012345676Times New RomanArialCourier
New"h Root EntryWordDocuments   !"#$%&'()*+,-./0123456789 


