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Description
FIELD
[0001] The present disclosure relates to a signal con-

ditioning circuit suitable for use in relay control systems,
as typically found in power distribution systems.

BACKGROUND

[0002] Itis known to provide electromechanical switch-
es, for example in the form of relays and circuit breakers
within electricity distribution systems. The purpose of re-
lays is to control the flow of energy from one place to
another, whereas the primary purpose of a circuit breaker
is more protective, in that it seeks to prevent damage
from occurring in over voltage or over current conditions
by becoming open circuit.

[0003] In order to reliably detect the status of a relay
or a circuit breaker, such relays or circuit breakers often
have additional sensing contacts formed on the armature
which moves to open or close the primary current flow
path associated with the armature. Thus the sensing con-
tacts enable a sensing signal to be applied to the relay
to confirm whether the relay is open or closed. This stops
unexpected fault modes, which may result from failure
of a relay coil or sensing circuitry associated with a relay
or circuit breaker from remaining hidden to the power
distribution system or to a control system associated with
the power distribution system.

[0004] Manufacturers and installers of relay and circuit
breaker monitoring equipment have applied monitoring
signals to the sensing contacts. However, the magnitude
of the signals chosen has not benefitted from the provi-
sion of international standards and varies by manufac-
turer, application and country. Thus some manufacturers
and installers have chosen to use relatively low sensing
voltages, for example in the 5 to 10 volt range, whereas
other manufacturers and installers have used sensing
voltages at the prevailing mains distribution voltage, and
therefore such voltages may be in the 115 volt range,
230-240 volt range or even higher. This inhibits the pro-
vision of equipment which is interoperable with the vari-
ous relay control and monitoring systems installed
around the world.

[0005] EP 0559580, cited by the European Patent Of-
fice, discloses a current measuring apparatus where a
connector block contains three toroidal cores, each act-
ing as transformer having a primary winding connected
to a current sensor (a current transformer) and a second-
ary winding. The secondary windings are linked to a con-
nected integral with the connector block, and arranged
to engage a complementary connector of a relay. The
arrangement allows the relay to be disconnected whilst
the current carrying conductors being monitored by the
current sensors are live. The secondary windings are
loaded by a resistance that is switchable between two
discrete values.
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[0006] WO 2013/137971 relates to a relay including a
first terminal, a second terminal, a third terminal, a fourth
terminal, separable contacts electrically connected be-
tween the first and second terminals, an actuator coil
comprising a first winding and a second winding electri-
cally connected between the third and fourth terminals,
a processor, an output, a first voltage sensing circuit co-
operating with the processor to determine a first voltage
between the first and second terminals, and a second
voltage sensing circuit cooperating with the processor to
determine a second voltage between the third and fourth
terminals. The processor determines that the separable
contacts are closed when the first voltage does not ex-
ceed a first predetermined value and the second voltage
exceeds a second predetermined value and responsively
outputs a corresponding status to the output.

[0007] US2005/0231858 A1 discloses a method for
preventing corrosion of a contact, including comparing a
potential of a signal line connected to the contact with a
predetermined potential corresponding to the corrosion
of the contact; flowing a corrosion-prevention currentinto
the contact when a result of the comparing shows that
the contact is corroded; inputting into the signal line a
signal used for judging a logical value of a connection
state of the contact; and in the magnitude relation, setting
the predetermined potential on another side of a thresh-
old level used in the judging of the logical value of the
connection state of the contact.

[0008] US2014/0312871 A1 discloses an apparatus
and method for wetting current measurement and con-
trol. A voltage signal and a wetting current are received
from a switching device. A first pulse train is created from
the voltage signal and the first pulse train has a first duty
cycle that is proportional to the voltage at the switching
device. The first pulse train is transmitted across an iso-
lation barrier. The first pulse train that is received across
the isolation barrier is digitized and at least one operating
condition of the switching device is determined based
upon the digitized pulse train. A second pulse train having
a second duty cycle is received and the wetting current
from the switching device is controlled based upon the
second duty cycle.

SUMMARY

[0009] According to a first aspect of this disclosure
there is provided a signal conditioning circuit defined by
claim 1.

[0010] Preferably the input stage is programmable.
[0011] By providing a programmable input stage, it be-
comes possible to programmatically control an amount
of attenuation provided to an input signal in order that
various magnitudes of input signal may be converted to
asimilar signal voltage range for subsequent processing.
[0012] Alternatively the input signal could be attenuat-
ed by a set value that suits any expected input voltage.
It may then be subjected to gain and/or scaling in the
analog or digital domain.
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[0013] Within the context of a relay or circuit breaker
control system, which may handle high voltages and
large currents, there is potential for the electrical envi-
ronment to be electrically noisy. The provision of an ad-
justable load connected to the input node and thereby to
the relay or circuit breaker sensing contacts associated
with that node gives the signal conditioning circuit some
robustness against electrical noise.

[0014] Advantageously the adjustable load is control-
lable to vary its impedance, or at least the current drawn
by the load, to provide robustness in the presence of
noise whilst not needlessly consuming current.

[0015] Advantageously the programmable input stage
further comprises a programmable thresholding circuit
or comparator and/or a programmable attenuator such
that the noisy input signals can be converted into a well-
defined binary signal for use by relay control logic.
[0016] Advantageously the adjustable load is respon-
sive to relay or circuit breaker control signals to open or
close therelay in order that the load can provide a wetting
current in order to break any surface film that is formed
on the contacts of the relay which might otherwise form
and break the electrical circuit.

[0017] According to a second aspect of the present
disclosure there is provided a method defined by claim
15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the present disclosure will be
described, by way of non-limiting example only, with ref-
erence to the accompanying Figures, in which:

Figure 1 schematically illustrates a circuit breaker
and its controller within part of a power distribution
system;

Figure 2 schematically illustrates the components
that may be provided within a controller for a plurality
of relays or circuit breakers within a distribution sys-
tem;

Figure 3 schematically illustrates the circuit compo-
nents within a signal conditioning circuit constituting
an embodiment of the present disclosure;

Figure 4 schematically illustrates the effect of contact
bounce during operation of a relay or contact break-
er;

Figure 5a diagrammatically indicates how the volt-
age at the input node may evolve depending on
whetherthe signal applied thereto is real or spurious,
and Figure 5b schematically illustrates the demand
currentdemanding by the intelligentload inresponse
to a change of voltage at the input node;

Figure 6 schematically represents a single channel
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of an embodiment of an input stage in accordance
with the present disclosure;

Figure 7 shows sub-systems within the current con-
figuration system in greater detail;

Figure 8 illustrates a circuit diagram for an embodi-
ment of the variable load; and

Figure 9 is a flow chart showing steps performed as
part of a data exchange across the isolation barrier
in an embodiment of this disclosure.

DESCRIPTION OF SOME EMBODIMENTS OF THE
DISCLOSURE

[0019] Figure 1 schematically illustrates a part of a
power distribution system. A first power line 10 may be
connected to a power distribution network, for example
to a generator facility or to distribution nodes within an
industrial or residential area. The power line 10 may pro-
vide electrical power to a plurality of users (be that indi-
viduals, houses, factories, offices, or items of plant or
machinery) by way of various distribution spurs of which
one, designated 12, is indicated in Figure 1. The power
distribution company is under an obligation to provide
electrical power to all of its users and hence it does not
want the activities of one user, be those malicious or in-
advertent, to cause failure of the power distribution net-
work. For this reason the electrical power passes through
protective devices, in the form of relays or, as shown
here, a circuit breaker 14 which can serve to interrupt the
flow of current through distribution line 12 in the event
that the current therein becomes too large. The provision
of relays and circuit breakers allows reconfiguration of
the power distribution system.

[0020] In the past such circuit breakers 14 used to be
able to act autonomously to interrupt current flow when
it was excessive without knowledge of or consideration
of the impact of such an action. This can be detrimental
to the power distribution system as a whole and can con-
tribute to cascading power failures, and as a result of that
the industry has moved towards management and con-
trol systems where the status of a plurality of relays or
contact breakers are monitored and controlled by a local
relay controller, which may be one control node in a dis-
tributed control system or may be responsive to a cen-
tralized control node within the local area. The local relay
controller is indicated as item 20 in Figure 1.

[0021] Forthe purposes of the following discussion the
term "relay" or circuit breaker should be regarded as re-
ferring to an electrically controllable switch. The switch
may be mechanical or solid state.

[0022] The term relay controller refers to a device
which provides a control signal to the relay to control
whether it is conducting between first and second nodes
or not conducting between first and second nodes.
[0023] The relay controller 20 can control the status of
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relays and circuit breakers for a plurality of load lines L1,
L2 and so on of which line 12 represents a first line L1.
In order to monitor the status of the distribution system
the relay controller 20 is responsive to a current meas-
urement device which indicates the current flow in line
L1 and provides an indication of that current to input |1
of the relay controller 20. The measurement device can
conveniently be a current transformer 22. Similarly, the
relay controller 20 may be responsive to a measurement
circuit 24 which measures the voltage V of line L1 or on
distribution line 10 and provides this to input V1. These
two inputs give the controller 20 direct knowledge of the
current and voltage pertaining at that time on the distri-
bution line L1 (12). The controller 20 is operable to pro-
vide a control signal C1 to control the status of the circuit
breaker 14. Thuswhen C1 is energized an armature with-
in the circuit breaker 14 may be moved to interrupt current
flow along line L1. Because component failure may make
it difficult to determine the state of the circuit breaker, for
example the connection to the current transformer 22
may fail, the controller may monitor a sensing voltage or
a sensing current flow through some sensing or meas-
urement contacts 16 provided within the circuit breaker
14, where the status of the sensing or measurement con-
tacts is indicative of the status of the main current flow
path through the circuit breaker 14. The sensing/meas-
urement contacts 16 can be assessed by one or two ter-
minals, designated M1, which confirm that the status of
the circuit breaker 14 associated with line L1. Similar
components, namely circuit breakers or relays, current
transformers and if desired volt meters, can be associ-
ated with furtherlines L2, L3, L4 and so on, none of which
have been shown, each controlled by the controller 20.
[0024] The controller 20 may have one or more further
inputs by which it can receive data relating to the status
of other relays or other system parameters such as line
current, line voltage or line frequency, which are either
directly connected to it or where that data is transferred
to the controller 20 by way of other controllers within a
distributed control network. These other inputs are des-
ignated D1 to DN. Being able to exchange data with other
controllers is beneficial in enabling a controller to decide
how to respond to an event within the power supply sys-
tem. Forexample ifline L1 were to become short circuited
then the current in line 12/L1 would rise and the voltage
on line 10 would drop, giving a good indication of a short
circuit event. However a rise in current could arise from
a large (and legitimate) load being connected to L1. If,
however, the loading on the distribution as a whole was
also large and the generating capacity had not, as yet,
managed to respond to the load then the voltage on line
10 may fall from its nominal voltage. Under these circum-
stances a controller acting in isolation might conclude
that a short circuit condition exists and act to operate the
circuit breaker 14 even though the line 12/L1 was not
shorted. However if the controller 20 could receive infor-
mation from other controllers and be aware of the large
currents and lower voltages prevailing in other sections

10

15

20

25

30

35

40

45

50

55

of the distribution network it would be better able to cor-
rectly decide not to operate the circuit breaker 14. This
is advantageous, both in terms of avoiding unnecessary
interruption of supply to a consumer and also avoiding
prompting the network to enter a potentially unstable or
hazarded state where cascade disconnections may oc-
cur.

[0025] Various manufacturers may install circuit break-
ers within a single installation (or area, factory or distri-
bution station). Each manufacturer may have specified
a respective voltage to be supplied to the sensing con-
tacts within their respective circuit breaker or relay. In-
deed, that voltage may be supplied by a different (further)
component, such as one provided in close association
with the respective relay or circuit breaker such that the
connection to the controller 20 is only by way of a single
line and controller has no influence over the sensing volt-
age that is provided to it. The use of differing sensing
voltages by different equipment manufactures has hin-
dered users from adopting equipment from differing sup-
pliers, thereby allowing equipment suppliers to lock cus-
tomers in. To allow interoperability between competing
systems the controller may need to cope with a wide
range of sensing voltages. Additionally, when faced with
the chance to supply equipment to an existing installa-
tion, a manufacturer may be compelled to install equip-
ment operating at the site sensing voltage. This may re-
quire the manufacturer to change the attenuation level
within their equipment, with the need to provide adjust-
able or controllable attenuators on a circuit board. This
gives an increased cost to the manufacturer, and an in-
creased risk that board may be installed incorrectly. All
of these costs are eventually borne by the customer.
[0026] Figure 2 schematically illustrates the compo-
nents provided within an embodiment of a controller 20
shown in Figure 1 and constituting an embodiment of the
presentdisclosure. The controller 20 may include several
sub-systems. In the arrangement shown in Figure 2 the
controller comprises a data processor 32 in association
with a memory 34 such thatthe processor 32 can execute
various relay control algorithms. The data processor is
responsive to input signals by way of a binary input mod-
ule 36 and can control the relays that it is responsible for
by way of abinary output module 38 having outputs OUT1
to OUTN for driving relay coils or circuit breaker coils.
The data processor may further be associated with a dis-
play and/or other user interface 40 and a machine to ma-
chine communication interface 42. The controller 20 may
further include an analogue interface 44 for receiving the
outputs of the current transformers and/or voltage sens-
ing circuits.

[0027] The binary input module 36 performs a signal
conditioning function, in that it may receive a variety of
notionally binary (switched) signals which may be in any
one of a plurality of input voltage ranges. Thus, some of
the sensing contacts may be connected to a relatively
low voltage supply, such as a 10 volt supply, and may
provide a digital signal that spans between zero and 10
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volts. However other ones of the sensing contacts may
be connected to a rectified version of the line voltage on
the power line 10, and hence the input voltage may be
intherange of severalhundred volts, and possibly around
300 to 320 volts. These voltage ranges are only provided
as examples.

[0028] In order to provide a versatile binary input mod-
ule which is widely applicable within a number of different
relay and circuit breaker control environments, the binary
input module 36 advantageously comprises a program-
mable input circuit designated 50 in Figure 3 which com-
prises a programmable attenuator, for example in the
form of a resistor string and associated switches, which
enables the input range to be transformed from the po-
tentially large input range to a more tightly controlled one.
The programmable resistor string may be associated with
protection circuits, such as clamping diodes, in order to
ensure that mis-programming of the attenuator range
does not damage the components within the binary input
module 36. Resistor string attenuators are not the only
input circuit that might be provided, and as an example
other input circuits might simply comprise clamping com-
ponents to clamp the input signals to a prescribed range
or the input circuits might monitor the current flow rather
than the voltage through the sensing contacts and might
include current to voltage converters, for example by
measuring the voltage drop across a resistor in the cur-
rent flow path, in order to transform the input signals into
a predefined voltage domain for subsequent processing
by other circuits within the binary input module. The input
circuit may also include programmable level shifters and
threshold generators for generating comparison thresh-
olds for comparators used to clean the input signals into
a more reliable digitized form. As a further alternative the
programmable input circuit may include one or more an-
alog to digital convertors which serve to digitize the var-
ious input signals and to provide digital words to further
sub-systems within the binary input module 36. The use
of analog to digital convertors allows more information
to be gathered concerning the evolution of currents or
voltages at or around a circuit trip event which may facil-
itate diagnostic activities of the distribution system oper-
ator at a later date. In a further option the attenuators
may be fixed to cope with the largest input voltage that
the manufacturer would expect to see across all instal-
lations. The attenuated signal may then be subjected to
variable gain and/or variable thresholding.

[0029] The programmable input circuit 50 is respon-
sive to a plurality of input nodes in the range 1 to N of
which only one input node |4 has been shown in Figure
3 for diagrammatic simplicity.

[0030] An output of the programmable input circuitry
50 can be sent to various sub-systems within the binary
input module 36. Thus a first output can be provided to
a programmable filter and hysteresis unit 52 which can
be used to provide a low pass or a delaying function to
the signals received from the programmable input circuit-
ry 50 in order to implement a switch de-bounce function.
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Signals from the input circuitry can also be logged in an
event viewer which may keep a snapshot of the status
of the signals on the inputs IN1 to INn within a period of
time determined by the size of the memory allocated to
the event viewer 54. An output of the input circuitry 50
may also be supplied to a health check module 56 whose
function is to monitor the power supply to the sensing
contacts and/or to infer the physical and electrical good-
ness of the contacts from the electrical response of the
contacts both in a switched state and during the switching
event. Thus in an embodiment the health check module
56 may monitor the impedance of the monitoring con-
tacts. It may also check the voltage supplied to the mon-
itoring contacts such that wiring faults cannot remain hid-
den. Additionally the health check circuitry may also be
arranged to monitor other things such as the integrity of
the supply to the input circuit, the electrical noise that the
circuit is exposed to or parameters of the substation sup-
ply, such as mains line voltage, frequency, harmonic con-
tent and so on, or these tasks may be performed by one
or more functional blocks within the relay controller.
[0031] The input circuitry 50, filter 52 , event viewer 54
and health check system 56 have the potential to be ex-
posed to high voltages, either during normal operation
or in the event of a perturbation of the power supply, for
example as a result of a lightning strike to a distribution
line. Itis therefore desirable to protect components of the
controller 20 from exposure to such high voltages which
might damage those components, such as the data proc-
essor 32.

[0032] The binary input module 36 can be configured
to address the problem of overvoltage damage occurring
within the controller 20 by separating the components of
the binary input module into components within a first
domain 60 which connects to the at least one input node,
components within a second domain 62 which are in di-
rect (galvanic) connection with other components within
the controller 20, and an isolation domain 64 between
the first domain 60 and the second domain 62.

[0033] The circuits in the first domain 60 require elec-
trical power to operate. This could be derived from the
lines that are being monitored (for example by way of the
current transformer). However a preferred approach is
to use power from a known voltage supply VSUIp in a low
power (second) domain, which is transformed across a
power isolator, such as a magnetic transformer, to form
an isolated power supply V|g which is provided to the
input circuit 50, the filter 52, the event viewer 54 and the
health checking component 56. In this embodiment the
binary input module 36 also includes a controllable load
70 which may be responsive to signals transferred to it
from other components within the controller 20 and/or
may act autonomously in response to the voltage re-
ceived at one of the input nodes to which it has been
associated, either programmatically or by the use of
physical switches or jumpers. In other variations the con-
trollable load may be provided outside of the binary input
circuit.
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[0034] Mechanical relays and circuit breakers show a
couple of undesirable characteristics. One of these is that
the metal contacts act like springs during switching and
when closing a relay the contacts initially touch then
bounce apart then touch again and then bounce apart
and so on before finally closing properly. This rapid series
of switching events can look very much like external noise
and can also be the source of electrical noise. Therefore
rapid switching signals might be real because they are
related to contact bounce or they might be spurious be-
cause they stem from electrical noise. It is desirable to
be able to clean up the input signals resulting from both
of these actions and to differentiate between them.
[0035] We will firstly consider the case of contact
bounce, i.e. a real signal, but where the switching tran-
sient is dirty because of the bouncing contacts and the
parasitic capacitance and inductance associated with the
various connections to the monitoring contacts within the
relay or circuit breaker.

[0036] Figure 4 schematically illustrates the evolution
of voltage with respect to time at the monitoring node of
the binary input module associated with the sensing con-
tacts of relay in response to a switching event occurring
at time Ts causing the contacts to close. Initially there is
a delay whilst the contacts are moved from their open
position to their closed position. At time T, the contacts
touch and the voltage starts to rise. However a little while
later the contacts bounce apart again at time T,, and the
voltage starts to fall. Then some time later, at time T,
the contacts touch again and the voltage starts to rise.
This time the magnitude of the bounce is smaller and
hence the voltage rises much further towards its final
point until at time Ta the contacts separate and the volt-
age starts to fall, until time T, when the contacts make
for the final time and the voltage rises towards its final
steady state value, this value being obtained around time
T;.

[0037] Combinational logic systems would be suffi-
ciently fast in order to be affected by the spurious making
and breaking of contact, and hence it is desirable to filter
the signal in the filtering and hysteresis unit 52 in order
to clean the signal up so that an output signal only tran-
sitions one time from the zero value to the asserted value
(or vice versa, as appropriate) thereby confirming the op-
eration of the relay. The programmable filtering provided
by the unit 52, which may for example by implemented
by a finite impulse response low pass filter introduces
some delay in confirming that the contact breaker or relay
has operated, and hence the filter characteristics need
to be chosen with some degree of care in orderto achieve
the right compromise between responsiveness and ex-
cess delay.

[0038] When the sensingcontact 16 (Figure 1)is open,
the associated input node of the programmable input cir-
cuitry 50 may be allowed to float. It therefore becomes
responsive to spurious signals which may look like the
relay has closed. Itis therefore desirable to provide some
loading at the input path to pull the signals to ground or
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some other defined value. In an electrically noisy envi-
ronment as might occur when switching hundreds of
amps at mains voltage or at distribution voltages then
electrical noise may be significant. Under such circum-
stances it would be desirable for the loading at the binary
input module inputs to be quite low impedance in order
to be robust against the influence of interference. How-
ever a downside with this approach is sinking a significant
amount of current generates heat, especially when the
binary input module is implemented in asmall space such
as that of an integrated circuit or a module on a circuit
board. Therefore it is desirable to use an adjustable or
intelligent load 70 which can be controlled to vary the
amount of current that it sinks in response to the voltage
at the input node.

[0039] Figure 5A shows the voltage V at the input node
IN1 and its evolution with respect to time. At time T1 the
voltage starts to rise. However at this point in time it is
unclear whether the rise is a result of a real switching
event or is a result of a spurious signal. However the
binary input module can determine which one of these
conditions is occurring as a result of controlling the cur-
rent sunk by the adjustable load 70. As noted before, it
is undesirable to pass large amounts of current all the
time, and hence as shown in Figure 5B the adjustable
load largely passes little or potentially no current. How-
ever the adjustable load is responsive to the program-
mable input circuitry to monitor the rate of change of the
voltage at the input node. The voltage rises at a relatively
steep rate between periods T and T,, and this continuing
rate of change is sufficient to indicate to processing cir-
cuitry within the input circuit, within the adjustable load
70 or to the data processor that a switching event may
be occurring and that the system needs to be able to
determine whether the switching event is actually hap-
pening or whether the signal is spurious. In order to do
this, the adjustable load starts to increase the current
(autonomously or under instruction from the data proc-
essor or a suitable control circuit) that it sinks from time
T, where the current rises from a minimal value to a load
value. If the relay is switching states, and hence the
change in voltage is real, then the current flow path
through the monitoring relay contacts, whether they
bounce or not, will be sufficient to provide current flow in
excess of that maximum current | load drawn from the
adjustable load 70, and hence the voltage will continue
to rise as indicated by the path of the chain line in Figure
5. However, if the voltage change observed in Figure 5A
results from electrically induced noise, then once the ad-
justable load starts to draw current the voltage will col-
lapse towards zero as indicated by the chain-dot line in
Figure 5A. Thus operation of the load can be used to
determine whether a switching event is real or spurious
without having to continuously and needlessly drawn cur-
rent. The load current can be returned to its notional low
value a short time after the potential switching event was
detected.

[0040] Another feature of relays and contacts is their
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need to have a wetting current. In the absence of awetting
current the electrodes tend to oxidize and hence when
the relay is operated the oxide may prevent an electrical
circuit being made. If a wetting current is provided then
this can prevent oxidation from occurring, and also the
switching spark can break through any oxidation that has
occurred. However, continuously providing a wetting cur-
rent is wasteful of energy and is not necessary. It is ad-
vantageous to be able to periodically provide a wetting
current in order to ensure correct operation of the relay
without having to sink/supply current needlessly hour af-
ter hour. Thus, once again, the adjustable load 70 can
be caused to pass a current, the load 70 acting either
autonomously or in response to a wetting current control
signal which has been passed to it from the data proc-
essor across a communications bus that links the various
components within the controller 20.

[0041] Figure 6 schematically illustrates an interface
76 comprising an input processing sub-system 78 and
an adjustable load 70. The adjustable load comprises a
current configuration section 80 and a current source/cur-
rent sink 82.

[0042] The input processing sub-system 78 in this ex-
ample comprises a signal conditioning section which may
provide programmable gain/attenuation to input signals
to bring them into a harmonized voltage range. The signal
conditioning section may be the programmable input cir-
cuit 50 described with respect to Figure 3. The condi-
tioned signal from one or more input nodes Inx is, in this
example, then digitized by an analog to digital converter
82. The analog to digital converter may be of any suitable
implementing technology, with successive approxima-
tion or sigma-delta converters being likely choices. The
digital output representing the input signal is provided to
a programmable threshold and hysteresis unit 52a and
then to a programmable glitch filter 52b, both of which
may be provided in block 52 of Figure 3, so as to yield a
cleaned signal indicating the status of the monitoring sig-
nal provided by the sensing contacts 16.

[0043] Figure 7 shows the current configuration sys-
tem 80 in greater detail. The current configuration system
80 may comprise several sub-systems. Examples of
such sub-systems include a current supply 91 where the
current varies as a function of the input voltage. A simple
function would be to make the current proportional to the
voltage, thereby simulating current flow through a resis-
tor. As a further alternative a capacitor may be used such
that the current flow is proportional to the rate of change
of voltage. This gives a wetting current as the input is
switched. Both of these approaches may be used singu-
larly or in combination. However other functions can be
implemented. The functions may be continuous or they
may be discontinuous (stepped).

[0044] Asecond moduleorsub-system 92 may provide
a piece-wise linear current of a controllable magnitude
and duration. The second sub-system 92 may be respon-
sive to changes in the input voltage as shown and/or may
be responsive to an external trigger.
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[0045] A third sub-system 93 may supply a fixed cur-
rent. However that current may be switched on or off in
response to the input voltage and/or an external trigger.
Alternatively the value of the "fixed" current may be a
value which has a first value if the input voltage lies in a
first voltage range and a second value if the input voltage
lies in a second voltage range (not overlapping with the
first) but hysteresis may be applied to the transition be-
tween voltages.

[0046] An impedance monitor 94 provided, for exam-
ple, as part of the health check system may also be pro-
vided and be able to command a change in the current
so as to be able to determine the contact impedance of
the sensing contacts.

[0047] The various current demands are summed by
asummer 95, and a current demand signal used to cause
the current source 82 to cause a current to flow at the
input node, and hence through the sensing contact.
[0048] The current drawn by the adjustable load 70
can be controlled/set by various circuits, including a bank
of resistors that can be switched into and out of a current
flow path. However an approach with more resolution
and control is to control the current with a current mirror
circuit in operation with a voltage to current convertor,
such as that shown in Figure 8. Thus, a digital to analog
convertor 96 may receive a digital word indicating the
amount of current that should be drawn by the program-
mable and hence adjustable current load. The digital
word may be provided either to set a wetting current or
it may be used in the determination as to whether an
input signal is real or is spurious as described hereinbe-
fore. If the rate of change of voltage is monitored by an
analogtodigital converter (ADC) operating within the pro-
grammable input circuit 50, then a output of the ADC can
be processed to provide a signal to the digital to analogue
convertor 96 within the adjustable load. However, itwould
also be possible to monitor the evolution of voltage by
way of, for example, a capacitor and resistor high pass
filter combination which might be connected directly to
the drain of a master transistor 110 within the current
mirror or which might trigger a monostable 112 to provide
a fixed duration pulse to the drain of the transistor 110.
Thus the load 70 could be triggered both from control
signals within the digital domain and control signals em-
anating from within an analog domain. The voltage from
the monostable 112 or the analogue to digital convertor
90 (optionally by way of a buffer 114) can be converted
into current via series resistors 116 and/or 118. The cur-
rent then flows through the diode connected transistor
110, which has its gate connected to a slave transistor
120toforma current mirror, as is well known to the person
skilled in the art, to draw a current via the node 72.
[0049] As noted before each of the programmable filter
52, event viewer 54, health checking component 56 and
programmable load 70 may need to communicate its in-
formation with other components within the controller 20.
However in the event of device failure the input circuitry,
filter 52, event viewer 54 and health check system 56 as
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well as load 70 might become exposed to high voltages
which would damage the rest of the control system.
Therefore digital information from these systems is ex-
changed with the rest of the controller by way of a com-
munications interface, such as a two wire communica-
tions interface 130 shown in Figure 3 and a data isolator
132 which provides galvanic isolation between the com-
munications interface and the input circuit 50, filter 52,
event viewer 54 and health checker 56.

[0050] Digital data could simply be transmitted by way
of DC blocking capacitors. However other isolation de-
vices, such as optical isolators and magnetic couplers
also exist and which may provide more robust isolation,
especially in terms of common mode rejection. Preferably
data transmitters and receivers in association with the
isolation barrier may be used in a handshaking mode
rather than an open loop mode. Such an arrangement
willbe discussed with respectto Figure 9. For the purpose
of this discussion it will be assumed that the programma-
ble filter 52 has been selected by way of instructions sent
over the communication interface 130 and isolator 132
to transmit the status of a selected input node. The node
data may be prefaced by an identifier indicating the
number of the node and then contain one of more bits of
data representing the status of that node.

[0051] Theisolatormay be provided in association with
a suitable data conditioning circuit that receives incoming
data, for example as a word and formats it in a form suit-
able for transmission across the isolation barrier. We may
assume for simplicity that the word is placed in a word
buffer at step 150. From here assume that a parallel to
serial conversion is performed by a data transmitter such
that each bit of the data is sequentially received at step
160 from the word buffer, encoded at step 170 (for ex-
ample by pulse encoding the rising and falling edges of
a bit in different ways or representing a "1" with a tone
of a first frequency and a "0" with a tone of a second
frequency or no tone at all), and passing the data across
the isolation barrier. A receiver circuit associated with,
for example provided as part of, the isolator 132 decodes
the received data at step 190 to regenerate the transmit-
ted bit. The received data, either on a bit-by-bit basis or
aword-by-word basis can be re-encoded at step 200 and
transmitted back across the isolation barrier to the data
transmitter. The data transmitter can then compare the
word that it received at step 150 with the word returned
to it from the receiver at step 210 and 215. The compar-
ison of the word that was originally sent and the word
which has been received across the isolation barrier can
be performed by storing the received data in a corre-
spondingly sized register and a bit by bit exclusive or
(XOR) can be performed in order to check if all of the bits
are identical.

[0052] Ifthereisadiscrepancy, the datacanbe flagged
as being in error at step 220. This may cause the data
processor 32 to implement some recovery procedure, for
example instructing the data to be resent and/or modify-
ing the procedure it used to control the circuit breaker.
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Furthermore, the data transmitter may also be arranged
to confirm that the data provided by the receiver was
indeed correct, and it can send a "data valid" signal at
step 230 to the receiver to tell the receiver that the data
that it has received is valid, and then can be output at
step 240 to other devices over the communication inter-
face 130. It will be appreciated that other data channels
may be provided to speed data throughput and/or to pro-
vide bidirectional communication across the isolator.
[0053] The data link incorporating the isolator may be
used to transmit empty data packets or link checking data
when no useful data is transmitted so as to monitor the
link to avoid any failure thereof going undetected.
[0054] It may be desirable to make the monitoring sys-
tem more robust and enhance its ability to detect faults
within the supply network that it is monitoring. For exam-
ple, multiple sensing contacts may be provided within a
relay and/or a single sensing contact may be connected
to multiple input nodes via suitable impedances such that
redundancy and additional signal processing robustness
is provided by the binary input module. When multiple
inputs relate to the same armature, then majority voting
may be applied to combine the several inputs into asingle
output. The multiple inputs may come from a single con-
tact or from multiple armature contacts. Although not il-
lustrated in Figure 3, the binary input module may also
include one or more majority vote or other combinational
logic circuits which are programmable to allow for simple
signal combinations to be tested and acted on. However
adisadvantage with this approach is the use of additional
inputs requires additional channels and additional pins.
Furthermore if the additional inputs provide redundant
measurements of the same point in a system, then the
reason for a fault being reported may be hidden.

[0055] Consider the operation of a single impedance
monitor on a single channel that is monitoring the status
of a normally closed contact. The impendence monitor
can look at the impedance that exists in a path from the
impedance monitor through wiring to the contact, and
then from the contact through more wiring to a voltage
source (such as a battery providing the sensing voltage).
If the impedance goes unexpectedly high, indicating a
fault, the location of the fault is unknown. One cannot tell
the difference between afault at the voltage source, oxide
build up on the contacts or problems with the connecting
cables or cable terminals.

[0056] However by aggregating data from different
points in the system the nature of the failure can be re-
solved, or at least the number of possible causes re-
duced. Thus, a pair of inputs could be configured with
one connected to a sensing contact and one connected
to the voltage source to determine whether the problem
is caused by a supply fault or is specific to the sensing
contact.

[0057] Alternatively, where some circuit components
are shared, such as the voltage source, the presence or
absence of a shared failure can be used to infer where
the failure occurs.
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[0058] Additionally providing a sensing path that rep-
licates part or all on an input signal path may provide
redundancy against failure of that replicated path but only
require one pin. This could provide protection against
failure of an attenuator within the input module.

[0059] The input signal conditioning circuit may pro-
vide multiple different paths for at least part of the signal
path through the conditioning circuit. For example imple-
menting paths within different levels of attenuation and/or
different filtering techniques in conjunction with majority
voting gives redundancy (for example if some filters fail
to reject a signal others may correctly reject it) and the
option to enhance resilience for example by changing
the majority needed to pass a vote.

[0060] The event monitor may, depending on the size
of memory allocated to it, repeatedly record various volt-
age, current and relay position and performance meas-
urements or arolling basis such that if a noteworthy event
occurs that data can be made available for fault mode
analysis.

[0061] The provision of controllable gain, filtering and
current stages facilitates the integration of the input mod-
ule into an integrated circuit to replace the plurality of
individual printed circuit boards that are commonplace
at the time of writing this disclosure.

[0062] The binary input module and/or the processor
32 in communication with it may adjust the filter respons-
es. The binary input module 36 may be arranged such
that the filter responses vary as a function of the imped-
ance of the contacts as determined by the contact health
check (impedance monitor) as, for example, a higher im-
pedance may imply a greater susceptibility to noise. Thus
the filter response may be adapted dynamically to pro-
vide higher resilience to noise when needed, and provide
faster response times when the improved resilience is
not needed.

[0063] Another approach is to provide multiple filters
with different characteristics acting on the same input
signal and to weight or mask their outputs as appropriate.
Thus outputs may be masked in response to measure-
ment of output impedance. The number of filters operat-
ing may be adjusted depending on estimates of noise or
interference in the system. Thus all the filters could be
masked in the event of an EMC event (such as a light-
ening strike) based on rate of charge of voltage input and
overvoltage conditions. Filters may also be masked or
have a lower weight assigned to them if they are judged
to be faulty by the processor 32.

[0064] Itisthus possible to provide an integrated circuit
having the necessary functionality to be used in a wide
variety of binary input systems, such as those found with-
in the relay and circuit breaker control environment.
[0065] Some channels of the binary input may be ar-
ranged to monitor the relay/circuit breaker contacts di-
rectly instead of or as well as monitoring the sensing con-
tacts, for example by operating in a current mode to mon-
itor the contact impedance.
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Claims

1. A signal conditioning circuit (36) for monitoring the
status of a mechanical relay or a mechanical circuit
breaker (14), the signal conditioning circuit (36) com-
prising:

at least one input node;

an input stage (78) connected to the atleastone
input node, wherein the input stage (78) is for
processing an input signal received at the at
least one input node and for monitoring the volt-
age at the at least one input node; and

an adjustable load (70) to apply a load at the at
least one input node,

characterised in that the adjustable load (70)
is configured to temporarily increase the current
drawn by the load in response to a voltage rise
at the at least one input signal node, or to a rate
of voltage rise at the at least one input signal
node, in order to remove spurious signals at the
input node that would be present if the voltage
rise resulted from electrically induced noise.

2. A signal conditioning circuit as claimed in claim 1, in
which the signal conditioning circuit (36) converts
the input signal received at the at least one input
node to a binary signal.

3. A signal conditioning circuit as claimed in claim 1 or
2, in which the input stage (78) includes at least one
programmable attenuator, or at least one fixed at-
tenuator and a programmable amplifier to enable the
input range to be transformed.

4. A signal conditioning circuit as claimed in any pre-
ceding claim, in which the input stage (78) includes
a programmable threshold circuit (52a) and/or com-
parator to clean the input signals into a more reliable
digitized form.

5. A signal conditioning circuit as claimed in any pre-
ceding claim, in which the adjustable load (70) pass-
es a current, and where the current is controlled by
a current source (82).

6. A signal conditioning circuit as claimed in any pre-
ceding claim, in which the input stage (78) further
comprises a programmable filter (52) to provide a
low pass or a delaying function to the input signal.

7. A signal conditioning circuit as claimed in any pre-
ceding claim, further including an event viewer (54)
to keep a snapshot of the status of the input signals.

8. A signal conditioning circuit as claimed in any pre-
ceding claim, further including:
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an at least one isolation barrier (132) with pro-
vides galvanic isolation, and

data processing circuits on either side of the iso-
lation barrier for transmitting data between a first
side of the isolation barrier and a second side
of the isolation barrier.

A signal conditioning circuit as claimed in claim 8, in
which the data processing circuits are configured to
confirm to each other what data has been transmit-
ted.

A signal conditioning circuit as claimed in any pre-
ceding claim, in which the signal conditioning circuit
(36) comprises a plurality of signal processing paths
connected to atleast one input node, and the outputs
of the signal processing paths are provided to a ma-
jority vote circuit.

An integrated circuit scale package comprising a sig-
nal conditioning circuit as claimed in any preceding
claim.

An integrated circuit and preferably a monolithically
integrated circuit, comprising a signal conditioning
circuit (36) as claimed in any of claims 1 to 10.

A relay or circuit breaker controller (20) comprising
a signal conditioning circuit (36) as claimed in any
of claims 1 to 10.

A relay or circuit breaker as claimed in claim 13,
when, in use, the adjustable load is connected to the
sensing contacts of a relay or circuit breaker to pro-
vide a load current and/or a wetting current.

A method of monitoring a mechanical relay or a me-
chanical circuit breaker (14), the relay or circuit
breaker including sensing contacts (16) to which a
sensing signalis applied to confirm whether the relay
or circuit breaker is open or closed, the method com-
prising:

monitoring a voltage at a sensing signal input
node associated with the sensing contacts (16)
or a rate of change of voltage at the sensing
signal input node associated with the sensing
contacts (16) to identify a possible switching
event;

temporarily increasing a current at the input
node through an adjustable load (70) applying
a load at the input node in response to sensing
a voltage rise at the input signal node, or to the
rate of voltage rise at the atleast one input signal
node; and; and

determiningifthe voltage rise resulted from elec-
trically induced noise, or is indicative of the clos-
ing of the mechanical relay or mechanical circuit
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breaker (14).

Patentanspriiche

1.

Signalkonditionierungsschaltung (36) zum Uberwa-
chen des Status eines mechanischen Relais oder
eines mechanischen Schaltungsunterbrechers (14),
wobei die Signalkonditionierungsschaltung (36) Fol-
gendes umfasst:

wenigstens einen Eingangsknoten;

eine Eingangsstufe (78), die mit dem wenigs-
tens einen Eingangsknoten verbunden ist, wo-
bei die Eingangsstufe der Verarbeitung eines
Eingangssignals, das an dem wenigstens einen
Eingangsknoten empfangen wird, und der Uber-
wachung der Spannung an dem wenigstens ei-
nen Eingangsknoten dient; und

eine einstellbare Last (70), um an den wenigs-
tens einen Eingangsknoten eine Last anzule-
gen,

dadurch gekennzeichnet, dass

die einstellbare Last (70) konfiguriert ist, den
durch die Last gezogenen Strom in Reaktion auf
einen Spannungsanstieg an dem wenigstens ei-
nen Eingangssignalknoten oder eine Span-
nungsanstiegsrate an dem wenigstens einen
Eingangssignalknoten vortibergehend zu erh6-
hen, um Stérsignale an dem Eingangsknoten,
die vorhanden waren, wenn der Spannungsan-
stieg eine Folge von elektrisch induziertem Rau-
schen ware, zu entfernen.

Signalkonditionierungsschaltung nach Anspruch 1,
wobei die Signalkonditionierungsschaltung (36) das
an dem wenigstens einen Eingangsknoten empfan-
gene Eingangssignal in ein binares Signal umsetzt.

Signalkonditionierungsschaltung nach Anspruch 1
oder 2, wobei die Eingangsstufe (78) wenigstens ei-
nen programmierbaren Dampfer enthalt oder we-
nigstens einen festen Dampfer und einen program-
mierbaren Verstarker enthalt, um den Eingangsbe-
reich transformieren zu kénnen.

Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, wobei die Eingangsstufe
(78) eine Schaltung (52a) mit programmierbaren
Schwellenwert und/oder einen Komparator enthalt,
um die Eingangssignale in eine zuverlassigere digi-
talisierte Form zu reinigen.

Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, wobei die einstellbare Last
(70) einen Strom durchlasst und wobei der Strom
durch eine Stromquelle (82) gesteuert wird.
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Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, wobei die Eingangsstufe
(78) ferner ein programmierbares Filter (52) enthalt,
um flr das Eingangssignal eine Tiefpass- oder eine
Verzdgerungsfunktion bereitzustellen.

Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, die ferner einen Ereignis-
beobachter (54) enthalt, um einen Schnappschuss
des Status der Eingangssignale zu halten.

Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, die ferner Folgendes um-
fasst:

wenigstens eine Isolationssperre (132), die eine
galvanische Isolation bereitstellt, und
Datenverarbeitungsschaltungen auf jeder Seite
der Isolationssperre, um Daten zwischen einer
ersten Seite der Isolationssperre und einer zwei-
ten Seite der Isolationssperre zu Ubertragen.

Signalkonditionierungsschaltung nach Anspruch 8,
wobei die Datenverarbeitung konfiguriert sind, sich
gegenseitig zu bestatigen, welche Daten tibertragen
worden sind.

Signalkonditionierungsschaltung nach einem vor-
hergehenden Anspruch, wobei die Signalkonditio-
nierungsschaltung (36) mehrere Signalverarbei-
tungspfade umfasst, die mit wenigstens einem Ein-
gangsknoten verbunden sind, und wobei die Aus-
gange der Signalverarbeitungspfade fiir eine Mehr-
heitsbeschlussschaltung bereitgestellt werden.

Baugruppe auf der Skala integrierter Schaltungen,
die eine Signalkonditionierungsschaltung nach ei-
nem vorhergehenden Anspruch enthalt.

Integrierte Schaltung und vorzugsweise monoli-
thisch integrierte Schaltung, die eine Signalkonditi-
onierungsschaltung (36) nach einem der Anspriiche
1 bis 10 enthalt.

Steuereinheit (20) fiur Relais oder Schaltungsunter-
brecher, die eine Signalkonditionierungsschaltung
(36) nach einem der Anspriiche 1 bis 10 enthalt.

Relais oder Schaltungsunterbrecher nach Anspruch
13, wobeiim Gebrauch die einstellbare Last mit den
Erfassungskontakten eines Relais oder eines Schal-
tungsunterbrechers verbunden ist, um einen Last-
strom und/oder einen Benetzungsstrom bereitzu-
stellen.

Verfahren zum Uberwachen eines mechanischen
Relais oder eines mechanischen Schaltungsunter-
brechers (14), wobei das Relais oder der Schal-

10

15

20

25

30

35

40

45

50

55

1"

tungsunterbrecher Erfassungskontakte (16) auf-
weist, an die ein Erfassungssignal angelegt wird, um
zu bestatigen, ob das Relais oder der Schaltungs-
unterbrecher gedffnet oder geschlossen ist, wobei
das Verfahren Folgendes umfasst:

Uberwachen einer Spannung an einem Erfas-
sungssignal-Eingangsknoten, der den Erfas-
sungskontakten (16) zugeordnet ist, oder einer
Spannungsanderungsrate an dem Erfassungs-
signal-Eingangsknoten, der den Erfassungs-
kontakten 16) zugeordnet ist, um ein mogliches
Schaltereignis zu identifizieren;
voriibergehendes Erhdéhen eines Stroms an
dem Eingangsknoten durch eine einstellbare
Last (70), die an den Eingangsknoten eine Last
anlegt, in Reaktion auf die Erfassung eines
Spannungsanstiegs an dem Eingangssignal-
knoten oder die Spannungsanstiegsrate andem
wenigstens einen Eingangssignalknoten; und
Bestimmen, ob der Spannungsanstieg die Folge
eines elektrisch induzierten Rauschens ist oder
das Schlielen des mechanischen Relais oder
des mechanischen Schaltungsunterbrechers
(14) angibt.

Revendications

Circuit de conditionnement de signal (36) pour sur-
veiller I'état d’'un relais mécanique ou d’un disjonc-
teur mécanique (14), le circuit de conditionnement
de signal (36) comprenant :

au moins un noeud d’entrée ;

un étage d’entrée (78) connecté au au moins un
noeud d’entrée, dans lequel I'étage d’entrée
(78) est destiné a traiter un signal d’entrée regu
au niveau du au moins un noeud d’entrée et a
surveiller la tension au niveau du au moins un
noeud d’entrée ; et

une charge ajustable (70) pour appliquer une
charge au niveau du au moins un noeud d’en-
trée,

caractérisé en ce que la charge ajustable (70) est
configurée pour augmenter temporairement le cou-
rant consommeé par la charge en réponse a une aug-
mentation de tension au niveau du au moins un
noeud de signal d’entrée, ou a un taux d’augmenta-
tion de tension au niveau du au moins un noeud de
signal d’entrée, afin d’éliminer des signaux parasites
au niveau du noeud d’entrée qui seraient présents
sil’laugmentation de tension résultait d’'un bruit induit
électriquement.

Circuit de conditionnement de signal selon la reven-
dication 1, dans lequel le circuit de conditionnement
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de signal (36) convertit le signal d’entrée recu au
niveau du au moins un noeud d’entrée en un signal
binaire.

Circuit de conditionnement de signal selon la reven-
dication 1 ou 2, dans lequel I'étage d’entrée (78) in-
clut au moins un atténuateur programmable, ou au
moins un atténuateur fixe et un amplificateur pro-
grammable pour permettre a la plage d’entrée d’étre
transformée.

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, dans
lequel I'étage d’entrée (78) inclut un circuit a seuil
programmable (52a) et/ou un comparateur pour net-
toyerles signaux d’entrée sous une forme numérisée
plus fiable.

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, dans
lequellacharge ajustable (70)fait passer un courant,
et dans lequel le courant est commandé par une
source de courant (82).

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, dans
lequel I'étage d’entrée (78) comprend en outre un
filtre programmable (52) pour fournir une fonction
passe-bas ou de retard au signal d’entrée.

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, in-
cluant en outre un observateurs d’événements (54)
pour conserver un instantané de I'état des signaux
d’entrée.

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, in-
cluant en outre :

au moins une barriere d’isolation (132) qui four-
nit une isolation galvanique, et

des circuits de traitementde données de chaque
cbté de la barriere d'isolation pour transmettre
des données entre un premier cété de labarriére
d’isolation et un second c6té de la barriere d’iso-
lation.

Circuit de conditionnement de signal selon la reven-
dication 8, dans lequel les circuits de traitement de
données sont configurés pour confirmerles unes aux
autres les données qui ont été transmises.

Circuit de conditionnement de signal selon l'une
quelconque des revendications précédentes, dans
lequel le circuit de conditionnement de signal (36)
comprend une pluralité de trajets de traitement de
signal connectés a au moins un noeud d’entrée, et
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les sorties des trajets de traitement de signal sont
fournies a un circuit de vote majoritaire.

Boitier a I’échelle de circuit intégré comprenant un
circuit de conditionnement de signal selon une quel-
conque revendication précédente.

Circuit intégré et de préférence un circuit intégré de
maniére monolithique, comprenant un circuit de con-
ditionnement de signal (36) selon I'une quelconque
des revendications 1 a 10.

Dispositif de commande de relais ou de disjoncteur
(20) comprenant un circuit de conditionnement de
signal (36) selon l'une quelconque des revendica-
tions 1 a 10.

Relais ou disjoncteur selon la revendication 13 lors-
que, en utilisation, la charge ajustable est connectée
aux contacts de détection d’'un relais ou d’un disjonc-
teur pour fournir un courant de charge et/ou un cou-
rant de mouillage.

Procédé de surveillance d’un relais mécanique ou
d’un disjoncteur mécanique (14), le relais ou le dis-
joncteur incluant des contacts de détection (16) aux-
quels un signal de détection est appliqué pour con-
firmer si le relais ou le disjoncteur est ouvert ou fer-
mé, le procédé comprenant les étapes consistanta :

surveiller une tension au niveau d’'un noeud
d’entrée de signal de détection associé aux con-
tacts de détection (16) ou un taux de change-
ment de tension au niveau du noeud d’entrée
de signal de détection associé aux contacts de
détection (16) pour identifier un événement de
commutation possible ;

augmenter temporairement un courant au ni-
veau du noeud d’entrée parl'intermédiaire d’'une
charge applicable (70) appliquant une charge
au niveau du noeud d’entrée en réponse a la
détection d’'une augmentation de tension au ni-
veau du noeud de signal d’entrée, ou au taux
d’augmentation de tension au niveau du au
moins un noeud de signal d’entrée ; et
déterminer si 'augmentation de tension résulte
d’un bruit induit électriquement, ou indique la
fermeture du relais mécanique ou du disjoncteur
mécanique (14).
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