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A METHOD AND A DEVICE FOR SUPERVISION OF A VOLTAGE TRANSFORMER
FIELD OF THE INVENTION

The present invention relates generally to the field of electrical power systems and more
particularly to the field of supervising the secondary of a voltage transformer connected to a

power line of an electrical power distribution system.
BACKGROUND OF THE INVENTION

In electrical power systems, electrical equipment are used for distribution of power. During
operation of the electrical equipment, there is a requirement for protecting electrical equipment
from getting stressed and failed due to fault conditions. The equipment are protected using
protective components like protection relay devices/intelligent electronic devices (IEDs) that
detect a fault condition and responds to the fault condition by electrically opening and closing
portions of the power system i.e. the protection relay device can provide a trip signal on
detection of the fault condition to operate a circuit breaker to electrically isolate the electrical
equipment or a portion of the power system to protect the electrical equipment. It is well known
that an IED can be configured for protection function or for other functions (e.g. supervisory
function) as needed to carry out functions related to monitoring and control of electrical power

network.

Voltage transformers (VT) are widely used in power systems for measurement of high voltages
in an electrical line connecting to the power equipment that is being protected. A VT provides
for measurement by stepping down voltage in the power line and accurately reproducing the high
voltage observed at the primary side as a low voltage signal at the secondary side. It is important
that the value of voltage in the power line is accurately represented by the voltage transformer
since the operation of the protection relay is based on the voltage information. However, it is
possible that failures may occur in the secondary side i.e. there may be a VT failure (e.g. short
circuit at the secondary of the VT) that can result in a false information being relayed to the
protection relay. For example, a distance protection function can mal-operate on account of such

failure to correctly sense the voltage in power line as it would inaccurately infer an under voltage
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condition and trip the circuit breaker for protecting an electrical subsystem in an electrical power

network. .

Failure in secondary circuit of voltage transformer needs to be detected in an effective manner in
order to avoid any unwanted operation. The efficient detection of failure of the secondary of VT
can lead to timely blocking of protection functions associated with the VT signal by blocking a
distance relay or protection relay from generating a trip signal to isolate a section of the power

system or the electrical equipment being protected.

The detection of electrical faults (e.g. short circuit of secondary terminals) associated with
voltage transformer can be carried out with a supervisory relay, also herein referred as voltage
transformer secondary supervisory relay. Supervisory relay (also an Intelligent Electronic
Device) can make the determination of electrical faults (and other faults) associated with voltage
transformer or current transformers (instrument transformers) with help of measured signals
(voltage/current) and provide a block signal (or status signal) to support with blocking trip
actions carried out with protection relay/distance relay in response to incorrect detection of a

fault in the electrical line/equipment.

For special applications like high speed motor bus transfer where due to loss of power in a main
feeder, the motor loads are supplied power from a standby feeder, usually supervision of the
secondary of VT need to take place within a small operating time to avoid unsafe transfer
resulting in damage to motor loads. During a short circuit at the secondary of the VT, the
protective means (e.g. fuse, miniature circuit breaker) is expected to operate. This condition of
failure at the secondary and causing a fuse-failure (blown fuse) can be incorrectly sensed as an
outage of a power generation source and could cause undesirable bus transfer resulting in
unwanted stress to motor loads and contribute to damage to motor loads. Therefore, fuse-
failure/miniature circuit breaker status detection is required to take place before bus transfer
related action is initiated to ensure that the bus transfer action is being initiated in response to
actual failure of a power generator unit or power supply and not resulting from the failure at the
voltage transformer. In such applications like high speed bus transfer, therefore detection of

failure of voltage transfer needs to be carried out in much reduced time to be able to timely
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operate circuit breakers to cause high speed bus transfer to avoid unnecessary stresses/damages

to the motor loads and avoid interruption in power supply to the loads.

Also for some protection functions like under voltage function the operating time can be
reduced, which gets explicitly delayed so that fuse failure operation time can be accommodated
to sense failure at the secondary side of the VT if any before providing trip signal to operate a
circuit breaker for protection. There are instances wherein wrong detection of fuse failure have
taken place leading to blocking of protection function. Such instances can be effective
addressed with a fast and reliable detection of a fault condition to properly provide protection

function.

Hence, there is a need for effective (reliable and fast) supervision of the secondary of VT, that
can accurately distinguish between a failure at the secondary (leading to fuse failure) of the VT

from an actual power system fault requiring protection device to operate fast and reliably.

SUMMARY

The above-mentioned shortcomings, disadvantages and problems are addressed herein which

will be understood by reading and understanding the following specification.

The present invention provides a method for supervising a voltage transformer and operating at
least one circuit breaker. The method is based on a blocking signal from a supervisory relay, the
at least one circuit is electrically connected to a protection relay in a power distribution system.
The power distribution system comprising a plurality of electrical power distribution
components. The supervisory relay being interfaced with at least one voltage transformer and at
least one current transformer, the at least one voltage transformer and the at least one current
transformer are connected to a power line of the power distribution system, the method
comprising, the supervisory relay: receiving at least one voltage signal from the voltage
transformer and at least one current signal from the current transformer; calculating with at least
two voltage functions a voltage fault status based on the received voltage signal; calculating with
at least one current function a current fault status based on the received current signal;

determining a health condition of the power line based on voltage fault status and current fault
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status; wherein the health condition being one of a) a fault in the power line, and b) a disturbance
in a secondary of the voltage transformer; and generating a block signal for blocking generation
of trip signal by the protection relay to operate the circuit breaker based on determined health

condition being that of the disturbance in the secondary of the voltage transformer.

In an embodiment, calculating any of the voltage fault status or the current fault status includes
computing a representative magnitude value of the at least one voltage signal or the at least one
current signal and comparing a difference between the computed representative magnitude value
in a first half cycle with that of the subsequent half cycle, with a pre-defined threshold, wherein

the representative magnitude value is a root mean square value.

In another embodiment, calculating the any of the voltage fault status or the current fault status
includes computing a first standard deviation value from a first samples collected for a first part
of the at least one voltage signal or the at least one current signal and comparing with a second
standard deviation value computed from a second samples collected for a second part of the
corresponding at least one voltage signal or the at least one current signal, wherein the second

part has a symmetrical relationship with the first part.

In another embodiment, calculating the any of the voltage fault status or the current fault status
includes comparing an instantaneous value of the at least one voltage signal or the at least one
current signal obtained at a first phase angle of an alternating current power cycle of the at least
one voltage signal or the at least one current signal with a corresponding instantaneous value of
the corresponding at least one voltage signal or the corresponding at least one current signal

obtained at a corresponding phase angle of a subsequent alternating current power cycle.

In another embodiment, determining a health condition of the power line comprises
consolidating the voltage fault status from the at least two voltage function and the current fault
status from the at least one current function, wherein at least one voltage function from the at
least two voltage functions is provided with a higher weightage for determining the health

condition of the power line.
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In another embodiment, generating a block signal comprises blocking a transfer of a bus
powered from a first power source to a second power source based on determined health

condition being that of the disturbance in the secondary of the voltage transformer.

In another aspect, the present invention provides a supervisory relay for supervising a voltage
transformer. The supervisory relay also provides a blocking signal to operate at least one circuit
breaker electrically connected in a power distribution system by a protection relay comprising a
plurality of electrical power distribution components, at least one voltage transformer connected
to a power line and at least one current transformer connected to the power line, the supervisory
relay comprising an input interface to receive at least one voltage signal from the voltage
transformer and at least one current signal from the current transformer; a processing unit
configured to determine: a) a voltage fault status based on the received voltage signal using at
least two voltage functions; b) a current fault status based on the received current signal using at
least one current function; a health condition of the power line based on voltage fault status and
current fault status using a logic function; wherein the health condition being one of the power
line having a fault condition and the voltage transformer having a disturbance in a secondary of
the voltage transformer; an output interface to generate a block signal for blocking generation of
trip signal by the protection relay to operate the circuit breaker based on determined health

condition being that of the disturbance in the secondary of the voltage transformer.
In an embodiment, the supervisory relay is a virtual device configured in the protection relay.

In an embodiment, the output interface generates a block signal to block a transfer of a bus from
a first power source to a second power source based on determined health condition being that of

the disturbance in the secondary of the voltage transformer.

In an embodiment, wherein one voltage function from the at least two voltage functions and the

at least one current function is based on determination of root mean square value.

BRIEF DESCRIPTION OF DRAWINGS
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The appended drawings illustrate exemplary embodiments as disclosed herein, and are not to be

considered limiting in scope. In the drawings:

Figure 1 is a block diagram showing the components and their connections for protection of

electrical equipment/load in an electrical network with a protection relay;

Figure 2 is a block diagram showing the functional elements for performing the method of the

present invention;
Figure 2a is a logic diagram for determining the disturbance in the voltage signal;
Figure 2b is a logic diagram for determining the fault status in the power line; and

Figure 3 shows the flow diagram of the method for supervision of circuit connected to secondary

of the voltage transformer.

DETAILED DESCRIPTION

The present invention is related to a method for determining a health condition of a power line
and to distinguish if there is a fault in the power line or there is a disturbance in the secondary of
the voltage transformer (VT) with an IED. The present invention discloses a reliable method of
supervising the secondary circuit of VT with additional information from current transformer
(CT). The method can be performed by an IED that can be configured as a separate supervisory
relay and also can be configured to have supervisory functions together with protection function
in a protection relay for protecting equipment connected in an electrical network, in which case
the protection relay also acts as a virtual supervisory relay (the supervisory functions are
configured in the protection relay). In this context of the invention, supervisory relay therefore
can be provided as a separate device or as a virtual device comprised in the protection relay. The
invention combines functions related to voltage and current to evaluate the health condition of
the power line and reliably distinguishes between a disturbance condition (e.g. a short circuit

condition, fuse failure condition) in the VT secondary and an actual fault in the power line.
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In the following detailed description, reference is made to the accompanying drawings that form
a part hereof, and in which is shown by way of illustration specific embodiments, which may be
practiced. These embodiments are described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that other embodiments may be utilized.

The following detailed description is, therefore, not to be taken in a limiting sense.

Figure 1 is a schematic diagram showing electrical components/equipment and their connections
for protection of electrical equipment/load or electrical substation (line protection) in a power
distribution system with a protection relay (100a) and supported with a supervisory relay (100).
The supervisory relay function can be comprised in a protection relay device (100a), however in
the Figure 1 these are shown separately. For the purpose of protection or for determination of
disturbance in the voltage secondary, both the devices, protection relay and supervisory relay are
interfaced with the VT 110 and CT 120 for obtaining measurable values of voltage and current in
the power line 130 for processing related to accurate/reliable fault detection. The secondary side
of the VT 110 is shown to be provided with a fuse 140 for protection against accidental short
circuit of the secondary terminals of the VT. The fuse 140 is provided for protecting the
secondary circuit of the potential transformer, which delivers the stepped down voltage for
measurement by the supervisory relay 100, protection relay 100a and also for voltmeters (not
shown in the figure). When there is a problem with the secondary circuit of the VT 110, which
delivers an analog signal to the protection relay 100a will identify the problem as an under
voltage situation and could trip the circuit-breaker 150 to protect loads connected from the
source via the power line 130. The circuit breaker 150 is electrically connected in the power
distribution system and the power distribution system can have other electrical power
distribution components (load/line). Detection of a disturbance (e.g. reduction in voltage levels)
can result due to actual under voltage condition or disturbance in the secondary side/circuit of the
VT, and is required to be accurately distinguished, and for this purpose, a supervisory relay (an
IED configured with supervisory functions), 100 is provided (Figure 1). The supervisory relay
provides a block signal (160) as its output that can be used by protection relay to provide a trip
signal (160a) only when there is a fault in the electrical line/equipment. The protection relay

100a blocks generation of trip signal when there is a fault with the instrument transformer.
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In this embodiment, the supervision of the secondary of the VT is carried out by an independent
supervisory relay device 100 which is different from the protection relay that generates the trip
signal for operating the circuit breaker. Here, the relay for supervising secondary of VT produces
a block signal 160a for use by the protection relay 100a to block the trip signal generated by
under-voltage protection functions, thereby ensuring that there is no mal-operation during failure

of the secondary of the VT.

In another embodiment, the supervisory function carried out by the supervisory relay, 100 can be
integral part of the protection relay 100a. Here, the protection relay 100a detects failures related
to voltage transformer using the supervisory functions configured in the protection relay (IED)
and generates a block status/signal that are used further by the protection relay to block

generation of trip signals caused by under-voltage protection functions.

Figure 2 is a block diagram showing the functional elements for reliably distinguish between a
disturbance/fault condition at the secondary side/circuit of the VT and actual fault (e.g. under
voltage detection at the main power line) by the supervisory relay 100 and to support operating
the circuit breaker with the protection relay 100a on detection of actual fault. The supervisory
relay 100 comprises an input interface 200 to receive voltage signal from the VT and current
signal from the CT, and the VT and CT are connected to the power line. The input interface
provides for signal conditioning as needed along with digitization of the signals with analog to

digital convertor for further processing of the signals.

The supervisory relay comprises functions for evaluating the current signal and voltage signal
received from the CT and VT for detection of variations in the signal that can be caused by
disturbances and fault conditions arising in the power system. Figure 2 depicts an exemplary
case where three voltage functions 210, 220 and 230 are shown. Each of the voltage functions
perform evaluation of the received voltage signals to determine a voltage fault status or to detect
for any disturbance in the voltage signal coming from the VT by using a mathematical function
that is different from the others to reliably detect and distinguish between a fault condition and
failure at the secondary of the instrument transfer (VT). More than one voltage functions are
used to improve reliability of such detection. In the exemplary case, at least two voltage

functions are said to be deployed for reliably detecting variations in the voltage signal and for
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further determinations of actual fault conditions based on two or more such parallel detection of

variations in the voltage signal.

The supervisory relay also comprises means for measuring current signal and for detecting
variations in the current signal using current functions, 240, 250 and 260 to evaluate the current
signal received from the CT and determine a fault status of the current signal. Here, for reliably
distinguishing an actual fault condition and disturbance caused due to voltage transformer, at
least one current function need to be used to detect if there is any corresponding variations also
detected in the current signal to that detected in the voltage signal to distinguish cause of such

variations as being actual fault.

The output of voltage functions 210, 220 and 230 can be an indicative disturbance status arrived
at from processing of the voltage signal to detect variations and to determine if these variations
are within an preset acceptable level (e.g. 10% or 15% variations from a nominal value provided
or as a limit set with upper/lower thresholds). Each of the voltage functions, therefore has a
means to evaluate the signal to detect deviations from the normal (healthy) state from the voltage
signal (magnitude/shape parameters) and carry out comparisons using threshold values
(including over time- presence of variations for certain duration/AC cycle time) to identify a
disturbance condition. All the individual outputs are logically combined in a disturbance unit 270
to provide a consolidated output indicating the voltage fault status to indicate presence of

disturbance in the voltage signal.

In an embodiment, the output of the three voltage functions are consolidated such that, if two out
of the three voltage functions provide a certain output, then that output is taken as the actual
result for determining the status of disturbance in the voltage signal. In yet another embodiment,
any one of the voltage functions can be given more weightage (as essential signal and used with
an ‘AND’ logical function for consolidating signals) in compared to the other functions (using
‘OR’ logical function to combine signals), such that, output from the high weight function is

considered as more important in deciding the status of the disturbance in the signal with
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appropriate logical combinations using “OR” and “AND” functions and to evaluate the

consolidated output.

In this exemplary embodiment, the disturbance unit 270 provides a positive disturbance output,
that is, disturbance exists in the voltage signal if two voltage functions 210 and 220 provide a
positive disturbance output. If there are more than two voltage functions for evaluating the
received voltage signal, the disturbance unit 270 provides a positive disturbance output, that is,
disturbance exists in the voltage signal if at least two of the three voltage functions out of three
voltage functions provide a positive disturbance output.

Figure 2a is a logic diagram for determining the disturbance in the voltage signal. Figure 2a
shows an exemplary logic diagram applied for disturbance unit 270. In this logic diagram,
output for disturbance detected by all the voltage functions 210, 220 and 230 are combined in a
manner such that, if two of the voltage functions have a positive output (existence of disturbance
in the received voltage signal), then the consolidated disturbance output is also positive. The
logical combinations of the signals can be combined in several manner to obtain a voltage fault
status (disturbance status). Such logical combinations can also be combined to set and reset the

disturbance status signal with a flip flop logic (as shown in Figure 2a).

In this exemplary case with three current functions, the current functions 240, 250 and 260
evaluates the received current signal to determine existence of any abnormality in the current

signal and provides a current fault status individually from each of the current functions.

The current fault status are consolidated in a current fault unit 280, wherein the consolidated
output for disturbance is received from the disturbance unit 270 and the individual current fault
statuses from each of the current functions are evaluated. The current fault status unit 280
provides a positive fault signal or indicates that fault exists in the power line based on
determining if there is an abnormality in the current signal and a positive disturbance output
received from the disturbance unit 270. The fault status output for 280 is high if the current fault
status output from 240 is high and also the disturbance output from 270 is high. The fault status
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output for 280 is low in case only disturbance output from 270 is received as high but the fault in

current signal status received from the current functions 240, 250 or 260 is low.

In an exemplary embodiment, the current functions may have different weightage in terms of
ascertaining the status of fault in the signal from the power line. For example, only a single
current function output may be used by the current fault unit 280 for comparison with
disturbance output from 280. In another exemplary embodiment, two current functions maybe
utilized to evaluate the presence of fault in the signal from the power line. In yet another
embodiment, there maybe three current functions being utilized by 280 to evaluate presence of
fault and a higher weightage can be given to any one of the current functions, that is, in case
output of one current function is low, then even if the other two current functions provide a high
output, the final output would be considered as low, since the higher weightage is given to one
such current function. For the purpose of the invention, at least one current function is needed to
reliably detect disturbance in current signal and distinguish the actual fault condition. More than
one current function can be used to improve reliability of detection of disturbance and fault

conditions.

Figure 2b is a logic diagram for determining the fault status in the power line. Figure 2b shows
an exemplary logic diagram that can be applied for the current fault status block 280 for
determining the fault in the power line. The output from the voltage functions 210, 220 and 230
are combined with the output from the current functions 240, 250 and 260, such that a reliable
output for fault is obtained. The logic diagram shown in Figure 2b is applied such that, one of a
voltage function and a current function are provided more weightage. Here, in this example the
voltage function 210 and the current function 240 are given more weightage in comparison to the
other voltage functions and current functions such that the fault output is high only when output
from voltage function 210 and current function 240 are high, and for improving reliability the
combination is made with any one of the combinations of the remaining voltage functions (220,

230) and current function (250, 260).
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The supervisory relay is also comprising a logic unit 290 which receives input from disturbance
unit 270 and current fault unit 280, where the health condition of the power line is determined
based on voltage fault status and current fault status as received from the disturbance unit 270
and current fault unit 280. The health condition is evaluated by the logic unit 290 as being one
of the power line having a fault condition or only the VT secondary circuit having a disturbance.
An output interface is provided in the supervisory relay to provide status signals that can be used
to electronically communicate the disturbance/fault condition to other devices as needed, e.g. to
operate the circuit breaker on determination of fault in the power line or for blocking trip
function in the protection relay or for proper coordination with other devices that may be
carrying out trip functions based on detected under voltage condition (disturbance) so that
unwanted power outage condition can be avoided. Thus, an output signal from the supervisory
relay (also protection relay when supervisory functions are included in the protection relay) can
be used to operate the circuit breaker or to trigger an alarm or as a status signal in case only a

disturbance output is detected as high (i.e. a disturbance condition in the voltage transformer).

The logic unit generates an output signal for operating the circuit breaker on determined health
condition being that of the fault in the power line and for blocking operation of the circuit
breaker on determined health condition being that of the disturbance in the secondary of the
voltage transformer. The logic unit 290 generates a signal to block protection functions expected
to give unwanted tripping, when there is no actual fault in the power line but only a disturbance

in the secondary of the VT.

The present invention provides for reliable supervision of VT secondary supervision and also for
special applications like high speed motor bus transfer. Residual voltage bus transfer requires
faster VT secondary supervision, about half a cycle to avoid unsafe transfer resulting in damage
to motor loads. For bus transfer application, residual transfer is done within 10ms after the

voltage drops below a settable limit.

In an exemplary embodiment the voltage function 210 is a function that works by computing rate

of change of voltage based on zero crossing detection. Every half cycle, root mean square (RMS)
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voltage is computed between a detected zero crossing and a previous zero crossing. Whenever
there is an abrupt change, above a pre-defined threshold, between the computed RMS voltages
from one zero crossing to another, a flag for fuse failure/fault case is raised. If al, a2...aN are the
voltage sample magnitudes between two zero crossings and N is the number of voltage samples
between two zero crossings. Then half cycle RMS voltage is calculated as shown in equation

below:

calculated RmsValue = || — v —

The above function detects disturbances in voltages either because of faults or fuse failure. To
reliably differentiate between faults and fuse failure, the same function (Root Mean Square value
determination as a representative magnitude value) is also performed for corresponding current

channel, as indicated by block 240 in Figure 2

In another exemplary embodiment, the voltage function 220 works on the principle of
symmetrical repetition of patterns in sinusoidal curve. A representative full cycle voltage
samples are stored in a buffer. This buffer is continuously updated by new samples replacing old
samples such that a recent one full cycle representative samples are available. This full cycle
samples are divided into 2n parts, 'n' is selected such that there are integer number of samples in
each part. In case of non-integer samples resulting either due to sampling rate or running
frequency the entire cycle can be interpolated to get the desired integer samples. For each part, a
value of standard deviation using the samples in the part is computed and then the values of
standard deviations are compared with its corresponding symmetric (mirror) part in the full
alternating current (AC) cycle. Whenever there is an abrupt change, outside a defined threshold,
a flag for fuse failure/fault case is raised. As mentioned, samples for every semi-quarter cycle are
stored in separate buffers. In a power cycle, there are 8 buffers, each containing 4 samples of
voltage. Standard Deviation (SD) of samples in each buffer is then computed. Further, ratio of
SD of symmetric buffers is computed and compared with the settable band. For example in the

case as below:
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14
. Sampling Frequency=1.6 kHz
. Number of Samples per power cycle = 32
. Number of Samples in each Buffer = 4
. Number of Buffers in each power cycle = 8 (i.e. AC cycle is divided in regions/phases

marked as a, b, ¢, d, e, f, g and h, each region covering 45 degree phase region starting from

positive zero crossing to cover the full AC cycle of 360 degree)
. Under normal conditions: symmetric buffer pairs are: {a,e}, {b,f}, {c,g}, {d,h}

Ratio of Standard Deviations of symmetric buffers is close to unity or within a settable band (for
example- 0.85 to 1.15). This computation is repeated for subsequent cycles to continuously
detect deviations from the normal/healthy state. To reliably differentiate between faults and fuse
failure, the same function is also performed for corresponding current channel, as indicated by

block 250 in Figure 2.

In another exemplary embodiment, the voltage function 230 works by comparing instantaneous
values of voltage signal to corresponding voltage values of voltage signal for the immediate
previous signal. Further, percentage rate of change of these values will be computed in order to
demarcate the fuse failure (blown fuse) from other cases, if percentage rate of change is
consistent (99-101 percent) for at least three consecutive instantaneous values. In healthy
condition the percentage rate of change will be close to zero. This function will raise the flag for
fuse failure/fault case within Sms approximately. The steps for evaluation for voltage function

230 is listed below:

1. Samples (Instantaneous values) corresponding to every power cycle are stored in separate
buffers.

2. Percentage rate of change of the sample of a cycle is calculated with respect to sample
value of previous cycle.

3. If three such consecutive percentage rate of change values are within (99.5 to 100.5) %,

we can say the case is of Fuse-failure.
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4. To distinguish the fuse-failure from power-system faults, same computation is done over

current signal.

If percentage rate of change (PROC) calculate for voltage samples are within a settable band or a
threshold value for example, +15% and for current samples for example, +10% then the system
is healthy. If PROC for three consecutive voltage samples are outside the healthy band, then an
internal output for disturbance high will be activated. If PROC for three consecutive current
samples are also outside the healthy band, then an internal output fault high will be activated. To
reliably differentiate between faults and fuse failure, the same function is also performed for

corresponding current channel, as indicated by block 260 in Figure 2.

Thus, it is illustrated that various techniques (voltage/current functions) can be used for detection
of variations in the voltage and current signals. As more than one function (voltage function,
current function) is being used for determination of fault, the method provides for improved
reliability. Also, as each of the function provides a different technique for determination of
variations, some of the techniques being computationally faster to perform, with suitable logical
combination, faster response or early indications can be obtained about actual fault condition.
Thus, reliable and fast detection of actual fault and disturbance at the secondary of instrument

transformer can be provided.

Figure 3 summarizes the method for operating the circuit breaker by a protection relay based on
a blocking signal generated by a supervisory relay (or a supervisory function in the protection
relay). As shown in step 310, the method comprises the supervisory relay receiving a voltage
signal from the voltage transformer and a current signal from the current transformer. As shown
in step 320, the method comprises calculating with at least two voltage functions a voltage fault
status based on the received voltage signal. And as shown in step 330, a current fault status based
on the received current signal is calculated with a current function. Then, as shown in step 340,
determining a health condition of the power line based on voltage fault status and current fault
status; wherein the health condition being one of a) a fault in the power line, and b) a disturbance
in a secondary of the voltage transformer. And finally as shown in step 350, generating at least
one output signal for blocking operation of the circuit breaker on determined health condition

being that of the disturbance in the secondary of the voltage transformer and for supporting
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protection relay in operating the circuit breaker on determined health condition being that of the

fault in the power line are provided.

This written description uses examples to describe the subject matter herein, including the best
mode, and also to enable any person skilled in the art to make and use the subject matter. The
patentable scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope of
the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from the

literal language of the claims.
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We claim:

A method for supervising a voltage transformer and operating at least one circuit breaker
based on a blocking signal from a supervisory relay, the at least one circuit breaker
electrically connected to a protection relay in a power distribution system comprising a
plurality of electrical power distribution components, the supervisory relay being
interfaced with at least one voltage transformer and at least one current transformer, the
at least one voltage transformer and the at least one current transformer are connected to
a power line of the power distribution system, the method comprising, the supervisory

relay:

receiving at least one voltage signal from the voltage transformer and at least one current
signal from the current transformer;

calculating with at least two voltage functions a voltage fault status based on the received
voltage signal;

calculating with at least one current function a current fault status based on the received
current signal;

determining a health condition of the power line based on voltage fault status and current
fault status; wherein the health condition being one of a) a fault in the power line, and b)
a disturbance in a secondary of the voltage transformer; and

generating a block signal for blocking generation of trip signal by the protection relay to
operate the circuit breaker based on determined health condition being that of the

disturbance in the secondary of the voltage transformer.

The method as claimed in claim 1, wherein calculating any of the voltage fault status or
the current fault status includes computing a representative magnitude value of the at
least one voltage signal or the at least one current signal and comparing a difference
between the computed representative magnitude value in a first half cycle with that of the
subsequent half cycle, with a pre-defined threshold, wherein the representative magnitude

value is a root mean square value.
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The method as claimed in claim 1, wherein calculating the any of the voltage fault status
or the current fault status includes computing a first standard deviation value from a first
samples collected for a first part of the at least one voltage signal or the at least one
current signal and comparing with a second standard deviation value computed from a
second samples collected for a second part of the corresponding at least one voltage
signal or the at least one current signal, wherein the second part has a symmetrical

relationship with the first part.

The method as claimed in claim 1, wherein calculating the any of the voltage fault status
or the current fault status includes comparing an instantaneous value of the at least one
voltage signal or the at least one current signal obtained at a first phase angle of an
alternating current power cycle of the at least one voltage signal or the at least one current
signal with a corresponding instantaneous value of the corresponding at least one voltage
signal or the corresponding at least one current signal obtained at a corresponding phase

angle of a subsequent alternating current power cycle.

The method as claimed in claim 1, wherein determining a health condition of the power
line comprises consolidating the voltage fault status from the at least two voltage function
and the current fault status from the at least one current function, wherein at least one
voltage function from the at least two voltage functions is provided with a higher

weightage for determining the health condition of the power line.

The method as claimed in claim 1, wherein generating a block signal comprises blocking
a transfer of a bus powered from a first power source to a second power source based on
determined health condition being that of the disturbance in the secondary of the voltage

transformer.

A supervisory relay for supervising a voltage transformer and providing a blocking

signal to operate at least one circuit breaker electrically connected in a power distribution
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system by a protection relay comprising a plurality of electrical power distribution
components, at least one voltage transformer connected to a power line and at least one

current transformer connected to the power line, the supervisory relay comprising:

an input interface to receive at least one voltage signal from the voltage transformer and

at least one current signal from the current transformer;

a processing unit configured to determine:

a) a voltage fault status based on the received voltage signal using at least two
voltage functions;

b) a current fault status based on the received current signal using at least one
current function; a health condition of the power line based on voltage fault
status and current fault status using a logic function; wherein the health
condition being one of the power line having a fault condition and the voltage
transformer having a disturbance in a secondary of the voltage transformer;

an output interface to generate a block signal for blocking generation of trip signal by the
protection relay to operate the circuit breaker based on determined health condition being

that of the disturbance in the secondary of the voltage transformer.

The supervisory relay as claimed in claim 7, wherein the supervisory relay is a virtual

device configured in the protection relay.

The supervisory relay as claimed in claim 7, wherein the output interface generates a
block signal to block a transfer of a bus from a first power source to a second power
source based on determined health condition being that of the disturbance in the

secondary of the voltage transformer.

The supervisory relay as claimed in claim 7, wherein one voltage function from the at
least two voltage functions and the at least one current function is based on determination

of root mean square value.
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