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Executive Summary

This report describes the application of setting-less relay on the RTE digital substation. We
describe the model developed to simulate various events, and then play back these events into the
setting-less relays to assess their performance. Four protection zones have been identified within
the RTE digital substation. Use cases for each one of these protection zones have been developed
with multiple events. The protection of each one of these protection zones has been studied under
multiple events. Sample use cases of this testing is included in this report. A new methodology
for correcting measurement errors from the instrumentation has been also developed and tested.

The basic idea of the setting-less protection relay has been inspired from the differential
protection function which has a very important characteristic: it does not require coordination
with any other protection functions. The differential protection monitors the validity of
Kirchhoff’s current law (KCL) within a protection zone. The setting-less protection can be
considered as an extension and generalization of differential protection, because it can be viewed
as monitoring the validity of all physical laws within the protection zone, i.e. KCL, KVL,
thermodynamics, mechanical motion, etc. depending on the type of protection zone. The setting-
less relay does not require coordination with any other protection function, a very big advantage.
The setting-less relay replaces all the protection functions that are typically apply to a protection
use using legacy protection systems.

Four protection zones have been identified within the RTE digital substation. The protection of
these four zones has been studied extensively with numerical experiments as well as in the
laboratory with hardware in the loop. In these studies we used a number of simulated test events.
For the generation of the test events, a model of the RTE digital substation and the
interconnected 220 kV and 90 kV system has been modeled with equivalent sources at the ends
of the 220 kV and 90 kV transmission circuits. The model has been developed in WinIGS-T
format (time domain). The report provides an overview of the model and the parameters of the
major devices and the definition of the protection zones. The majority of the model parameters
were provided by RTE. For missing parameter values, typical values were used. The model has
been used to develop a large number of events for the purpose of testing the setting-less relay
application on various protection zones of the RTE digital substation. A small number of these
events are documented in a number of use cases which are included in this report.

For secure and reliable protection of power components such as a generator, line, transformer,
etc. a new approach has emerged based on component health dynamic monitoring. The proposed
method uses dynamic state estimation, based on the dynamic model of the component, which
accurately reflects the nonlinear characteristics of the component as well as the loading and
thermal state of the component.

The performance of any protection system is always dependent upon the quality and validity of
the measurements, i.e. the input data into the relay. This has been recognized for any protective
system and it is valid for the setting-less relays. The introduction of merging units offers a
powerful way of correcting the measured sampled values in real time. Specifically, the model of
the instrumentation channel can be used in a dynamic state estimation procedure to provide the
estimated values of the primary quantities from the secondary quantities. This task can be



performed on each one of the instrumentation channels independently from any other channel,
I.e. it is a distributed computation process and it does not affect the operation of the relay other
than a small latency that is only a fraction of the sampling period. The process provides the best
estimate of the primary sampled values. The report describes the implementation of the method
and demonstrates the method on an example test system. It is shown that the method performs
remarkably well even in cases of severe saturation of instrument transformers.
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1. Introduction

1.1 Background

Georgia Tech and EPRI, over the last few years, they have been developing the Dynamic State
Estimation based protection method (a.k.a. setting-less protection). This technology has been
demonstrated in the laboratory and also a demonstration project with NYPA under NYSERDA
sponsorship is in progress. The objective of the proposed project is to demonstrate the
technology on the digital substation that RTE is developing. A DSE based relay has been
developed for the protection of selected protection zones of the RTE’s digital substation and
factory tested at the Georgia Tech laboratory. The plan is to install this relay to an RTE
substation. As of the end of this project, this installation has not been completed due to schedules
beyond the control of the investigators. The plan is to install the relay in the field when the
conditions will permit in the future.

This report describes the application of setting-less relay on the RTE digital substation. The
report describes the model developed to simulate various events, and then play back these events
into the setting-less relays to assess their performance. Four protection zones have been
identified within the RTE digital substation. Use cases for each one of these protection zones
have been developed with multiple events. The protection of each one of these protection zones
has been studied under multiple events. Sample use cases of this testing are included in this
report.

1.2 Overview of the Problem

For the generation of the test events, a model of the RTE digital substation and the
interconnected 220 kV and 90 kV system has been modeled with equivalent sources at the ends
of the 220 kV and 90 kV transmission circuits. The model has been developed in WinIGS-T
format (time domain). The report provides an overview of the model and the parameters of the
major devices and the definition of the protection zones. The majority of the model parameters
were provided by RTE. For missing parameter values, typical values were used. The model has
been used to develop a large number of events for the purpose of testing the setting-less relay
application on various protection zones of the RTE digital substation. A small number of these
events are documented in a number of use cases which are included in this report.

1.3 Report Organization

The report is organized as follows:
Section 2 provides a brief description of setting-less protection relay.
Section 3 introduces the sample data correction method for the instrumentation channel.

Section 4 together with Appendices A, B, C, D, E and F provides the parameters of the major
devices included in the model. The EBP setting-up is also included in Section 4.



Section 5 and section 6 present a number of events for protection zones. The events include
various fault and non-fault conditions and they are used for laboratory evaluation of the setting-
less relays.

Appendix G provides detailed description of protection zones of the BLOCAUX substation to be
considered for implementation of the setting-less relay. It does not include all the protection
zones of the substation.



2. The Setting-less Protective Relay

For secure and reliable protection of power components such as a generator, line, transformer,
etc. a new approach has emerged based on component health dynamic monitoring. The proposed
method uses dynamic state estimation, based on the dynamic model of the component, which
accurately reflects the nonlinear characteristics of the component as well as the loading and
thermal state of the component.

The basic idea of the setting-less protection relay has been inspired from the differential
protection function which has a very important characteristic: it does not require coordination
with any other protection functions. The differential protection monitors the validity of
Kirchhoff’s current law (KCL) within a protection zone. The setting-less protection can be
considered as an extension and generalization of differential protection, because it can be viewed
as monitoring the validity of all physical laws within the protection zone, i.e. KCL, KVL,
thermodynamics, mechanical motion, etc. depending on the type of protection zone. The setting-
less relay does not require coordination with any other protection function, as it is illustrated in
Figure 2-1.

1, T, w

I, I LV | Temp

PrOtEC“Dn Zgh P rotectlon ZUh
/  DSE Based
leferentlal Functlon ‘| B otectioh |
;\ / | Internal Measurements:/-"f

KCL Only All Physical Laws

Figure 2-1: Conceptual Description of the Estimation Based Protection

In differential protection the electric currents at all terminals of a protection zone are measured
and their weighted sum must be equal to zero (generalized Kirchhoff’s current law). As long as
the sum is zero or near zero no action is taking. Note that there are possible internal faults in a
protection zone that will result in satisfaction of Kirchhoff’s current law for the currents at the
terminals of the protection zone. In this case the differential protection will not detect these
faults, i.e. differential protection fails in this case. In DSE based protection, all existing
measurements in the protection zone are utilized. Specifically, currents and voltages at the
terminals of the protection zone, as well as voltages, currents inside the protection zone (as in



capacitor protection) or speed, temperature and torque in case of rotating machinery or any other
internal measurements. Then, the dynamic model of the device (consisting of physical laws such
as KCL, KVL, motion laws, thermodynamic laws, etc.) is used to provide the inter-relationships
among all measured quantities. When there is no fault within the protection zone, the
measurements should satisfy the dynamic model of the protection zone. A dynamic state
estimation procedure provides a systematic and mathematically rigorous way to verify that the
measurements satisfy the mathematical model. When an internal fault occurs, the measurements
do not fit the mathematical model of the protection zone and a protection action is triggered. The
resulting method is a Dynamic State Estimation Based Protective relay (EBP relay). When an
internal fault occurs, even high impedance faults or faults along a coil, etc., the dynamic state
estimation reliably detects the abnormality and a trip signal can be issued. Three distinct
dynamic state estimation algorithms (Extended Kalman Filter, Constraint Optimization and
Unconstraint Optimization) have been developed and tested. Each algorithm requires the
mathematical model of the protection zone, including instrumentation and the measurements.
This basic approach has been extensively tested in the laboratory for several protection zones and
presented in technical papers. It was named setting-less protection because of the simplicity of
use and its lack of coordination issues with other relays, in the same way as differential
protection does not require coordination.

In addition, setting-less relays have been extensively tested in the laboratory with hardware in
the loop.

2.1 Setting-less Relay Testing with Hardware in the Loop

Prototype setting-less protective relays have been developed in the laboratory, connected to a
system represented with a simulator, digital to analog conversion, amplifiers and data acquisition
systems (merging units). This setup enables testing with hardware in the loop. The setup consists
of (a) merging units to perform data acquisition, (b) a process bus, and (c) a personal computer
attached to the process bus and performing the protection functions (the personal computer
“runs” the setting-less protection). The setting-less protective relay block diagram, as
implemented in the laboratory is illustrated in Figure 2-2.
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Figure 2-2: Block Diagram of Estimation Based Relay

The physical system under protection (not shown in the figure) is simulated in the laboratory via
a computer controlled system of digital to analog converters, amplifiers (we use Omicron
amplifiers) that amplify the signal to relay instrumentation levels and then the signals are
injected into the merging units, shown in Figure 2-2. From that point on, the setup uses actual
equipment. The merging units are GE Hardfiber, Siemens or Reason (we can include more
manufacturers of merging units as they become available). Merging units are connected to a
process bus. A personal computer is connected to the process bus and retrieves the streaming
data as they are reported by the merging units. The personal computer performs the setting-less
protection functions and optionally displays the results or selective visualizations. The physical
construction of the laboratory is shown in the photograph below.
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Figure 2-3 Photograph of the PSCAL (Power System Control and Automation Laboratory)

The laboratory experiments indicate that the analytics of the setting-less protection function can
be performed within the time period between two successive sets of streaming data, i.e. the
setting-less protection can operate in real time as any other numerical relay by simply using a
standard high end personal computer. In the tests we used sampling rates of 80 samples per cycle
(IEC standard). In this case the available time between two successive executions of the dynamic
state estimator is 416 microseconds. This is plenty of time to perform the computations for most
protection zones. For complex protection zones, such as unit protection of a generator and
transformer, higher power computers may be needed or the algorithms must be parallelized and
be running on multiple core computers.

The setting-less relay has been also named the EBP relay, standing for Estimation Based
Protection.

Many visualizations have been developed which provide real time view of the operation of the
estimation based relay. Figure 2-4 shows two example visualizations from an EBP applied to a
three phase delta-wye connected transformer. Many other visualizations are possible and are
typically customized to specific protection zones.
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Figure 2-4: Example Visualizations of a Setting-less Relay Applied to a Transformer

The development of the EBP relay faced several challenges. A partial list of the challenges is
given below. These challenges can be overcome with present technology. The project has
demonstrated that these challenges are met.

1. Ability to perform the dynamic state estimation in real time

2 Initialization issues

3 Communications in case of a geographically extended component (i.e., lines)

4, New modeling approaches for components - connects well with the topic of modeling
5 Requirement for GPS synchronized measurements in case of multiple independent

data acquisition systems.

The modeling issue is fundamental in this approach. For success the model must be dynamic and
high fidelity so that the component dynamic state estimator will reliably determine the operating
status (health) of the component. For example, consider a transformer during energization. The
transformer will experience high in-rush current that represent a tolerable operating condition
and therefore no relay action should occur. The component state estimator should be able to
"track™ the in-rush current and determine that they represent a tolerable operating condition. This
requires a transformer model that accurately models saturation and in-rush current in the
transformer. We foresee the possibility that a high-fidelity model used for protective relaying can
be used as the main depository of the model which can provide the appropriate model for other
applications. For example, for EMS applications, a positive sequence model can be computed
from the high-fidelity model and send to the EMS data base. The advantage of this approach will
be that the EMS model will come from a field validated model (the utilization of the model by
the relay in real time provide the validation of the model). Since protection is ubiquitous, it
makes economic sense to use relays for distributed model data base that provides the capability
of perpetual model validation.



For this project, dynamic high fidelity models were developed for the four protection zones of
the RTE substation. These protection zones include the following components: (a) three-phase
90 kV cables, (b) three winding transformers, and (c) three phase reactors. Dynamic high fidelity
models of these components have been developed.

2.2 Data Correction within Merging Units

The technology used in the implementation of the setting-less relays provides another possibility.
Specifically, merging units sample voltages and currents and transmit the sample values to the
process bus and upstream applications. It is possible to provide intelligence to the merging units
to make error correction on these measurements. Specifically, the instrumentation channel model
is known. The instrumentation channel model together with the measurement at the burden of the
channel at the merging unit can be used in a dynamic stat estimation procedure to provide the
best estimate of the primary quantity. Note this process can be applied to any instrumentation
channel independently of how many channels exist. It is also performed at the merging unit level
so that the merging unit will stream the estimated values of the primary quantities. The
implementation of this approach is shown in Figure 2-5. The details of the method and results are
presented in section 3.
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Figure 2-5: Error Correction within Merging Units

We have demonstrated the feasibility of the method and the results are very good. The algorithm
practically removes the errors from the non-ideal instrumentation components (instrument
transformers, cables, burdens, etc.) and the estimated primary quantities are practically identical
to the actual primary quantities. The study has been performed with a series of computational
experiments. It is expected that in the future these algorithms will be impeded in merging units.
This feature will have a very favorable impact on the performance of the setting-less relays as the
quality of the data will drastically improve.



3. Sample Value Data Correction

The performance of any protection system is always dependent upon the quality and validity of
the measurements, i.e. the input data into the relay. This has been recognized for any protective
system. The introduction of merging units offers a powerful way of correcting the measured
sampled values in real time. Specifically, the model of the instrumentation channel can be used
in a dynamic state estimation procedure to provide the estimated values of the primary quantities
from the secondary quantities. The dynamic state estimation has the inherent capability to correct
the errors introduced by the instrumentation channel. While this approach works, it generates a
very large dynamic model for the setting-less relay application. The dynamic model consists of
the protection zone and all the instrumentation channel models. The dimensionality of this model
is very large and impacts the ability of the setting-less relay to perform the computations within
the time step between sampled values. One way to avoid this problem is to distribute the
computations. Specifically, the instrumentation channel modeling and error correction can be
performed for each individual instrumentation channel separately. This process can provide the
best estimate of the primary sampled values. This approach is presented here.

3.1 Method Description

The instrumentation subsystem is to provide the proper interface between the high voltage
electric power system and the relays that operate at relatively low voltage. In this report, we
focus on instrumentation subsystems that are based on Merging Units (MU). In this case, the
instrumentation subsystem consists of instrument transformers that convert the high voltage
and/or high current of the power system into instrumentation level voltages and currents that can
be fed into the Merging Unit. Standard voltages for Merging Units are 69 V and 115 V and
standard currents are 5A and 1A.

[T ]] »
Current

Transformer Optical Fiber

P 1] *

Voltage Copper Wires
Transformer

[
o
0
7
(]
o
o
fus

a

Merging Unit

Figure 3-1: Instrumentation Channel Subsystem — Voltage and Current Instrumentation Channel



As shown in Figure 3-1, in general, the instrumentation subsystem consists of instrument
transformers (voltage transformers and current transformers), copper wires and the merging
unit/relay input circuit. The analog to digital conversion stage is contained in the Merging Unit.
Ideally, these voltages and currents should be scaled replicas of the high voltages and currents of
the electric power system. Practically, however, the instrumentation channels introduce errors
that can distort the waveforms of the high voltage and currents. In some cases, these errors will
even cause the mal-operation of the relay. Therefore, to make the protection scheme reliable, it is
essential to correct the errors introduced by the instrumentation channels.

We define instrumentation error as follows:

Current Instrumentation Channels:

o ki@ i (1)
o

Where :
i5(t) is the secondary instantaneous current value

i, (t) is the primary instantaneous current value
I is the CT’s primary current range

range

Voltage Instrumentation channels:

S AV
V

range

Where:
v, (t) is the primary instantaneous voltage value

v (t) is the secondary instantaneous voltage value
v__isthe PT’s primary voltage range

range

There are four parts in the instrumentation channel introducing errors to the primary voltage and
current:

Instrument Transformers

Copper Wires

Merging unit/relay input circuit

Analog to Digital Converter

In the following analysis, we will focus on the error introduced by the instrument transformers,
copper wires and the merging unit/relay input circuit in the following analysis. As for error
introduced by a N bit Analog to Digital Converter (ADC), which is called the “Quadratuer
Error”, it is typically very small for today’s IEDs and can be calculated as:

Quadratuer Error = 0.5*\%

Where Vmax is the scale voltage for the ADC.
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A typical Current Instrumentation Channel configuration is shown in Figure 3-2. It has three
components: the current transformer, the instrumentation cable and the burden resistor. The
problem is stated as follows: a measurement is taken of the voltage or current through the burden
to estimate the electric current in the primary of the CT. As shown in Figure 3-2, the
measurement we have is the voltage across the burden resistor, which is “Vout”. The current we
are going to compute is the current transformer primary current, which isi,. Then, the dynamic

state estimation method will be used to computei; .

Magnetic Core

9] Vout

Secondary

Copper Wires

A

Burden Resistor

Figure 3-2: Typical Current Instrumentation Channel Configuration

i, (0)

Figure 3-3: Equivalent Circuit of CT’s Primary Current Estimation

The equivalent circuit of CT’s primary current estimation is shown in Figure 3-3. To estimate the
CT’s primary current, the measurement model will be constructed. The measurement model has
19 states, which is:

X :[Vl(t) Vz(t) Va(t) V4(t)
() i () i) e(t) i) A)
iL2 (t) ||_3(t) Vsz(t) Vs3(t)
AV ACERACEAVERAGRY
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In the measurement model, there are 24 measurements, including 1 actual measurement, 8
derived measurements, 1 pseudo measurement, and 14 virtual measurements.

One approach to achieve the robustness of setting-less protection is to get the estimation of
primary current (voltage) from the secondary current (voltage). Then, this estimated current and
voltage will be used in the setting-less protection scheme. The weighted least square (WLS)
method is used for the estimation. WLS method provides a solution that minimizes the sum of
squares of the residuals for each single measurement equation. For the nonlinear measurement
model, a local optimal solution can usually be reached using the Newton’s method.

Taking the instrument transformer as an example, any measurement (actual, derived, pseudo or
virtual measurement) can be expressed in terms of the transformers states and the transformer
dynamic model in AQCF form:

X(t,)

x©) T _, [ x@ _
[X(tm)} i {x(tm)} + N X(t=h)+M,i(t—h) + K, +7,

z(t) = h, (x(t), x(t;)) =Y. , [ < }“

~ ~ x® 7 [[x®) T _, [ x)
Z(tm) - htm (X(t)vx(tm)) _th,x |:X(tm)_ + |:X(tm):| th,x |:X(tm):| tm xx(t h) + thl(t h) + Ktm + ntm

Where z is the measurement (actual, derived, pseudo or virtual measurement), x is the state
variables.

Mathematically, the WLS method can be written in the following way:

Min J - Z[h(X). j -3t

i=1

Where n=h(x)-z, s = g'and W =diag(--- 51 -)and &, is the standard deviation of the

meter by which the corresponding measurement z is measured.
The best estimate of the system is obtained from the Gauss-Newton iterative algorithm:

R =R~ (HTWH)TH™W (h(R) - 2)

Where X'refers to the best estimate of the state vector x, and H is the Jacobian matrix of the
oh(x)

OX
The goodness of fit is defined as the probability that the distribution of the measurement errors
are within the expected bounds. Consider the normalized residuals computed at the solution X ,
we have postulated that the normalized residuals are Gaussian random variables with zero mean
and standard deviation 1.

measurement equations: H =

Now the goodness of fit is defined as the probability that the distribution of the measurement
errors is within the expected bounds. This probability is computed as follows. Assume that the
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state estimate has been computed with the least square approach. Consider the normalized
residuals computed at the solution X . We have postulated that the normalized residuals s, are

Gaussian random variables with zero mean and standard deviation 1. Now consider the following

variable
=2
i=1
The probability distribution function of a general chi-square distributed random variable

h(X) - bj

Pr(¢,v) = Pr[x < g] with v degrees of freedom, where ¢ = Zs (X) = Z(
We will call this probability the confidence level of the state estimate. The confidence level is
computed as follows. The confidence level is computed as follows. Consider the

least squares solution X , this solution minimizes the sum of the squares of s,, i.e. any other state

vector x will result in a larger value of »* . The probability of above event, x*> > ¢ is given by
the chi-square distribution

Prix*2¢ [=1-Pr[x* <¢ |-1-Pr({,v)

3.2 Example Results

An example test system is utilized to model instrumentation channels and merging units to create
simulated data of primary currents and measured values at the merging units. Subsequently, the
measured values at the merging unit are used in the dynamic state estimation to provide the best
estimate of primary current. Since the primary current is known form the simulation, the absolute
error of the method can be computed, thus providing and excellent measure of performance of
the proposed method.

The example test system is presented in Figure 3-4. It comprises a 115-kV transmission system.
A current transformer measures phase A current of the line that is located on the left hand side of

the figure. The CT ratio is 800:5A, and the error class for the CT is 10C100. The instrumentation
cable is #10 cable with the length 96 meters. The burden resistance is 0.1 Q.

i

Figure 3-4: Example System for Current Instrumentation Channel Error Correction

13



Event 1: Low CT saturation: A phase A to ground fault at bus MID (middle of Figure 3-4) was
simulated. This fault yields fault current that causes low CT saturation of the instrumentation
channel. The merging unit measures the CT secondary current through the burden resistor, as
shown in Figure 3-5. It can be seen in Figure 3-5 that the CT secondary current is moderately
distorted.

1185A— | CT SEC

-105.3 A : : : : : - Y
26.51 ms 77.70ms

Figure 3-5: CT Secondary Current through the Burden Resistor

Application of the current instrumentation channel error correction algorithm provides the best
estimate of the CT primary current. Figure 3-6, top set of traces, provides a graph of the
estimated primary current, the actual primary current and the primary current computed by
simply multiplying the measurement secondary current time the transformation ratio. The last
quantity is referred to as “Ratio*CT Secondary Current”. Note a sizable difference between the
last quantity and the actual primary current. On the other hand the estimated primary current
tracks very well the actual primary current. The bottom set of traces of Figure 3-6 provides the
error between the uncorrected primary current and the actual primary current as well as the error
between the estimated and actual primary current. Note that without error correction the error
reaches 50% while with error correction the error is below 1%.
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Figure 3-6: Comparison between the CT Primary Current before and after Correction

Event 2: Deep CT Saturation: A phase A to phase C fault at bus MID (middle of Figure 3-4)
was simulated. This fault yields fault current that causes high CT saturation of the
instrumentation channel. The merging unit measures the CT secondary current through the
burden resistor, as shown in Figure 3-7. It can be seen in Figure 3-7 that the CT secondary
current is highly distorted.

3029A— | CT SECAA)

-182.7 A

26.98 ms 77.82ms

Figure 3-7: CT Secondary Current through the Burden Resistor
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Application of the current instrumentation channel error correction algorithm provides the best
estimate of the CT primary current. Figure 3-8, top set of traces, provides a graph of the
estimated primary current, the actual primary current and the primary current computed by
simply multiplying the measurement secondary current time the transformation ratio. The last
quantity is referred to as “Ratio*CT Secondary Current”. Note a large difference between the last
guantity and the actual primary current. On the other hand the estimated primary current tracks
very well the actual primary current. The bottom set of traces of Figure 3-8 provides the error
between the uncorrected primary current and the actual primary current as well as the error
between the estimated and actual primary current. Note that without error correction the error
exceeds 200% while with error correction the error is below 2.5%.
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Figure 3-8: Comparison between the CT Primary Current before and after Correction

This section presented an on-line current instrumentation channel error correction method using
dynamic state estimation. The method can be integrated with the merging units so that they
directly provide corrected values of the primary quantities. The method has been demonstrated
on current instrumentation channels. It can reliably reproduce the primary current under various
saturation conditions of the CT. The computation of the method can be performed within a
fraction of one sampling interval of merging units. This additional latency does not cause any
problems in the streaming of the data from the merging units. The method can be applied equally
well on voltage instrumentation channels.
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4. Application to the RTE System

This section describes the relay setup and laboratory tests with hardware in the loop for the
eventual installation of the DSE based relays (aka setting-less relays) in an RTE substation.

In order to prepare for the installation of the DSE-protection method to the RTE system, the RTE
system has been modeled in the software WinlIGS for the purpose of simulating a variety of
faults and examining the performance of the relay with hardware in the loop. A single line
diagram of the modeled system is given in Figures 4-1, 4-2 and 4-3.

Figure 4-1 shows the single line diagram of the modeled power system which includes the
BLOCAUX substation and its external links to a 225 kV and 90 kV system. Specifically the
BLOCAUX substation is connected to the power grid which is represented with equivalent
sources at the next substations. There are two 225 kV circuits and several 90 kV circuits,
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Figure 4-1: The RTE Subsystem Single Line Diagram
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The substation BLOCAUX consists of the 225 kV section and the 90kV section, which are
interconnected via transformers and short cables inside the substation. The 225 kV and 90 kV
bus configurations of the substation are shown in Figure 4-2 and Figure 4-3, respectively.
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The BLOCAUX substation has many protection zones. For the purpose of this project four
protection zones have been selected for laboratory testing and eventual installation in the

substation. In other words, these zones are targeted for application of the setting-less protective
relay.
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Figure 4-4: RTE — BLOCAUX Substation — Protection Zone 1
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A detailed description of the four protection zones is provided in Appendix G. The detailed
description of each protection zone includes (a) The physical system to be protected. The
protection zone is connected to the rest of the system with interrupting devices (breakers), (b) the
merging units with the data acquisition system (instrumentation channels) that perform
measurements; and the definition of the output measurements by the merging units.

In the next section we present the overall process for setting up and installing the EBP relay for
each one of the protection zones. We also provide example test results with several test events.
We refer to these descriptions and results as use cases. Note that protection zones 1, 2 and 3
comprise a three-phase three-winding transformer and a three-phase cable. Since protection
zones 1, 2 and 3 are similar, we present a use case for protection zone 1 and a use case for
protection zone 4.
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5. Example Test Results, RTE Protection Zone 1

This section describes a use case for preparing and running the setting-less relay for the specific
protection zone 1 of the RTE substation BLOCX. Protection Zone 1 consists of a three-phase
three-winding transformer XFM641 (225 kV/90 kV/10.5 kV), a 90-kV cable 1, four breakers,
and two switches.

First, the protection zone model is developed in the program WinIGS-T. Once the protection
zone model has been defined, it is exported into two files that are readable by the Estimation
Based Protection (EBP) program. The first file contains the model of the protection zone power
components. Note that a protection zone may include one or more components, for example
protection zone 1 contains a transformer, a cable and breakers. Each protection zone component
model is represented in its SCPAQCF format (State, Control, and Parameter Algebraic
Quadratic Companion Form). The second file contains the definition of the measurements. The
measurements definition provides the IED , Merging unit providing the measurement, type of
measurement, and where on the protection zone the measurement was taken. The measurement
definition is key-word oriented.

A number of events have been simulated with the program WinIGS-T, using the RTE
BLOCAUX substation model. The results of the simulation provided by the merging units of the
Protection Zone 1 are stored in COMTRADE format. These files are used for playback through a
series of conversions and amplifiers into merging units connected to the EBP relay in the
laboratory.
The use case demonstrates the EBP setup and testing procedure consisting of the following steps:
e Read model and measurement files
e Read event data (COMTRADE files)

e Run the setting-less relay.

This report includes several simulated events as well as the EBP results.
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5.1. Creating Protection Zone Models for EBP Relays

WinIGS-T includes a tool which automatically generates the model of the user selected
protection zone in the SCPAQCF syntax. The protection zone can be a single component
protection zone or it may comprise several components and/or breakers. The estimation based
protective relay (EBP, a.k.a. setting-less relay) requires the model of the protection zone in
SCPAQCEF standard. The user should select the components that constitute the protection zone
and which must be exported in the SCPAQCF syntax into a file. In addition, the user must
specify the merging units providing data to the EBP relay in order to generate a second file
describing the measurement parameters. These two files are read by the WinXFM-EBP program
that executes the estimation based protective relay algorithm.

5.1.1 Creating the Network Time Domain Model

The procedure to generate the EBP model file begins by building a system model in WinIGS-T.
The WinlIGS-T model could include the entire or part of the large system (for simulation studies
and for generating events) and must also include the models of the protection zone under study.
Specifically:

e The power devices comprising the EBP protection zone.

e The instrumentation channels available to the EBP relay via merging units.

e The breakers/switches that enable the protection of the zone.
The WinIGS-T model for the RTE system, including the necessary merging unit information is
provided along with this document. The single line diagram of the interested protection zone
(i.e., Protection Zone 1) is illustrated in Figure 5-1. Protection Zone 1 contains a three-phase

three-winding transformer, a cable, four breakers, and two switches. The diagram also includes
three Merging Units that capture the voltages and currents from the transformer and the cable.
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Figure 5-1: Single Line Diagram of Protection Zone 1
The parameter dialog of the three-phase three-winding transformer and the cable are illustrated

in Figure 5-2 and Figure 5-3, respectively. This dialog can be accessed via left button double
clicking on the device icon.
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Accept

3 Winding Transformer 641

Short Circuit Test Data  (PU) Winding Impedances (Ohms)
R X Base (MVA) Resistance Reactance
IPs | 001307 | 01226 | 1000 () onms P 3.3083 32.627
| PT | 3140074 | 226126 | 1000 (®  Per Unit S 0.52934 5.2043
I ST I 3158 I 22 49 I 100.0 _(ID Per Cen T 10.423 78.178
|— Equivalent Circuit
Winding Specifications
Primary Secondary Tertiary
| TRNS1~225 | TRNS1~90 | TRNS1~T Circuit Name
| 225  |wy) | e [kl | 105 kvl | 1
C C ¢
Phase Connection
A A (® Standard
B B B 'y O Alternate
® wye () Delt: ® wye(D Delt O wy(®) Delt
Core Parameters - PU at 300.0 MVA Magnetizatiion Curve
1M
Nominal Core Loss - 0.001 pu
MNominal Magnetizing Current - 0.001 pu ‘g
Exponent - | 13.0 = 100ks
o
Core Time Constant : I 1.0 Sec E
% 10k
Sequence Parameters - PU at 300.0 MVA =
| Resistance | Reactance .
Pos/Meg 0.01307 01226 im . 40m ,'_”'iEllﬂm' B T
Primary Zero | 0.007694 0.1210 Wagnetizing Current {Amms)
Second. Zero 0.005380 0.001586
Ground Zero 3.505 21.83 im | A vp | v

Figure 5-2: Parameters of the Three-Phase Three-Winding Transformer

25



[] m Cancel | Accept |

90 KV Cable Auto Title

caBLE1~90 H ABB_2000MM_66KV | TRNs1~90

D Legacy Cable Shield

- q Zoom Page
E I Edit
© Copy

X Delete

. New Cable
. New Conductor

Cable Length (feet)
250.0

Get From GIS

Soil Resistivity
Ohm-meters

150.0

Node Assign |
Read GPS File |
|

Modal Analysis
T
[ Segmentation
Span Lenath Ground Resistance Operating Voltage Freq | 0.0 Hz
Circuit Name (feet) {Ohms) (kV) ) B
1 1 250.0 50.0000 90.0000 Circuit Data
2 New | Copy |
3
4 Delete |

Figure 5-3: Parameters of the Three-Phase Cable
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5.1.2 Creating Measurement Models for Merging Units

The instrumentation channel and measurement parameters to be used by the EBP relay for the
Protection Zone 1 are modeled in the Merging Unit (see MU icon in Figure 5-1). In this example,
three merging units are set up to monitor the phase currents and voltages in the protection zone.
The total number of measurements obtained from merging units is 24 at time t.

The merging unit model parameters and instrumentation channel list can be edited by clicking on
the merging unit icon. This action will bring the user interface illustrated in Figure 5-4. Click on
the Instrumentation button to open the instrumentation channel list dialog, illustrated in Figure 5-
5.

Double-click on each list table entry to inspect the instrumentation channel parameters. Figures
5-6 and 5-7 illustrate examples of a voltage and a current channel, respectively. Note that a
WIinIGS-T instrumentation channel model includes models of the instrument transformer,
instrumentation cable, burdens, and data acquisition device.

A short description of the instrumentation channel parameters is presented in Table 5-1.

Merging Unit ASDU Cancel |  Apply oK

Substation | none [w] Active
Description [MU1 — 100  FontSize
Manufacturer | Manufacturer Instrumentation ‘ ] Non-Synchronized
Model MU320_Reason f
4H - Measurements ’—E SITTLTE
Field Parameters
Network Adaptor [l] Compute Measurements *

MAC Address | 00:00:00:00:00:00 Auto Configure ‘ Simulation Parameters

Merging UnitID | N/A
Data SetID | VA status || ® Update COMTRADE File
syrc I | O Crese S0C e

Figure 5-4: Merging Unit Main Parameter Dialog
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Instrumentation Channels

Name Type StdDev Scale Value Bus Phase Pwr Dev
1 | V.VT1_AN V-Time 0.010000  360000.000 TRNS1~-225 | AN 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1:
2 | V.VT1_ BN V-Time 0010000 360000000 TRNS1~225 | BN 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1:
3 | V_VT1_CN WV-Time 0010000 360000000 TRNS1-225  CN 3 Winding Transformer 641 (Transformer at TRNS1-225 TRNS1:
4 C CIT1A I-Time | 0.010000 @ 3000.000 TRNS1~225 A 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1:
5§ | C_CT1B I-Time | 0.010000 3000000 TRNS1-225 | B 3 Winding Transformer 641 (Transformer at TRNS1-225 TRNS1:
8 C_CT1_C  |Time | 0.010000 3000.000 TRNS1-225 | C 3 Winding Transformer 641 (Transformer at TRNS1-225 TRNS1:
7 C_CT3_A I-Time | 0.010000 500.000 TRNS1~-T A 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1:
8 C.CT3B I|Time | 0010000 500.000 TRNS1-T B 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1:
9 C_CT3_C  |Time | 0010000 500000 TRNS1-T C 3 Winding Transformer 641 (Transformer at TRNS1-225 TRNS1:
A Move Up | New | Delete Auto Default Cancel
v Move Down | Edit | Accept

Figure 5-5: Merging Unit Instrumentation Channel List Dialog

Instrumentation Channel Parameters Cancel | Accept |
ml RTE_BLOCX_Manufacturer Current Direction Transfer Function |
e Channe Name | VTN : Inte Device Update Channel Name |
I Voltage Time Domain Wavei j Outof Device
s Name [pITTT MY AN | NextPhase |

NIRRT 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1~90 TRNS1~T, C |

|_Standard Deviation |[IVIGICTVI PU__ | Meter Scale (Primary) [JEESKTIITRI

Overall Nominal Ratio and Offset I 1200.00 | 0.00 t Update |

Instrument Transformer Instrumentation Cable Attenuator IED
Code Name Length (ft)

| VT1 200.00 — > 1.000000 [ UNTY
I I ﬂ Max Peak Value
| ), | —] 4/\/\/@ —» [ 30000
Calibr Factor

Type Cable Type . | 1.00
| PT-138K COP-PAIR-10 Burden Calibr Offset

| X1-X3 10000.00 Time Skew (us)
Ratio X (Ohms) I 0.00

| 138000.0/115.0 V
| 0.00

L-L Nominal Primary kV

| 225.00 Default Params |

Figure 5-6: Example of a VVoltage Instrumentation Channel Dialog
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Instrumentation Channel Parameters Cancel | Accept |

ml RTE_BLOCX_Manufacturer Current Direction Transfer Function |
Channel Name [[SN& g @ Into Device oo e e |

: .
Data Type I Current Time Domain Wavet j Outof Device
T RS 225 M. o NextPhase |

NI 3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1~90 TRNS1~T, Ci|

|_Standard Deviation [JGITIIGEN PU___ | Meter Scale (Primary) (JESSSETIIX NN A |

Overall Nominal Ratio and Offset I 60.00 | 0.00 t Update |

Instrument Transformer Instrumentation Cable Attenuator IED
Code Name Length (ft)
| CT1 200.00 — M [ 1.000000 [ Ny
I I ﬂ Max Peak Value
| ) | W —» | 50.00
Calibr Factor
Type Cable Type . I 1.00
| CT600-5 COP-PAIR-10 Burden Calibr Offset
Tap R (Ohms) I 0.00
| X2-X4 IT Time Skew (us)
Ratio | 0.00
[ 300.055.0A (L)
| 0.00
L-L Nominal Primary kV
| 225 00 Default Params |

Figure 5-7: Example of a Current Instrumentation Channel Dialog
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Table 5-1: Instrumentation Channel Parameters — User Entry Fields

Parameter Description
Specifies the type of the measured quantity. Valid options for
Data Type merging units are VVoltage Time Domain Waveform and Current
Time Domain Waveform.
Bus Name The bus name where the measurement is taken

Power Device

Identifies the power device into which the current is measured (not
used for voltage measurements)

Phase

The phase of the measured quantity (A, B, C, N, etc.)

Current Direction

The direction of current flow which is considered positive. For
example, checking into device indicates that the positive current
flow is into the power device terminal (See also Power Device
parameter above)

Standard Deviation

Quantifies the expected error of the instrumentation channel in per
unit of the maximum value that the channel can measure (See also
channel scale parameter).

The maximum peak value that the channel can measure defined at
the instrument transformer primary side. Note that this value can be
directly entered by the user, or automatically computed from the

Meter Scale instrument transformer and data acquisition device characteristics.
In order to automatically compute the, click on the Update button
located below the Meter Scale field.
An identifier of the instrument transformer associated with this
Instrument channel. Note that WinIGS uses this identifier to generate the
Transformer Code | channel name. For example, the phase A voltage channel is
Name automatically named V_VT1_AN, if the instrument transformer
name is set to VT1.
Selects instrument transformer parameters from a data library. The
Instrument library includes parameters needed to create instrument channel
Transformer Type | models such as turns ratio, frequency response, etc. To select an
and Tap instrument transformer model, click on the type or tap field to open
the instrument transformer data library dialog (See also Figure 5-8)
L-L Nominal

Primary Voltage

The line to line voltage at the instrument transformer primary side.

Instrumentation
Cable Length

The length of the instrumentation cable connecting the instrument
transformer secondary with the data acquisition device.

Cable Type

The instrumentation cable type and size. Clicking on this field

opens the cable library selection window. Note that if the desired
cable is not found in the library, a cable library editor is available
allowing adding and modifying cable parameters (See WinIGS-T
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user’s manual for details).

Attenuation value of any additional voltage or current reduction

Altenuator divider. Set to 1.0 if none.
Burden The equivalent resistance of the burdens attached to the instrument
transformer secondary.
Selects data acquisition device from an IED library. This setting
IED retrieved the data acquisition device frequency response for the

purpose of applying error correction. Set to UNITY if this
information is not available.

Maximum Peak
Value

Set to the maximum instantaneous (peak) voltage or current value
that will not saturate the data acquisition device input. This value
can be found in data acquisition device specifications. For
example, the GE Merging unit voltage and current max peak values
can be derived from the voltage and current range specifications
shown in Figure 5-9. Note that the range is specified in RMS so

these Figures must be multiplied by J2 to obtain the peak values
(i.e.: 325.3 Volts and 282.8 Amperes)

Calibration Factor

The channel output is multiplied by this value. Set to 1.0 if none
required.

Calibration Offset

This value is added to the channel output. Set to 0.0 if none
required.

Time Skew

Time delay in seconds of this channel with respect to time
reference. Set to zero for no delay.
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Instrument Transformer Library Cancel | Accept |

Transformer | Description : Generic Potential Transformer 138KV/115
CT600-5 Nominal Ratio : 138kV/115V
CTg?”;;g;(MR TestDate - Saturday, June 08, 1991
sz [ ST G _Next Burden |
PT-144K Normalized Response x 1200.0000
PT-69K Yooy 200
PT_10800_115 ' Magnitude
PT_20K Phase
PT_287000_115
PT_TK 2,25 - R0
RITZ-CCVT-138K
TEST_CCVT 8 e
TEST_CT 2 s om0 2
TEST_PT 5 0 e
UNITY = T
0.75- --100
|  Secondary Tap
X1-X3
Y2-Y3 0001 L R N a0
10 100 1k 10k
Frequency (Hz)
Freq= Magn = | Phase = |

@] Unwind Phase

Figure 5-8: Instrument Transformer Library Dialog
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' Reason MU320 Proc s Merging Unit

CURRENT INPUTS

Nominal Current (In)

5A 1A

Nominal frequency

50/60Hz 50/60Hz

Current range (rms)

0.25 .. 200A 0.05 .. 40A «

Accuracy + 0.1%FS. + 0.1%FS.
Impedance ImQ 15mQ
Burden In 50 m VA <0.02 VA

Continuous overload

20A (4% In) 4A (4 x1n)

AC current thermal
withstand 1 s (Ith rms)

320A (64 xIn) | 100A (100x In)

AC current thermal
withstand 10 s (Ith rms)

100A (20 xIn) | 30A (30 xIn)

Insulation >3.5kV >35kV
Bandwidth 3kHz 3k Hz
VOLTAGE INPUTS

Nominal Voltage (Vn) 115V

Nominal frequency 50/60Hz

Voltage range 0.02..230V I «
Accuracy + 01%FS.
Impedance >210kQ

Burden Vn <0.1VA

Continuous overload 240V

Maximum overload (1 s) 460V (4x Vn)
Bandwidth 3kHz

Figure 5-9: Example Input Specifications of a GE MU320 Merging Unit
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Note that the order of the instrumentation channels can be modified using the MoveUp and
MoveDown buttons of the instrumentation channel list dialog (Shown in Figure 5-5). Once the
instrumentation channel parameter entry is completed, click on the Accept button of the
instrumentation channel list dialog, to save the channel parameters. Note that the instrumentation
channel parameters are saved in an ASCII file named:

CASENAME_Fnnnnn.ich

where CASENAME is the WinIGS-T network model file name root, and nnnnn is a 5-digit
integer. These files are stored in the same directory as the WinIGS-T network model file.

The next step is to define the measurements to be used for the EBP relay, in terms of the defined
instrumentation channels. This is accomplished by clicking on the Measurement button of the
merging unit ASDU dialog (Shown in Figure 5-4). This action opens the Measurement List
Dialog illustrated in Figure 5-10.

For most cases (including the protection zone 1 described in this document), the measurement

parameters can be created automatically using the Auto Create button in the Measurement List
Dialog.

Measurement Channels m Manual Edit Mode

Name IED Alias Type Value = Nominal Scale St.Dev

5 V_TRNS1-225_AN Va_l V-Time 225.0kV | 360.0 kV | 0.01C

6 V_TRNS1~225 BN Vb 1 V-Time 225.0kV | 360.0kV | 0.01C

7 V_TRNS1~225_CN Ve 1 V-Thne 225.0kV | 360.0kV | 0.01C

1 C TRNS1~225 TRNS1~90 TRNS1~T 1 TRNS1~225 A | Ia 1 I-Time 60.00 A 3.000 kA | 0.01C

2 C TRNS1~225 TRNS1~90 TRNS1~T 1 TRNS1~225 B Ib 1 I-Time 60.00 A 3.000 kA | 0.01cC

3 C_TRNS1~225_TRNS1~90_TRNSI1~T_1 TRNS1~225 C Ic_1 I-Time 60.00 A 3.000 kA | 0.01C

9 C_TRNS1~225 TRNS1~90 TRNS1~T_1 TRNSI~T_A Ia_2 I-Time 10.00 A 5000 A 0.01C

10 C_TRNS1~225 TRNS1~90 TRENS1~T 1 TRNS1~T B Ib 2 I-Time 10.00 A 500.0 A 0.01C

11 C TRNS1~225 TRNS1~90 TRNS1~T 1 TRNSI-T C Ie 2 I-Time 10.00 A 500.0 A 0.01C
A Move Up | New | Delete | Auto Update | Cancel |
¥  MoveDown | Edit | Autocreate | Auto Mapping | Accept |

Figure 5-10: Measurement List Dialog
Measurement parameters can be manually created and edited using the New and Edit buttons of

the Measurement List dialog (Figure 5-10), which open the measurement parameter dialog
illustrated in Figures 5-11 and 5-12. The fields in this dialog are briefly described in Table 5-2.
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Measurement Definition Cancel | Accept |
Instrumentation Channels Measurement Formula

1 | V_VT1_AN

2 | V_VT1_BN V_VT1_AN

3 | V.VT1CN

4 | CCTLA

5 CCTB

6 CCTiC

7  CCT3A

8  CCT3B

9 CCT3C

o [ |
Validate | Auto Update |

[V TRNS1~225 AN
| Name atiED J{VPRR] | __IED Channel Order |5}
T | RTE_BLOCX_Manufacturer
1 | Referredtof] Primary
|3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1~90 TRANS1~T, Circuit: 1)
| Bus 2 Phase [IREUSEPPIN I Meter Scale (Primary) | INEENEEOTY
| Measurement Type V-Time TR [ 2250kv
I [ 0.9963, 0.016 Deg  [MMETAEEGN] | 001000 pu
INTEEEES [ 0010000 PR [ 0.000000
| Magnitude Calibrationl ISR Phase Calibration (deg) IO

Figure 5-11: Voltage Measurement Parameters Dialog

Measurement Definition Cancel | Accept |

V_VT1_AN

V VT BN C_CT1_A

V_VT1_CN
C_CTLA
C_CT1iB
cCTic
C_CT3A
C_CT3B
CCTic

W = o Wk

A |
Validate | Auto Update |

[C TRNS1~225 TRNS1~90 TRNS1~T 1 TRNS1-225 A

| NameatIED PR [1
I | RTE_BLOCX_Manufacturer
| Fower Device =8 | Primary

|3 Winding Transformer 641 (Transformer at TRNS1~225 TRNS1~90 TRNS1~T, Circuit: 1)
[TRNS1-225 A | 3.000 kA

| -Time | 60.00 A

[ 09858, 0.726 Deg [ 001000 pu
INTEESEES [ 0.001000 INTTEEEE [ 0.000000

[ 100000 [ 000000

Figure 5-12: Current Measurement Parameters Dialog
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Table 5-2: Measurement Parameters — User Entry Fields

Parameter

Description

Measurement
Formula

Mathematical expression giving measurement value in terms of
instrumentation channel values. Note that the measurement formula
for automatically created measurements form instrument channels
is simply the instrument channel name. However, a measurement
can be manually defined as any expression involving all available
instrument channels.

Measurement
Name

Voltage measurements names are automatically formed based on
the bus name, phase and measurement type. For example, a phase A
voltage measurement on Bus TRNS1~225 is automatically named
V_TRNS1~225 AN.

Similarly, current measurements are automatically formed by
identifying a power device and a specific terminal into which the
measured current is flowing. For example, the phase A current into
the transformer at Bus TRNS1~225 is named
C_TRNS1~225 TRNS1~90 TRNS1~T_1 TRNS1~225 A, where
the part TRNS1~225 TRNS1~90 TRNS1~T_1 identifies the
power device as circuit 1 connected to the bus TRNS1~225, and the
last part  TRNS1~225 identifies the terminal into which the
measured current is flowing. Note that the name part 1 is the user
specified Circuit Name of the transformer.

Name at IED

The measurement name as defined by the merging unit or other IED
used. The default channel names vary with IED manufacturers and
IED types. For example, the GE MU320 merging units default
channel names are la_1, Ib_1, Ic_1, for the current channels and
Va_ 1, Vb_1, Vc_1, for voltage channels.

IED Channel
Order

An order number (starting with 1) indicating the ordering of the
channels in the Sample Value packets. For example, GE MU320
merging units SV packets have four current channels followed by
four voltage channels. Thus, the current channel order numbers are
1, 2, 3, 4 for phase A, B, C N, and the voltage channel order
numbers are 5, 6, 7, and 8 for phases A, B, C, and N.

Merging Unit
Scale Factor and
Merging Unit
Offset

These values define the conversion from the 32 bit integer Sample
Values to actual values in VVolts and Amperes. Specifically:
Vk=aXk+b

where VK is a voltage sample in volts, a is the Scale Factor, Xk is
the sample value voltage sample (32 bit integer), and b is the
Merging Unit Offset. The default merging unit scale factor for
voltage channels is 0.01, while for current channels is 0.001.
Default offsets are zero.
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Magnitude
Calibration and

Phase Calibration

Measurement magnitude and a phase angle correction value.
Default values are 1.0 and 0.0 respectively.

In this example, 3 merging units are placed in this protection zone for estimation based
protection. The instrumentation channels of these merging units are listed in Table 5-3. The total
number of these channels is 24.

Table 5-3: Instrumentation Channels of Merging Units in Protection Zone 1

# of
MU Name Voltage Channels Current Channels channels of
this MU
A, B, C at TRNS1~225
MU AN, BN, CN at (into the XFMR) 9
TRNS1~225 A, B, C at TRNS1~T (into
the XFMR)
AN, BN, CN at
MU2 TRNS1~90 A, B, C at TRNS1~90 (into 9
AN, BN, CN at the XFMR)
TRNS1~T
MU3 AN, BN, CN at A, B, C at CABLE1~90 6
CABLE1~90 (into the cable)
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5.1.3 Exporting Measurement and Protection Zone Models
In order to generate the estimation based protective relay files (to be used in the XFM program
EBP feature), perform the following steps:

1. Select the power devices belonging to the protection zone of interest. In this example
select the transformer, cable, and two breakers in the protection zone 1. (NOTE: to select
multiple objects, hold down the CTRL key, and left-click on the elements to be selected).

2. Select the merging units monitoring the voltages and currents to be used in the EBP relay.
In this example, select the merging unit named “MU1”, “*“MU2”, and “MU3” in Figure 5-
2. (NOTE: to select multiple objects, hold down the CTRL key, and left-click on the
elements to be selected).

3. Execute the SCAQCF Export command of the Tools menu, or click on the toolbar icon:

IGSER R
XFM (See also Figure 5-13).

W Fle Edt View Inset Anahis 4 Tech Window Help
] - -
— = I T 000003, 000000 ¢ 5
B L — | —— | e O |..:1 o - = |G CH_AZISD_R1, Cads 150, 10 = 110, Fis: KOKE
5 amdlyn

Figure 5-13: Selecting Zone Power Devices and Merging Units

This command/toolbar button opens the dialog window illustrated in Figure 5-14.
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Export EBP Model Close

|E:h(port File Path —

Sampling Rate | 80 Samples / Cycle 0 Export QDM
| 8 Power Devices Selectec EXpOI’t ‘
| 3 IED's Selected

Report |
1. Select Devices Forming Protection Zone
2. Select Related IED's = )P
3. Select Export File Path i D :
4. Click on Export Button A

Figure 5-14: EBP Export Dialog

4. Click on the entry field under the Export File Path label in order to select the file path of
the files to be generated.

5. Click on the Export button to generate the files. Optionally click on the Report button to
verify that the process was completed successfully (See Figure 5-15)

Export EBP Model Close |

Export File Path

1
IF:\Setti nglessProtection\RTE System\Protection Zone 1\PZone1 N
Sampling Rate | 80 Samples / Cycle O Export QDM

| 8 Power Devices Selectec Export ‘

| 3 IED's Selected

Report |
8 power devices and 3 |IED's processed
1. Select Devices Forming Protection Zone
2. Select Related IED's : )P
3. Select Export File Path —_— D g
4. Click on Export Button A

Figure 5-15: Message Window Indicating EBP File Creation Progress & File Paths

The generated files are next used to automatically setup the EBP relay in the XFM program.
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5.2 Creating Events and Storing in COMTRADE

For the above stated purpose, we use WinlGS-T to define events, simulate the events and store
the results in COMTRADE format. Two such events are described below.

5.2.1 Event A: UseCase_01.A

Event A is defined with a phase A to neutral fault at TRNS1~90 bus within the protection zone.
Figure 5-16 shows the fault model and fault model parameters dialog. This is a fault occurring
inside Zone 1 which should be cleared by opening the two breakers connected to this zone. The
fault is initiated at 0.5 seconds from the start of the simulation.

4 _l ™ ; | 000000 . (00000 = | | Sy - S 9
o W | B || Pase || S0 . A e | -| 5 \‘%. Fau, Coda 151,10 = 150, Fle: NOWE
o L | Bt s L == _
= B Aesun fiﬁ?ws
1 L ]
L | | I T p—;| FTRCTTIVI | =
= ._Q_}H?-?:-'hE El* B |
a. =c_.°;, | Copy Pt Heip |
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Figure 5-16: Network Model with Fault between Phase A and Neutral at Bus TRNS1~90

The simulation is executed for a period of one second. The measurements generated during the
simulation are stored in a COMTRADE file. Figure 5-17 shows the time domain simulation
parameters dialog where the simulation time step, duration, as well as the COMTRADE output is
specified. Note that the time step is selected to match the standard merging unit sampling rate at
80 samples per cycle. For a 50 Hz system this is achieved by selecting the time step at:

At =1,000,000/ (50 x 80 ) = 250 microseconds.

The voltages and currents captured by the three merging units are plotted in Figure 5-18 to
Figure 5-20.

The WInIGS-T case files is named RTE_PZonel EVENT_A.NMT and is provided with this
report. The generated COMTRADE configuration and data files are named
RTE_PZonel EVENT_A BLOCX.cfg and RTE_PZonel EVENT_A BLOCX.dat
respectively.
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Figure 5-18: Voltage and Current Measurements Obtained from Merging Unit 1 in Event A
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Figure 5-19: Voltage and Current Measurements Obtained from Merging Unit 2 in Event A
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Figure 5-20: Voltage and Current Measurements Obtained from Merging Unit 3 in Event A
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5.2.2 Event B: UseCase 01.B

Event B is defined as a phase A to neutral fault at bus A225D2 (an external fault). Figure 5-21
shows the fault model and fault model parameters dialog. This is a fault occurring outside
protection zone 1 and therefore the breakers of zone 1 should not operate. The fault is initiated at
0.5 seconds from the start of the simulation and lasts 0.1 second.
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Figure 5-21: Network Model with Fault between Phase A and Neutral at Bus A225D2

The simulation is executed for a period of one second. The measurements generated during the
simulation are stored in a COMTRADE file. The time step is selected to match the standard
merging unit sampling rate at 80 samples per cycle, which for a 50 Hz system is 250
microseconds (i.e. same as for Event A).

The voltages and currents captured by the three merging units are plotted from Figure 5-22 to
Figure 5-24.

The WinIGS-T case file is named as RTE_PZonel EVENT_B.NMT and is provided with this
report. The generated COMTRADE configuration and data files are named
RTE_PZonel EVENT_B BLOCX.cfg and RTE_PZonel EVENT_B BLOCX.dat,

respectively.
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Figure 5-22: Voltage and Current Measurements Obtained from Merging Unit 1 in Event B
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Figure 5-23: Voltage and Current Measurements Obtained from Merging Unit 2 in Event B
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Figure 5-24: Voltage and Current Measurements Obtained from Merging Unit 3 in Event B
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5.3 EBP Results

This section presents the results obtained from the EBP relay for the use case and events
described in Section 5.2. The EBP relay has been implemented within the WinXFM Program. In
order to setup the EBP relay and run the use cases, execute the WinXFM program, open one of
the provided WinXFM files, and click on the EBP button as indicated in Figure 5-25.

| 2 Ble [de few indow DAG Hep Teok

Com. OS5V cmm DAG P Back Pane Stop . ok =TT DAQ Ap> b Zors Clear PMU Cliest sebial s 50 c (0 >
P B ar - S - =M e gk Bn;:“:.'.*;;E;} '!:._;G)Eigﬁ—;- 1 e e e ) 5§ == BT

T T T ] (N o S1S20Hz 04 Samples Cumox Bl

0000 5 [ 186Ins

Figure 5-25: Opening the EBP Main Setup Form in the WinXFM Program

5.3.1 Event A: UseCase_01.A

As described in Section 5.2, Event A is defined as a phase A to neutral fault at bus TRNS1~90.
To run the EBP relay using the Event A data, execute the WinXFM program and open the
WIinXFM file:

RTE-SYSTEM-B-EVENT-A
Note: this file is provided with this report under the file name RTE-SYSTEM-B-EVENT-A.xfm

Click on the Import button of the main EBP dialog window to open the “Device and
Measurement File” dialog shown in Figure 5-25. Verify that the Zone 1 Device and
Measurement files have been selected and that the model domain and model kind are selected as
“Time Domain” and “Algebraic Companion Form”. Click on the Import button, and verify
that the selected protection zone devices are listed and the active column is checked as illustrated
in Figure 5-26. Click on the Accept button to close the Device and Measurement File dialog.
This procedure imports the measurement definition and device model data generated using the
WinIGS-T program and stored in the data files:

e PZonel. TDMDEF  (Measurement Definition File)

49



e PZonel. TDSCAQCF (Device Model File)

‘ - F Device and Measurement Files Cancel | Accept |

Model Domain Model Kind
® Time Domain {® Algebraic Companion Form
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2 123 \ 90 kV Cable
3 192 \ CB_TRANS1
4 192 \ CB_CABLE1_90
5 192 \ CB_A225D1_B1
6 192 \ CB_A225D1_B2
7 192 \ Switch CB_A90U1_B1
8 192 V Switch CB_AS0U1_B2

Model Importingi?npleted Messages

Figure 5-26: Importing Zone 1 Device and Measurement Definition Files
Next click on the Setup button of the COMTRADE Data block of the main EBP dialog (See
Figure 5-27) to open the COMTRADE Data Playback dialog (shown in Figure 5-28). Verify that

the COMTRADE File Name field indicating the Event A waveform data has been selected: (file
name: RTE_PZonel EVENT_A_BLOCX). Also verify the following:

e Playback rate is set at 4000 samples per second for 50 Hz systems.

e Speed Factor radio button is selected and the speed factor is set to 5.0.
The speed factor option allows the relay response to be observed in slow motion. Otherwise, if
you select the real-time option, the playback will occur in real time and the whole process will be

completed in one second, i.e., the duration of the waveform data stored in the COMTRADE file.

Click on the Close button to close the COMTRADE Data Playback dialog.
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Figure 5-27: Opening the COMTRADE Setup Dialog
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Figure 5-28: Selecting the COMTRADE Data Files for Playback
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At this point, the system is ready to execute the EBP relay using the Event A data. It is

recommended to click on the Save (=) button of the main WinXFM user interface (Horizontal
Tool-Bar) in order to save all entered setup parameters.

Click on the Start button of the EBP Relay block to start the EBP relay, then on the Start button
of the COMTRADE Data block to start streaming the data to the relay.

The performance metrics of this event is illustrated in Figure 5-29. Note that the confidence level
is 100% before the fault, and reaches to zero immediately upon the fault initiation. The trip
decision is then made within a certain delay that can be determined by clicking the Relay
Settings button in Figure 5-27. In addition to the channels shown in Figure 5-29, a list of
available channels for plotting is shown in Figure 5-30. This can be achieved by clicking on the

Select Channels to Display (®) button in the main WinXFM user interface (Horizontal Tool
Bar).

175.2 kv —_ Voltage TRNS1+225_A_TRNS1~225_N (V)
37.75kV | ™Est_Meas_Voltabe_ TRNS1~225_A_TRNS1~225_N (Muusr.  ooore®
37.86kV | Wlge Y

175.2 kV | | | |

922.7 A— Current_TRNS1}225_A (A)
16.89 A T__Est_Meas_Currgnt_TRNS1~225_A (A)
18.44 A _ —

-974.4 A
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Figure 5-29: Plots of Some Actual/Estimated Measurements, Residuals, Confidence Level, and
Trip Decision in Event A
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Figure 5-30: A List of Available Channels for Plotting
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5.3.2 Event B: UseCase 01.B

Event B is defined as a phase A to neutral fault at bus A225D2 (an external fault). To run the
EBP relay using the Event B simulated waveforms, execute the WinXFM program and open the
WinXFM file:

RTE-SYSTEM-B-EVENT-B
Note: this file is provided with this report under the file name RTE-SYSTEM-B-EVENT-B.xfm

Click on the Import button of the main EBP dialog window to open the *“Device and
Measurement Files” dialog shown in Figure 5-31. Verify that the Zone 1 Device and
Measurement files have been selected and that the model domain and model kind are selected as
“Time Domain” and *“Algebraic Companion Form”. Click on the Import button, and verify that
the selected protection zone devices are listed and the active column is checked as illustrated in
Figure 5-31. Click on the Accept button to close the Device and Measurement Files dialog. This
procedure imports the measurement definition and device model data generated using the
WinIGS-T program and stored in the data files:

e PZonel. TDMDEF  (Measurement Definition File)
e PZonel. TDSCAQCF (Device Model File)
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Figure 5-31: Importing Zone 1 Device and Measurement Definition Files

Next click on the Setup button of the COMTRADE Data block of the main EBP dialog (See
Figure 5-32) to open the COMTRADE Data Playback dialog (shown in Figure 5-33).
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Figure 5-32: Opening the COMTRADE Setup Dialog

Verify that the COMTRADE File Name field indicates that the Event B waveform data has
been selected: (file name: RTE_PZonel EVENT_B_BLOCX). Also verify the following:

o Playback rate is set at 4000 samples per second for 50 Hz systems.

e Speed Factor radio button is selected and the speed factor is set to 5.0.
The speed factor option allows the relay response to be observed in slow motion. Otherwise, if
you select the real-time option, the playback will occur in real time and the whole process will be

completed in one second, i.e., the duration of the waveform data stored in the COMTRADE file.

Click on the Close button to close the COMTRADE Data Playback dialog.

56



‘ — F COMTRADE Data Playback
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Figure 5-33: Selecting the COMTRADE Data files for Playback

At this point, the system is ready to execute the EBP relay using the Event B data. It is

recommended to click on the Save (=) button of the main WinXFM user interface (Horizontal
Tool-Bar) in order to save any modified setup parameters.

Click on the Start button of the EBP Relay block to start the EBP relay, then on the Start button
of the COMTRADE Data block to start streaming the data to the relay.

The performance metrics of this event is illustrated in Figure 5-34. Note that the confidence level
is nearly 100% before the fault, as well as during the fault. Only small spikes occur when the
fault is initiated and ended. Note that the breakers remain closed (as expected) during the whole
event since the fault is outside the protection zone. In addition to the channels shown in Figure 5-
34, a list of available channels for plotting is shown in Figure 5-35. This can be achieved by

clicking on the Select Channels to Display (®) button in the main WinXFM user interface
(Horizontal Tool Bar).
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446.3 kV —

84.57 kV
84.89 kV

Voltage_TRNS1}225_A_TRNS1~225_N (V)
Est_Meas_Voltage_ TRNS1~225_A_TRNS1~225_N (V)

17N /0 \//1

-177.7 kV

185.0 A —
40.33 A
42.74 A

-85.20 A

Current_TRNS1[-225_A (A)
Est_Meas_Currént_TRN S1~225_A (A)

25.81 kV —

3M5.7V -

Residual_Voltage_ TRNS1~225_A TRNS1~225_N (V) )Lw

-15.92 kV

1

24.44 A —

2409 A -

Residual_Curreht_TRNS1~225_A (A)

-17.93 A

100.0 —

100.0 =

99.98

—Confidence_LeVel

1.000 u —

0.000

Trip_Decision

-1.000 u

0.450 s

L: 0.483s DT:0.135s R: 0.618s 0.618s

Figure 5-34: Plots of Some Actual/Estimated Measurements, Residuals, Confidence Level, and
Trip Decision in Event B
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Select Channels to Display

F# Displayed Channels Add All Available Channels
F1 Voltage TRNS1~2256 A TRNS1~225 N 1 \oltage TRNS1~225 A TRNS1~225 N ~
Est_Meas_Woltage_TRNS1-225_A TRNE One Bus | 5 Voltage TRWNS1~225 B_TRNS1~225 N
per Frame | 3 Voltage TRNS1~225 C_TRNS1~225_N
F2 Current_TRNS1~225_A 4 Current_TRNS1~225_A
Est_Meas_Current_TRNS1~225_A 5 Current_TENS1~225 B
Add in 6 Current_TENS1~225 C
F3 Residual_Voltage TRMNS1~225 A _TRNS® Separate | 7 Current_TRMNS1-T_A
Frames | & Current_ TRNS1-T_B
F4  Residual_Current_TRNS1~225_A 9 Current_TRENS1~-T_C
: 10 Voltage TRMS1~90_A TRNS1~90_N
F5 Confidence_Level 'gidnd | 11 Voltage_TRNS1~90_B_TRNS1~90_N
= 9 12 Voltage_TRMNS1~90_C_TRNS1~90_N
F6 Trip_Decision faME | 13 Current_TRNS1~30_A
14 Current_TRNS1~30_B
Add to 16 Current_TRNS1~30_C
Selected | 16 Voltage TRNS1~T_A
Frame 17 Voltage_TRMNS1~T_B
18 Voltage_TRMNS1~-T_C
19 Voltage_CABLE1-~-80_A_CABLE1~30_N
Remaove | 20 Voltage CABLE1~90 B CABLE1~30_N
Selected | 21 Voltage CABLE1~30 C_CABLE1~30_N
22 Current_CABLE1~90_A
23 Current_CABLE1~30_B
Remaove | 24 Current_ CABLE1~30_C
All 25 Est Meas Voltage TRNS1~225 A TRNS1~
26 Est_Meas Voltage TRNS1~225 B TRNS1~
Combine Auio 27 Est_Meas_Voltage TRMNS1~225_C_TRMNS1~
Split Selected Sort Color CLOSE | 28 Est_Meas_Current_TRNS1~225_A
29 Est_Meas_Current_TRNS31~225 B bl |

Figure 5-35: A List of Available Channels for Plotting
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6. Example Test Results: RTE Protection Zone 04

This section describes a use case for preparing and running the setting-less relay for the specific
protection zone 4 of the RTE substation BLOCX. Protection Zone 4 is a shunt reactor bank at
the 225 kV section of the BLOCKX substation. The inductor bank is connected to breaker and a
main/transfer bus arrangement.

First, the protection zone model is developed in the program WinIGS-T. Once the protection
zone model has been defined, it is exported into two files that are readable by the Estimation
Based Protection (EBP) program. The first file contains the model of the protection zone power
components. Note that a protection zone may include one or more components, for example
protection zone 4 contains a reactor and breakers. Each protection zone component model is
represented in its SCPAQCF format (State, Control, and Parameter Algebraic Quadratic
Companion Form). The second file contains the definition of the measurements. The
measurements definition provides the IED (Merging unit providing the measurement, type of
measurement, and where on the protection zone the measurement was taken. The measurement
definition is key-word oriented.

A number of events have been simulated with the program WinIGS-T, using the RTE
BLOCAUX substation model. The results of the simulation provided by the merging units of the
Protection Zone 4 are stored in COMTRADE format. These files are used for playback through a
series of conversions and amplifiers into merging units connected to the EBP relay in the
laboratory.
The use case demonstrates the EBP procedure consisting of the following steps:

¢ Read model and measurement files

e Read event data (COMTRADE files)

e Run the setting-less relay.

This report includes several simulated events as well as the EBP results.
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6.1 Creating Protection Zone Models for EBP Relays

WinIGS-T includes a tool which automatically generates the model of the user selected
protection zone in the SCPAQCF syntax. The protection zone can be a single component
protection zone or it may comprise several components and/or breakers. The estimation based
protective relay (EBP, a.k.a. setting-less relay) requires the model of the protection zone in
SCPAQCEF standard. The user should select the components that constitute the protection zone
and which must be exported in the SCPAQCF syntax into a file. In addition, the user must
specify the merging units providing data to the EBP relay in order to generate a second file
describing the measurement parameters. These two files are read by the WinXFM-EBP program
which executes the estimation based protective relay algorithm.

6.1.1 Creating the Network Time Domain Model

The procedure to generate the EBP model file begins by building a system model in WinIGS-T.
The WinlIGS-T model could include the entire or part of the large system (for simulation studies
and for generating events) and must also include the models of the protection zone under study.
Specifically:

e The power devices comprising the EBP protection zone.

e The instrumentation channels available to the EBP relay via merging units.

e The breakers/switches that enable the protection of the zone.
The WinlIGS-T model for the RTE system, including the necessary merging unit information is
provided along with this document. The RTE network model is shown in Figure 6-1. Note that
the RTE substation of interest is represented by the circular icon labelled SUB BLOCKX.

Double click on this icon to open the substation single line diagram view, illustrated in Figure 6-
2.

Next zoom in to view the protection zone if interest i.e. Protection Zone 4, containing a 3-Phase
shunt reactor bank and a breaker. The diagram also includes a Merging Unit which captures the
reactor voltages and currents.
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Figure 6-1: RTE System Network Model
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Figure 6-2: RTE Substation Single Line Diagram (top) and Protection Zone 04 (bottom)
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The parameters dialog of the shunt inductor bank is illustrated in Figure 6-3. This dialog can be
accessed via left button double clicking on the inductor icon. Note that the model parameters are
typical nameplate information such as rated voltage and reactive power. Ensure that the reactor
model parameters are correctly set. The magnetizing current of the inductor are calculated by a
non-linear function in terms of the flux through the core.

Three Phase Shunt Cancel | Accept
IReactor bank
Bus| B~REACTOR Circuit 2
A B C M
Connection
() Delta
[ (® Wye

1.6T6 H

L-L Rated Voltage (RMS) 245 KV

Total Rated Reactive Power -95000.0 KVar

{Paositive for Capacitors, Megative for Reactors)

Series Resistance 0.01 pu

Leakage Inductance [ g1  pu

Saturable Core for Inductor:

Magnetizing current Exponent Mominal flux  Linear Inductance

05 pu | 13 — | 10 pu 200.0 pu
| |
[

Y|
I,

0=1, () . ,5-,;;gm{;L(f)} %

M i

Figure 6-3: Protection Zone 4 Parameters
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6.1.2 Creating Measurement Models for Merging Units

The instrumentation channel and measurement parameters to be used by the EBP relay for the
Zone 4 Protection are modeled in the Merging Unit (see MU icon in Figure 6-2). In this example
the EBP relay monitors the phase currents and voltages at the reactor bank terminals.

The merging unit model parameters and instrumentation channel list can be edited by clicking on
the merging unit icon. This action will bring the user interface illustrated in Figure 6-4. Click on
the Instrumentation button to open the instrumentation channel list dialog, illustrated in Figure 6-
5.

Double-click on each list table entry to inspect the instrumentation channel parameters. Figures
6-6 and 6-7 illustrate examples of a voltage and a current channel respectively. Note that a
WIinIGS-T instrumentation channel model includes models of the instrument transformer,
instrumentation cable, burdens, and data acquisition device (i.e. a merging unit in these
example).

A short description of the instrumentation channel parameters is presented in TABLE 6-1.

Merging Unit ASDU Cancel Apply OK

Substation |[RTE_BLOCX [m] Active
Description |Reaclur Merging Unit —| 0.500 Font Size
Manufacturer | GE Instrumentation ‘ [] Non-Synchronized

Model }4 MU320_GE -

Measurements ’—E 20T L

Field Parameters
[D Compute Measurements *

MAC Address | 00-00-00-00-00-00 Auto Configure ‘ Simulation Parameters

Network Adaptor

Merging UnitID | N/A
Data Set D | /A status | NS [ Update COMTRADE File
sync |G O Create SDC File

* te Maaciurements form From Eield Instrumentation Data
Compute Measurements form From Field Instrumentation Data

Figure 6-4: Merging Unit Main Parameter Dialog
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Instrumentation Channels

Name Type StdDev Scale Value Bus Phase Pwr Dev
1 V_R1_AN  V-Time 0010000 521739130 B~REACTOR AN Reactor |
2 YV RZ2 BN V-Time  0.010000 521739.130 B~REACTOR BN Reactor |
3  V_R3 CN V-Time 0010000 521739130 B~REACTOR CN Reactor |
4  C R4 A I-Time | 0.010000 | 72000.000 A225D3 A Breaker .
§ | C_R5 B I-Time | 0.010000 | 72000.000 A225D3 B Breaker .
6 CR6C [-Time | 0.010000 72000000 A225D3 C Breaker

Accept

A Move Up | New | Delete | Auto Default | Cancel
L i Move Down |

Figure 6-5: Merging Unit Instrumentation Channel List Dialog

Copy Print Help

Instrumentation Channel Parameters Cancel | Accept |
ml RTE_BLOCX_Manufacturer Current Direction Transfer Function |
IV_R1_AN © Into Dewcf Update Channel Name |
I Voltage Time Domain Wavefo | o2 lniaanes

[ Bus Name [ERFYG <[MNITTI AV o] NextPhase |
NS | Reactor bank (Device at B~REACTOR, Circuit: 2) -
Standard Deviation | 0.010000 m Meter Scale (Primary) | 521739.13
Overall Nominal Ratio and Offset | 1739.13 | 0.00 t Update |
Instrument Transformer Instrumentation Cable Attenuator IED
Code Name Length (ft)
| R1 20000 —» ["1.000000 [ UNTY
I +—L Max Peak Value
| () —] —«/\/\% —» [ 300.00
Calibr Factor
Type Cable Type _ | 1.00
| PT-200K COP-PAIR-10 Burden Calibr Offset
Tap R (Ohms) [ 0.00
| X1-X3 1000.00 Time Skew (us)
Ratio | 0.00
[200000.0/115.0 V X (Ohms)
| 0.00
L-L Nominal Primary kV
| 0.60 Default Params |

Figure 6-6: Example of a Voltage Instrumentation Channel Dialog
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Copy Print Help

Instrumentation Channel Parameters

[NT=E] [RTE_BLOCX Manufacturer

Channel Name [[GIZZIE

Data Type I Current Time Domain Wawech

—bus Name [FE

Cancel | Accept |

Current Direction

Transfer Function |

@ Into Device

Update Channel Name |

" Outef Device

NG5 -] NextPhase

| Breaker 4 (Breaker from B~REACTOR to A225D3, Circuit: 1)

E|

0010000 [EUMMINETETREEEN 7200000 NN

Overall Nominal Ratio and Offset |

Instrument Transformer

Instrumentation Cable

Code Name Length (ft)

[ R4 — 20000 —»
—o K =

Type Cable Type

| CT1200-5 COP-PAIR-10

Tap

| X1-X2

Ratio

| 1200.0/5.0A

L-L Nominal Primary kV

240.00 |

Attenuator

| 1.000000

it

0 T upae |

IED
I UNITY

Max Peak Value

—» | 300.00

Calibr Factor

I 1.00

Burden
R (Ohms)

| 1000.00

X (Ohms)

I 0.00
Default Params

Calibr Offset

I 0.00

Time Skew (us)

| 0.00

Figure 6-7: Example of a Current Instrumentation Channel Dialog
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Table 6-1: Instrumentation Channel Parameters — User Entry Fields

Parameter Description

Data Type Specifies the type of the measured quantity. Valid options for
merging units are VVoltage Time Domain Waveform and Current
Time Domain Waveform.

Bus Name The bus name where the measurement is taken

Power Device

Identifies the power device into which the current is measured (not
used for voltage measurements)

Phase

The phase of the measured quantity (A, B, C, N, etc.)

Current Direction

The direction of current flow which is considered positive. For
example, checking into device indicates that the positive current
flow is into the power device terminal (See also Power Device
parameter above)

Standard Deviation

Quantifies the expected error of the instrumentation channel in per
unit of the maximum value that the channel can measure (See also
channel scale parameter).

Meter Scale

The maximum peak value that the channel can measure defined at
the instrument transformer primary side. Note that this value can
be directly entered by the user, or automatically computed from the
instrument transformer and data acquisition device characteristics.
In order to automatically compute the ,click on the Update button
located below the Meter Scale field.

Instrument
Transformer Code
Name

An identifier of the instrument transformer associated with this
channel. Note that WinlIGS uses this identifier to generate the
channel name. For example the phase A voltage channel is
automatically named V_REACTOR_AN, if the instrument
transformer name is set to REACTOR.

Instrument
Transformer Type

Selects instrument transformer parameters from a data library. The
library includes parameters needed to create instrument channel
models such as turns ratio, frequency response, etc. To select an

and Ta . i i
P instrument transformer model, click on the type or tap field to open
the instrument transformer data library dialog (See also Figure 6-8)
L-L Nominal The line to line voltage at the instrument transformer primary side.

Primary Voltage

Instrumentation
Cable Length

The length of the instrumentation cable connecting the instrument
transformer secondary with the data acquisition device.
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Cable Type

The instrumentation cable type and size. Clicking on this field
opens the cable library selection window. Note that if the desired
cable is not found in the library, a cable library editor is available
allowing adding and modifying cable parameters.(See WinIGS-T
user’s manual for details).

Attenuator Attenuation value of any additional voltage or current reduction
divider. Setto 1.0 if none.
Burden The equivalent resistance of the burdens attached to the instrument
transformer secondary.
IED Selects data acquisition device from an IED library. This setting

retrieved the data acquisition device frequency response for the
purpose of applying error correction. Set to UNITY if this
information is not available.

Maximum Peak
Value

Set to the maximum instantaneous (peak) voltage or current value
that will not saturate the data acquisition device input. This value
can be found in data acquisition device specifications. For
example, the GE Merging unit voltage and current max peak values
can be derived from the voltage and current range specifications
shown in Figure 6-9. Note that the range is specified in RMS so

these Figures must be multiplied by V2 to obtain the peak values
(i.e.: 325.3 Volts and 282.8 Amperes)

Calibration Factor

The channel output is multiplied by this value. Set to 1.0 if none
required.

Calibration Offset

This value is added to the channel output. Set to 0.0 if none
required.

Time Skew

Time delay in seconds of this channel with respect to time
reference. Set to zero for no delay.
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Copy Print Help

Instrument Transformer Library Cancel | Accept |

Transformer | Description : Generic Potential Transformer 200KV/115
CT600-5 - Nominal Ratio : 200kV/115V
CT”""R Test Date :  Saturday, June 08, 1991
PT-138K Burden : | R =100.0000 Ohms M
PT-144K Normalized Response x 1739.1304
PT-69K 3.00 4 -75.0
PT_10800_115 ’ Magnitute
PT_20K Phase
PT_287000_115
PT_7K 225 M -0.00
RITZ-CCVT-138K
TEST_CCVT e B
TEST_CT 2 50l om0 ©
TEST PT 5 -
UNITY = &
= 0.75 - --150
|  secondary Tap
X1-X3 [a]
Y2-¥3 0004 o s
10 100 1k 10k
Frequency (Hz)
= Freq = | Magn = Phase = |

- v Unwind Phase

Figure 6-8: Instrument Transformer Library Dialog
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' Reason MU320 Proc s Merging Unit

CURRENT INPUTS

Nominal Current (In)

5A 1A

Nominal frequency

50/60Hz 50/60Hz

Current range (rms)

0.25 .. 200A 0.05 .. 40A «

Accuracy + 0.1%FS. + 0.1%FS.
Impedance ImQ 15mQ
Burden In 50 m VA <0.02 VA

Continuous overload

20A (4% In) 4A (4 x1n)

AC current thermal
withstand 1 s (Ith rms)

320A (64 xIn) | 100A (100x In)

AC current thermal
withstand 10 s (Ith rms)

100A (20 xIn) | 30A (30 xIn)

Insulation >3.5kV >35kV
Bandwidth 3kHz 3k Hz
VOLTAGE INPUTS

Nominal Voltage (Vn) 115V

Nominal frequency 50/60Hz

Voltage range 0.02..230V I «
Accuracy + 01%FS.
Impedance >210kQ

Burden Vn <0.1VA

Continuous overload 240V

Maximum overload (1 s) 460V (4x Vn)
Bandwidth 3kHz

Figure 6-9: Example Input Specifications of A GE MU320 Merging Unit
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Note that the order of the instrumentation channels can be modified using the MoveUp and
MoveDown buttons of the instrumentation channel list dialog (Shown in Figure 6-5). Once the
instrumentation channel parameter entry is completed, click on the Accept button of the
instrumentation channel list dialog, to save the channel parameters. Note that the
instrumentation channel parameters are saved in an ASCII file named:

CASENAME_Fnnnnn.ich

where CASENAME is the WinIGS-T network model file name root, and nnnnn is a 5-digit
integer. These files are stored in the same directory as the WinIGS-T network model file.

The next step is to define the measurements to be used for the EBP relay, in terms of the defined
instrumentation channels. This is accomplished by clicking on the Measurement button of the
merging unit ASDU dialog (Shown in Figure 6-4). This action opens the Measurement List
Dialog illustrated in Figure 6-10.

For most cases (including the protection zone 4 described in this document) the measurement
parameters can be created automatically using the Auto Create button if the Measurement List
Dialog.

Measurement Channels B Manual Edit Mode

Name IED Alias Type Value Nominal Scale St.Dev

5 V_B~REACTOR_AN Va 1 V-Time 600.0V | 521.7kV | 0.01000

6 V_B~REACTOR BN Vb 1 V-Time 600.0V | 521.7kV | 0.01000

7 V_B~REACTOR_CN Ve 1 V-Time 600.0V | 521.7kV | 0.01000

1 C B~REACTOR 2 B~REACTOR A 1Ia 1l I-Time 240.0 A 72.00kA  0.010004

2 C B~REACTOR 2 B~REACTOR B | Ib 1 I-Time 240.0 A 72.00kA  0.010004

3 C B~REACTOR 2 B~REACTOR C Ic 1 I-Time 240.0 A 72.00kA  0.010004
A Move Up | New | Delete | Auto Update | Cancel |
v Move Down | Edit | Auto Create | Auto Mapping | Accept |

Figure 6-10: Measurement List Dialog
Measurement parameters can be manually created and edited using the New and Edit buttons of

the Measurement List dialog (Figure 6-10), which open the measurement parameter dialog
illustrated in Figures 6-11 and 6-12. The fields in this dialog are briefly described in Table 6-2.
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Measurement Definition Cancel | Accept |
Instrumentation Channeils Measurement Formula

[T TvrRi AN V R1_AN

2 V_R2 BN

3 | V.R3CN

4  CR4A

5 CR5B

6 CR6C

- =
Validate | Autoupdate |

| Measurement Hame i &RE;gc:R AN
| Name at IED I VPUE] [s
I | RTE_BLOCX_Manufacturer
T o Rererrea o | IR
IRaactur bank (Device at B~REACTOR, Circuit: 2)
[ vame [ ewov
[ 02955 0.083Deg [ ootooopu
TR [ 0010000 T [ 0000000
[ qooooo [ oooooo

Figure 6-11: Voltage Measurement Parameters Dialog

Measurement Definition Cancel | Accept |
Instrumentation Channels Measurement Formula

[+TvrRa~ — [cR&A
2 V_R2 BN
3  V_R3CN
4 CRAA
5 CR:B
6 CR6C
Y |
Validate |  Autoupdate |
T [C B-REACTOR 2 B~REACTOR A
fla 4 [
| RTE_BLOCX_Manufacturer

[ rowerevce 1 [ Rererreato | T —
|Reactur bank (Device at B~REACTOR, Circuit: 2)

[ Hme [ 2004
[ oootooo [ ooooooo
[ 100000 [ oooooo

Figure 6-12: Current Measurement Parameters Dialog
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Table 6-2: Measurement Parameters — User Entry Fields

Parameter

Description

Measurement
Formula

Mathematical expression giving measurement value in terms of
instrumentation channel values. Note that the measurement
formula for automatically created measurements form instrument
channels is simply the instrument channel name. However, a
measurement can be manually defined as any expression involving
all available instrument channels.

Measurement
Name

Voltage measurements names are automatically formed based on
the bus name, phase and measurement type. For example, a phase
A voltage measurement on Bus REACTOR is automatically named
V_REACTOR_A.

Similarly, current measurements are automatically formed by
identifying a power device and a specific terminal into which the
measured current is flowing. For example, the phase A current into
the shunt reactor connected to bus reactor is named
C_REACTOR_R1 REACTOR_A, where the part REACTOR_R1
identifies the power device as circuit the R1 connected to the bus
REACTOR, and the last part  REACTOR_A identifies the terminal
into which the measured current is flowing. Note that the name part
R1 is the user specified Circuit Name of the reactor connected at
bus REACTOR.

Name at IED

The measurement name as defined by the merging unit or other IED
used. The default channel names vary with IED manufacturers and
IED types. For example the GE MU320 merging units default
channel names are la_1, Ib_1, Ic_1, ... for the current channels and
Va_ 1,Vb_1,Vc_1, ... for voltage channels.

IED Channel
Order

An order number (starting with 1) indicating the ordering of the
channels in the Sample Value packets. For example GE MU320
merging units SV packets have four current channels followed by
four voltage channels. Thus the current channel order numbers are
1, 2, 3, 4 for phase A, B, C N, and the voltage channel order
numbers are 5, 6, 7, and 8 for phases A, B, C, and N.

Merging Unit
Scale Factor and
Merging Unit
Offset

These values define the conversion from the 32 bit integer Sample
Values to actual values in VVolts and Amperes. Specifically:
Vik=aXk+Dh
where VK is a voltage sample in volts, a is the Scale Factor, Xk is
the sample value voltage sample (32 bit integer), and b is the
Merging Unit Offset. The default merging unit scale factor for
voltage channels is 0.01, while for current channels is 0.001.
Default offsets are zero.
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Magnitude
Calibration and
Phase Calibration

Measurement magnitude and a phase angle correction value.
Default values are 1.0 and 0.0 respectively.
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6.1.3 Exporting Measurement and Protection Zone Models

In order to generate the estimation based protective relay files (to be used in the XFM program
EBP feature), perform the following steps:

6. Select the power devices belonging to the protection zone of interest. In this example
select the shunt reactor bank connected to bus REACTOR and also the breaker connected
in series with the shunt reactor bank. (NOTE: to select multiple objects, hold down the
CTRL key, and left-click on the elements to be selected).

7. Select the merging units monitoring the voltages and currents to be used in the EBP relay.
In this example select the merging unit named “Reactor Merging Unit” in Figure 6-2.
(NOTE: to select multiple objects, hold down the CTRL key, and left-click on the
elements to be selected).

8. Execute the SCAQCF Export command of the Tools menu, or click on the toolbar icon:

IGS ER
XFM

(See also Figure 6-13)

B =
5] A22502
= A A225D
e | ==
B =
s "*—_'
e v
P XFM2PRI ‘ AY
Bo s S % “readror O ‘p
- < yzf\f T S

AN -

Y Y 17 RIS 2

<| ™ Y iy ﬁ P ¥ o [xematER

* * / XFM2SEC . .‘ .
/ E CEMISEC

Protection Zone 4

Figure 6-13: Selecting Zone Power Devices and Merging Units
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This command/toolbar button opens the dialog window illustrated in Figure 6-14

9. Click on the entry field under the Export File Path label in order to select the file path of

= [ Bl [t |

' Estimation Based Protection Model Construction

Copy Print  Help
Export EBP Model Close
Export File Path —
\C:\AGC-Projects\DOO_RTE\Zone_4
Sampling Rate 80 Samples / Cycle

2 Power Devices Selectec
1 IED's Selected

~ Export QDM

Export
Report

. Select Devices Forming Protection Zone . .

. Select Related IED's — r)rpy
. Select Export File Path ___5_;;<Jl L

. Click on Export Button

BwW N =

Figure 6-14: EBP Export Dialog

the files to be generated.

10. Click on the Export button to generate the files. Optionally click on the Report button to

verify that the process was completed successfully (See Figure 6-15)

P

(%

Message Window

Clear Close M Bingle Trace

2 power devices and 1 IED's processed

b Measurements Defined

Created: C:MAGC-Projects~000_RTE~Zone_4.TDMDEF
Created: C:~AGC-Projects~000_RTE~Zone_ 4 .TDECAQCE

o ———
[ B LN Y]
e

=)

Figure 6-15: Message Window Indicating EBP File Creation Progress & File Paths

The generated files are next used to automatically setup the EBP relay in the XFM program.
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6.2 Creating Events and Storing in COMTRADE

For the above stated purpose, we use WinlGS-T to define events, simulate the events and store
the results in COMTRADE format. Two such events are described below.

6.2.1 Event A: UseCase_01.A

Event A is defined with a Phase A to neutral fault on the REACTOR bus within the protection
zone. Figure 6-16 shows the fault model and fault model parameters dialog. This is a fault
occurring inside Zone 4 which should be cleared by opening the reactor breaker. The fault is
initiated at 0.5 seconds from the start of the simulation.

Mg{g'mg—ljm’t -----

AB . TE-REACTER

SRR X

Copy Print Help

Y Fault Model Cancel ‘ Accept ‘
Electric Fault with Clearing Logic

Fault Conductance 100.0 Mhos
EBP_RTE-ProtectionZone4 Fault Start Time 0.5 seconds

Fault Clearing Time 0.7 seconds

- -

First Node Name | B~REACTOR_A »
Second Node Name | B~REACTOR_N 7
Circuit Name | 1

Figure 6-16: Network Model with Fault between Phase A and Neutral of REACTOR Bus
The simulation is executed for a period of one second. The measurements generated during the
simulation are stored in a COMTRADE file. Figure 6-17 shows the time domain simulation
parameters dialog where the simulation time step, duration, as well as the COMTRADE output is
specified. Note that the time step is selected to match the standard merging unit sampling rate at
80 samples per cycle. For 50 Hz system this is achieved by selecting the time step at:

At =1.000.000/(50x80) = 250 microseconds.

The voltages and currents captured by the reactor bank merging unit are plotted in Figure 6-18.
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The WinIGS-T case files is named RTE-SYSTEM-B-EVENT-A.nmt and is provided with this
report. The generated COMTRADE configuration and data files are named RTE-SYSTEM-B-
EVENT-A_BLOCX.cfg and RTE-SYSTEM-B-EVENT-A_BLOCX.dat respectively.
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Change File Path
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Figure 6-17: Time Domain Simulation Parameters Dialog.
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Figure 6-18: Time Domain Simulation Output Plot for Event A
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6.2.2 Event B: UseCase 01.B

Event B is defined a Phase A to neutral fault on the bus A225D2. Figure 6-19 shows the fault
model and fault model parameters dialog. This is a fault occurring outside Zone 4 and therefore
the reactor breaker should not operate. The fault is initiated at 0.5 seconds from the start of the
simulation and lasts 0.2 seconds.

] BLOCAUX Substation - Case: RTE-SYSTEM-B-EVENT-B E
==

Copy Print Help D2
concel | _acoapt_|

Fault Conductance | 100.0 Mhos ]

Fault Start Time | 05 seconds
Fault Clearing Time | 0.7 seconds
TRNS3~225
First Node Name | A225D2_A o i
Second Node Name | A225D2_N sl
Circuit Name | 1 l

Figure 6-19: Network Model with Fault between Phase A and Neutral of Bus A225D2.

The simulation is executed for a period of one second. The measurements generated during the
simulation are stored in a COMTRADE file. The time step is selected to match the standard
merging unit sampling rate at 80 samples per cycle, which for a 50 Hz system is 250
microseconds (i.e. same as for Event A).

The voltages and currents captured by the reactor bank merging unit are plotted in Figure 6-20
The WinlIGS-T case files is named RTE-SYSTEM-B-EVENT-B.nmt and is provided with this

report. The generated COMTRADE configuration and data files are named RTE-SYSTEM-B-
EVENT-B_BLOCX.cfg and RTE-SYSTEM-B-EVENT-B_BLOCX.dat respectively.
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Figure 6-20: Time Domain Simulation Output Plot for Event B
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6.3 EBP Results

This section presents the results obtained with the EBP relay for the use case and events
described in Section 6.2. The EBP relay has been implemented within the WinXFM Program.
In order to setup the EBP relay to run the use cases, execute the WinXFM program, open one of
the provided WinXFM files, and click on the EBP button as indicated in Figure 6-21.

| 2 Ble [de few indow DAG Hep Teok

Com. OS5V cmm DAG P Back Pane Stop . ok =TT DAQ Ap> b Zors Clear PMU Cliest sebial s 50 c (0 >
P B ar - S - =M e gk Bn;:“:.'.*;;E;} '!:._;G)Eigﬁ—;- 1 e e e ) 5§ == BT

T T T ] (N o S1S20Hz 04 Samples Cumox Bl

0000 5 [ 186Ins

Figure 6-21: Opening the EBP Main Setup Form in the WinXFM Program

6.3.1 Event a: UseCase_01.A

As described in Section 6.2, event A is defined as a Phase A to neutral fault on the REACTOR
bus. To run the EBP relay using the Event A data, execute the WinXFM program and open the
WinXFM file:

RTE-SYSTEM-B-EVENT-A
Note: this file is provided with this report under the file name RTE-SYSTEM-B-EVENT-A.xfm

Click on the Import button of the main EBP dialog window to open the “Device and
Measurement File” dialog shown in Figure 6-22. Verify that the Zone_4 Device and
Measurement files have been selected and that the two checkboxes titled Time Domain and
Algebraic Companion Form are checked. Click on the Import button, and verify that the
selected protection zone devices are listed and the active column is checked as illustrated in
Figure 6-22. Click on the Accept button to close the Device and Measurement File dialog. This
procedure imports the measurement definition and device model data generated using the
WinIGS-T program and stored in the data files:
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e Zone 4 TDMDEF  (Measurement Definition File)
e Zone 4. TDSCAQCF (Device Model File)

‘ - F Device and Measurement Files cancel | Accept |
I'E'Iodel Domain Model Kind
® Time Domain ® Algebraic Companion Form
| O Quasi-Dynamic Domain ) Differential Equation Form

Device & Measurement Model Files | Zone 4

I Located at Directory =] Normalize Equations Import

| C-\testcases\RTE_WinlGS-T_System_B\Testd_2\ ‘

Select Protection Zone Devices

Code Active  Description
1 102 \% Breaker 4
2 116 \ Reactor bank

Messages

Figure 6-22: Importing Zone 4 Device and Measurement Definition Files

Next click on the Setup button of the COMTRADE Data block of the main EBP dialog (See
Figure 6-23) to open the COMTRADE Data Playback dialog (shown in Figure 6-24). Verify that
the COMTRADE File Name field indicates that the Event A waveform data has been selected:
(file name: RTE-SYSTEM-B-EVENT-A_BLOCX). Also verify the following:

e Playback rate is set at 4000 samples per second for 50 Hz systems.

e Speed Factor radio button is selected and the speed factor is set to 20.0.
The speed factor option allows the relay response to be observed in slow motion. Otherwise, if
you select the real time option, the playback will occur in real time and the whole process will be
completed in one second i.e. the duration of the waveform data stored in the COMTRADE file.

Click on the Close button to close the COMTRADE Data Playback dialog.
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Figure 6-23: Opening the COMTRADE Setup Dialog
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Figure 6-24: Selecting the COMTRADE Data files for Playback
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At this point, the system is ready to execute the EBP relay using the Event A data. It is

o
recommended to click on the Save (EJ) button of the main WinXFM user interface
(Horizontal Tool-Bar) in order to save all entered setup parameters.

Click on the Start button of the EBP Relay block to start the EBP relay, then Click on the Start
button of the COMTRADE Data block. (See Figure 6-25 for the location of these buttons).

. - Estimation Based Protection
Start |-- CPU Time Usage (%) oot |
Stop | Setup | |DI] i - if i Relay Settings |

+ View
e |- R | Block Diagram |
Execution Rate I 0.00 Measurements
SCAQCF
Algorithm | (") SCAQCF - Constraint Setup Animation |
() EKF
Update [(_)  Measurement POt
from [@ Estimates Lo]
Animation |
[] Eval. Performance
4 Performance |
Brmm[__l‘ilm
st | . oo |
sop | setwp | Torget | [N Reset | sewp |

Figure 6-25: Starting the EBP Relay Using Playback Data (COMTRADE)

A number of plots can be viewed on the main WinXFM user interface such as measured and
estimated values trip decision etc. An example of such plots is given in Figure 6-26. A list of
the available channels for plotting is shown in Figure 6-27. Note that the confidence level is
nearly 100% before the fault, and reaches to almost zero immediately upon the fault initiation.
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Figure 6-26: Plots of Measurement and Estimated Values, Confidence Level and Trip Decision
during Event A
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Awvailable Channels

Actual_Inst_Voltage_B~REACTOR_A_B~REACTOR_M
Actual_Inst_Voltage_B~REACTOR_B_B~REACTOR_M
Actual_Inst_Voltage_B~REACTOR_C_B~REACTOR_M
Actual_Inst_Current_B~REACTOR_A
Actual_Inst_Current_B~REACTOR_B
Actual_Inst_Current_B~REACTOR_C
Est_Meas_Actual_Inst_Voltage B~REACTOR_A_B~REACTOR_M
Est_Meas_Actual_Inst_Voltage B~REACTOR_B _B~REACTOR_M
Est_Meas_Actual_Inst_Voltage B~REACTOR_C_B~REACTOR_M
10 Est_Meas_Actual_Inst_Current_B~REACTOR_A

11 Est_Meas_Actual_Inst_Current_B~REACTOR_B

12 Est_Meas_Actual_Inst_Current_B~REACTOR_C

13 Est_State B~REACTOR_A

14 Est_State B~REACTOR_B

15 Est_State B~REACTOR_C

16 Est_State B~REACTOR_N

17 Est_State_Internal_State &

18 Est_State_Internal_State &

19 Est_State_Internal_State 7

20 Est_State_Internal_State 8

21 Est_State_Internal_State 9

22 Est_State_Internal_State_10

23 Est_State_Internal_State_11

24 Est_State_Internal_State 12

25 Est_State_Internal_State_13

26 Est_State_Internal_State 14

27 Est_State_Internal_State_15

28 Est_State_Internal_State 16

29 Est_State_Internal_State 17

30 Est_State_Internal_State_13

31 Est_State_Internal_State_19

32 Est_State_Internal_State_20

33 Est_State_|nternal_State_21

34 Est_State_Internal_State_22

35 Est_State_Internal_State_23

36 Est_State_Internal_State_24

37 Est_State_Internal_State_2%

38 Residual_Actual_Inst_Voltage B~REACTOR_A_B~REACTOR_M
39 Residual_Actual_Inst_Voltage B~REACTOR_B_B~REACTOR_M
40 Residual_Actual_Inst_Voltage B~REACTOR_C_B~REACTOR_M
41 Residual_Actual_Inst_Current_B~REACTOR_A

42 Residual_Actual_Inst_Current_B~REACTOR_B

43 Residual_Actual_Inst_Current_B~REACTOR_C

44 Morm_Res_Actual_Inst_Voltage B~REACTOR_A_B~REACTOR_M
45 Morm_Res_Actual_Inst_Voltage B~REACTOR_B_B~REACTOR_M
46 Morm_Res_Actual_Inst_Voltage B~REACTOR_C_B~REACTOR_M
47 Morm_Res_Actual_Inst_Current_B~REACTOR_A

48 Morm_Res_Actual_Inst_Current_B~REACTOR_B

49 MNorm_Res_Actual_Inst_Current_B~REACTOR_C

50 Chi_Square

51 Confidence_Level

52 Execution_time

53 Trip_Decision

54 Avg_covariance

55 Min_covariance

56 Max_covariance

2= R L RN U QY

Figure 6-27: Available Data for Plotting on the Main WinXFM Window
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6.3.2 Event b: UseCase 01.B

Event B is defined as a Phase A to neutral fault on bus A225D2. To run the EBP relay using the
Event B simulated waveforms, execute the WinXFM program and open the WinXFM file:

RTE-SYSTEM-B-EVENT-B
Note: this file is provided with this report under the file name RTE-SYSTEM-B-EVENT-B.xfm

Click on the Import button of the main EBP dialog window to open the “Device and
Measurement File” dialog shown in Figure 6-28. Verify that the Zone_4 Device and
Measurement files have been selected and that the two checkboxes titled TDSCAQCF and
TDMDEF are checked. Click on the Import button, and verify that the selected protection zone
devices are listed and the active column is checked as illustrated in Figure 6-28. Click on the
Accept button to close the Device and Measurement File dialog. This procedure imports the
measurement definition and device model data generated using the WinlGS-T program and
stored in the data files:

e Zone 4 TDMDEF  (Measurement Definition File)
e Zone 4. TDSCAQCF (Device Model File)

‘ —+ } Device and Measurement Files Cancel J Accept |
I‘Elodel Domain Model Kind
® Time Domain {®) Algebraic Companion Form
| O Quasi-Dynamic Domain  Differential Equation Form

Device & Measurement Model Files | Zone_4

I Located at Directory [m] MNormalize Equations Import

| C-\testcases\RTE_WIinIGS-T_System Bl\Test4 2\ ‘

Code Active  Description
1 192 \ Breaker 4
2 116 \% Reactor bank

Messages

Figure 6-28: Importing Zone 4 Device and Measurement Definition Files
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Next click on the Setup button of the COMTRADE Data block of the main EBP dialog (See
Figure 6-29) to open the COMTRADE Data Playback dialog (shown in Figure 6-30).

(7 Settingless Protection Relay Version 1.00 [E=RE=)
Copy Print Help
E: F Estimation Based Protection | Close |
N s I import
ofl o1 1 10 100
% % I | | | | | Relay Settings

Start \- Stop \ Blm‘ﬁen“:agm |

Secumisal 10 =

# SCAQCF

Algorithm [:‘ SCAQCF - Constraint M

" EKF

v
- u .
| 4 [~ Eval Performance M

Update [~ Measurements
from | & Estimates

Performance
{ Close
Breaker
san | S =
Stop || sewp | Torget | NN Reset sewr |

Figure 6-29: Opening the COMTRADE Setup Dialog

Verify that the COMTRADE File Name field indicates that the Event B waveform data has
been selected: (file name: RTE-SYSTEM-B-EVENT-B_BLOCX). Also verify the following:

e Playback rate is set at 4000 samples per second for 50 Hz systems.

e Speed Factor radio button is selected and the speed factor is set to 20.0.
The speed factor option allows the relay response to be observed in slow motion. Otherwise, if
you select the real time option, the playback will occur in real time and the whole process will be
completed in one second i.e. the duration of the waveform data stored in the COMTRADE file.

Click on the Close button to close the COMTRADE Data Playback dialog.
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' — F COMTRADE Data Playback

COMTRADE File Name
*{RTE-SYSTEM-B-EVENT-B_BLOCX.dat

Frame Rate Playback = _
ose
Record Length | 4000 . Start | Stop | T |
File Rate | 4000.00 fps i
: . Trigger | Pause |
* Playback Rate | 4000.0 Cancel |
Playback_| O Real Time [‘D Wait for Trigger at
Mode Speed Factor 16.66667 ms
‘ L 20.000 O Infinite Loop

—— Playback Position

b I AR R

—— Circular Buffer

Buffer Usage (%)

Size [ 1024 ’i) 40 60 IOO‘I

Status

IIIIIIIII|IIII‘II\I|IIII|\II\|IIII|IIII‘I1\I|IIII|

Figure 6-30: Selecting the COMTRADE Data Files for Playback
At this point, the system is ready to execute the EBP relay using the Event B data. It is
recommended to click on the Save ( £/) button of the main WinXFM user interface (Horizontal
Tool-Bar) in order to save any modified setup parameters.

Click on the Start button of the EBP Relay block to start the EBP relay, then Click on the Start
button of the COMTRADE Data block. (See Figure 6-31 for the location of these buttons).
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Estimation Based Protection
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stop | setwp | I"I’ i " T i Relay Settings |
v View
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Animation
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Stop |  Setup | Target | [NSSENNENN  Reset | sewp | I

Figure 6-31: Starting the EBP Relay Using Playback Data (COMTRADE)

A number of plots can be viewed on the main WinXFM user interface such as measured and
estimated values trip decision etc. An example of such plots is given in Figure 6-32. Note that
the confidence level is nearly 100% before the fault, as well as during the fault. Note that the
breaker remains closed (as expected) since the fault is outside the protection zone.
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Figure 6-32: Plots of Measurement and Estimated Values, Confidence Level and Trip Decision

during Event B
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7. Summary, Conclusions and Future Work

The application of setting-less protection on the RTE substation BLOCAUX has been
demonstrated on selected protection zones of the substation. The application was testing with
numerical experiments and at the laboratory with hardware in the loop. The application was
focused on four protection zones of the BLOCAUX substation. Three of the protection zones
represent a unit protection. Specifically the protection zone consists of a 90 kV three phase cable
and a three winding transformer protected as a single unit. The forth protection zone consists of a
three phase reactor bank. The results demonstrate the feasibility of the approach.

The report also describes a new development, the ability to correct for instrumentation channel
errors within a merging unit. The method has been demonstrated with numerical examples. The
method performs remarkably well correcting the instrumentation channel error even in cases
when the instrument transformer experiences high saturation.

The future plan is to install the setting-less relays in the field. The timetable will depend on the
utility.
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Appendix A: RTE Model: Device List and Parameters

The list of devices that have been modeled is provided in Table A-1. The columns provide
information about the device location, type (transmission line, transformer, etc.) and name. The
device name consists of its operating voltage, device type and the bus/buses that the device is
connected to.

Table A-1: Tabulation of Major Devices Included in the Model

Location | Device Type Name

225 kV SOURCE LIMEUX
3 phase

Voltage

Source
225 kV SOURCE ARGOEUVES

225 kV Transmission Line From S-LIMEUX To LIMEUX

225 kV Transmission Line From ARGEOUVES To S-ARGEVS

. 90 kV Transmission Line From L-NFCHAUM To NFCH~AUM?2
Outside of

Substation

o 90 kV Transmission Line From L-BOURBEL To BOURBEL
Transmission

Line

90 kV Transmission Line From L-CROIXRA To CROIXRAUL

90 kV Transmission Line From L-AUMALE1 To AUMALE1

90 kV Transmission Line From ALLEUX~F2 To L-ALLX-F2

90 kV Transmission Line From FOUILLOY1 To L-FOUILLO
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90 kV Transmission Line From ALLEUX1 To L-ALLEUX1

90 kV Load NEUFCHATEL-AUMALE 2

90 kV Load BOURBEL

90 kV Load CROIXRAULT

Load 90 kV Load AUMALE1
90 kV Load ALLEUX FOUILLOY?2
90 kV Load FOUILLOY 1
90 kV Load ALLEUX1
90 kV cable 1
Underground 90 KV cable 2
Cable
90 kV cable 3
) 225/93/10.5 kV Transformer 641
Inside the
Substation Windi
3-Winding 225/93/9.9 kV Transformer 642
Transformer
225/93/10 kV Transformer 643
o 10.5/0.23 kV Transformer 1
2- Winding
Transformer

9.9/0.23 kV Transformer 2
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10.0/0.23 kV Transformer 3

3-Phase

245 kV 3 phase shunt reactor
Reactor

The parameters of the major devices of the model are provided in this section. Most of the
parameters are taken from the documents provided by RTE. The objective of this part of the
report is to provide a working document on which RTE personnel will mark the correct
parameters of the various components.

The single line diagram of the modeled power system including the BLOCAUX substation and
its external links are shown in Figure A-1. The substation is connected to the power grid via two
225 kV transmission lines terminated to two substations. The remaining system past these two
substations is represented as two equivalent sources. On the 90 kV level, seven 90 kV
transmission lines connect the substation to several substations of the power grid. Because of
lack of information, the rest of the 90 kV power grid is represented with loads — this may change,
most likely we need an equivalent.

The parameters of the major components of the system are provided in several Appendices.

Appendix B provides the parameters of all components in the 225 kV section of the substation
BLOCAUX.

Appendix C provides the parameters of all components in the 90 kV section of the substation
BLOCAUX.

Appendix D provides the parameters of all components connecting the 90 kV and 225 kV
sections of the substation BLOCAUX.

Appendix E provides the parameters of all components in the external 225 kV system.
Appendix F provides the parameters of all components in the external 90 kV system.

Appendix G provides the protection zones of the BLOCAUX substation which were considered
for protection using the setting-less relay.
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Figure A-1: Single Line Diagram of the RTE System including the BLOCAUX Substation and
Its External Links
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Appendix B: BLOCAUX Substation 225 kV Section

The parameters of all components in the 225 kV section of the substation BLOCAUX are
provided here. The 225-kV bus configuration of the substation is shown in the figure below. We
provide the parameters for all components appearing in the single line diagram of Figure B-1.

¢ TumeEux ¢ |ARGEOUVES

A225U1 A225U2

B1~225KV

2225
=

B2B1~225

B2~-225KV

A225D1 A225D2

A225D3 A225D4

REACTOR

Figure B-1: Single Line Diagram of 225 kV Section
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N
— Connection
« Delta
@« Wye
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Figure B-2: 245 kV Shunt Reactor Parameters
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Winding Leakage
|P.s | 0013074 | 0.1226 | 100.0 ¢ Ohms ‘ Resistance | Reactance
|PT | 3149074 | 228126 | 100.0 (& Per Unit p 3.3094 12 597
[sT [ 3188 [ 2249 | 1000 L) Far Cant S 0.56539 5.5510

T 10.423 78.178
Primary Secondary Tertiary
[ XFM1~225 | XFM1~93 | XFM1~10.5 Circuit Number
[ 225,00 | kW(LL) | 93 | kv (L) | 10.5 [ kv (LL) | 1
C
¢ Phase
Connection
A A
(@ Standard
B B B A ~ AHernate
(® Wye (" Delta ® VWye (" Delta (" Viye (& Delta
Core Parameters (PU) Nominal Core Loss : 0.001 pu
Nominal Magnetizing Current : 0.001 pu

f

* Exponent (n) I 5.0
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Equivalent Circuit |

Pos/Neg | Primary Zero | Second. Zero ‘ Ground Zero
R 0.01307 0.007696 0.005382 3.505
X 01226 0.1210 0.001586 21.83

Figure B-3: 225/93/10.5 kV Transformer 641 Parameters
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| 3 Winding Transformer 642
Short Circuit Test Data (PU) Winding Impedances (Ohms)
R X Base (MVA) L
Winding Leakage
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; Base (MVA): | 100.00
Sequence | Pos/Neg | Primary Zero | Second. Zero | Ground Zero
Parameters (PU)
R 0.01050 0.007508 0.002996 3.398
Equivalent Circuit | X 0.1283 0.1256 0.002694 37.85

Figure B-4: 225/93/9.9 kV Transformer 642 Parameters
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"

] e B
Copy Print Help
Cancel | Accept
| 3 Winding Transformer 643
R X Base (MVA) L
Winding Leakage
fps | o001 | 01331 | 1000  Ohms | Resistance | Reactance
|PT | 21824 | 321731 | 100.0 (& Per Unit p 2.7844 15.122
[sT [ 21988 | 3204 [ 1000 () ar Cent S 0.47570 6.0003
T 6.5799 100.41
Primary Secondary Tertiary
| XFM3~225 | XFM3~93 [ XFM3~10 Circuit Number
| 2250 | kv | 93.0 [ kL | 10.0 | kv (LL) | 1
C
¢ ¢ Phase
Connection
A A
(e Standard
B B B A (" Alternate
(® Wye ( Delta (8 Wye (" Delta (" Wye (@ Delta
Core Parameters (PU) Nominal Core Loss : 0.001 pu
Nominal Magnetizing Current : 0.001 pu
* Exponent (n) I 5.0
v A0 n Flux Constant (3,) 1.0 pu
i© =i [ xsignGan
+‘] Base (MVA): | 100.00
Sequence | PosiNeg | Primary Zero | Second. Zero | Ground Zero
Parameters (PU)
R 0.01100 0.007396 0.003608 3.050
Equivalent Circuit | X 0.1331 0.1308 0.002301 30.84

Figure B-5: 225/93/10.0 kV Transformer 643 Parameters
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Copy Print Help

.“pnr‘ Cancel | Accept

Transformer 1

Side 1 Bus 04

G Side 2 Bus

| B1 \ | XFM1~10.5

| 0.23 [ kv A / 2 105 [ kv
 Delta @ Wye B b

" Delta ® Wye

i @ Standard
Phase Connection e A
Transformer Rating (MVA) | 0.25 Tap Setting (pu) | 1.0
ini [ 10
Winding Resistance (pu) | 0.01 AL (1),
i | 1.0
Leakage Reactance (pu) | 0.1 AL (1)
Number of Taps | 1
Nominal Core Loss (pu) |  0.005
Nominal Magnetizing Current (pu) | 0.005 Circuit Number | 1

Figure B-6: 2 Winding Transformer 1 Parameters
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] =N A |

Cancel | Accept

Transformer 2

Copy Print Help

Side 1 Bus C c Side 2 Bus
| B2 \ | XFM2~9.9
A a
| 0.23 [ kv / | 9.9 [ kv
C Delta @ Wye B b " Delta & Wye
i # Standard
Phase Connection . A
Transformer Rating (MVA) | 0.25 Tap Setting (pu) | 1.0
ini 1.0
Winding Resistance (pu) | 0.01 Minimum (pu) |
i 1.0
Leakage Reactance (pu) | 0.1 AEFITIT () I
Number of Taps | 1
Nominal Core Loss (pu) | 0.005
Nominal Magnetizing Current (pu) | 0.005 Circuit Number | 1

Figure B-7: 2 Winding Transformer 2 Parameters
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] o e S

Copy Print Help

me. Cancel | Accept
Side 1 Bus c c Side 2 Bus
| B3 \ | XFM3~10
A a
| 0.23 | kv / | 10 | kv
C Delta & Wye B b C Delta & Wye
. @ Standard
Phase Connection L A
Transformer Rating (MVA) | 0.25 Tap Setting (pu) | 1.0
ini 1.0
Winding Resistance (pu) | 0.01 Minimum (pu) |
i 1.0
Leakage Reactance (pu) | 0.1 Maximum (pu) I
Number of Taps | 1
Nominal Core Loss (pu) | 0.005
Nominal Magnetizing Current (pu) | 0.005 Circuit Number | 1

Figure B-8: 2 Winding Transformer 3 Parameters
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Appendix C: BLOCAUX Substation 90 kV Section

The parameters of all components in the 90 kV section of the substation BLOCAUX are
provided here. The 90-kV bus configuration of the substation is shown in Figure C-1. We
provide the parameters for all components appearing in the single line diagram of Figure C-1.

CABLE1-90 +~ TNFcH-Bunz +~ TeourekL + TcroxRauL
A [

‘ ahu ‘ Adhuz ‘ Adhu3 Adhu4
TB1-00kv
i TEHBA 90KV
rB2B1-90KV
|B2-20Kv
1
A 1 ACH n i
[ne002 e G [AG0DS AQODS
s ca s il
. o= i3 1 i =% * " YcapLe2-90
CABLE3-80 AUMALE1 < a : ALLEUR LE2-~
ALLEUR~F2 FouILLby1

Figure C-1: Single Line Diagram of 90 kV Section
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Appendix D: Cables Between 225 kV and 90 kV Section

The parameters of the three cables connecting the 225 kV and 90 kV sections of the substation
BLOCAUX are provided here. The three 90 kV cables connect the 90 kV section to the 90 kV
side of the transformers in the 225 kV section.

[H ==l X

Copy Print Help

| - | Cancel ‘ Accept ‘
| 90 kV Cable 1 Auto Title

CABLE1~90 H ABB_2000MM_66KV —  xFm1~93

[~ Legacy Cable Shields

O\ Zoom Page
I Edit
@ Copy

X Delete

o New Cable
O New Conductor
Cable Length (feet)
250.0
Get From GIS

Scil Resistivity
Ohm-meters

150.0

Node Assign |
Read GPS File \
|

Modal Analysis

[~ Segmentation

Freq | 60.0 Hz

Span Length Ground Resistance Operating Voltage
Circuit Name (feet) (Ohms) (kV)

CKT1 250.0 50.0000 90.0000 -| Circuit Data
New / Copy \

Delete ‘

Blwir| =

Figure D-1: 90 kV cable 1 Parameters, Inside Substation
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[H|

=i X

Copy Print Help

CABLE2~90 |

m Cancel Accept ‘
90 kV Cable 2 Auto Title
ABB_2000MM_66KV —  xFm2~93

[~ Legacy Cable Shields

Q\ Zoom Page
I Edit
© Copy
X Delete

. New Cable
. New Conductor
Cable Length (feet)
250.0
Get From GIS

Scil Resistivity
Ohm-meters

150.0

Node Assign ‘

Read GPS File \

Modal Analysis ‘

[ Segmentation

Freq | 60.0 Hz

Span Length Ground Resistance Operating Voltage
Circuit Name (feet) (Ohms)
CKT1 250.0 50.0000 90.0000

«| Circuit Data

(Wi =

New / Copy ‘

Delete \

Figure D-2: 90 kV cable 2 Parameters, Inside Substation
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Tl =[5 S

Copy Print Help

| m Cancel ‘ Accept ‘
| 90 kV Cable 3| Auto Title

CABLE3~90 | ABB_2000MM_66KV —  xFm3~e3

[~ Legacy Cable Shields

Q Zoom Page
I Edit
© Copy

X Delete

. New Cable
. New Conductor
Cable Length (feet)
250.0
Get From GIS

Soil Resistivity
Ohm-meters

150.0

Node Assign |

Read GPS File \

Modal Analysis |

[~ Segmentation
Span Lenath Ground Resistance Operating Voltage Freq | 60.0 Hz
Circuit Name (feet) (Ohms) i i
1 CKT1 250.0 50.0000 90.0000 <] Circuit Data
2 New / Copy ‘
&
4 - Delete ‘

Figure D-3: 90 kV cable 3 Parameters, Inside Substation
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Appendix E: 225 kV External System

The parameters of all components in the external 225 kV system are provided here. The single
line diagram is shown in Figure E-1.

=

@\5# -
\Q\ G-
(2

& L 226 kV
—a E‘SQ

Figure E-1: Single Line Diagram of the External 225 kV System

There are two voltage sources and two transmission lines connecting the sources to the
substation BLOCAUX. The parameters of the voltage sources Limeux and Argeouves are given
in the Figure E-2 and Figure E-3, respectively. The 225 kV transmission line parameters are
given as in Figures E-4 and Figure E-5.
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Source Voltage

Line to Meutral

129.90 kv

Line to Line | 225 kv

Phase Angle | 0.0 Degrees

225 kV SOURCE LIMEUX

or Accept

Cancel

Bus Name

S-LIMEUX

{* Positive
Phase Seguence | o~ Negative
= Zero
Circuit Mumber | 2
Source Impedance o s
Positive | Resistance 1.09 0.0021531 | 1000 mva
Sequence Reactance 10.485 0.020711 I 295 () KW(L-L)
Negative | Resistance 1.09 0.0021531 Ll e
Sequence | Reactance 10.485 0.020711 | 506250 Ohms
Zero | Resistance 235 0.0046420
Sequence | peactance 206 0.040691
Update Ohms | Update PU

Figure E-2: 225 kV Source Limeux Parameters
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hosept

225 KV SOURCE ARGEOUVES

Cancel |
Source Voltage e e
Line to Neutral 129.90 kv Update L-N S-ARGEVS |
Line to Line I 225 kv Update L-L
Phase Angle I 0.0 Degrees s
{+ Positive ;
Phase Sequence | ~ Negative .-'r
—— N
" Zero A
Circuit Number I 2 o
Source Impedance o e
Positive | Resistance [ 0815 0.0016099 | 1000 mMva
Sequence | Reactance | 5439 0.010744 5250 KLL)
Negative i Resistance | 0.815 0.0016099 l G514
Sequence | Reactance | 5430 0.010744 [ 508250 Ohms
Zero | Resistance | 0555 0.0010963
Sequence | geactance | 7704 0015218
Update Ohms | Update PU |

Figure E-3: 225 kV Source Argeouves Parameters
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3-P Cancel | Accept |
| 225 kV Transmission Line From S-LIMEUX To LIMEUX| Auto Title

Phase Conductors Type | AAC - I
Size | ASTER 570 slZ

Shields/Neutrals Type | AAC
Size [ PHLOX 1471

Tower/Pole Type | RTE-C1TB3 W A
Circuit Number | 1 | Mt |
Structure Nami N/A 30.7m
| | 249m
Tower/Pole Ground Impedance (Ot | |
R=I 250 x=l 00
| '_,"z 2 Es;
Get From GIS 1—! ine Length (km) | 14.000 i Ha |
Line Span Length (km) | 0.250 -
Soil Resistivity (Ohm-Meters) | 100.0 GA. Power H-Frame WoodPole TOW
Bus Name, Side 1 Circuit Number Bus Name, Side 2
[ SLMEUX @m— 1 —— @ LMEUX
I~ Insulated Shields Dperating Voltage (kV) [ 225.0
———msulation Level (kKV}———
™ Transposed Phases !
i , FOW (Front of Wave) i MN/A
[ Transposed Shields _ :
BIL (Basic Insulation Level) I MN/A
Read GPS Coordinates | AC (AC Withstand) | A

Figure E-4: 225 kV Transmission Line From S-Limeux to Limeux Parameters

The detailed data of this transmission line is not provided by Feb 05, 2017. It is modelled using
the same tower structure as for line From Argeouves to BLOCAUX substation. Table below
provides a comparison of the modeled line parameters with the provided data.

blocaux limeux WinlIGS Model
Rd 0.721 0.813
Xd 5.419 5.242
RO 4.68 4.126
X0 7.652 14.62

114



| 225.0 kV Line From ARGEOUVES To S-ARGEV S|

AutoTitle |

Cancel I

Line Sections Edit | Copy ] Delete Up ‘ Down ]
Length Span Tower Phases Shields Gnd Res | Soil Res =
1 4785 mi | 02175 mi RTE-C1TB3_W AAC/ASTER_570 AAC/PHLOX_116.2 250 100.0
2 20968 mi | 01762 mi RTE-C1TB3_W_NOGAURD AAC/ASTER_570 N/A 250 1000
3 3458 mi | 0.2029 mi RTE-C1TB3_W AAC/ASTER_570 AAC/PHLOX_1471 250 100.0
<] | ol
Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
| ARGEQUVES | 1 | NIA S-ARGEVS —
ASTER_570 / PHLOX_118.2 ER_570 ASTER_570 / PHLOK_147.1

Total Length: 29.21 miles, 154234 ft

Operating Voltage (kV) |

225.0

Figure E-5: 225 kV Trasmission Line From Argeouves to S-Argevs Parameters

Based on the provided data, it is seen that this line has different sections with and without the
guard conductor. Also, the guard conductor is different and there are two types of those.
Therefore, both guard conductor types are modelled as well as the phase conductors. Tower
structure is also modified to with-guard and no-guard. Table below provides a comparison of the
modeled line parameters with the provided data.

argoeuvre blocaux | WinlGS Model
Rd 2.47 2.726
Xd 16.443 17.589
RO 8.79 10.841
X0 52.472 61.797
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Appendix F: 90 kV External System

The parameters of all components in the external 90 kV system are provided here. The system is
shown in Figure F-1.

o
L <© o° &
w

76 568 &hef J

Figure F-1: Single Line Diagram of the External 90 kV System

Because of lack of information, we applied a load at the other ends of the 90 kV lines. We expect
that in the final model we will have an equivalent representation of the stem at the other end of
the 90 kV circuits. The parameters of the external 90 kV transmission lines are given in Figures

F-2 to F-8.
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3-Phase C d Transr 1 cancel | Accept |

| 90 kV Transmission Line From FOUILLOY1 To L-FOUILLO Auto Title |

Phase Conductor: Type | AAC - 7 4m
Size | ASTER 228 i N1m AN2
: A1gT/RA2
Shields/Neutrals Type [ AAC i,
Size [ PHLOX 94 1 ol ii'f:i!-“' 'hi:s'i‘Bz '5*"5 -
Tower/Pole Type | RTE-JANB Cla), e
Circuit Number | 1 1"; L il'r
Structure Nami N/A 28.0m 'ir«"f \Hf'
Tower/Pole Ground Impedance (Ot If 1| 19.4m
R =/ 25.0 X =/ 0.0 Ll
FaY
_GetFrom GIs | ine Length (km) | 5.449 L Y
Line Span Length (km) | 0.287 = - ; .
Soil Resistivity (Ohm-Meters) | 100.0 GA. Power H-Frame WoodPole TOW
Bus Name, Side 1 Circuit Number Bus Name, Side 2
[ FoulLLOY!T @g—— 1 —— @ LFOUILL]
I Insulated Shields Dperating Voltage (kV) [ 90.0
——Insulation Level (kV}——
™ Transposed Phases
g . FOW (Front of Wave) ] MN/A
™ Transposed Shields _ _
BIL (Basic Insulation Level) l MN/A
Read GPS Coordinates | AC (AC Withstand) | NA

Figure F-2: 90 kV Transmission Line From Fouilloyl to L-Fouillo Parameters

Table below provides a comparison of the modeled line parameters with the provided data.

Blocaux - Fouil 1 | WinlIGS Model
Rd 0.79 0.809
Xd 2.11 1.954
RO 2.209 2.369
X0 6.639 5.908

117



90 kV Transmission Line From L-CROIXRA To CROIXRAUL-SEC1 AutoTitle |  Cancel |

Line Sections Edit Copy Delete j Up | Down
Length Span Tower Phases Shields Gnd Res Soil Res *|
1 9.1197 mi  0.1361 mi RTE-KBF-NOGAURD | AAC/CANNA 228 N/A 25.0 100.0
2 42977 mi 0.2047 mi RTE-KBF | AAC/ASTER_228 AAC/PHLOX 941 25.0 100.0
4 | PI
Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
L-CROIXRA | 1 | N/A | CROIXRAUL
CANMA 228 ASTER 228 / FHLOX 541
5 T
*_.i" -!m

7 miles 4 2577 miles

Total Length: 13.42 miles, 70844 ft Operating Voltage (kV) | 90.0

Figure F-3: 90 kV Transmission Line From L-Croixra to Croixraul Parameters

Similar to the “argoeuvre blocaux” line, this line (“blocaux croiraux”) has also sections with and
without guard conductor. Therefore, both cases are considered in the model. Table below
provides a comparison of the modeled line parameters with the provided data.

blocaux croiraux WinlGS Model
Rd 3.28 3.328
Xd 8.44 8.063
RO 7.153 7.282
X0 28.989 29.515
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90 kV Transmission Line From L-BOURBEL To BOURBEL-SECA1 AutoTitle |  Cancel |
Line Sections Edit | Copy | Delete Up | Down |
Length =~ Span Tower | Phases | Shields | Gnd Res  SoilRes =
1 10655 mi 0.1567 mi RTE-KBF-NOGAURD AAC/CROCUS_228 N/A 25.0 100.0
2 15463 mi 01718 mi RTE-KBF | AAC/ASTER_228 = AAC/PHLOX 5248 250 100.0
3  7.9333mi 0.1984 mi RTE-KBF AAC/ASTER 228 = AAC/PHLOX 941 250 100.0
4 ! I >I

Bus Name, Side 1

Circuit Number

Length from GIS

Bus Name, Side 2

= L-BOURBEL | 1 | = | e Rame:
= e o J

10.855 milles

Total Length: 20.13 miles, 106311 ft

7.9333 miles

Operating Voltage (kV) |

90.0

Figure F-4: 90 kV Transmission Line From L-Bourbel to Bourbel Parameters

Table below provides a comparison of the modeled line parameters with the provided data.

blocaux bourbel WinlGS Model
Rd 3.57 4944
Xd 9.19 11.589
RO 7.71 11.546
X0 31.167 41.915
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90 kV Transmission Line From L-AUMALE1 To AUMALE1-SEC1 AutoTide |  Cancel |

Line Sections Edit Copy Delete Up | Down |
| Length ~ Span | Tower | Phases | Shields | GndRes SoillRes  *

1 0673mi | 01346 mi RTE-H1TT-NOGAURD = AAC/CROCUS_228 N/A 25.0 100.0

2 | 08451mi 0.1690 mi RTE-HITT | AAC/ASTER 228 = AAC/PHLOX 941 250 @ 1000
4 I I >|

Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
4 L-AUMALE1 | 1 | N/A | AUMALE1

CROCUS 22 ASTER 228 / PHLOX_94.1
h 5

o] ‘.“

0.673 miles 0.8451 miles

Total Length: 1.52 miles, 8016 ft Operating Voltage (kV) | 90.0

Figure F-5: 90 kV Transmission Line From L-Aumalel to Aumalel Parameters

Table below provides a comparison of the modeled line parameters with the provided data.

aumal blocaux WinlGS Model
Rd 0.32 0.369
Xd 0.83 0.906
RO 0.746 0.744
X0 2.778 3.355
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90 kV Transmission Line From ALLEUX~F2 To L-ALLX-F2-SECA1

AutoTitle ] Cancel |

Line Sections Edit Copy Delete ‘ Up ‘ Down ]
Length Span Tower Phases Shields Gnd Res = Soill Res =
1 4993 mi| 0.1664 mi RTE-KBF AAC/ASTER_228 | AAC/PHLOX 941 250 100.0
2 1.008 mi | 0.2017 mi RTE-KBF AAC/CANNA 228 AAC/PHLOX 94 1 25.0 100.0
3 1.440mi 0160 mi = RTE-KBF-NOGAURD  AAC/ASTER_228 N/A 250 100.0
4 3246 mi| 01708 mi| RTE-KBF-NOGAURD AAC/CANNA_228 N/A 25.0 100.0
4 >1
Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
| ALLEUX~F2 | 1 | N/A | L-ALLX-F2
ASTER. 278 / PHLOX_594.1 CANNA 228 / PHLOX_24.1 .ﬂETEs prrz:] CANNA 228 J
4.553 miles 1.002 miles 1.440 miles 3.246 miles
Total Length: 10.69 miles, 56427 ft Operating Voltage (kV) | 90.0

Figure F-6: 90 kV Transmission Line From Alleux~F2 to L-Allx-F2 Parameters

Table below provides a comparison of the modeled line parameters with the provided data. The
difference between the provided data and the modelled values might be due to the fact that the
model considers all the line sections in parameter calculation from the “Blocaux” substation up

to the load at the end of the line. However, as the line name shows:

“ALLEUX

(GRANDVILLIERS-BLOCAUX-FOUILLIOY 27, it has a substation on the way. Thus, it is
highly probable that the provided data is only for one of these sections since they are lower than

the modeled values.

Blocaux - Fouil 2 WinlGS Model
Rd 0.78 2.601
Xd 2.08 6.280
RO 1.867 6.283
X0 6.79 22.381
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90 kV Transmission Line From ALLEUX1 To L-ALLEUX1

AutoTitle |

Cancel |

Line Sections Edit | Copy | Delete | Up | Down |
Length Span Tower Phases Shields Gnd Res SoilRes  *|
1 8.3277 mi 0.1696 mi RTE-KBF AAC/ASTER_ 228 | AAC/PHLOX 94 .1 25.0 100.0
2 | 21697mi 01669 mi RTE-KBF-NOGAURD AAC/CANNA_228 N/A 25.0 100.0
4| | }l
Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
—I ALLEUX1 | 1 | N/A | L-ALLEUX1 :|
8 / PHLOX_94.1 CANMA 228

_____

Total Length: 10.50 miles, 55426 ft

2.1857 miles

Operating Voltage (kV) | 90.0

Figure F-7: 90 kV Transmission Line From Alleux1 to L-Alleux1 Parameters

Table below provides a comparison of the modeled line parameters with the provided data.

Alleux blocaux WinlGS Model
Rd 2.518 2.522
Xd 6.702 6.072
RO 6.672 6.684
X0 21.033 20.689
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90 kV Transmission Line From L-NFCHAUM To NFCH~AUM2-Sec1 AutoTitle |  Cancel |
Line Sections Edit Copy Delete Up ] Down |
Length Span Tower Phases Shields Gnd Res  SoillRes *
1 11.282mi 01762 mi| RTE-JIAT-NOGAURD = AAC/CANNA 356 N/A 25.0 100.0
2 | 06891mi 01149 mi RTE-JIAT-NOGAURD AAC/CANNA_228 N/A 250 100.0
3 6.307 mi | 0.1577mi RTE-J1AT-NOGAURD = AAC/ASTER 228 N/A 25.0 100.0
4 0791 mi | 0.1979 mi RTE-J1AT AAC/ASTER_228  AAC/PHLOX_94 1 25.0 100.0
5 | 15059mi 0.188mi RTE-J1AT . AAC/ASTER 228 AAC/PHLOX 524 250 100.0
4 | bi
Bus Name, Side 1 Circuit Number Length from GIS Bus Name, Side 2
—] L-NFCHAUM | 1 | N/A | NFCH~AUM2
CANMA,_ 358 CANMA 223 ASTER 228 ASTER 228 / PHLOX_34.1 ASTER 228 / FHLOX_52.4
b et 1

Total Length: 20.58

0.6891 mile:

miles, 108636 ft

Operating Voltage (kV) ]

1.3059 mi

+
B
3

90

Figure F-8: 90 kV Transmission Line From L-NFCHAUM to NFCH~AUM2 Parameters

Table below provides a comparison of the modeled line parameters with the provided data.
Again, since the line has passed a substation on the way to the load, the provided data that is for
only one of these sections differs from the the modeled values that are calculated for the line
from “Blocaux” substation to the load.

aumal blocaux WinlGS Model
Rd 0.31 4.024
Xd 0.82 12.392
RO 0.733 9.001
X0 2.685 46.476
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Appendix G: Definition of Protection Zones Under Consideration

This Appendix defines four protection zones. These zones are targeted for application of the
setting-less protective relay. It should be understood that these zones do not represent all the
protection zones of this substation.

Each protection zone is presented in terms of the following:

1. The physical system to be protected. The protection zone is connected to the rest of the
system with interrupting devices (breakers).

2. The merging units or data acquisition system that perform measurements at the protection
zone. The specific measurements are identified.
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Protection Zone 1

This protection zone comprises the 90 kV Cable 1 plus the 225 kV/93 kV/10.5 kV Transformer
641.

The protection zone can be isolated from the system by the breakers: the Breaker 1 1 and
Breaker 1_2.

Three merging units (Merging Unit 1, 2 and 8) collect measurements to be fed into the setting-
less relay.

~
*._
Z /l'ﬂfD
= | N
[E% V@@ i
SIET '\%
2 s BR a2
n—hli‘l_e-r-g}ng Unit8 %r&)\
0 i i &
=%r'|,’
]
N
._L_Merging Unit1 ‘?‘E =

Merging Unit 2

Figure G-1: Protection Zone 1
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.
(5 EE X
Copy Print Help
Cancel | Accept
| 3 Winding Transformer 641
R X Base (MVA)

Winding Leakage
|P.s | 0013074 | 0.1226 | 100.0 ¢ Ohms ‘ Resistance ‘ Reactance
|PT | 3149074 | 228126 | 100.0 (& Per Unit p 3.3094 12 597
[sT [ 3188 [ 2249 | 1000 ) Far Cant S 0.56539 5.5510

T 10.423 78.178
Primary Secondary Tertiary
[ XFM1~225 | XFM1~93 | XFM1~10.5 Circuit Number
[ 225,00 | kV(LL) | 93 [ kv (L) | 10.5 [ kV(LL) [ 1
C
£ Phase
Connection
A A
(@ Standard
B B B A (" Alternate
(@ Wye (" Delta ® Wye (" Delta (" Wye (@ Delta
Core Parameters (PU) Nominal Core Loss : 0.001 pu
Nominal Magnetizing Current : 0.001 pu
* Exponent (n) I 5.0
——— Flux Constant { )l 1.0 pu
NRTIC &
i© =io [ % sign(i)
; Base (MVA): | 100.00
Sequence ‘ Pos/Neg | Primary Zero | Second. Zero ‘ Ground Zero
Parameters (PU)
R 0.01307 0 007696 0.005382 3505
Equivalent Circuit | X 01226 0.1210 0.001586 2183

Figure G-2: 225 kV /93 kV / 10.5 kV Transformer 641 Parameters
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[H

==l X

Copy Print Help

cABLE1~90

m Cancel ‘ Accept ‘
90 kV Cable 1 Auto Title
ABB_2000MM_66KV H  xFm1-~93

[T Legacy Cable Shields

Q Zoom Page
I Edit
© Copy

X Delete

. New Cable
. New Conductor
Cable Length (feet)
250.0
Get From GIS

Soil Resistivity
Ohm-meters

150.0

Node Assign ‘

Read GPS File \

Modal Analysis ‘

[ Segmentation

Freq | 60.0 Hz

Span Lenath Ground Resistance Operating Voltage
Circuit Name (feet) (Ohms) (kV) i _
1 CKT1 250.0 50.0000 90.0000 -] Circuit Data
2 New / Copy ‘
3
2 - Delete |

Figure G-3: 90 kV Cable 1 Parameters
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1 Yolanda-PC E=RIE X

Copy Print Help

| . . .
Intelligent Electronic Device Cancel l Accept I

Substation | none [¥ IED Active
Description | Merging Unit 1 [™ Update SDC File _
Manufacturer | GE PMU Name | VU320 [v Update COMTRADE File

_ Eormat [f‘ Rectangular
Model H MU320 GE PMU Alias | ALIAS @ Polar
Font Size | 1.0 Instrumentation | Measurements | [ Record Frequency
[” Record dF/dt
I Mon-Synchronized |_|7 Show Links [7 Evaluate M from |

[~ Add Error

mmm Phasor Streaming (C37.118)

Local IP Address: I 143.215.115.187 LI Connect | Protocol
UDP PortNumber: [0 Copy | Start stop | ® TCP | ]
Qutstation IP Address: | 192 168.0.92 Disconnect | " UDP-1
TCP Port Number: [20000 CopyCFG | " UDP-2 I
Outstation ID: |7 View CFG Frame | " TCP/UDP
setfate  |[ 4 ViewbawFame | [ Adjust PC Clock

I I Clear |

Figure G-4: Merging Unit 1 (Captures the Measurements of 225 kV/93 kV /10.5 kV Transformer
641)
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Copy Print- Hetp

Instrumentation Channels

Hame Type StdDav Scale  Valus Bus Phase Pwr Dev it Tap Cable Length  IED  Calf  Offs in+
1 C_CT225 D1_A  C-Phasor 0010000 4000 000 XFM1-225 A 3 Winding Trarsformes 641 (Trarsformer at XFM1-225 XFM1-93 XFM1-105, Circuit 1) CT2000-5MR  X2-X3 COP-PAIR-10 20000 MU320 100 000 1t
2 CCT225 D1 B C-Phasor 0.010000 4000.000 XFMi-225 B 3 Winding Transfomer 641 (Transformer at XFM1-225 XFM1-03 XFM1-10.5, Circuit: 1) CT2000.5MR X2.X3 COP.PAIR-10 20000 MU320 100 000 1
3 C_CT225 D1_C  C-Phasor 0010000 4000 000 XFM1-225 C 3Winding Trarsformes 641 (Trarsformes at XFM1-225 XFM1-93 XFM1-105, Circuit 1)  CT2000-5MR  X2-X3 COP-PAIR-10 20000 MUG20 100 000 1
4 C_CT10_D2_A C-Phasar 0010000 4000 000 XFMI1-105 A 3'Winding Trarsformes 641 (Trarsformers a1 XFM1-225 XFM1-93 XFM1-10.5, Circust 1) CT2000-5MR  X2-X3 COP-PAIR-10 20000 MU0 100 000 1t
8 G CTriop2 8 C-Prasor  0.010000 4000 000 XFM1-105 B 3Winding Transformer 641 [Transtormer at XFM1-225 XFM1-93 XFM1-10.5, Cirowt 1) CT2000.5-MR X2.X3  COP-PAIRA10 20000 MU320 100 00D 1
L] C_CTio. D2 C C-Prasor 0010000 4000000 XFM1-105 C 3'Winding Trarsformes 841 (Trarsformes at XFM1-225 XFM1-93 XFM1-105, Circuit 1) CT2000-5MR  X2-X3 COP-PAIR-10 20000 MU320 100 000 1
. ] ﬂ_
A Move Up ‘ New ‘ Delete Auto Default Cancel

Accept

Figure G-5: Instrumentation Channels of Merging Unit 1

¥  MoveDown | Edit |
B e— -
Copy Print - Help

Measurement Channels

Name IEDAlas  Type Value Nominal Scale StDev Comection Bus Phase  IED 1=
1 CXPMI-223_XFMI-93_XFMI-10.5_I_XFMI-235 A C-Phasor GH0A A000KA 00I000ps 0595/ 00T0Deg NFMI-235 A MU0 F Windng Trasstormer 641 (Trandormer m XFM1-225 XFMI-93 XFMI-10,5, Ccui 1)
2 C_XFMI-228_NFMI-53_XFM1-105_1_NFMI-224 B C-Phasor SH00A S000KA  G0I000p  0995/00T0Deg XFMI-225 B MU320 | 3 Windng Tramformer 641 (Trandormer s XFM1-226 XFM1-93 XFM1-10.5, Cacut 1)
3 C_XFM1 XFM1-83_XFM1-10.5_1_XFM1-225 C C-Phasor 6H0A 4000kA 001000ps 0998 /0070Deg XFMI-215 C MU0 3 Windng Trassformer 641 (Transformer s XFM1~225 XFM1-93 XFM1~10.5, Circuie 1)
4 C_XFMI XFM1-83_XFM1-10.5_1_XFM]-225 78 C-Phasor SH00A 4000kA 001000ps 0998 /0070Deg XFMI-228 7§ MU0 3 Windng Trasformer 641 (Trandormer ot XFM1-228 XFMI1-93 XFM1-10.5, Caaut 1)
B C_XFMI-225_XFM1-93_XFM1-10 £_1_XFM1-10.5.25 C-Phasor 6400A 4000kA 001000ps 0598/ 0070Deg XFMI-105 7§ MU0 3 Windng Trasformer 641 (Trandormer m XFM1-228 XFM1-93 XFM1-10 5, Crat 1)
-
Al B
A Move Up ‘ New ‘ Delete ‘ Auto Update ‘ Cancel \
V¥ Move Down ‘ Edit ‘ Auto Create ‘ Auto Mapping ‘

Figure G-6: Measurement Channels of Merging Unit 1
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[® Yolanda-PC

g

Copy Print Help

| . : .
Intelligent Electronic Device Cancel

I Accept I

Substation | none

[+ IED Active

Description | Merging Unit 2

[~ Update SDC File

[+ Update COMTRADE File

Manufacturer | GE PMU Mame | MuU320
_ Format [(‘ Rectangular
Model H MU320 GE PMU Alias | ALIAS @ Polar
Font Size | 1.0 Instrumentation | Measurements | [~ Record Frequency
[~ Record dF/dt
™ Non-Synchronized |_|7 Show Links [” Evaluate M from |

[~ Add Error

mmm Phasor Streaming (C37.118)

Local IP Address: | 143.215.115.187 | Connect |
UDP Port Number: ID— Copy | Start | Stop |
Outstation IP Address: | 192 168.0 92 Disconnect |
TCP Port Number: [ 20000 copyCFG |
Outstation ID: |T View CFG Frame |

I

Set Rate | I 4 View Data Frame

Protocol

@ 1cp L

" UDP-1

€ UDP-2 [E—

 TCP/UDP

[~ Adjust PC Clock

I Clear |

~
/

Figure G-7: Merging Unit 2 (Captures the Measurements of 90 kV Cable 1)
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Type StdDav Scale Value Bus Phase Pwr Dav At Tap Cable Length IED  Caf Offs Ann  Peak RE =
1 V-Prasol 0010000 300000000 CABLE1-90 AN 90KV Cable 1 (Cable af CABLE1-90 XFM1-03, Circut 1) PTG Y2¥3  COP-PAIRI0 20000 MUS20 100 000 100 30000 100000
2 V-Prasor 0010000 300000 000 CABLE1-80 BN , Ci PTG Y243 COPPAIRAD. 20000 MUS20 100 000 100 30000 1000.00
3 V-Phasor | 0010000 300000 000 CABLE1-80  CN PT60 Y2¥3 | COP-PARI0 20000 MU320 100 | 000 100 30000 100000
4 C-Phasoe | 0010000 48000000 CABLE1-90 A CT2000.5MR  X2X3 COPPAIR-10 20000 MU320 100 000 100 30000 100000
] CPhasor 0010000 4B000.000 CABLE1-%0 B CT00.5MR  X2.X3 COPPAIRA0 20000 MU320 100 000 100 30000 300000
[ CPhasor 0010000 4B000 000 CABLE1-80 © 90 KW Cable 1 (Cable af CABLE1-90 XFM1-63, Circut 1) CT2000.5.MR X2.X3  COP-PAIR-0 20000 MUIZ0 100 000 100 30000 100000

Ll i

A Move Up ‘ New ‘ Delete _ Auto Default ‘ Cancel

Y Move Down

Edit | Accept

Figure G-8: Instrumentation Channels of Merging Unit 2

ful - —— = - L £ : [==to] x|
Copy Print - Help
Name [ED Aliss  Type Value Nominal Scale StDev Correction Bus Phase IED Pwr Dev Formula -

1 V_CABLE1-90_AN V-Phaes S196KV 000KV 0OIOO0pm 0497/ -0030Deg CABLEI-S0 AN | MUII0 90KV Cable 1 (Cable st CABLEL-90 XFMI-03, Crast 1) V_PT_90_DI_AN

2 V_CABLEI-90_BN V-Phascr SI96KV 000KV  ODIOMpm 0497 -0030Deg CABLEI-S0 BN | MU0 90V Cable | (Cable s CABLE]-90 XFMI-93, Ceest 1) V_PT_90_D1_BN

3 WV _CABLE1-90 CN V-Phasor 196KV 000KV 001000ps 0497/ -0050Deg CABLEI-90 ©N MU0 90KV Cable | (Cable 2t CABLEL-90 XFM1-93, Coct 1) V_PT_90_DI_CN

4 C_CABLE1-90_XFML-93_|_CABLE]-50_A C-Phase G004  SBO00KA DOIODpw  0182/26723Dke CABLEI-# A MU0 90KV Cable 1 (Cabile s CABLEL-90 XFMI-03, Censz 1) C_CT_90_D1_A

L} C_CABLE1-80 1-93_1_CABLE1-00 B C-Phasor GHOA  J800kA  0.01000pa  0182/26711Deg CARIEI-D0 B MU0 20KV Cable | {Cable s CABLEL-90 XFM1-03, Crca 1) CCT 80 DL E

8 C_CABLE1-90_ _CABLE1-90_C € -Phases S00A  SE00KA 00I000ps 0182726723 Deg CABLEI-9 € MU0 90kV Cable | (Cable s CABLEI-90 XFM1-95, Crese 1)  C_CT 90 D1 C

T C_CABLE]1-80_XFM1-93_1_CABLE1-50 25 C-Phasor 6H00A  J500kA  O0IO00pa  01E2/216713Deg CABLEI-S0 IS MU0 90KV Cable | (Cable st CABLE1-90 XFMI-93, Cromt 1)  C_CT 90 D1 A~+C_CT 50 D1 B
L | o

A Move Up ‘ New ‘ Delete Auto Update ‘ Cancel I
V¥  Move Down ‘ Edit [ Auto Create | Auto Mapping‘ Accept |

Figure G-9: Measurement Channels of Merging Unit 2
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[®7 Yolanda-PC AL
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Copy Print Help

Intelligent Electronic Device Cancel

I Accept I

Substation | none

[v IED Active

Description | Merging Unit 8

[~ Update SDC File

[v Update COMTRADE File

Set Rate | I 4 View Data Frame

Manufacturer | GE PMU Mame | MU320
. Format [f‘ Rectangular
Model H MU320_GE FMU Alias | ALIAS @ Polar
FontSize [ 10 Instrumentation | Measurements | I Record Frequency
[~ Record dF/dt
[~ Non-Synchronized |—|7 Show Links [ Evaluate M from |
[~ Add Error
mmm Phasor Streaming (C37.118)
Local IP Address: | 143.215.115.187 ﬂ Connect | Protocol
UDP Port Number |0 copy | start |  stop | @ 1CP ]
Outstation IP Address [192.168.0.92 Disconnect |  UDPA1
TCP Port Number: | 20000 copycre |  UDP-2 ]
Outstation ID: |7 View CFG Frame | _r TCP/UDP

[ Adjust PC Clock

I I Clear |

Figure G-10: Merging Unit 8 (Captures the VVoltage Measurements of Bus B1B2~225 kV)
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Copy Print Help
Instrumentation Channels
Name Type StdDev Scale Value Bus Phase Pwr Dev =

1 | V_PT225 D1_AN V-Phasor | 0.010000 360000.000 B1B2~225 = AN BUS-COUPLER (Breaker at

2 | V_PT225 D1_BN V-Phasor | 0.010000 360000.000 B1B2~225 BN BUS-COUPLER (Breaker at

3 | V_PT225 D1_CN | V-Phasor 0.010000 360000.000 B1B2~225 | CN BUS-COUPLER (Breaker at
[« | o
A Move Up | New | Delete Auto Default | Cancel
v Move Down | Edit | Accept

Figure G-11: Instrumentation Channels of Merging Unit 8
[ o s —— — e | |
Copy Print Help
Measurement Channels
Name IED Alias Type Value Nominal Scale St.Dev Correction U~ |

1 V_B1B2~225 AN V-Phasor 225.0kV | 360.0kV | 0.01000 pu @ 0.996/-0.085 Deg

2 V_B1B2~225 BN V-Phasor 225.0kV | 360.0kV | 0.01000 pu @ 0.996 /-0.085 Deg

3 V_B1B2~225 CN V-Phasor 225.0kV | 360.0kV | 0.01000 pu @ 0.996 /-0.085 Deg
[« | o
A Move Up | New | Delete | Auto Update | Cancel |
v Move Down | Edit | Auto Create | Auto Mapping | Accept |

Figure G-12: Measurement Channels of Merging Unit 8

133



Protection Zone 2

This protection zone comprises the 90 kV Cable 2 plus the 225 kV/93 kV/9.9 kV Transformer
642.

The protection zone can be isolated from the system by the breakers: the Breaker 2_1 and
Breaker 2_2.

Three merging units (Merging Unit 3, 4 and 8) collect measurements to be fed into the setting-
less relay.

a
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- i N
[E P °
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PD‘BNC\ %5 .-L"If)
= Wierging Unit 3 ‘bquk‘/
: i t #
a %q,ﬂr
¥
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H 13c
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\f’q' oA +
CR& -+ XFM 842
—

90 KV Cable 2

Figure G-13: Protection Zone 2
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= | [ -

Copy Print Help

Cancel | Accept
| 3 Winding Transformer 642
Short Circuit Test Data (PU) Winding Impedances (Ohms)
R X Base (MVA) -
Winding Leakage
I P-5 I 0.0105 I 0.1283 I 100.0 (" Ohms | Resistance | Reactance
|PT | 2.061699 | 39.7483 | 100.0 (& PerUnit p 2.6578 33.704
[sT [ 2068787 | 3362 | 1000 (et Cont 5 0.45407 5.7581
T 6.0674 121.10
Primary Secondary Tertiary
[ XFM2~225 | XFM2~93 | XFM2~9.9 Circuit Number
[ 22500 | kv(LL) | 93.0 | V(L) | 9.9 | kV(LL) | 1
C
¢ ¢ Phase
Connection
A A
(@ Standard
B B B A (" Alternate
(@ Wye ( Delta (@ VWiye (" Delta (" Viye (& Delta
Core Parameters (PU) Nominal Core Loss : 0.001 pu
Nominal Magnetizing Current : 0.001 pu
* Exponent (n) I 5.0
v 26 n ——— Flux Constant (RD)I 1.0 pu
i©) = io [52| xsign@ae)
; Base (MVA): | 100.00
Sequence PosiNeg | Primary Zero | Second. Zero | Ground Zero
Parameters (PU)
R 0.01050 0.007508 0.002996 3.393
Equivalent Circuit | X 0.1283 0.1256 0.002694 37.85
Figure G-14: 225 kV / 93 kV Transformer 642 Parameters
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CABLE2~90 |
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—  xFm2~93

[~ Legacy Cable Shields

Q\ Zoom Page
I Edit
© Copy
X Delete

. New Cable
. New Conductor
Cable Length (feet)
250.0
Get From GIS

Scil Resistivity
Ohm-meters

150.0

Node Assign ‘

Read GPS File \

Modal Analysis ‘

[ Segmentation

Freq | 60.0 Hz

Span Length Ground Resistance Operating Voltage
Circuit Name (feet) (Ohms) i N
CKT1 250.0 50.0000 90.0000 ] Circuit Data

New / Copy ‘

(Wi =

Delete

Figure G-15: 90 kV Cable 2 Parameters
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[® | Yolanda-PC
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Copy Print Help

| Intelligent Electronic Device Cancel I

Accept I

Substation | none

[v IED Active

Description | Merging Unit 3

[~ Update SDC File

[ Update COMTRADE File
(" Rectangular

Manufacturer | GE PMU Name | MU320
Model H MU320_GE PMU Alias | ALIAS
Font Size | 1.0 Instrumentation | Measurements

Format [ﬁ Polar

| [™ Record Frequency

~ Mon-Synchronized

|—|7 Show Links

[ Record dF/dt
[~ Evaluate M from |
[~ Add Error

mmm Phasor Streaming (C37.118)

Outstation ID: |7
5et Rate

Local IP Address: | 143215115187 ¥ | Connect

UDP PortNumber: [0 Copy | Start stop |
Outstation IP Address: |192.168.0.92 Disconnect |

TCP Port Number: | 20000 Copy CFG |

View CFG Frame I

View Data Frame |

Protocol
o7 [E—
(" UDP-1
€ upP2 [E—
 TCPAUDP

[ Adjust PC Clock

Clear |

Figure G-16: Merging Unit 3 (Captures the Measurements of 225 kV/93 kV Transformer 642)
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i s -

prm—ei T i . — . . e
Copy Print Help
StdDev  Scale  Value P Pt Dov Cable Length  IED  CalF  Offs Atn |
1 C ¥ C-Phasor | 0.010000 A 3 Weding Transtormes 642 (Transtonmes at XFh FM2>G3 XFM2-0.2 Cirout 1) | L R-10
2 C_CT225 D18 CPrasor 0010000 4000000 B 3 Wirding Transtormer 842 (Transtormer at XFMP-225 XFM2-63 XFM2-9.9, Circut 1} 0000 MU0 100 000 10f
3 CCT2S DI C CPrasor 0010000 4000.000 [ 3 Winding Transformer 642 (Transiormer at XFM2~225 XFM2-83 XFM2-9.9, Girout 1) 20000 | MU0 100 000 100
4 CCTI0DZA  CPrasor 0010000 4000.000 A 3 Winding Transformer 642 (Tramstormer at XFM2~225 XFM2-03 XFM2-9.9, Girout 1) . 20000 MUIO0 100 000 10K
5 CCTI0 D28  CPhasor 0010000 4000.000 B 3 Winding Trivestormer 842 (Transtormer at XFM2-225 XFM2-33 XFM2-9.9, Cirowt 1) ] 20000 MU0 100 000 100
L c_Ccro oz c C-Pnasor  0.010000  4000.000 XFM2-29 C 3Winding Transtonmer 642 (Transformer at XKFM2-225 XFM2-23 XFM2-9.9, Cirout 1) CT2000-5-MR  X2.X3 COP.PAR.I0 20000 MU3I20 100 000 100
o W
A Move Up [ New ‘ Delete ‘ Auto Default l Cancel
v Move Down ‘ Edit ‘ Accept
0 . — - ESECT x
Copy Print Help
Name IEDAlias  Type  Value Nominal Scale StDev Cormection Bus Fhase  IED Pwr Dev -
1 C_XPM-115_NFM2-93_XFMI-99 1 NFMI-2 C-Phasor 64004 4000kA 00I0Mpa 0998 0070Deg XFMI-25 A MU 3 Windeg Transfommer 642 (Trandormer st XFM2-225 XFM2-93 XFMI-99, Corcue 1) | €
2 C_XFM2-125_NFMI-93_XFM2-99_|_XFMI-225 | C-Phasor G00A  4000kA DOIONps  099E/0070De XFMI-15 B MUI20 3 Windeng Transforsser 642 (Transfoemer se NFM2-115 NFM2-93 NFMI-99, Coen 1) C_
3 C_XPM2-125_NFM2-83_XFMI-99_1_XFMI C-Phasor G400A  4000kA DOIOMpu 095 000Dy XPM-1S C MU0 3 Windig Transforser 642 (Transformer a XFN2-125 XFMI-93 XFMI-99, Crcuc 1) | €,
4 C_XFM2-225_XFMI-93_NFM2-99_1_XFM2 C-Phasor 6400A 4000kA 00I000pa 0998 0070Dey XFMI-IIS 25 MUS20 3 Windig Transfommer 642 (Transformer at XEM2-125 XFM2-93 XFMI-99, Circe 1) | ©
B C_XFM2-128 NFM2-53 NFM2-99 1 MFMI- C-Phasor GODA  1000kA DOIOMp O9IE D0TODes NFMI-G5 A MUI20 3 Winding Trameforser 642 (Tramfoemer st NFM2-228 NFM2-93 NFM2-99, Coau 1) C_
(] XFM2-53_XFMI-99_1_XFMI-0.9 B C-Phasor GI00A  4000kA  00I000pu 0998 0070Deg NFMI-99 B MUI20 3 Winding Transformer 642 (Transformer at XFM NFM2-93 KFM2-99, Crcu 1) C
7 12-53_XFMI-99_1_XFMI-09_C C-Phasor GH00A  4000kA 00I000ps 0995 0070Deg XFMI-95  C MUI20 3 Windig Transformer 642 (Transformer ac XFMI-125 XFMI-91 XFMI-99, Crcuc 1) | C,
] XFM2-93_XFM2-99_1_XFM2-99 75 C-Phasor 69004 4000kA 001000pa O99E/0070Dey XFM2-9% 2 MU320 3 Winding Transforsser 642 (Tramformer at XFM2-228 XFM2-93 XFM2-99, Coer 1) €
Lel | i

A New ‘ Delete ‘ Auto Update

Edit |

Move Up [

‘ Cancel |

¥ Move Down [ Auto Create ‘ Auto Mapping ‘

Accept

Figure G-18: Measurement Channels of Merging Unit 3
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|8 Yolanda-PC

Copy Print Help

| . . .
Intelligent Electronic Device Cancel I

Accept

Substation | none

[¥ IED Active

Description | Merging Unit 4

[~ Update SDC File

[v Update COMTRADE File
" Rectangular

Manufacturer | GE PMU Mame | MU320
Model H MU320_GE PMU Alias | ALIAS
Font Size | 1.0 Instrumentation | Measurements

Faormat [
™ Polar

| [~ Record Frequency

[” Mon-Synchronized

LF Show Links

[” Record dF/dt
[~ Evaluate M from |

Outstation ID: |7
Set Rate

e

View CFG Frame

View Data Frame |

[~ Add Error
mmm Phasor Streaming (C37.118)
Local IP Address: | 143.215.115.187 v | Comest |  Protocol
UDF Port Number: | copy | Start stop | ® TCP | ]
DQutstation IP Address: | 192 168.0 92 Disconnect | " UDP-1
TCP Port Number: [20000 CopyCFG | " UDP-2 .
| (~ TCP/UDP

[ Adjust PC Clock

Clear |

Figure G-19: Merging Unit 4 (Captures the Measurements of 90 kV Cable 2)
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] e — = - =

Instrumentation Channels
Hams Type StdDav Scale Value Bus Phase Pwr Dav At Tap Cable Length IED  Caf Offs Ann  Peak RE =

1 V_PT-80_D1_AN V-Phasor 0010000 300000 000 CABLE2-90 AN 90 kV Cable 2 (Cable a1 CABLE2-90 XFM2-93, Circuit 1) PT-E9K Y2.¥3 COP-PAIR-10 20000 MU320 100 ©00 100 30000 100000

2 V_PT-820_D1_BN  V-Phasor 0010000 300000 000 CABLEZ2-00 BN 90 kV Cable 2 (Cable al CABLEZ2-90 XFM2- PTA9K ¥2.¥3 COPPAIRA0 20000 MU320 100 000 100 30000 1000.00

3 V_PT-80 D1_CN  V-Phasar 0010000 300000000 CABLE2-00 CN 90 kV Cable 2 (Cable a! CABLE2-90 XFM2-! PT-E3K Y2¥3 COP-PAIR-10 20000 MUS20 100 ©00 100 30000 100000

4 C_CT-90 D2 A C-Phasor 0010000  4000.000 CABLE2-90 A 90 kV Cable 2 (Cable at CABLE2-90 XFM2-93, Circust 1) CT2000-5-MR = X2.X3 COP-PAIR-10 20000 MUG20 100 000 100 2500 010

L] C_CT-90_DZ_B C.Phasor 0010000 4000000 CABLEZ-00 B 90 kV Cable 2 (Cable a1 CABLEZ-90 XFM2-93, Circst 1) CT2000.5-MR  X2.X3 COP-PAIR0 20000 MU3S20 100 000 100 2500 010

L] C_CT-%0 D2 C C-Prasor 0010000 4000000 CABLE2-%0 C 90 kV Cable 2 (Cable af CABLE2-90 XFM2-93, Circuit 1)  CT2000-5-MR  X2.X3 COP-PAIR-10 20000 MU320 100 000 100 2500 010
| a
A Move Up ‘ New ‘ Delete Auto Default ‘ Cancel

¥  MoveDown | Edit | Accept

Figure G-20: Instrumentation Channels of Merging Unit 4

8] - —— - =11 =
Copy Print- Hetp
Name IED Aliass  Type  Value Nominal Scale St0ev Correction Bus Pwr Dev Formula -

1 V_CABLE2-90_AN A 5196V 300KV | 001000pu 0487 /.0030Deg CABLE2-30 90 kV Cable 2 {Cable 2t CABLE2~90 NFM2-93, Crcui 1) V_PT-50_D1_AN

2 V_CABLE2-8) BN V-Phaee SISSEV 000KV 001000 0497 /-003Deg CABLE1-S0 90KV Cable 2 {Cable 22 CABLE2-90 NFM2-93, Cocu 1) V_PT-80_D1_BN

3 V_CABLEZ-90_CN V-Phascr S196KV 300KV 001000pus 0497 /.0030Deg CABLEI-30 90 kV Cable 2 (Cable 22 CABLE2-90 XFM2-93, Crcur 1) V_PT-90_D1_CN

4 C_CABLE2-90_NFM1-93_1 CABLEI-90_A C-Phasor G00A  4000kA  001000py 0.998/00T0Deg = CABLEI-90 90 kV Cable 2 (Cable 22 CABLE2~90 NFM2-93, Ccut 1) C_CT-90. D2 A

B  C_CABLE2-50_XFM2-93_1_CABLE2-90_B C-Phasce S00A  4000KA 001000pu 0998/ 0070Deg CABLE2-90 90KV Cabile 2 {Cable 2 CABLE2-90 NFM2-93, Coee 1) €_CT-50_D2 B

& C_CABLE2-90_XFM1-93_1_CABLE}-90_C C-Phasor G00A  4000kA  001000py 0998 /0070Deg CABLEI-S0 90 kV Cable 2 {Cable 28 CABLE2-90 NFM2~93, Ccue 1) C_CT-90.D2.C
gii] i

A Move Up | New ‘ Delete ‘ Auto Update ‘ Cancel

¥  Move Down ‘ Edit ‘ Auto Create ‘ Auto Mapping ‘ Accept

Figure G-21: Measurement Channels of Merging Unit 4
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Protection Zone 3

This protection zone comprises the 90 kV Cable 3 plus the 225 kV/93 kV/10.0 kV Transformer
643.

The protection zone can be isolated from the system by the breakers: the Breaker 3 1 and
Breaker 3_2.

Three merging units (Merging Unit 5, 6 and 8) collect measurements to be fed into the setting-
less relay.
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90 KV Cable 3

Figure G-22: Protection Zone 3
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] e B
Copy Print Help
Cancel | Accept
| 3 Winding Transformer 643
R X Base (MVA) L
Winding Leakage
fps | o001 | 01331 | 1000  Ohms | Resistance | Reactance
|PT | 21824 | 321731 | 100.0 (& Per Unit p 2.7844 15.122
[sT [ 21988 | 3204 [ 1000 () ar Cent S 0.47570 6.0003
T 6.5799 100.41
Primary Secondary Tertiary
| XFM3~225 | XFM3~93 [ XFM3~10 Circuit Number
| 2250 | kv | 93.0 [ kL | 10.0 | kv (LL) | 1
C
¢ ¢ Phase
Connection
A A
(e Standard
B B B A (" Alternate
(® Wye ( Delta (8 Wye (" Delta (" Wye (@ Delta
Core Parameters (PU) Nominal Core Loss : 0.001 pu
Nominal Magnetizing Current : 0.001 pu
* Exponent (n) I 5.0
v A0 n Flux Constant (3,) 1.0 pu
i© =i [ xsignGan
+‘] Base (MVA): | 100.00
Sequence | PosiNeg | Primary Zero | Second. Zero | Ground Zero
Parameters (PU)
R 0.01100 0.007396 0.003608 3.050
Equivalent Circuit | X 0.1331 0.1308 0.002301 30.84

Figure G-23: 225 kV / 93 kV Transformer 643 Parameters
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Figure G-27: Measurement Channels of Merging Unit 5
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Figure G-28: Merging Unit 6 (Captures the Measurements of 90 kV Cable 3)
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Figure G-29: Instrumentation Channels of Merging Unit 6
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Figure G-30: Measurement Channels of Merging Unit 6
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Protection Zone 4

This protection zone comprises the 245 kV Shunt Reactor.
The protection zone can be isolated from the system by the breaker: the Breaker 4.

Two merging unit (Merging Unit 7 and 8) collect measurements to be fed into the setting-less
relay.

ﬁ@@
%-\

A, B
Werging Unit 3

&

"

245 KV Shant Reacor

Figure G-31: Protection Zone 4
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Figure G-32: 245 kV Shunt Reactor Parameters
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Figure G-33: Merging Unit 7 (Captures the Measurements of 245 kV Shunt Reactor)
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Figure G-34: Instrumentation Channels of Merging Unit 7
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Figure G-35: Measurement Channels of Merging Unit 7
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