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Chapter 1

Introduction

The diploma work proposal is entitled “Numerical Distance Protection Relay
Commission and Testing” with the aims to calculate appropriate settings for the
protection relay, configure the relay, install, commission and testing the entire

protection.

The numerical distance protection relay used is REL 511%2.3 of ABB Company,
which detects both phase-to-phase and phase-to-earth faults, and it has a quadrilateral
operating characteristics. The REL 511%2.3 has been connected to a network model
through three single-phase voltage transformers and three current transformers. A

three-phase resistive load of 9 kW has been connected to the line model.

The power line model operates at 400 V that is a three-phase model of a 400 kV
transmission system, thus the voltage scale of the model is 1: 1000. The line model
consists of six identical T-sections each corresponding to 150 km of 400 kV line. The
T-sections are made of series reactors and shunt capacitors, which can be connected
arbitrarily in series or in parallel. In this experiment the m-sections have been

connected in series.

The line impedances are proportional to the line lengths and this property has been
used to calculate the distance from the relay location to the fault. The relay has been
fed with the measured current and voltage signals from the primary side through the
current and voltage transformers, thus the secondary values have been used for the

settings of all parameters.



The following function blocks have been configured into the relay with their
appropriate parameter settings; distance protection function, overcurrent function,
voltage and supervision function, trip logic, internal signals, binary input and output,
human machine interface (HMI) LED, disturbance report and events for station

control system.

The test faults performed in zones 1, 2 and 3 are three-phase fault, single-phase to
ground fault, double-phase to ground fault, and double-phase fault. After each test, the
disturbance report has been uploaded into a PC for evaluation using the REVAL tool
made by ABB.

The relay has responded positively to all types of faults mentioned above and can be

configured to suit with the line model.



Chapter 2

Line protection

2.1 Overcurrent protection

It is common to use current magnitude to detect faults in distribution networks. Faults
on the system bring about very high current levels. It is possible to use these currents
to determine the presence of faults and trigger protective devices, which can vary in

design in relation to the complexity and accuracy required.

Overcurrent relays are the most common form of protection used to deal with
excessive currents on power systems. They should not be installed purely as a means
of protecting systems against overloads, which are associated with the thermal
capacity of machines or lines, since overcurrent protection is primarily intended to
operate only under fault conditions. However, the relay settings selected are often a

compromise in order to cope with both overload and overcurrent conditions.

Based on the relay operating characteristics, overcurrent relays can be classified into
three groups: definite current, definite time and inverse time. The characteristic curves

of these three types are shown in Figure 2.1 [1].
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Figure 2.1 Time / current operating characteristics of overcurrent relays

2.1.1 Definite current relays

This type of relays operates instantaneously when the current reaches a predetermined
value. The setting is chosen so that, at the substation furthest away from the source,
the relay will operate for a low current value and the relay operating currents are
progressively increased at each substation, moving towards the source. Thus, the relay
with the lower setting operates first and disconnects load at the point nearest to the
fault.

This type of protection has the drawback of having little selectivity at high values of
short-circuit current. Another disadvantage is the difficulty of distinguishing between
the fault current at one point and another when the impedance between these points is
small in comparison to the impedance back to the source, leading to the possibility of

poor discrimination.

Definite current relays are not used as the only overcurrent protection, but their use as

an instantaneous unit is common where other types of protection are in use [1].



2.1.2 Definite-time relays

This type of relay enables the setting to be varied to cope with different levels of
current by using different operating times. The settings can be adjusted in such a way
that the breaker nearest to the fault is tripped in the shortest time and then the
remaining breakers are tripped in succession, using longer time delays, moving back
towards the source. The difference between the tripping times for the same current is

called the discrimination time.

Since the operating time for definite time relays can be adjusted in fixed steps, the
protection is more selective. The disadvantage with this method of discrimination is
that faults close to the source, which result in bigger currents, may be cleared in a
relatively long time. These relays are used a great deal when the source impedance is
large compared to that of the power system element being protected, when fault levels

at the relay position are similar to those at the end of the protected element [1].

2.1.3 Inverse time relays

The fundamental property of inverse time relays is that they operate in a time that is
inversely proportional to the fault current. Their advantage over definite time relays is
that, for very high currents, much shorter tripping times can be obtained without risk
to the protection selectivity. Inverse time relays are generally classified in accordance
with their characteristic curve, which indicates the speed of operation; based on this

they are defined as being inverse, very inverse or extremely inverse [1]

2.1.4 Setting for overcurrent protection

The principles for setting instantaneous units differ relative to the location and on the
type of system component being protected. Three groups of component can be defined

— lines between substations, distribution lines and transformers [1].

Lines between substations

The setting of instantaneous units is carried out by taking at least 125% of the
symmetrical root mean square (rms) current for the maximum fault level at the next
substation. The procedure must start from the furthest substation, then continued by

moving back towards the source.



When the characteristics of two relays cross at a particular system fault level, thus
making it difficult to obtain correct coordination, it is necessary to set the
instantaneous unit of the relay at the substation which is furthest away from the source
to such a value that the relay operates for a slightly lower level of current, thus
avoiding loss of coordination. The 25% margin avoids overlapping the down-stream
instantaneous unit if a considerable DC component is present. In high voltage systems
operating at 220 kV or above, a higher value should be used since the X/R ratio

becomes larger, as does the DC component.

Distribution lines

The setting of the instantaneous elements of relays on distribution lines, which supply
only pole-mounted MV/LV transformers, is dealt with differently to the previous case,
since these lines are at the end of the MV system. They therefore do not have to fulfil
the coordination conditions that have to be met by the lines between substations.
Therefore, the setting for these units is 50% of the maximum short-circuit current at

the relay location, or between six and ten times the rated current.

Transformer units

The instantaneous units of the overcurrent relays installed on the primary side of the
transformer should be set at a value between 125 and 150 per cent of the fault current
existing on the low-voltage side. This value is set higher than the transformer
magnetic in rush current when energising the transformer in order to avoid lack of
coordination. If the instantaneous units of the transformer secondary winding
overcurrent protection and the feeder relays are subjected to the same short-circuit
level, then the transformer instantaneous units need to be overridden to avoid loss of
selectivity. This applies unless there are communication links between these units,
which can permit the disabling of the transformer instantaneous overcurrent

protection for faults detected by the feeder instantaneous overcurrent protection.

2.2 Differential protection

Differential protection operates when the vector difference of two or more similar

electrical magnitudes exceeds a predetermined value.

An example of differential arrangements is shown in Figure 2.2 [1]. The secondaries

of current transformers (CTs) are interconnected, and the coil of an overcurrent relay



is connected across these. Although the currents 11 and 12 may be different, provided
that both sets of CTs have appropriate ratios and connection then, under normal load
conditions or when there is a fault outside the protection zone of the element,
secondary currents will circulate between the two CTs and will not flow through the

overcurrent relay.

If a fault, however, occurs in the section between the two CTs the fault current would
flow towards the short-circuit point from both sides and the sum of the secondary
currents would flow through the differential relay. In all cases the current in the
differential relay would be proportional to the vector difference between the currents
that enter and leave the protected element; if the current through the differential relay

exceeds the threshold value then the relay will operate.

Iy CT1 CT2 |2
— , Protected Element , >
< Nr <2 Ng = Restraint coil
Nop = Operating coil
Nop

Figure 2.2 Differential relay with variable-percentage characteristics

The differential protection has the following advantages [2]

e Differential current protection does not react in principle to external short-circuits
and therefore does not require the time lags to be coordinated with the protection
of the adjacent sections of the line.

e Differential current protection does not react to peak currents caused by overload

or swings and therefore it has high sensitivity.

The main types of differential current protection are [2]:

¢ Longitudinal differential current protection of lines comparing the currents at the
beginning and end of the protected section,

e Transverse differential protection of parallel lines, balanced or directional
comparing the currents in the parallel circuits,

e Differential current protection of bus bars.



2.2.1 Longitudinal differential

This is used on sections of small length (up to Skm in 35kV networks and up to 10km
in 110kV networks) in those cases where the currents cut-offs or distance protection
does not conform to requirements in speed, selectivity and sensitivity. The pilot
conductors along the track of the transmission line carry out current comparison at the
end of the protected section.

Phase currents are not usually compared, but rather the currents at the output
terminals of summators or combined filters at the end of the protected section, which

transform the three-phase system of currents into a single-phase system.

Types of longitudinal differential current protection for transmission lines are:

e C(Circulating currents — In a scheme with circulating currents under normal
conditions and with an external short-circuit, a current circulates in the pilot
conductors. The differential relays at both ends of the protected section are so
connected that when there is no fault in the protected zone, braking torques arise
there which prevent the relay from tripping. In the presence of short-circuit in the
protected zone, the equality of the ampere-turns of the primary winding of the
differential current transformer is disturbed and the relay working winding

becomes energised.

e Balanced voltages — In a scheme with balanced voltages, under normal conditions
and in the presence of an external short-circuit there is no current in the pilot
conductors. In the presence of a short-circuit within the zone of protection, the
equilibrium of the secondary winding voltages of the isolating transformer is
disturbed, the secondary winding carries current and the impedance between the
terminals of the primary winding is reduced. The working winding of the
differential relay then takes the current of the summation, the working torque

exceeds the braking torque and the relay causes tripping.

2.2.2 Transverse balanced differential

Balanced current protection is a type of transverse differential protection of parallel
lines. It is based on a comparison of the magnitudes of the currents passing through
the lines. It is established at that end of the line, which is constantly connected to the

source.



For equal impedance parallel lines, under normal conditions, or in the presence of an
external short-circuit, the balanced relays will not operate due to the similar
distributed currents. In the presence of a short-circuit on one of the parallel lines, the
larger part of the current from the source passes along the faulty line, while the
smaller part passes along the undamaged lines. In this circumstance, the balanced

relay will trip the faulty line.

At the receiving end of the parallel lines, without an additional feed source, the
currents in the presence of short-circuit on one of these lines are equal in magnitude
but opposite in direction. A balanced relay that reacted to the ratio of the current

magnitudes and not to their direction would, in this case not operate.

2.2.3 Transverse differential directional protection

It is a type of high-speed protection of parallel lines. It can be established at any end
of the parallel lines. The principle of transverse differential directional protection is
illustrated in Figure 2.3 [2]. The secondary windings of the current transformers are
connected cross-wise, that is, the beginning of the windings of one current
transformer are connected to the end of the windings of the second current
transformer. As a result we have the series connection of the windings of both current
transformers as a ‘figure eight’. A current relay (starting device) and a power
directional relay (directional device) are connected in series between the same
terminals. Thus, the relays are connected to the current difference of the protected

parallel lines.

Figure 2.3 Principle of transverse differrential and directional protection

Under normal conditions or in the presence of an external short-circuit; the secondary

currents along the parallel lines are the same in magnitude and direction. Thus, the



resulting current in the relay is zero; the currents only circulate in the current

transformer windings.

When there is short-circuit on one of the parallel lines, the equality of the current is
disturbed and a current begins to pass through the relay equal to the difference of the
secondary currents. If it exceeds the setting of the current relay, then the latter starts
the protection, closing the voltage circuit of the power directional relay. If one of the
parallel lines is taken out of service or faulted, only one power directional relay will

operate, the contacts of the second directional relay remaining open.

2.2.4 Applications

Differential Protection for Bus bars

Short-circuit on bus bars can have very serious consequences for the operation of the
power system. The most widely used and acceptable type of protection for 35 —
220kV bus bars is high-speed differential protection. It is based on Kirchhoff’s current
law that requires the sum of all currents entering the bus to sum to zero. Should an
internal fault occur, however, the sum currents measured at current transformer
locations will not be zero, and tripping should occur. This type of bus protection for

one phase is shown in Figure 2.4 [3].

The current transformer secondaries are added together to give the sum of the currents
in all four lines; and the sum is sent to the differential relay. In case a fault occurs that
is external to the CT connections, say at the point 1 in the Figure 2.4, the total current
flowing to that fault will be exactly equal to the total current entering the bus on lines
2, 3, 4 and no current will flow to the differential relay. However, if a fault occurs on
the bus, between phases or from phase to ground, the sum of the line currents will

equal the total bus fault current and the relay will correctly measure this quantity.

- 5 1

Y
b
S
b

N

) Differential relay

Ne g g Y

1 2 3 4

Figure 2.4 Bus differential protection
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Differential Protection for Transformer

A transformer suffers from different types of stresses; overheating and short-circuit.
Short-circuit protection includes internal short-circuit, such as turn-to-turn faults and
turn-to-ground faults. It also includes external short circuits for example bushing
flashovers that are also within the protection zone of the relays. The most common
form of transformer protection is differential relaying, which treats the transformer as

a unit making measurements at all of the transformer terminals.

In applying the principles of differential protection to three-phase transformers, the
CT connections should be such that, the relay does not operate for normal load or for

external faults and the relay must operate for internal faults of a given severity.

A rule of thumb often applied to the connection of CTs for power transformer
protection is as follows:

¢ (Ts on a wye-connected winding should be connected delta

e (Ts on a delta-connected winding should be connected in wye.

Making the connection in this way ensures that, for external faults, the CT secondary

currents are equal and the differential protection will not trip the transformer [3].

Differential Protection for Generators

Differential protection for generators is similar to that for transformers in many ways.

Internal generator winding faults include phase-to-phase short circuits, short-circuited

turns, open circuits and faults to earth and should be disconnected by opening the

circuit as quickly as possible, the neutral of the generator should be well earthed,

either solidly or via a resistor or a reactor. The differential protection should satisfy

the following requirements, it should [1]:

* Be sensitive enough to detect damage in the winding of the generator stator, and
yet not operate for faults outside the machine

e Operate quickly in such a way that the generator is disconnected before any
serious damage can result

* Be designed so that the main breaker is opened as well as the neutral breaker and

the field-circuit breaker.

11



Line Differential Protection

The form of differential protection using only one set of relays is not suitable for long
overhead lines since the ends of a line are too far apart to be able to interconnect the
CT secondaries satisfactorily. It is therefore necessary to install a set of relays at each
end of the circuit and interconnect them by some suitable communication link. Pilot
protection (indicates that there is an interconnecting channel between the ends of the
lines through which information can be transmitted) is an adaptation of the principles

of differential protection that can be used on such lines.

The principle of operation of pilot differential protection is similar to the differential
systems for protecting generators and transformers, but the relays have different
settings because the breakers at the ends of the line are more widely separated and a
single relay should not be used to operate two tripping circuits. For this method of
protection both ends of the line should open instantaneously for faults wherever they
occur on the line. In addition, the system should not operate for faults outside the

section and is therefore inherently selective [1].

2.3 Distance protection

2.3.1 Basis principles

The distance protection relay measures the line voltage and line current at the relay
location and evaluates the ratio between these quantities. We consider the relay at the

station A in Figure 2.5,

)
T & . (A
elay

— A fault B
Figure 2.5 Fault occurs in a power system

When a fault occurs on the protected line the fault current /,and voltageU , is fed

into the relay. The relay should trip for faults within a fractional distance k, which is
called “the reach setting ” of the distance relay, of the total distance between buses A

and B. The reach given in distance unit, thus, is a tripping threshold.

12



Considering a solid fault at the threshold point C, we calculate the voltage drop along

the line,

U,=kZ,1, (2.1)
where Z, = total line impedance from A to B

The impedance Z, seen by the relay is computed as follow,

Z, =—L=kz, (2.2)

Equation (2.2) expresses the threshold or the impedance characteristic of the relay.
During normal system operation, the impedance seen by the relay is approximately

equal to the load impedance that is much larger than the line impedance.

If the fault is within the fraction &, then the measured impedance at the relay is,

Z<Z, =kZ, (2.3)

The impedance to the fault point is now within the impedance protection
characteristic and the relay will operate. Obviously, the relay will not trip for the fault

beyond the fraction k.

The impedance characteristic of the relay can be chosen so that the reach is different

for different phase angles of the apparent impedance.

2.3.2 Setting of the distance zones

Line impedances are proportional to the line lengths and this property is used to
calculate the distance from the relay location to the fault. The relay, however, is fed
with the current and voltage measured signals from the primary system via instrument
transformers CT and VT. Therefore, the secondary value used for the setting is

obtained as the following expression,

13



= L g 2.4)

I . U, . .
where ”% and ”% are the transformation ratios of the current and voltage
sec sec

transformers, respectively.

In order to cover a section of the line and to provide back-up protection to remote

sections, three main protection zones, see Figure 2.6, are set up with the following

criteria:

e Zone 1: this is set to protect between 80% and 85% of the line length AB and
operates without any time delay.

e Zone 2: this is set to protect 100% of the line length AB, plus at least 20% of the
shortest adjacent line BC and operates with time delay t,.

e Zone 3: this is set to protect 100% of the two lines AB, BC, plus about 25% of the
third line CD and operates with time delay ts.

Zone 3

t Zone 1 I ts
to

|
X Eelay ‘ ‘

A B C D

Figure 2.6 Distance-relay protection zones

2.3.3 Relay characteristics

The shape of the operation zones has developed throughout the years. Figure 2.7 [4]
gives an overview of relay characteristic. Originally the operating characteristic was a
circle located in the origin of the co-ordinates in the R-X plane of the impedance
relay. This type of relay, however, is non-directional and sensitive to power swings

and load encroachment due to the large impedance circle. Therefore, the circle

14



diameter was reduced and its origin passed through the origin of the co-ordinates

resulting in the mho relay.

Relays with combined characteristics are obtained by added a mho circle with lines

parallel to the resistive and reactive axes which cross each other at the setting
point Z, .

Modern distance relays, especially the numerical types, offer quadrilateral

characteristic, whose resistive and reactive reach can be set independently.

X A X A
R
Impedance Mho
XA X A
Zi Zone 3
Zone 2
Zone 1
R R
Combined characteristic Quadrilateral characteristic

Figure 2.7 Relay characteristics

2.3.4 Distance relay types

Distance relays are categorized in two major schemes; switched scheme and full
scheme. The block schemes for a switched scheme and full scheme are illustrated in

Figure 2.8 [5]. In a switched relay, the start elements detect a fault. These elements

15



together with logic blocks determine the correct input signals with respect to the fault
type. Zones of operation are decided by timer block. Measuring elements and
directional elements decide if the impedance is inside a certain zone and the direction
to the fault, respectively. The full scheme relay does not have the start elements. It has
measuring elements for each phase, each zone and both phase to phase and phase to

ground faults. The operation is faster than that of switched relays.

Start elements
R S T 0 R-S S-T T-R
R-0 S-0 T-0
v ) J v
v v Timer zones (1,2,3)
Logic Timers
4
Tripping
Y 4 relay
Measuring elements
And
Directional elements
Full scheme

\J

Tripping
relay

Switched scheme

Figure 2.8 Block shemes for a switched and full scheme distance relay

2.3.5 Numerical relay

2.3.5.1  Structure of numerical relays

A numerical relay consists of the following main subsystems:
e Microprocessor

® Analog input system

¢ Digital output system

e Power supply

16



Figure 2.9 [6] shows a block scheme of a typical numerical relay

Input signal Relay Output
A
Analog Input System Digital Output System
v
Surge filter Independent Power Supply Digital Output
i
Anti-aliasing Filter - Power Supply >
Pre-set Threshold
A/D Sample/Hold v
./ Relay Algorithm
"\ (Digital Filter)
Processor

Figure 2.9 Block diagram of a numerical relay
Numerical relays operate on sampled signals and adopt digital computations.
Sampling is the process of converting analog input signals, such as current and
voltage, into digital input signals. These analog input signals, in case of
electromechanical and static relays, are directly fed into the electromagnetic winding
or electronic circuits. In order to protect the relay from large transients of the input

signals a surge filter is used.

An anti-aliasing filter is used to avoid possible errors in reconstructing the input signal
carried out after the A/D Sample/Hold section. Any signal having harmonic
components of order Nt 1, 2N+t 1, ..., x Nt 1, where N is the number of samples per
cycle, can exhibit aliasing. Perfectly, an anti-aliasing filter has to cut off all signal
components above the Nyquist rate of N/2. In practical, however, such a filter can not
cut off all out of band frequencies, so the anti-aliasing filter cut off frequency is set at
about N/3.

The A/D converts the sample values that represent the analog input signals into the
digital input signals. However, the conversion is not instantaneous, and for this
reason, the A/D system typically includes a sample-and-hold circuit. The sample-and-
hold circuit provides ideal sampling and holds the sample values for quantization by
the A/D converter.

17



The microprocessor containing the relay algorithm is the controller of the numerical
relay. The microprocessor most often performs all control, computation, self-test, and
communication functions. The algorithm functions as a digital filter to extract the
fundamental component of the input signal, based on which the relay operation is

carried out.

The signal from the digital filter is compared with the pre-set threshold in the digital

output system. The relay operation is decided based on this comparison.

2.3.5.2 Relay algorithm

The algorithm is designed to remove as much as possible all of unwanted components
from the input signals such as harmonic, DC, etc. Two common algorithms will be
discussed here, the Discrete Fourier Transform (DFT) and the Root Mean Square
(RMS) algorithm [7].

Discrete Fourier Transform (DFT)

The Discrete Fourier Transform is a discrete time version of the Fourier Transform

and shown as follow,

N-1

X (1) py = Y kW (2.5)

k=

where n is the harmonic number, k is the sample, N is the number of samples per

cycle, and j means it is imaginary number.

In Equation (2.5), the exponential term is,

—j2mk

= n n
N = 27k —) — jsin(27k — 2.6
e cos( N) jsin( N) (2.6)

The magnitude of the DFT is computed by squared root the total of the real part
squaring and the imaginary part squaring. The angel of the phasor is computed by

taking the arc tangent of the imaginary part over the real part.

18



The DFT can extract any frequency from the signal. Since the DFT is capable of
rejecting everything except the frequency being measured, it has a good response to

transient overshoot.

Root Mean Square (RMS)

The Root Mean Square is a method of calculating the magnitude of a periodically
varying quantity. It can be calculated for a series of discrete values or for a

continuously varying function.

The RMS for a collection of N values {x1, X2, ..., XN} is,
X pus = _Zsz (2.7)

and the corresponding formula for a continuous function x(t) defined over the interval

T, <t<T, is,
X e = ! foz(t)dt (2.8)
RMS T,-T ) :

The RMS algorithm is useful for applications where measuring energy content to

approximate heating characteristics is desirable.
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Chapter 3

Results using Line distance protection

REL 511*2.3

3.1 Laboratory set up

A single-line diagram of the laboratory setup of the testing is shown in Figure 3.2.
The REL511%2.3 has been connected to the network model through three single-phase
voltage transformers and three current transformers. A three-phase resistive load of
9 kW has been connected to the line model. A fault in the line can be made through a
variable fault resistance by closing a contactor controlled by a timer. The timer and
the contactor is also used to clear the fault. Figure 3.1 is a picture of the real setup in

the laboratory.

Figure 3.1 Photo of laboratory setup
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Line model

STRONG | ) [
GRID \ I

-

—
i

REL 511*2.3

pare]

Figure 3.2 Single-line diagram of the laboratory setup

3.2 Line model

The power line model is a three-phase model of a 400 kV transmission system. The
entire model operates at 400 V consequently the voltage scale is 1:1000 [8]. As can be
seen in Figure 3.3, the line model can be fed using the local distribution line denoted

as strong grid, or a synchronous generator.

Line model Synchronous
generator

S‘I’(;:I)SG JX_FM ______ W J ;_/ @T

Icm omI Iom on[ L

Figure 3.3 Single-line diagram of the line model

The line model consists of six identical 7-sections, each corresponding to 150 km of a
400 kV line. Each section includes series reactors (denoted by R, and L, ) and shunt

capacitors (denoted by C, ). The sections can be connected arbitrarily in series or in

parallel. In these experiments, the T-sections have been connected in series, and the

line model has been supplied by a strong grid.

21



The data for the real 150 km section of the 400 kV line are,

X, =5040Q
R =417Q
C, =0.065767 uF

An impedance scale of 1:53.2 gives the corresponding values of the line model.

3.3 Numerical relay REL 511*2.3

Numerical relay REL 511%2.3 shown in Figure 3.4 is based on a full scheme distance
protection function. REL 511%2.3 detects both phase-to-phase and phase-to-earth
faults and it has quadrilateral operating characteristics. A separate general fault
criterion with advanced characteristics is used for phase selection and as an overall
measuring function, which increases the total operating security and facilitates remote

backup applications.

The numerical REL 5xx line distance protection terminals are designed for the main
and backup protection, monitoring and control of power lines, cables and other
primary objects. They can be used in systems with simple or complex network

configurations regardless of the type of system grounding.

Figure 3.4 Photo of REL 511%2.3
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3.4 Installation and set up for REL 511*2.3

3.4.1 Relay installation

DC supply

The relay uses 48V-250VDC supply. Therefore, a converter having input of 200VAC-
240VAC and output of OVDC-120VDC is used to energize the relay. The connection
is shown in Figure 3.5. As shown in the figure, the converter output is connected to

the relay through the terminals 11 and 13.

L3
[MP) (TR |_ l 1

o

1 |: "_a@'_'m \Ec a7 5.0 (aDad)
: &~ T [fl.?'lI:!N | u E
2 I: _'L_@ g HMI |— HHI —‘

[ o
e

0 [ g B R ioncenon : 5
3
PSRN | B2 iz & 3
Ala: INTERMAL | 8 ]
INTERHAL 1 —_— —q rail " }; =
Faa T L
. 15 ! El
s :ﬂE 10 4
1 F{F]
1 r
5{H.24 S E 2 } {
g ! 2 j? : 3 ]
12 =l 5
1| 4 Ha ]; g Ij i
e H18 : I T
|:1 1o 17 | 5 l l
EL 13 L 18 | 4 ]
- : -
& | £ v
f 1) COMMUNICATION BORT SPATEC $70.5-103 i }E s
2 OPTICAL PORT ON LOCAL HL Lo L

CONNECTION MADE WITH THE FRONT

I
CONNECTION CAHLE FOR PO U5 }E 18 (] 1
1) COMMUNGCATION PORT LON
4) RESERVED FOR PARALLEL LINE l
COMPEMSATION DR CTSU ALT WEF 1 and 2
WHEN Ir = {1, 18 OR 0,5 A 15 SELECTED ON THM
5) RESERVED FOR DIRECTIONAL EARTH-
FALLT FURISTION
) RESERVED FOR REF.VOLTAGE
71 OPTICINAL CHAOFF SWITCH FOR THE DC-
SUPPLY.

Figure 3.5 Terminal diagram for DC supply
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} CTs
connection

Sy VTs
connection

} DC
connection

Figure 3.6 Connection on the rear side of the relay

CTs and VTs

Three single-phase voltage transformers (VTs) are connected to the line model as
shown in Figure 3.1. The voltage transformer input is 230V and four outputs are 69V,
115V, 161V and 230V. Since the relay input is U, =100-120V phase to phase, the VTs
output of 69V is used.

Three current transformers (CTs) having ratio of 100/1 have already been connected
in the line model, see Figure 3.7. The signals from the secondary outputs of the CTs

are available in the control panel P.2.1 of the line model.

CTs secondary
signals

Figure 3.8 Photo of the P.2.1 control panel
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Figure 3.9 Terminal diagram for CTs and VTs connection.

PC - relay connection
The optical wire is used to make the connection between PC and the relay. Figure
3.10 shows the human-machine interface (HMI) module in which the optical wire is

connected to.

Optical wire
terminal

Figure 3.10 Photo of the (HMI) module
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3.4.2 Configuration and tools used

The terminal REL 511%2.3 is configured using the configuration and programming
tool CAP 531. This tool enables configuration management, programming and error
detection and correction for the REL 5xx terminals. CAP 531 is started from within
the CAP 540 [10].

CAP 531 comprise these views:
® Project tree: Organize terminal and work sheets.
e  Work sheet: Create the configuration.

e Page layout: Create drawing forms for printed pages.

A new project tree can be created from within the CAP 540 [10]. A project tree in
CAP 531 shown in Figure 3.11 can only have the terminal and work sheets. The

graphical configuration is made in the work sheets.

_loix
= m Froject

LE?D REL51123_1*

|:={> E Content

=> H Hmi_LED"

Al v 4

Figure 3.11 Project tree

It is important that you use the correct set of functions to work with the configuration
of a terminal from the beginning. These functions are selected in the Function
Selector in the Edit menu. There are many available function blocks for the same

function and the Function Selector is used to choose them.

For example, I/O module01 in the CAP/REL511 program module can be configured
to be either as:

e BIM Binary Input Module

e BOM Binary Output Module

¢ [OM Input Output Module

e [OPSM Input Output Position System Module

¢ DCM Differential Communication Module
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A choice of these modules gives different shape of the function block for the I/O
module01. For instance, the logical I/O moduleO1 (I001-) BIM can be compared to
BOM as shown in Figure 3.12.

1002-(504,6)
1001050367 VG-module
Fo-module — POSITION ERROR |+
— FOSITION ERROR [—» g S

#1001-B11 — EITAREOL Bl |+ o e
#1001-B12—] ELTARIEOS Biz |+ 2ol Gas
#1001-B13—] ENTAMEOS BIz |+ N —
#1001-B1a—] ENMARIEOS Bl |- | Boa4
#1001-B15— ELTARIEOS BIS |+ | EiEE
#1001-B16 — ELTAMEOS BlIs |+ o | GEE
#1001-BI7 — ELTABIEOT BI7 |+ | ks
#1001-B15— ELTAMEOS Bis |-+ | ey
#1001-B19— ELTARIEOS Bis |+ | LS
#1001-BIH10—] BIHANIELO B0 2l Gans
#1001-B111— EITAMELL Bl [ P [
#1001-Bl12— BIHAMELZ B2 = o Boz
#1001-BI113— BIAMELS BI1E B =
#1001-Bl14— EINANIE14 Bl il et
#1001-Bl115— BIAMELS BIS = o B
#1001-BIHE— EIHAMELS BIE = | i

— BO1T

Figure 3.12 Compare the I/0 module as BIM (left) or as a BOM (right)

The library is updated with a new function block when you select a module in the
Function Selector tool and only that selected module can be used in the configuration.
The Function Selector can be started as follows:

e Select the terminal in the Project Tree.

e Select the ‘Function Selector’ in the Edit menu.

51
File Edit Help
~Set Value
Function Group: | 170-module0l j|
Set
Selector: | Type_I01 j|
Clear |
Value: T R ~ |
Description |I!l]-mudule 1 - Type of 1/0 board |
Selected Yalues
Function group Selectors Yalue
I/0-moduledl Type_I01 4=T0PSH =
I1/0-module 82 Type_102 4=10P3H
1/0-moduled3 Type_103 3=I0H
1/0-module 8y Type_I104 1=BIH 5 |
1/0-nodulefs Tune 105 f=Hone il
| | NUM |

Figure 3. 13 Function Selector
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The Function Selector contains the Set Value, which you use to change the function

values, and the Selected Values, which give you an overview of all function.

The configuration is done in the work sheets as shown in Figure 3.14. The normal

mode used when you work with the configuration in the work sheet and the debug

mode is used to test the work sheet configuration.

#Z * Work Sheet (1) : test i -|0O] x|
B
'
A ' 4

Figure 3.14 Work sheet called Test

To open a work sheet:
e Select a work sheet in the Project Tree.

¢ Double-click the left mouse button or press < Enter >.

Function blocks, variables, setting and text comments are considered as objects in a
work sheet. In CAP 531, function blocks represent all the available functions in a
terminal. The function block can be one of the following:

e Protection function.

e Control function.

e  Monitoring function.

¢ Logic function.

The function block includes input and output parameters, a type name and function

block name as shown in Figure 3.15 below.
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Execution number. —,

— Cyele time.
Instance name. — |

{ v
ThI01-(935,3]
Tirnar ————Tvpe name.
— IMNPUT CFF |-
#1o000— T M oM |-
III +

Setting. % Y .
1

\ — Output parameters.

\ Input parameter.

Figure 3.15 Function block in the CAP 531 work sheet

The function blocks in the work sheet can be connected together by using the
connection mode [11].

%E|* Work Sheet (1) : test = 10| x|

1

ThO1-700,5) ADODS-511,5)
Timer AnD
+— INPUT OFF IMPUTA ouT
FO000— I oM +— INPUT2 MOUT
= IMFUTS
+— IMFUTIMN
-
4 | v

Figure 3.16 Two objects are connected

When the configuration preparation is completed, it should be compiled in order to

check errors and to prepare the configuration for downloading into the terminal [11].

3.4.3 The initial set up of the relay

Initially, the relay has its default configuration and default parameters. The relay has
been configured for three phase trip with the following function blocks: distance
protection (five zones were set), current functions, scheme communication, voltage
and supervision functions, trip logic, auto-reclosing and breaker-failure functions,
internal signals, binary inputs and outputs, disturbance report and events for Station
Control System (SCS).

For detailed default configuration refer to [15].
3.5 Parameter setting

The parameters can be set using the Parameter Setting Tool (PST). PST is a tool for

monitoring, service values, protection and control terminal and relays. From CAP 540
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the PST can be started from the project tree or from a function block within the
configuration worksheet as follows:
¢ From the project tree in CAP 540:
» In the project tree, select the wanted terminal instance.
» With a right click select Parameter Setting.
¢ From a function block within a worksheet in CAP 531:
» Open a worksheet for the wanted terminal instance.
» With the right or left mouse button, double-click the wanted function
block. The Function Block dialog appears.
» Click Parameter Settings.

When the parameter tool starts, the main window according to Figure 3.17 appears.

E¥ Test_lab-Org1-Stn1-Bay1-REL51123.1 - Parameter Setting Tool = IEllll
File Edit View On-ine Help

n|§|%%@|59ﬂing6mup Iq j|!3‘?

Test_lab-Orgl-5tnl-Bayl-RELS1123.145ET1 IEontents of Line Reference
|] Test_lab-Orgl-5tn1-Bayl-RELS1123, = | | Parameter Name Terminal Yalue PST Yalue Unit
{:l TERMIMAL OWERVIEW : —
{:l SERVICE REPORT Line length IdD oo fie]
{:l TERMIMAL REPORT Length urit km -
-0 SETTINGS
{77 DADT-16 [Direct analague i ®1 |12.DDD ohms/phase
g::g iz‘ﬁ:';:?;z:j::" LRecc 1 Ry 20m ohms/phase
------- [3 PCO1-12 (Pulse counter] ®0 |48.DUD ohms/phase
Setting Groups l—
@ Change Active Setting El Ly SR
{7 Setting Group N 1] #15a |12.DDD ohms/phase
-] Basic functions
] Contral, single- ar R154 IZ.DDD ohms/phase
51 DIFL- [Line difers | 5158 [1z:000 ahms/phase
[8] HMILEDs
|SBLine Reference: R1sE I2.DDU ohms/phase
; g t‘"e_ Impedance | wg [.000 ohms/phase
oaic
1770 b cwtering _Ij Rimil ID [ilii] ohms/phase E
4 I I » -
[ |Buthority level 10 [ [ |_| [ 5

Figure 3.17 The main window of the parameter tool.

The terminal tree being on the left side of the window shows the structure in which
the parameters for a terminal instance are organized. When a parameter is selected in
the terminal tree, a list of parameters is shown. For each parameter the window will
display its name, its value in the terminal, its value in PST and its unit. The parameter
value can be edited directly in the PST Value field. A changed value is shown in bold

and in the colour blue.

3.5.1 Setting for Analogue Inputs Modules

The analogue signals fed into the relay should be set in order to get the real values of
the primary side of the line model. These setting values are the secondary base values

and nominal primary to secondary scale values of the current transformers and voltage
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transformers. In this test, the base values of current and voltage are 1A and 69V,
respectively. The nominal scale values for current transformers and voltage

transformers are 100 and 3.347, respectively.

E¥ Test_lab-Orgl-Stnl-Bay1-REL51123.1 - Parameter Setting Tool 25 IEI|5|
File Edit View Ondine Help

n|§|%§|ﬁ|89ﬂing0mup |1 jlg?

|Test_|ab-D rg1-5tn1-Bayl-RELST123.15C0 Eonlents of Analogue [nputs Modules

lj Test_lab-Orgl-Stnl-Bayl-RELS1123. | Parameter Name Terminal ¥alue PST Value Unit
{:l TERMIMAL OWVERWVIEW =
@-{] SERVICE REFORT i ESTIE ] C
{:I TERMIMAL REPORT CT Earth auT -
{:l SETTINGS —
Mame_|1 II'I—
b |1 0 &
{71 Built-in Hidl 115cale I‘IDD.DDD
{1 Cammurication l—
D Ik zlot numbers Rzl 2
[8] ServiceValuest, 1L U P.O | 128 |1.0 &
@ Terminal | dentifiers
(] EVENT MASKS |25 cale [100.000
B TEST Name_|3 E 5
| | >l I_;lJ
[ [authority level 11 [ [ i | 4

Figure 3.18 Analogue Inputs Modules parameters

3.5.2 Setting for distance zones

The fundamental rules have been discussed in the earlier chapter. The following
values, see Figure 3.19, have been used for the settings,

e Zone 1: covers 85%AB, forward direction.
e Zone 2: covers 100%AB + 30%BC, forward direction.
e Zone 3: covers 100%AB + 100%BC + 25%CD, reverse direction.

Zone 2

t
STRONG ¢ t | \ \
e | | |

Load

Figure 3.19 Grading chart of setting zones for testing
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The data of the line model AB, BC, CD for positive sequence is given in Table 3.1.

Line Reactance X; [()/phase] Resistance R; [(2/phase]
AB 2.84 0.23
BC 0.95 0.08
CD 0.95 0.08

Table 3.1 Data for lines AB, BC, CD

Zero sequence impedance Z is three times larger than that of the positive sequence

7. The setting values are calculated by using the expression (2.4).
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€¢

$oU0Z 10] Sumas IAeWeIed 7°¢ d[qeL,

Parameter

Zone 1

Zone 2

Zone 3

Primary | Secondary

Primary | Secondary

Primary | Secondary

Unit

Description

X1PP

242 73.52

3.12 95.15

4.03 122.54

Q/ph

Positive sequence reactive reach
of distance protection zone n for
Ph-Ph faults

R1PP

0.20 6.08

0.26 7.87

0.33 10.14

Q/ph

Positive sequence [ine
resistance reach of distance
protection zone n for Ph-Ph

fanlte

RFPP

5.00 152.17

5.00 152.17

5.00 152.17

Q/loop

Resistive reach of distance
protection zone n for Ph-Ph
faults

XI1PE

242 73.52

3.12 95.15

4.03 122.54

Q/ph

Positive sequence reactive reach
of distance protection zone n for
Ph-E faults

R1PE

0.20 6.08

0.26 7.87

0.33 10.14

Q/ph

Positive sequence line reactance
included in distance protection
zone n for Ph-E faults

XO0PE

1.25 220.56

9.36 285.45

12.09 367.62

Q/ph

Zero sequence line reactance
included in distance protection
zone n for Ph-E faults

ROPE

6.08 18.24

0.78 23.61

0.99 30.42

Q/ph

Zero sequence line resistance
included in distance protection
zone n for Ph-E faults

RFPE

5 152.17

5.00 152.17

5.00 152.17

Q/loop

Resistive reach of distance
protection zone n for Ph-E
faults

tPP/ tPE

0.00/ 0.00

0.15/0.15

0.25/0.25

Time delayed trip operation of
the distance protection zone n
for Ph-Ph / Ph-E faults
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Figure 3.20 Load and impedance zone characteristics

Impedance Zone 1 [ZM1] Ph-E Loop
Impedance Zone 1 [ZM1] Ph-Ph Loop
Impedance Zone 2 [ZM2] Ph-E Loop
Impedance Zone 2 [ZM2] Ph-Ph Loop
Impedance Zone 3 [ZM3] Ph-E Loop
Impedance Zone 3 [ZM3] Ph-Ph Loop
General Fault Criteria [GFC] Ph-E Loop
General Fault Criteria [GFC] Ph-Ph Loop
Directional angles Ph-E Ph-Ph Loop Phase
Load

Load

Load

Load



3.5.3 Setting for the general fault criteria GFC function block

Parameter Setting value Unit Description
ARGLd 25 degrees Load angle determir;lilrrzf1 the load impedance
RLd 270.50 Q /lOOp Limitation of rltraz;s;\; Zia:rhe :vithin the load
XIRVP | 12254 | QP | T et e e
XIFWPP | 1254 Qpn | Mo e n o
RFPP 152.17 Q /100p Resistive r;aillc_ll; éf;gs;?eamngnieverse) for
X1RVPE 122.54 Q/Ph Positive sgg:sggi rfzz;clt)ikxlf_eEref;clilt Sin reverse
XIFWPE | 12254 Qb | Pt mecnin o
XORVPE 367.62 Q/Ph Zero sequginrzf: triiarllc;zrru;eh(_)]fa rfaauclktlsin reverse
XOFWPE | 36762 Qiph | st b o
RFPE 152.17 Q /100p Resistive re;a;l}f_l;s(fﬁgv:gi Iz;ne(il :everse) for
INReleasePE 10 % of 310 limit for releasing Ph-E measuring
IphMax loops
INBlockPP 20 % of 310 limit for blocking Ph-Ph measuring
IphMax loops
IP> 20 % of 11b Set operate valéllel:rf(e);t?easured phase
IN> 10 % of 11b Set operate Valuceui(;; IIrtlseasured residual
tPP/ tPE 0/0 S Time delay of trip for Ph-Ph/ Ph-E faults

Table 3.3 Parameter setting for GFC

3.5.4 Setting for the fault locator FLOC function block

Parameter Secondary Unit Description

Line length 900 km Line length value
X1 173.00 Q/Ph Positive sequence line reactance
R1 14.31 Q/Ph Positive sequence line resistance
X0 519.00 Q/Ph Zero sequence line reactance
RO 42.93 Q/Ph Zero sequence line resistance

Table 3.4 Parameter setting for FLOC
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3.5.5 Setting for the miscellaneous function blocks

36

Function block | Parameter | Set value Unit Description
10C IP>> 65 % of 11b Operating phase current
Instantaneous
overcur.rent IN>> 50 % of I1b Operating residual current
protection
1P> 30 % of 11b Operating phase overcurrent
TOC P 10 Time delay of phase
Time delayed S overcurrent function
overcurrent IN > 100 % of 14b Operating residual current
protection
Time delay of residual
tN 10 S overcurrent function
UPE< 120 % of Ulb Operate value for the phase
©0 overvoltage function
TOV t 5 S Time delay of the phase
Time delayed overvoltage function
overvoltage Operate value for the neutral
protection 300> 30 % of Ulb overvoltage function
t 5 Time delay of the neutral
§ overvoltage function
: TUvV UPE< 80 % of Ulb Operate phase voltage
Time delayed
undervol.tage t 5 S Time delay
protection
TEF IN> 5 % of I1b | Start current for TEF function
Definite and
inverse UI_HC- Imin 100 % of IN Minimum operating current
delayed residual
overcurrent tl 0 S Independent time delay
protection
I'Base 15 % of 11b Base current
T Base 50 °C Temperature rise at base
THOL
Thermal overload tau 5 min Thermal time constant
protection
TAlarm 80 °C Alarm level
TTI‘ip 120 °C Trip level
DLD U< 50 % of Ulb Operating phase voltage
Dead line detection IP< 10 % of 11b Operating phase current

Table 3.5 Parameter setting for miscellaneous function




3.6 Results using numerical relay REL 511*2.3

In the following figures, the upper part shows analog input signals coming from the
line model, whereas the lower one displays the binary output signals of numerical
relay. These output signals will be used to activate circuit breakers or fault clearing

equipment.

Measured phase voltages as denoted in the figures are Ul, U2, U3 and that of currents
are 11, 12, I3. Ground current /4 appears when there is a fault between phase and

ground.

During a fault, the current in the faulted phases increases. The current becomes larger
when the fault is closer to the source. Phase voltages are always unchanged since they

are measured at the strong grid point.

Distance protection zone outputs such as, ZMI-TRIP, ZM2-TRIP, ZM3-TRIP, operate

when the corresponding pre-set times are reached.

3.6.1 Three-phase faults

In this section, the response of the relay to three-phase faults is studied. Figures 3.21,
3.22, and 3.23 show the responses with an applied three-phase fault in zone 1, zone 2

and zone 3, respectively.

As shown in Figures 3.21, at t = 0 ms a three-phase fault occurs in zone 1, the
corresponding measured impedance of loops are within the set boundaries of the
characteristic, thus GFC-TRIP signal and all of general fault criteria-forward
operation signals, GFC-STFWLI, GFC-STFWL2, GFC-STFWL3, are activated
instantaneously. Then at t = 15 ms the general trip signal TRIP-TRIP, zone 2 start
signal ZM2-START and trip signal from zone 1 ZMI-TRIP are activated. Att = 165
ms, time delayed trip operation of zone 2 is reached, thus trip signal by distance
protection zone 2 ZM2-TRIP is activated. These signals have normally different reset
times. They, however, reset approximately at the time of fault clearance (att =
400 ms). Figure 3.22 shows the case of a fault applied in zone 2. In the figure the only
difference is that ZMI-TRIP is not activated.
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Figure 3.23 shows another result where the fault is applied in reverse direction. As
seen, the fault is applied at t = 0 ms, and the general fault criteria-reverse operation
signals, GFC-STRVLI, GFC-STRVL2, GFC-STRVL3, are activated instead of the
activation of the general fault criteria-forward direction. After 250 ms activation of

ZM3-START signal, trip signal by distance protection zone 3 ZM3-TRIP is sent out.

3.6.1.1 Zone1l

-0.1081, AMS=0.2337 L - A - -fL A -f A Al AL Al A A A

o A A A A A A L L s e e A A AR e A R R e A e
018 e S L R SR B T S TR

--C03250 AME=0.2348 - - M- - B e D R R

Tome— £ ey
018

-t0.2174, RMS=0.23414- - 4 - A - A - A b oA A L A A L AL AL A

018

Te0
180

Tan
180

IMao
180

Teo I"
180

TRIP-TRIP [
GFC-5TRwL1
GFCSTRWL?
GFC-STRwLY
GFC-STPwPE
GFC-STRVL1
GFC-STRVL2
GFC-S5TRYVL3
GFC-STRYPE
|I0C-TRIP r
IDC-TRH
ZM1-TRIF I
ZM2-5TART I
ZM2-TRIP ;
ZM3-START
ZM3-TRIP

TEF-TRIP

GFC-TRIP

TOC-TRIP
TU-TRIP
TOv-TRIP

PEI -E‘U ! E:El 1EIU T?U ZEIIU Z?U EFIU 3|5El 4IEIU 4?0

Figure 3.21 Three-phase fault in zone 1
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3.6.1.2
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Figure 3.22 Three-phase fault in zone 2
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Figure 3.23 Three-phase fault in zone 3
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3.6.2 Single-phase to ground faults
In this section, the operation of the relay in the case of single-phase to ground faults is

shown.

Figures 3.24, 3.25 and 3.26 show the presence of a single-phase to ground fault within
the first zone of protection in forward direction. The application of a ground fault
results in not only the activation of the general fault criteria-forward operation of Ph-
E loop GFC-STFWPE but also the corresponding general fault criteria-forward
operation in phase LI/ (GFC-STFWLI), or L2 (GFC-STFWL2), or L3 (GFC-STFWL3)
is operated, as well. The Figures 3.27, 3.28 and 3.29 show the operation of relay in
zone 2 with the presence of fault in phase LI, L2, L3 to ground, respectively. The
Figures 3.30, 3.31 and 3.32 illustrate the cases of a fault in zone 3 where the
corresponding general fault criteria-reverse operation in phase L/ (GFC-STRVLI), or
L2 (GFC-STRVL2), or L3 (GFC-STRVL?3) is operated.
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Figure 3.24 Phase L1 to ground fault in zone 1
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e Phase L2 to ground
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Figure 3.25 Phase L2 to ground fault in zone 1
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Figure 3.26 Phase L3 to ground fault in zone 1
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3.6.2.2 Zone2
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Figure 3.27 Phase L1 to ground fault in zone 2
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Figure 3.28 Phase L2 to ground fault in zone 2
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® Phase L3 to ground
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Figure 3.29 Phase L3 to ground fault in zone 2

3.6.2.3 Zone3
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Figure 3.30 Phase L1 to ground fault in zone 3
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Figure 3.31 Phase L2 to ground fault in zone 3
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Figure 3.32 Phase L3 to ground fault in zone 3




3.6.3 Double-phase to ground faults
In this section, the operation of the relay in the case of double-phase to ground faults

1s shown.

Figures 3.33, 3.34 and 3.35 show the relay response for double-phase LI-L2, LI-L3
and L2-L3 to ground faults, respectively. Again, the general fault criteria-forward
operation of Ph-E loop GFC-STFWPE is activated. Due to the double-phase fault
occurrence, the corresponding general fault criteria-forward operation in double-phase
LI-L2 (GFC-STFWLI, GFC-STFWL2), or LI-L3 (GFC-STFWLI, GFC-STFW-L3), or
L2-13 (GFC-STFWL2, GFC-STFWL?3) is fulfilled and activated simultaneously. The
Figures 3.36, 3.37 and 3.38 show the operation of relay in zone 2 with the presence of
a fault in double-phase LI-L2, LI-L3, L2-L3 to ground, respectively. The
Figures 3.39, 3.40 and 3.41 illustrate the cases of a fault in zone 3. Instead of the
operation of general fault criteria-forward operation outputs, the corresponding
general fault criteria-reverse operation in double-phase LI/-L2 (GFC-STRVLI, GFC-
STRVL2), or LI-L3 (GFC-STRVLI, GFC-STRVL3), or L2-L3 (GFC-STRVL2, GFC-
STRVL3) is operated.
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Figure 3.33 Double-phase L1-L2 to ground in zone 1
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Figure 3.34 Double-phase L1-L3 to ground in zone 1
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Figure 3.35 Double-phase 1.2-1.3 to ground in zone 1
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3.6.3.2 Zone?2
e Phase L1-L2 to ground

018
018

018 &
018

ik oA AA AL A A Ao i AME=02317) - -

(3 &
018

180
iz
180
Wf‘
180
i
180

TRIP-TRIP I
GFCSTRwWL1
GFCSTRWL2
GFC-STRwWL3
GFC-STPWPE
GFC-S5TRWLT
GFC-STRYL2
GFCSTRVLE
GFC-STRYPE
I0C-TRIF
I0C-TRN
ZM1-TRIP
ZWM2ETART |
ZM2-TRIP I
ZMISTART
ZM3-TRIP
TEF-TRIP I
GFC-TRIP
TOC-TRIP
TLW-TRIP
TOW-TRIP

0 -50 ] 50 100 150 200 250 300 350 400 450
1 1 1 1 1 1 1 I I 1 1

Figure 3.36 Double-phase L1-L2 to ground in zone 2
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Figure 3.37 Double-phase L.1-L.3 to ground in zone 2



3.6.3.3
Phase L.1-L.2 to ground
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Figure 3.38 Double-phase [.2-1.3 to ground in zone 2
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Figure 3. 39 Double-phase L1-L2 to ground in zone 3
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Figure 3.40 Double-phase L1-L3 to ground in zone 3
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Figure 3.41 Double-phase L2-L3 to ground in zone 3
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3.6.4 Double-phase faults

In this section the relay response to double-phase faults is demonstrated. In
Figures 3.42, 3.43 and 3.44, results are shown where double-phase faults L/-L2, LI-
L3 and L2-L3 are applied in zone 1, respectively. The faults occur between phase to
phase, so only the corresponding general fault criteria-forward operation in phase is
activated, i.e., double-phase LI-L2 (GFC-STFWLI, GFC-STFWL2), or LI-L3 (GFC-
STFWLI, GFC-STFW-L3), or L2-L3 (GFC-STFWL2, GFC-STFWL3). The
Figures 3.45, 3.46 and 3.47 show the operation of the relay in zone 2 with the
presence of a fault in double-phase LI-L2, LI-L3, L2-L3, respectively. The
Figures 3.48, 3.49 and 3.50 illustrate the cases of a fault in zone 3 where the
corresponding general fault criteria-reverse operation in double-phase L/-L2 (GFC-
STRVLI, GFC-STRVL2), or LI-L3 (GFC-STRVLI, GFC-STRVL3), or L2-L3 (GFC-
STRVL2, GFC-STRVL3) is operated.
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Figure 3.42 Double-phase L1-L2 fault in zone 1
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Figure 3.44 Double-phase L.2-1.3 fault in zone 1
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3.6.4.2 Zone?2
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Chapter 4

Conclusions and further work

4.1 Conclusions

In this thesis, the calculation of the setting values has been included and all types of
faults that may occur in the power system have been tested. The proper operation of

the numerical distance relay has also been demonstrated.

In presence of a fault within the zone protection, the measured impedance of the GFC
function block is within the set boundaries of the characteristic. This results in the
operation of the GFC start condition (STCND) output that activates the selected loop
of the distance protection measuring zones. When the corresponding delay time is

reached, these zones send out the trip signal.

In case of a three-phase fault in forward or reverse direction, all the general fault
criteria-forward operation signals, GFC-STFWLI, GFC-STFWL2, GFC-STFWL3, or
general fault criteria-reverse operation signals, GFC-STRVLI, GFC-STRVL2, GFC-
STRVL3 in all the three phases are activated. With the double-phase fault, both in
forward and reverse direction, it has been shown that only the general fault criteria-
forward operation signals or general fault criteria-reverse operation signals of the

involved phases are activated.
In the presence of a ground fault, beside the activation of the general fault criteria

operation output in phases, the general fault criteria operation of Ph-E loop output has

also been activated. The operation of the numerical relay when the single-phase to
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ground fault occurs has also been investigated. It has been shown that successful
activation of the general fault criteria operation output of the involved phase and
general fault criteria operation of Ph-E loop output, in both directions, are achieved.

The same result has been obtained with the case of double-phase to ground fault.

Problems experienced

When everything was done and we started to test the relay, the relay was not picking
any of the earth faults because the fault resistor was not connected to the ground. This

problem was rectified when we connected the fault resistor to ground.

Then also the relay did not calculate the distance to fault on the disturbance report.
We realised that the setting parameters of the Fault locator function block (FLOC)
were wrong because we had omitted to multiply the reactance and resistance values of
the line model by a factor of six. The factor of six should be multiplied to the
reactance and the resistance values of the line model because the line model is divided
into six equal m-sections. After we had done the multiplication, the relay recorded the

distance to fault in the disturbance report.

4.2 Further work

The following problems should be implemented as the further woks:

e Use the output signals sent out by the functional blocks to control the circuit
breaker or fault clearing equipment.

e Study evolving faults, e.g., faults starting as phase to ground fault, but developing
to double-phase to ground fault.

e Study power system oscillations.

e Test the relay with source impedance variations.
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TESTING A NUMERICAL DISTANCE PROTECTION
RELAY

by
Tran Manh Hung
Henry Akyea

All questions marked with H should be answered before attending the laboratory
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1 Introduction

Any kind of power system shunt fault results in customers being disconnected if not
cleared quickly. Distance protection meets the requirements of speed and reliability
needed to protect electric circuits, thus distance protection is used to a large extend on

power-system networks.

It is a universal short-circuit protection. Its mode of operation is based on the
measurement of electrical quantities (current and voltage) and evaluation of the
impedance towards the fault, which basically is proportional to the distance to the
fault.

Numerical distance protection is utilization of microprocessor technology with
analogue to digital conversion of the measured values (current and voltage), computed

(numerical) distance determination and digital processing logic.

2 Aim of the Exercise

The objective of this exercise is to test a modern numerical relay for various faults

within the distance zones under consideration.

Three zones are set; zone one is an under-reaching instantaneous tripping zone set in
the forward direction, zone two is an over-reaching zone with single time-delay also
set in the forward direction and zone three is an over-reaching zone with double time-

delay set in the reverse direction.

3 Power system model description

The power system model used in this exercise is a three-phase model of a 400 kV
transmission, and two loads (two 9 kW three phase resistive loads). The entire model
operates at 400 V.

The line model consists of six identical T-sections; each corresponds to 150 km of a
400 kV line. The sections can be connected arbitrarily in series or parallel.

The data for a real 150 km section are:

X1 =50.4Q/phase,

R =4.17Q/phase.
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Zero sequence impedance Zy= 37,

The impedance scale of the line model is given as 1:53.2.

The numerical relay used in this laboratory is the Line distance protection relay
REL 511*%2.3 from ABB. The REL 511%2.3 is based on a full scheme distance
protection function that detects both phase-to-phase and phase-to-earth faults and has
a quadrilateral operating characteristics. A separate general fault criterion with
advanced characteristics is used for phase selection and as an overall measuring
function, which increases the total operating security and facilitates remote backup

applications.

The numerical relay REL 511%2.3 line distance protection terminal is designed for
main and backup protection, monitoring and control of power lines, cables and other
primary objects. It can be used in systems with simple or complex network

configurations regardless of the type of system grounding.

Relay parameters:
Current:  Rated [; = 1A
Nominal range: (0.2 -30) * I,
Operative range: (0.004 - 100)*I;
Permissive overload: 4*I; continuous, 100*I, for 1 s
Voltage: Rated U;=110V,
Nominal range: (80 -120)% of U;
Operative range: (0.001 — 1.5)* U,
Permissive overload: 1.5* U, continuous, 2.5* U.for 1 s
DC supply for relay: 48 — 250 V.

Figure A1 shows the line model used for the laboratory.
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Figure A1: Power system model of the laboratory exercise



4 Distance zones

Zone 1 ’—Ei
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Figure A2 Grade distance zones

Zone 1: 85% AB, time delayed = 0, forward direction.
Zone 2: AB + 30% BC, time delayed = 0.25 s, forward direction.
Zone 3: AB + BC + 25% CD, time delayed = 0.35 s, reverse direction.

Load P=9 kW

AB = 3 w-sections

BC =CD =1 m-section

F; F,: Faults locations in Zone 1 and Zone 2, respectively.
Fault resistor Ry= 5Q.

Timer is set to be 0.5 s.

Setting for zone parameters can be done on the local human-machine interface (HMI)
unit under the menu:

Setting / Functions / Group 1/ Impedance / ZM n
n=1.2.3.

H: Calculate the setting values for the impedance fault detection of the three zones,
according to Figure 2 and the given data.
3 Note: All of the setting values are calculated for the secondary side based on the

following expression:

I . ; . .
where 7" 7 and 7" 1 are the transformation ratios of the current and voltage

=
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transformers, with nominal values of 100/1 and 230/69, respectively.

5 Setting for General Fault Criteria (GFC)

The general fault criteria serve as an overall fault detection and phase selection
element in all kinds of networks. The signals produced by the GFC measuring
elements serve for different parts of the distance protection. These are indication of
the faulty phases, phase selection for the zone measuring elements, general criteria for
the operation of the trip logic and time delayed trip as a backup function to the zone

measuring elements.

As can be seen in Figure A3, the zone measuring element characteristics is within that
of the GFC, thus to get a trip signal the GFC must be fulfilled.
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Figure A3 Operating characteristics of the GFC and zone measuring elements

H: Calculate and set the parameters of the GFC. (For definition of the parameters

refer to page 71)

XORVPE. ... e e
XOBW P . L e

The default values are used for the following parameters: ARGLd, INReleasePE,
INBlockPP, IP>, IN>.

The following values should be used:

tPP=0s, tPE=0s.

3 Note: The setting range of GFC should cover all of the zone characteristics.
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Setting of the GFC parameters can be done on the local human-machine interface
(HMI) unit under the menu:
Setting / Functions / Group 1/ Impedance / GenFltCriteria.

6 Setting of line reference for the Fault Locator (FLOC)

The FLOC provides the distance to the fault together with information about the

measuring loop that has been used in the calculation.

H: Calculate the setting values for the FLOC. (For definition of the parameters refer
to page 72)

The following values should be used:

XI1SA = 0.001 Q, RISA = 0.001 ©, X1SB = 1500 €, R1SB = 1500 Q, Xm0 = 0,
Rm0=0 Q.

Setting of the FLOC parameters can be done on the local human-machine interface
(HMI) unit under the menu:

Setting / Functions / Group 1/ Line Reference.

7 Exercise in the Laboratory

Carry out the following tests:
i.  Three-phase fault
ii.  Double-phase fault
iii.  Double-phase-ground fault

iv.  Single-phase-ground fault

Faults are applied by closing the contactor, according to Figure A1l.
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Observe the LED on the relay during the tests and upload disturbance reports from the
relay to the PC after each type of fault by using CAP 540, under the menu:

Programs / Disturbance Handling / Terminal list

3 Note: To upload the disturbance report from the terminal to the PC the procedure
below must be followed:
¢ Plug the cable to the optical contact under the local HMI of the terminal.
¢ Plug the other end of the cable to the COM port of the PC. The COM port of the
PC are two, therefore if you plug the cable to COM port 1 or COM port 2 it must
be then set on the PC as COM 1 or COM 2 respectively. This can be done by
opening the CAP 540 project Test_lab, highlight the Stn1 then set it at:
Settings / Communication settings / Communication parameters
e Set the slave number and the baud rate to 30 and 9600, respectively in the
terminal. The slave number and the baud rate settings in the terminal can be done
on the local HMI at:
Configuration / Terminal Com / SPACom / Front
e Set the slave number and the baud rate in the PC by opening the CAP 540 project
Test_lab. Highlight the Stn1 then set it at:
Settings / Communication settings / Communication parameters

The slave number and the baud rate must be the same for both the PC and the relay.

Describe and explain the results.



v.  Switch-on the Dead line detection (DLD), remove one of the three-phase lines
that used to connect the relay to the voltage transformers and observe the
LED. Then switch-off the DLD.

Operating mode for DLD can be changed on the local HMI under the menu:
Setting / Functions / Group 1/ DeadlineDet

vi. Increase the load to 18 kW and observe the LED.

The following manuals provide complementary information:

1. Cap 540 Navigator, User’s Manual

2. Cap 531 (Configuration and Programming Tool), User’s Manual
3. PST (Parameter setting tool), User’s Manual

4. Technical reference manual

All of the manuals are available online: http://www.abb.com/substationautomation
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Setting parameters, zone 1-3

Parameter | Description

Positive sequence reactive reach of distance protection zone n for Ph-
X1PP

Ph faults
RIPP Positive sequence line resistance reach of distance protection zone n

for Ph-Ph faults

Positive sequence reactive reach of distance protection zone n for Ph-
XI1PE

E faults

Positive sequence line reactance included in distance protection zone n
RIPE

for Ph-E faults

Zero sequence line reactance included in distance protection zone n
XOPE

for Ph-E faults

Zero sequence line resistance included in distance protection zone n
ROPE

for Ph-E faults
RFPP Resistive reach of distance protection zone n for Ph-Ph faults
RFPE Resistive reach of distance protection zone n for Ph-E faults

Time delayed trip operation of the distance protection zone n for Ph-
tnPP

Ph faults
nPE Time delayed trip operation of the distance protection zone n for Ph-E

faults

The ZM distance protection function provides fast and reliable protection for
overhead lines and power cables in all kinds of power networks. For each independent
distance protection zone, full scheme design provides continuous measurement of
impedance separately in three independent phase-to-phase measuring loops as well as

in three independent phase-to-earth measuring loops.

Phase-to-phase distance protection is suitable as a basic protection function against
two-and three-phase faults in all kinds of networks, regardless of the treatment of the
neutral point. Independent setting of the reach in the reactive and the resistive
direction for each zone separately, makes it possible to create fast and selective short

circuit protection in power systems.

Phase-to-earth distance protection serves as basic earth fault protection in networks
with directly or low impedance earthed networks. Together with independent phase
preference logic, it also serves as selective protection function at cross-country faults

in isolated or resonantly earthed networks.
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Independent reactive reach setting for phase-to-phase and for phase-to-earth
measurement secures high selectivity in networks with different protective relays used

for short-circuit and earth-fault protection.

The distance protection zones can operate, independently of each other, in directional
(forward or reverse) or non-directional mode. This makes it suitable, together with
different communication schemes, for the protection of power lines and cables in
complex network configurations, such as double-circuit, parallel lines and
multiterminal lines. Zone 1, 2 and 3 can issue phase selective signals, such as start and

trip.

Basic distance protection function is generally suitable for use in non-compensated
networks. A special addition to the basic functions is available optionally for use on
series compensated and adjacent lines where voltage reversals might disturb the

correct directional discrimination of a basic distance protection.

The figure below shows the operating characteristic for one distance protection zone

in the forward direction.

iX
F'y
Xph-e

!
!

Xph-ph;"

/
/
/

.f! Zline

!
/
/
i Rph-ph Rph-e

Figure A4 Schematic presentation of the operating characteristics

for one distance protection zone in the forward direction
Where:

Xph-e =reactive reach for Ph-E faults
Xph-ph = reactive reach for Ph-Ph faults
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Rph-e  =resistive reach for Ph-E faults

Rph-ph = resistive reach for Ph-Ph faults

Zline  =line impedance

Setting parameters, GFC

Parameter | Description
ARGLd Load angle determining the load impedance area
RLd Limitation of resistive reach within the load impedance area
X1RvPP Positive sequence reactive reach in reverse direction for Ph-Ph faults
X1FwPP | Positive sequence reactive reach in forward direction for Ph-Ph faults
RFPP Resistive reach (forward and reverse ) for Ph-Ph measurement
X1RvPE Positive sequence reactive reach in reverse direction for Ph-E faults
X1FwPE | Positive sequence reactive reach in forward direction for Ph-E faults
XORVPE Zero sequence reactance of reach in reverse direction for Ph-E faults
XOFwPE | Zero sequence reactance reach in forward direction for Ph-E faults
RFPE Resistive reach ( forward and reverse ) for Ph-E measurement
P> Set operate value for measured phase currents
IN> Set operate value for measured residual currents
INReleasePE | 310 limit for releasing Ph-E measuring loops
INBlockPP | 310 limit for blocking Ph-Ph measuring loops
tPP Time delayed of trip for Ph-Ph faults
tPE Time delayed of trip for Ph-E faults
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Setting parameters, FLOC

Parameter | Description

X1 Positive sequence line reactance

X0 Zero sequence line reactance

R1 Positive sequence line resistance

RO Zero sequence line resistance
X1SA Positive sequence source reactance, near end
RISA Positive sequence source resistance, near end
X1SB Positive sequence source reactance, far end
R1SB Positive sequence source resistance, near end
Xm0 Mutual reactance from parallel line
RmO Mutual resistance from parallel line
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Appendix B

Relay set up manual

1 Energising the terminal
After checking the connection to the external circuitry, when the terminal is energised

the window on the local HMI remains dark. After a few seconds the green LED starts
flashing and then the window lights up. Then after some seconds the window displays
‘Terminal Startup’ and the main menu is displayed. The upper row should indicate

‘Ready’. A steady green light indicates a successful start-up.

If the upper row in the window indicates ‘Fail’ instead of ‘Ready’ and the green LED
is flashing, an internal failure in the terminal has been detected. Refer to the Self-
supervision function in the Installation and Commissioning manual pages 40 — 42 to
investigate the fault.

For a successful start-up the appearance of the local HMI should be as shown in the

figure below:
o Status indication LEDs

Ready Start Trip

REx5xx Ver x.x e

LCD display

Optical connector Cancel and Enter buttons

o Mavigation buttons
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2 Log on and build a new project tree
When starting CAP 540 the following dialog appears:

CAP 540

Licensed to: Hung Manh

User Mame: I
Pazsword: I

Change Password ... | ak. I Cancel |

You should fill in User Name and Password and click OK as follows:
User Name: systemadministrator
Password: al0

When you have logged on, you can create a new project tree by selecting
File/New Project. After typing the file name in the New Project dialog box and
clicking OK, a project structure down to Bay level will be created with default names.
Right click on the nodes and select Add to add more nodes to your project.

The last level is the Terminal level. Right click on a Bay and select Add. In the
Terminal Modules dialog select REL 511 V2.3 Line Protection.

rermnai oduies
Select a Terminal
(] |

Cancel

FELS11 %23 Line Pratection

Slave Mumber: |1

Type in a vacant slave number (it must be unique for each terminal that belongs to the
same SPA loop) and click OK. In our case, we use the number 30.

3 Setting and configuring the terminal
The specific values for each setting parameter and the configuration file have to be

available before the terminal can be set and configured.
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Each function included in the terminal has several setting parameters that have to be
set in order to make the terminal behave as intended. The setting file can be prepared
using the parameter setting (PST), which is available in the CAP 540. All settings can
be entered manually through the local HMI or downloaded from a PC. Front port
communication has to be established before the settings can be downloaded. The

configuration can only be downloaded through the front connector on the local HMI.

4 Communication settings.

Click on Settings menu or right click on a station node and select Communication
Settings. The dialog can only be opened if a station node is selected.

i, Communicakion Settings: 5tnl

— Communication Parameters

Sernial Port: I COM1 j
Protocol: | SPA =
Baud Rate: IQEDD j
Data Bits: |? =
Parity: |EVEN =
Stop Bits: |1 j
Echa: IIGNDHE j
Handshake: I RTS-IDLE j
TimeOut []: | 3 [
Retries: |5 j

The Serial Port number depends on the configuration of the PC. The Baud Rate must
be 9600 so that it corresponds to the setting of the front port of the terminal.

The Slave Number and the Baud Rate settings must be equal in the PC program and
the terminal. The Slave Number and the Baud Rate settings in the terminal are done

on the local HMI at: Configuration / TerminalCom / SPACom / Front

Before start communicating to a terminal, make sure the communication setup in CAP
540 is correct. Terminal Emulator is used for fault tracing. Start the Terminal
Emulator by selecting a terminal in the project structure and then select Terminal
Emulator in the Tools menu.
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File  Wiew
Send Mezzsage [Elapsed Time [Send + Receive) [ms] =
RF - | 2004
J Clear |
Send | Receive | Reszpond Time [mz]
»30RF13cr FRepeat
»30RF:13cr TimeOut
4| | »
{* Prepared 5P Message [RF] Repeat: 1 =
€ Full 5P Message [>1RF:3x] TimeOut (=1 SIS
 Other [AT) Time: |1 1:48:18
Cloze |

If “Repeat” and TimeOut” appear in the Respond Time field after clicking Send as
shown in the above figure, the communication set up is incorrect and it should be
checked again.

5 Upload configuration

The entire configuration is stored in the terminal and it can be upload to the PC. For
back-up purposes and off-line engineering, a copy of the terminal configuration
should be kept on the PC system. Start the Upload Configuration by selecting the
terminal in the project tree and then select Upload Configuration in the On-line menu.

6 Download the configuration

To download the configuration to the terminal:

e Select the terminal that you want to download in the Project Tree.

e Select Download Configuration in the On-line menu, and the Download
configuration dialog appears.

e Select Download PST configuration if relevant, click Yes, and downloading starts
by uploading the list of available functions.

The Compare Configuration function starts automatically. If the downloading has
been successful and there are no differences between the function libraries in the
terminal and in the configuration, no differences will be detected in the comparison
process. If differences appear in the comparison list, then start the downloading
procedure again.
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7 Disturbance handling

The disturbance report stored in the terminal provides the network operator with
proper information about disturbance in the primary network. To upload the
disturbance report to the PC:

e Select the Terminal level and right click.

e (Continue with Disturbance Handling and with Terminal Disturbance List.

ji#l CAP 540 Client

File Edit Settings Programs  Wiew Swstem  Tools  Help

JuH0r Hd e e ANE-|

|C:ACAPS40\Project |Disturbance Records List

=1 new Date | Time | Seq. Mo | Storec

E|[:| Orgl

=1 St
-0 Bayl
2l 'Jﬁ- add
Remaove
Remove Disturbance Files
Reassign
Channels

Qs AMME | Scale Factor
Copy
Move
Dial
Hang-lp
Disturbance Handling Station Disturbance Upload
Parameter Setting Station Disturbance e Transher

Terminal Configuration

Terminal Disturbance Lisk

il

LED Indications Terminal Disturbance File Lisk
COmpress ... Marwal Trig ...
Decampress ... Clear LEDs ...

Clear all Recordings ...

Cammunicakion Settings ...

Disturbance Evaluation

Properkies ...
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Appendix C

Relay configuration
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| 3 | 4 | <)
Configuration for laboratory exercise using
numerical relay REL511-2.3

Work sheet name Description Sheet

OVERVIEW List of content 1

IMP_PROT Distance protection functions 2

CUR _PRO Current functions 3-4

VOL_PROT Voltage functions 5

TRIP Trip logic 6

INT Internal signals 7

| O Binary inputs and outputs 8-9

HMI_LED Indications on local HMI LED 10-11

DRP Disturbance report 12

EV Events for SCS 13-14

T L 1 Confguraton g _ | OQVERVIEW
_ - esp dep ev In
Revind_ oo Power System Protection | chaimers University of Technology Laboratory exercise pheet 114

1 2 | 3 | 4 | 5 | 6
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PSD
GFC-STPE- BLOCK START SD-START
ZM1--(470.6)
earse B Nt
GFC-STCNI STCND TRL3 e
STL3 e
'/.M2v—7(47 1,6)
Bl.o(f/kMz TRIP ZM2-TRIP
S:/:T'l" . ZM2-START
STL2 e
s oo * ZM3 SET IN REVERSE DIRECTION
eatse—] s TeLile e
VTSZ TRL2 e
STCND TRL3 e
STL3-e
Prepared  T.M.Hung, H. Akyea 20/09/05 . S
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GFC--(460.6)

GFC
FALSE— BLOCK TRIP

STFWL1

STFWL2

GFC-STFWL3

STFWL3
STFWPE

GFC-STFWPE

STRVLI1
STRVL2
STRVL3
STRVPE
STNDL1
STNDL2
STNDL3
STNDPE
STEWI1PH
STFW2PH

IEEEEEEEERERE)

STFW3PH
STPE

GFC-STPE

STPP

3

STCND

3FC-STCND

SELECTIVE_TRIP==0034-OUT-

FLOC-(1125.6)
FLOC
PSL1 DISTHS

PSL2 DISTH4
PSL3 DISTH2

RELEASE DISTH1

DLD--(210,6)
DLD
FALSE— BLOCK START

DISTLS
DISTLA
DISTL2
DISTL1
DISTOK

IEEEEEREEE

DLD-START

STIL1
STIL2
STIL3
STUL1
STUL2

IEEEEE]

STUL3
STPH

DLD-STPH

Prepared  T.M.Hung, H. Akyea

20/09/05

Approved  Daniel Karlsson

28/09/05

Rev Ind

Reg nr

Based on

Pcl

Power System Protection

Configuration diagram
REL 511*2.3

CUR_PROT

Resp dep

| Rev Ind

Chalmers University of Technology

Laboratory exercise

Sheet 3/14

3

4

5

6




10C--(390.6)
10C
FALSE- BLOCK TRIP OC-TRIP
TRP OC-TRP
TRLI[-®
TRL2|-®
TRL3|-®
TRN OC-TRN
TOC--(340.6)
TOC
FALSET BLOCK TRIP TOC-TRIP
BLKTR TRP|®
TRN |-®
STP|-e
STL1-e
STL2-e
STL3 e
STN TOC-STN
TEF--(230,6)
EF_BLOCK==I003-Bl6—— | BLOCK  TRIP TEF-TRIP
FALSE- BLKTR TRSOTF TEF-TRSOFT
BC==1003-Bll——— BC START TEF-START
STFW [-e
STRV |-e
THOL-(358.6)
THOL
FALSE— BLOCK ALARM THOL-ALARM

TRIP

START [-e

THOL-TRIP
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TOV_A—-—C(),’\»/S().G)
F/\LSEt E:_,‘C()(‘::: "I;{Rl:‘l? . TOV-TRIP
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ZM2-TRI

©0001-(155.6)

INPUT1

ZM3-TRI

INPUT2

GFC-TRI

TOC-TRI

INPUT3

TEF-TRIP-
TUV-TRIP-
TOV-TRIP-

THOL-TRIP-

ZM1-TRIP-
ZM2-TRIP-
ZM3-TRIP-

IOC-TRIP————— | INPUT4

GFC-STFWL3

INPUTS
FALS H—Z INPUTG

0002-(156.,6)
INPUT1 our
INPUT2 NOUT[-®
INPUT3
INPUT4

©0003-(157.6)

INPUT1 ouT

INPUT4
FALSE— INPUTS
INPUTG

ouTr

NOUT -o

INPUT2 NOUT[-®
INPUT3

FALS' Ht INPUTS
INPUTG

INT-FAIL-

0004-(170.6)
OR

—— INPUTI ouT

INPUT2 NOUT[-®
FALSE- INPUT3
INPUT4
INPUTS
INPUT6

TRO1-(729.6)

TRIP

BLOCK  TRIP

L—— TRIN TRL1

FALSE- TRINL1 TRL2
E TRINL2 TRL3
TRINL3 TRIP

PSL1 TR2P

PSL2 TR3P

PSL3

FALSE- IPTRZ
E o
P3PTR

IREEEE!

SELECTIVE_TRIP==0034-OUT

TRIP-TRIP
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10P1-(222,1000)
1/OPosition
Sl

S13

S15—IOP1-S15
S17—IOP1-S17
S19
S21
S23
s25

IEEEEE!

s27
s29

1002-(804.6)
1/0-module
POSITION ERROR [-®
FALSE— BLKOUT BIl ——————————————CB_OPEN==I002-BI1
TRIP-TRI BO1 BI2 e
ZMI1-TRI BO2 BI3 e
ZM2-TRI BO3 BI4 e
ZM3-TRI BO4

#TRIP-TRIP— BONAMEOI
#ZM1-TRIP—| BONAMEO2
#ZM2-TRIP— BONAMEO3
#ZM3-TRIP— BONAMEO4

#1002-BI1—{ BINAMEOI
#1002-BI2— BINAMEO2
#1002-BI3— BINAMEO3

#1002-Bl4—{ BINAMEO4
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IOPI—SISI

TRIP-TRIP-
GFC-STFWLI

GFC-STFWL2-
GFC-STFWL3:
GFC-STFWPE-

#GFC-STFWL1
#GFC-STFWL2-
#GFC-STFWL3:
#GFC-STFWPE:-

FALSE—

FALSE-

#1003-BO6—
#1003-BO7—
#1003-BOS—
#1003-BO9—

#1003-BO 10—
#1003-BO11—
#1003-BO12—
#1003-BI1—
#1003-B12—
#1003-BI13—
#1003-B14—
#1003-B15—]
#1003-BI6—
#1003-B17—

#1003-BIS—

1003-(805,6)
1/0-module
POSITION  ERROR
BLKOUT BIl
BOI1 BI2
BO2 BI3
BO3 Bl4
BO4 BIS
BOS BI6
BO6 BI7
BO7 BIS
BOS
BOY
BO10
BO11
BO12
BONAMEOI

BONAMEO2
BONAMEO3
BONAMEO4
BONAMEO5
BONAMEO6
BONAMEO7
BONAMEO8
BONAMEO09
BONAMEIO
BONAMEI 1
BONAME12
BINAMEOI
BINAMEO2
BINAMEO3
BINAMEO4
BINAMEOS
BINAMEOG
BINAMEO7
BINAMEOS

I'EEENE

IS

BC==1003-BI1

EF_BLOCK==1003-BI6

lOPl—Sl7T

#CLR_LEDS-

#1004-B110—
#1004-BI11—
#1004-BI12—
#1004-BI13—
#1004-B114—
#1004-BI115—
#1004-B116—

1004-(806.6)

#1004-BI12—
#1004-B13—
#1004-B14—
#1004-B15—
#1004-BI16—
#1004-B17—
#1004-BI8—
#1004-B19—

1/0-module

POSITION
BINAMEOI
BINAMEO2
BINAMEO3
BINAMEO4
BINAMEOS
BINAMEOG
BINAMEO7
BINAMEOS
BINAMEO9
BINAMEI0
BINAMEI1 1
BINAME12
BINAMEI13
BINAME14
BINAMEIS
BINAMEI6

ERROR
BI1

Lo
——CLR_LEDS==1004-BI1

IEEEEEEEEEEEEEE!
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HLED-(1400.6)

HMI_LED
CLR_LEDS==1004-BIl—————— ACK_RST NEWIND|-®
)-'AI_SH—E BLOCK FAIL -
LEDTEST
HLO1-(1401.6)
HMI_LEDs
TRIP-TRI RED
FALSEt YELLOW
GREEN
A001-(165.6) HLO02-(1402,6)
AND HMI_LEDs
INPUTI ouT RED
ZMI1-TRI INPUT2  NOUT|-® YELLOW
TRUE—{ INPUT3 FALSE— GREEN
FALSE— INPUT4N
ZMI1-START:
A002-(166.6) HLO03-(1403,6)
AND HMI_LEDs
INPUT1 ouTt RED
ZM2-TRI INPUT2  NOUT|-® YELLOW
TRUE—{ INPUT3 FALSE— GREEN
FALSE—{ INPUT4N
ZM2-START:
A003-(167.6) HIL04-(1404.6)
AND HMI_LEDs
INPUT1 ouTt RED
ZM3-TRI INPUT2 NOUT[-® YELLOW
TRUE—{ INPUT3 FALSE— GREEN
FALSE—{ INPUT4N

ZM3-START-
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A004-(185.6) HLO05-(1405,6)
AND HMI_LEDs
TRIP-TRI INPUT1 ouT RED
TOC-TRI INPUT2  NOUT-® YELLOW
TRUE: INPUT3 FALSE— GREEN
FALSE————— INPUT4N
TOC-ST!
A005-(186.6) HL06-(1406,6)
AND HMI_LEDs
INPUT1 ouTr RED
TEF-TRI INPUT2  NOUT-® FALS' Ht YELLOW
TRUE— INPUT3 GREEN
FALSE— INPUT4N
A006-(187.6) HLO07-(1407,6)
AND HMI_LEDs
INPUTI our RED
IOC-TRI INPUT2  NOUT-® FALS' Ht YELLOW
TRUE— INPUT3 GREEN
FALSE- INPUT4N
A007-(510,6) HLO08-(1408,6)
AND HMI_LEDs
INPUT1 ouT RED
THOL-TRI INPUT2 NOUT-® YELLOW
TRUE— INPUT3 FALSE— GREEN
FALSE— INPUT4N
THOL-ALAR]
0005-(171.6) HL09-(1409,6)
OR HMI_LEDs
DLD-ST! INPUT1 ouT RED
FALSE- INPUT2 NOUT-® FALS Ht YELLOW
INPUT3 GREEN
INPUT4
INPUTS
INPUT6

Prepared  T.M.Hung, H. Akyea 20/09/05

Approved_Daniel Karisson 26/09/05 Configuration diagram HMILED

REL 511*2.3 Resp dep | Rev Ind
Revnd Regr Power System Protection Sheet 11/14

Based on P Chalmers University of Technology Laboratory exercise

1 2 | 3 | 4 | 5 | 6



| 3

TRIP\6-O

CUR_PROT\3-O0
CUR_PROT\3-O0
CUR_PROT\3-O0
CUR_PROT\3-O0
CUR_PROTM-O
CUR_PROTM-O
IMP_PROT2-O
IMP_PROT2-O
IMP_PROT2-O
IMP_PROT2-O
IMP_PROT2-O
IMP_PROT2-O

DRP1-(1129.6)
DisturbReport

FALSE— CLRLEDS OFF|-»
TRIP-TRI INPUT1 RECSTART [-®
FALSE- INPUT2 RECMADE [-o
INPUT3 MEMUSED
INPUT4 CLEARED -
GFC-STFWL INPUTS
INPUTG
INPUT7
GFC-STFWPE- INPUTS
IOC-TRI INPUT9
IOC-TRI INPUT10
ZMI1-TRI INPUTI1
INPUT12
INPUTI13
ZM3-START- INPUT14
ZM3-TRI INPUTI15
PSD-START- INPUT16
#TRIP-TRI NAMEO1
#Input02- NAMEO2
#Input03: NAMEO3
#Input04- NAMEO4
#GFC-STFWL NAMEOS
#GFC-STFWL NAMEO6
#GFC-STFWL3 NAMEO7
NAMEO8
#IOC-TRI NAMEO9
#IOC-TRI NAMEI10
#ZMI1-TRI NAMEI1 1
#ZM2-START: NAME12
#ZM2-TRI NAMEI13
#ZM3-START: NAME14
#ZM3-TRI NAMEIS
#PSD-START- NAMEI6

#0—| FuncTO1
#0— FuncT02
#0— FuncT03
#0—{ FuncT04
#0— FuncTO5
#0—{ FuncT06
#0— FuncT07
#0— FuncT08
#0— FuncT09
#0—{ FuncT10
#0—| FuncT11
#0—{ FuncT12
#0— FuncT13
#0— FuncT14
#0— FuncT15
#0—{ FuncT16
#0—{ InfoNoO1
#0— InfoNo02
#0— InfoNoO3
#0— InfoNoO4
#0—{ InfoNoOS
#0—{ InfoNo06
#0—{ InfoNo07
#0— InfoNoO8
#0— InfoNo09
#0— InfoNo10
#0—{ InfoNol1
#0—{ InfoNo12
#0— InfoNol3
#0— InfoNol4
#0— InfoNol5

#0—{ InfoNo16

DRP2-(1130.6)

FALSE-

DRP1-MEMUSED

GFC-TRI

THOL-TRI

TUV-TRI

TOV-TRI

DLD-STPH
FALSE

FAL.
FALSE—
FALSE—

#T

TRIP—|
#Input18—
#Input19—
#Input20—|

#GFC-TRIP—|

#THOL-TRIP—|

#Input23—

#TOC-TRIP—{
#TOC-STN—]
#TUV-TRIP—
#TOV-TRIP—
#DLD-STPH—|
#Input20—|
#Input30—|
#Input31—|
#Input32—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

#0—

DisturbReport

INPUT17
INPUTI18
INPUT19
INPUT20
INPUT21
INPUT22
INPUT23
INPUT24
INPUT25
INPUT26
INPUT27
INPUT28
INPUT29
INPUT30
INPUT31
INPUT32
NAME17
NAMEI18
NAME19
NAME20
NAME21
NAME22
NAME23
NAME24
NAME25
NAME26
NAME27
NAME28
NAME29
NAME30
NAME31
NAME32
FuncT17
FuncT18
FuncT19
FuncT20
FuncT21
FuncT22
FuncT23
FuncT24
FuncT25
FuncT26
FuncT27
FuncT28
FuncT29
0

FuncT31

Func’

FuncT32

InfoNo17
InfoNo18
InfoNo19
InfoNo20
InfoNo21

InfoNo22
InfoNo23
InfoNo24
InfoNo25
InfoNo26
InfoNo27
InfoNo28
InfoNo29
InfoNo30
InfoNo31

InfoNo32
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IMP_PROT2-0
IMP_PROTQ2-0
IMP_PROTQ2-0
IMP_PROTQ-O
IMP_PROTQ-O

CUR_PROT\3-0

CUR_PROT\3-0

CUR_PROT\3-0

CUR_PROT\3-0
IMP_PROTQ-O

ZM1-7]

RT

EVO1-(1146.6)
EVENT

ZM2-START:
ZM2-TRI

INPUT2
INPUT3

ZM3-START-

INPUT4

INPUTS

INPUT6

INPUT7

GFC-TRI

INPUTS

PSD-START-

INPUT9
INPUT10
INPUTI1

FALSE- INPUT12
INPUTI13
INPUT14

INPUTI15
INPUT16

#0.000— T_SUPRO1
#0.000— SUPRO3
#0.000— SUPROS

T
#0.000— T_SUPRO7
#0.000— T_SUPRO9
#0.000— T_SUPR11
#0.000—
#0.000—

#ZM1-TRIP— NAMEO1

UPR13

SUPRI15

#ZM2-START— NAMEO2
#ZM2-TRIP— NAMEO3
#ZM3-START— NAMEO4

#GFC-STFWL1—

#GFC-STFWL2—
#GFC-STFWL3— NAMEOS
#GFC-TRIP— NAMEO09

#PSD-START— NAMEI0
#EVO1-INPUT11— NAMEI11
#EVO1-INPUT12— NAMEI2

#EVOI-INPUT13— NAMEI3
#EVOI-INPUT14— NAMEI4
#EVOI-INPUT15— NAMEIS
#EVO1-INPUT16— NAMEIG
#0— PrColO1
#0— FuncTEV1
#0—{ InfoNoO1
#0—{ InfoNo02
#0— InfoNoO3
#0— InfoNoO4
#0— InfoNoOS
#0—{ InfoNo06
#0—{ InfoNo07
#0—{ InfoNoO8
#0— InfoNo09
#0— InfoNo10
#0—{ InfoNol1
#0—{ InfoNo12
#0—{ InfoNo13
#0— InfoNol4
#0— InfoNol5

#0— InfoNol6

EV02-(1147,6)

ENT
THOL-TRIP———————— INPUT1

THOL-ALAR] INPUT2

TEF-TRIP——————— INPUT3
TEF-START———————— INPUT4
INPUTS

INPUTG
INPUT7
FALSE- INPUTS
INPUT9
INPUT10
INPUTI1

INPUT12
INPUTI13
INPUT14

INPUTI15
INPUT16

#0.000— T_SUPRO1
#0.000— T_SUPRO3
#0.000— T_SUPROS
#0.000— T_SUPRO7
#0.000— T_SUPRO9
#0.000— T_SUPRI11
#0.000— T_SUPRI13
#0.000— T_SUPRIS
#THERMAL-TRIP— NAMEOI
#THERMAL-ALARM— NAMEO2
#TEF-TRIP— NAMEO3
NAMEO4
NAMEOS
#TOC-STN— NAMEOG

#IOC-TRIP— NAMEO7
#EV02-INPUTS— NAMEOS8
#EV02-INPUT9— NAMEO09

#EVO02-INPUT10— NAMEIO
#EVO02-INPUT11— NAMEI11
#EVO02-INPUT12— NAMEI2
#EVO02-INPUT13— NAMEI3
#EVO02-INPUT14— NAMEI4
#EVO02-INPUT15— NAMEILS
#EVO02-INPUT16— NAMEIG
#0— PrCol02
#0— FuncTEV2
#0—{ InfoNoO1
#0—{ InfoNo02
#0— InfoNoO3
#0— InfoNoO4
#0— InfoNoOS
#0—{ InfoNo06
#0—{ InfoNo07
#0— InfoNoO8
#0— InfoNo09
#0— InfoNo10
#0—{ InfoNol1
#0—{ InfoNo12
#0—{ InfoNo13
#0— InfoNol4
#0— InfoNol5

#0— InfoNol6
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EVO03-(1148,6)

DLD-START—]
TOV-TRIP—

TOV-STN—
TOV-STPE—]
TUV-TRIP—

TUV-START—

FALSE-

#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—

DEAD LINE DETECT—
#TOV-TRIP—
#TOV-START N—
#TOV-START P—
#TUV-TRIP—
#TUV-START—
#EVO3-INPUTO7—
#EVO03-INPUTO8—
#EVO03-INPUT09—
#EVO3-INPUT 10—
#EVO3-INPUT11—
#EVO3-INPUT12—
#EVO3-INPUT13—
#EVO3-INPUT 14—
#EVO3-INPUT15—
#EVO3-INPUT 16—
#0—

#0—]

#0—]

#0—]

#0—

#0—

#0—]

#0—]

#0—]

#0—

#0—

#0—

#0—]

#0—]

#0—]

#0—

#0—

#0—

EVENT
INPUT1

INPUT2
INPUT3
INPUT4
INPUTS
INPUT6
INPUT7
INPUTS
INPUT9
INPUT10
INPUTI11
INPUT12
INPUTI13
INPUT14
INPUTI15
INPUT16
T_SUPRO1
T_SUPRO3
T_SUPROS
T_SUPRO7
SUPRO9
SUPRI11

T_SUPRI3
T_SUPRIS
NAMEOI

NAMEO4
NAMEOS
NAMEO6

NAMEO7
NAMEO8
NAMEO9
NAME10
NAMEI1 1

NAMEI12

NAMEIS
NAMEI6
PrCol03
FuncTEV3
InfoNoO1
InfoNo02
InfoNo03
InfoNo04
InfoNoO0S
InfoNo0O6
InfoNo07
InfoNoO8
InfoNo09
InfoNo10
InfoNol1
InfoNo12
InfoNo13
InfoNo14
InfoNo15
InfoNo16

EV04-(1149,6)

TRIP-TRI

FAL.

#GENERAL-TRIP—

#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—
#0.000—]

#EV04-INPUT2—
#EV04-INPUT3—
#EV04-INPUT4—
#EV04-INPUT5—
#EV04-INPUT6—
#EV04-INPUT7—
#EV04-INPUTS—
#EV04-INPUT9—
#EVO04-INPUT 10—
#EVO04-INPUT11—
#EVO04-INPUT 12—
#EV04-INPUT 13—
#EVO04-INPUT 14—
#EVO04-INPUT 15—
#EVO04-INPUT 16—
#0—]

#0—]

#0—]

#0—

#0—

#0—]

#0—]

#0—]

#0—

#0—|

#0—

#0—]

#0—]

#0—]

#0—

#0—|

#0—

#0—]

EVENT

INPUT1
INPUT2
INPUT3
INPUT4
INPUTS
INPUT6
INPUT7
INPUTS
INPUT9
INPUT10
INPUTI1
INPUT12
INPUTI13
INPUT14
INPUTI15
INPUT16

T_SUPRO1
T_SUPRO3
T_SUPROS
T_SUPRO7
SUPRO9

T_SUPRI

T_SUPRI3
T_SUPRIS

NAMEO1
NAMEO2
NAMEO3
NAMEO4
NAMEOS
NAMEO6
NAMEO7
NAMEO8
NAMEO09
NAMEI10
NAMEI1 1
NAME12
NAMEI13
NAME14
NAMEIS
NAMEI6
PrCol04

FuncTEV4

InfoNoO1

InfoNo02
InfoNo03
InfoNo04
InfoNo0S
InfoNo0O6
InfoNo07
InfoNoO8
InfoNo09
InfoNo10
InfoNol1

InfoNo12
InfoNo13
InfoNo14
InfoNo15

InfoNo16
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BC==1003-BI1 1_0\9-0 ZM1-START IMP_PROT\2-O
CB_OPEN==1002-BI1 VOL_PROT\5-1 ZM1-TRIP EW\13-1
CLR_LEDS==1004-BI1 1_0\9-0 HMI_LED\10-1
DLD-START EW\14-1 1_O\8-1
DLD-STPH DRP\12-1 IMP_PROT\2-O

HMI_LED\1-I TRIP\6-1
EF_BLOCK==1003-BI6 1_0\9-0 7ZM2-START EW\13-1
GFC-STCND IMP_PROT\2-1 HMI_LED\10-1
GFC-STFWLI1 DRP\12-1 IMP_PROT\2-O
EWI3-1 ZM2-TRIP EWI3-1
1.0\9-1 HMI_LED\0-T
TRIP\6-1 1_O\8-1
GFC-STFWL2 DRP\12-1 IMP_PROT\2-O
EV\I3I TRIP\G-I (2)
1_0\9-1 ZM3-START EWI3-1
TRIP\6-1 HMI_LED\O-T
GFC-STFWL3 DRP\12-1 IMP_PROT\2-O
EW\13-1 ZM3-TRIP EW\13-1
1_O\9-1 HMI_LED\10-1
TRIP\6-1 1_O\8-1
GFC-STFWPE DRP\12-1 IMP_PROT\2-O
LOWI TRIPG-I (2)
GFC-STPE IMP_PROT\2-1
GFC-TRIP DRP\12-1
EW\13-1
TRIP\6-1
INT-FAIL TRIP\6-1
IOC-TRIP DRP\12-1
EW\13-1
HMI_LED\11-1
TRIP\6-1
IOC-TRN DRP\12-1
IOP1-S15 1_0\9-1
I0P1-S17 1_O\9-1
PSD-START EW\13-1
IMP_PROT\2-O
SELECTIVE_TRIP==0034-OUT TRIP\6-O
TEF-START EWI3-1
TEF-TRIP DRP\12-1
EW\13-1
HMI_LED\11-1
TRIP\G-1
THOL-ALARM EWI3-1
HMI_LED\1-I
THOL-TRIP DRP\12-1
EW\13-1
HMI_LED\11-1
TRIP\6-I
TOC-STN DRP\12-1
EWI3-1
HMI_LED\11-1
TOC-TRIP DRP\12-1
EW\13-1
HMI_LED\1-I
TRIP\6-1
TOV-STN VOL_PROTN\5-O
TOV-STPE VOL_PROT\5-O
TOV-TRIP EW\14-1
TRIP\6-I
VOL_PROTN\5-O
TRIP-TRIP EW\14-1
HMI_LED\10-1
HMI_LED\11-1
1_0\8-1
1.0\9-1
TRIP\6-O
TUV-START VOL_PROTN\5-O
TUV-TRIP EWV\14-1
TRIP\6-1
VOL_PROTN\5-O
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