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Modeling and Simulation of Under -Frequency Relay
for Generator Protection
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Memon!, Masood Ali Koondhar!, S. Abid Ali Shah Bukhari!, Irfan Ali Channa?

Abstract:

Power systems are undergoing structural changes induced by the combination of the
operation of microgrids and distributed generation units. This transfiguration has impersonated
new challenges in well-established power system practices, coordination of protection systems
and especially on the design. Same time, technological improvements in protective equipment
have set up the basis for the development of digital frequency relays (DFL) which enable an
alternate approach to standard protection schemes. It is necessary for the power system to
operates, regulates and manages ancillary services more efficiently to maintain the reliability of
the system. The power system is continually laying unexpected contingencies which cause
inequality between load demand and generated power. Such uncertainties cause the disturbance
in the power system frequency. The only way to maintain power system frequency by balancing
load and generation. In this paper, we have designed the under-frequency relay (UFL) model in
Matlab simulink. We have noticed that when the load on the system is increased, the designed
model shed the extra load and are modeled through under frequency relay by comparing the
frequency responses of the power system.

Keywords: synchronous machine; under- frequency relay; relay setting; critical load

1. Introduction

Huge generation losses, disturbances and
frequencies cause drop rapidly when the
generation does not match to the load
demand. Reduction of large frequency,
overload transmission line, and system
collapse can degrade the performance of the
load. Stability is one of the most important
issues of the power system. The basic
problems of voltage, angle and frequency
instability occur when there is a huge
mismatch between load, and generation or N-
1 probability [1]. Under normal operation of
power system, the overall generation of power

system must meet to load demand, and loss.
The rise in tripping of generation units,
transmission lines and load demands can
affect voltage, frequency, and may cause in
disturbance and dangerous cascading effects
[2, 3].

Deviations of large frequency can destroy
the system and load performance. Turbine
governor can take low-level imbalances and
have possibilities of damage. However, high-
level imbalances can affect power system and
reduce the speed of turbine governor to
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respond falling of frequency down below the
satisfactory limit [4]. De-energizing the load
is very costly and dangerous as well. Load
shedding is a very useful scheme in an
emergency to control and ensure system
stability. Protection scheme is used to return
back the system to the normal position and
stabilize the frequency of the system.
Therefore, extra load to be shaded through the
designed scheme in an emergency to avoid the
system from collapse and restore the system
frequency under the limit by maintaining the
balance of load and generation [5, 6].

Load shedding protects the system by
declining excessive voltage or frequency to
balance the power system and system demand
load. Generally, the load shedding scheme
involves shedding of predetermined load
amount when the frequency drops below
some thresholds and is named as under
frequency load shedding (UFLS). The
purpose of the UFLS system is to restrict very
less load, and run the system smooth, quick,
and safe from any abnormal condition to a
normal state [1, 2]. The reduction in
frequency may cause huge damage to
turbines, generators, plants, and can cause
their failure at low frequencies. The reason is
that their auxiliaries cannot sustain it, and is
unable to maintain the normal position when
the frequency changes about 10 to 15% below
the normal frequency. Elements which are
more sensitive to frequency drops are a
synchronous generator, steam turbines and
auxiliary services [7 - 9].

A synchronous generator is an important
and expensive device of the power systems,
and is difficult to be repaired in a short time.
It must be protected from abnormal
conditions, and faults like overload,
unbalancing of loads, excitation losses, stator
winding faults, loss of synchronism and
motoring [10 - 12].

Investigates the percentage differential
and power transformer protection methods of
the synchronous generator. The modern
digital signal can improve the protection of
the generator. Ground-type faults are the most

common faults in the stator winding of the
synchronous machine [11, 13].

These faults can be dangerous and can
occur severe damages in the generator and
their cause is a reduction in the generator
speed and consequently in the frequency. The
reduction in the frequency of the system
below a threshold limit is a signal of
abnormality in the power systems [7] and
shedding extra load action will be taken by the
under-frequency relay. The minimum
acceptable limit of the system frequency can
be determined by the equipment operation.
Generally, in order to operate the system in a
continuous mode, the steam turbine must not
allow the system frequency below 47.5 Hz as
50 Hz is a normal system frequency. Hence,
the process would be easy, fast, efficient and
more reliable [14].

An  adaptive, conventional and
intelligence type of load shedding schemes
are presented in [2 - 9]. In this paper to
overcome this problem, an effective model is
simulated which is able to minimize some
amount of load by shedding to maintain
frequency to its limit (Normal position 50Hz)
and system in reliable condition [4]. An
under-frequency relay model is presented
which checks the response of the power
system and can generate a signal in case of
any abnormality.

If the system is running in normal
operation it cannot work but in case of any
abnormality in load-generation, the system
response cause change to the original form
and the protection system senses the
abnormality and under-frequency relay
operates. The abnormality of the system may
be due to mismatch between load and
generation, it means some extra load are
connected to the system and frequency of the
system cause to reduces which must be
minimized to operate system in normal
condition and bring frequency in normal
condition, so when there is mismatch occur
between load and generation an under-
frequency relay is modeled which is used to
cut off some extra load from the system by
doing load shedding to keep power system
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reliability and in normal operating. The
under-frequency relay is used to detect
reduction in frequency by getting signal from
circuit breaker during abnormal conditions of
the system and operate automatically [6].

The load must be shaded for possible
maximum condition so that systems maintain
its normal condition [5]. The frequency relay
is settled to remove extra loads to overcome
frequency thresholds at different stages [15].
The number and amount of sheds are pre-
decided in the systems [7]. The change in
frequency refers directly to deficiency of
power [5, 7].

2. System Model

Single line to ground faults are very
dangerous faults and may result in severe
damage in stator core and winding [16].

Single line to ground fault is most common
fault of insulation failure and cause of burning
of weld laminations and iron part. Under-
frequency relay is used to determine
protection from the fault during abnormal
conditions of the load to avoid from such
faults [10].

And this damage of winding causes
abnormality in a generator because of the
increase in the load of the power system
which reduces the speed of the generator
which directly effects the frequency of the
system. There are some tests which performed
during abnormal conditions of the load when
frequency varies at different rates with the
help of a protective relay. A single line
diagram under frequency relay for generator
protection is shown in figure 1.

Continuous <Electical power Pe (W} Constant

powergui <Rotor speed wm (rads)>

Divide

Scope3

<Terminal voltage Va V)>

ﬂ
Scopel

Three-Phase
Series RLC Load

—p 4

200 MVA-
50Hz

l—w (81)Trp

com |

Frequency Relay

[Three-Phase Breaker3 IThree-Phase Breaker2

Three-Phase Breakerl

Fraquency Scope

Terminator

Three-Phase
Series RLC Load2

Three-Phase
Series RLC Load3

Three-Phase
Series RLC Load1

Fig. 1: Modeling of under-frequency relay for generator protection
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3. Protection System Model

The frequency of the system can be
measured with voltage signal of potential
transformer (PT). For the measurement of
frequency in graphical way of sine wave is the
difference of two consecutive times (T) at
zero crossing (T1 and T2) as shown in figure
2.

For the measure of total time of wave
form, the factor 2 is multiplied to difference
of both consecutive time T1 and T2 as shown
in equations below:

T=2x(T,—T,)

) @)
Frequency = !

Time Period (T) - 2(T,—Ty) (2)

The frequency relay works to compare the
two frequencies to maintain system stability.
The function of frequency relay is to trip the
circuit in case of any abnormalities. This
under-frequency relay system is modeled
which compares two frequencies, nominal,
and variable frequency due to load changes.
It compares two frequencies through the
generated program shown in figure 3. If the
compared frequency is under limit relay
cannot operate and remain in normal
operating condition but if in case of any
change in the load of the power system there
cause a change in frequency and relay
operates through a circuit breaker.in case of
an abnormal condition, relay generates a
signal and sends it to the circuit breaker to cut
off extra load to maintain the power system to
stabilize and bring frequency under the limit
or original frequency (50HZ).

A phase lock loop (PLL) is used with
frequency relay and is a closed-loop control
system, which detects the sinusoidal phases of
three-phase signal and frequency by internal
frequency oscillator as shown in figure 4. The
internal frequency oscillator is controlled by
the control system to maintain the phase
difference 0 (Zero). It converts a 3-phase i/p
signal to Park transformation with the help of

iit)

\

Il 12

Fig. 2: Measuring of frequency
an internal oscillator’s angular speed. It is the
easiest and simplest electronic circuit that
contains a phase detector in feedback and also
variable frequency oscillator.

Clock ak

4 D
Freg o Freq fon Trip
CO=
W Frequency Relay

PLL
{3ph}i

Function

—0

Fraquency Scope

Terminator

Fig. 3: Frequency Relay

A variable frequency oscillator produces
input signal while the phase detector gives the
comparison of that generated signal to the
phase of an input signal. By keeping the input
phase signal and output phase signal equal it
maintains the same frequencies of input, and
output. Consequently, when an accumulation
of synchronizing signals, a PLL tracks the
input frequency, or it produces a frequency of
multiple inputs. ABC three-phase input signal
is converted into dqo (Park transformation)
through an internal oscillator by using the
angular speed.
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!
e | T
Phase detector Automatic
Gain Control
Fig. 4: Internal diagram of PLL
Table I: Relay Setting
Under frequency relay | Frequency % load Time delay Load shed in
base load shedding threshold shed MW
Step 1 48.7 15 % 0.2 sec 27 MW
Step 2 48.5 18% 0.2 sec 32w

4. Simulation Results & Discussion

To test the performance of the under-
frequency relay, the load variations of 5% to
20% have been added and shown in table 1.

The digital under-frequency relay for the
generator, protection is based on the
frequency variation due to load disturbances
in the power system. For this purpose, the
under-frequency relay is modeled in
MATLAB/Simulink version 2017a and
applied on a power system consisting of
synchronous generator and load. The

performance of this relay is tested at various
cases of load variations. The simulation
results have shown that an under-frequency
relay is capable of detecting and
disconnecting the overload within a shorter
period of time. The relay has the ability to
stabilize the power system within a specified
time.
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Case # 01 the system is operating at the
normal condition when the load on the system
is minimum of its capacity and suddenly a 27
MW load is added. And the change in
frequency is observed as the load has
increased, the frequency decreases to 48.7 Hz.
Due to this under-frequency relay has
detected the abnormality and disconnects the
load to bring the frequency to the normal
value (50 Hz) at 20sec as shown in figure 5.

Case # 02 the system is operating at the
normal condition when the load on the system
is minimum of its capacity and suddenly a 32
MW load is added. The response of the under-
frequency relay observed in this case, as the
load has increased, the frequency decreases to
48.5 Hz. The under-frequency relay has
detected the abnormality and disconnects the
load to bring the frequency to the normal
value (50 Hz) at 20sec shown in figure 6.

y N
50.4
50.2
E 50
R 49.8
E
Q asse
6]
E 494
N
e 49.2
Y a9
48.8
48.6
o 5 10 15 20 25 30 35 40 45 50
L TIME (S) J
Fig. 5: Under-frequency response when the load varies 15%
-
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Fig. 6: Under-frequency response when the load varies 18%
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5. Conclusion

However, if there is any unbalanced
between load demand and power generation,
the system frequency will change and the
power system becomes unstable due to these
factors, the major blackout may occur in the
system. In history several blackout has seen
due to instability of frequency or due to
unbalancing to meet the demand or removing
any of generating unit due to fault occurrence
N-1 after distribution of generation and
islanding issues, the frequency relays have
again get attention of industrialists and
researchers. In order to address this issue, this
research has presented a digital under-
frequency relay scheme to provide efficient
and reliable operation of the power system
under disturbances. The digital relay has
better performance as compared to
electromechanical relay due to the parameters
such as high speed and accuracy. Digital
relays are faster and more accurate than other
relays. The main purpose of this work is
stabilize the system by controlling the
frequency of system by variations of load to
the distribution side. In this regard, a
synchronous generator with a load model was
designed in MATLAB/Simulink software
version 2017a. The under-frequency relay for
generator protection was also modeled in
MATLAB/Simulink software version 2017a.
It has been observed from the simulation
results  that  under-frequency  relay
successfully detects the abnormal response
and quickly disconnect the additional loads in
order to bring frequency back to its normal
state.

In future model can be modify to make
system  more reliable by adjusting
overfrequency relay for better syste. So that
system can detect both over and under
frequency problem easily.
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