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Abstract:

Maintaining the network frequency at the nominal value is one of the most important criteria of the power
network. When the stability of the system frequency is lost due to the unequal production and consumption,
severe damages are caused to the network equipment such as turbines and motors. The under frequency load
shedding scheme is one of the most important protection in responsible for stabilizing the frequency of the
power system. The main problem of conventional load shedding schemes is the estimation of active power
deficiency, which due to not considering the voltage dependence of loads and the correct value of the inertia
constant, which causes significant effects on the results and even the collapse of the system. In this article, an
adaptive load shedding scheme is proposed, which suggests the voltage-frequency index, assuming the
placement of all production resources and loads on one bus; Due to which the system's active power deficiency
is well estimated and the appropriate amount of load is cut off the system. In order to show the efficiency of
the proposed design, 4 scenarios for IEEE 39-bus system have been implemented in DigSILENT software.
The simulation results confirm the proper performance of the proposed design.
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1. Motivation of the work

Frequency stability in power systems refers to the
ability of these systems to maintain the grid
frequency in the face of disturbances between
generation and load. This stability is directly related
to the ability of the system to maintain or restore
balance between load and production. Any instability
in the frequency, whether it decreases or increases,
can lead to tripping of power plant units or load
interruption. The occurrence of various disturbances
in power networks can cause changes in frequency,
power, voltage and other parameters of the network.
These problems can affect the frequency stability in
transient conditions and damage the control and
protection performance. These processes may act
slowly, as in dynamic boilers, or suddenly, as in trip
generators, in response to the operation of protective
relays in severe disturbances [1]. The first step in the
load shedding process is to estimate the active power
deficit caused by the desired disturbance event; the
main difference in the load shedding articles is
related to the way of calculating the active power
deficiency. The main problem of conventional load
shedding schemes is the estimation of active power
deficiency, which due to not considering the voltage
dependence of loads and the correct value of the
inertia constant, which causes significant effects on
the results and even the collapse of the system.[2]

2. Contributions

One of the important issues that is addressed in load
shedding studies is how to calculate the active power
deficit, so the failure to correctly estimate this deficit
can cause an inappropriate load to be disconnected
from the network and the frequency of the system to
lose its stability power [3]. one of the factors which
endangers the correct estimation of the power deficit
is not taking into account the effect of the voltage
dependence of the network loads, which if not
included in the calculations can cause frequency
instability. Another important point that should be
taken into consideration is the amount of load that is
disconnected from the network, which by updating
the inertia constant in the load shedding stages, the
appropriate amount of load is cut off from the system.
The energy produced by the rotating storage of
generators can compensate for some of the power
deficit and cause less load to be removed from the
network. In the following article, it has been tried to
consider both the important factors of the effect of

load voltage dependence and updating the inertia
constant. The simulation results show that, unlike
similar load shedding schemes, the proposed scheme
has been able to show good performance.

3. Procedures

For load shedding studies, it is necessary to test the
frequency of the network and if it goes out of the
nominal value, according to the intensity of its drop,
the control plans will be activated and the frequency
will return to its nominal value. In cases where the
effect of primary and secondary plans is
insignificant, it is necessary to use load shedding
plan. The load shedding operation is divided into two
parts. In the first step, it is necessary to calculate the
amount of the active power deficit that has caused the
frequency drop using a series of formulas, and in the
second step, this power deficit must be compensated
by removing the load in several steps so that the
frequency returns to a suitable and stable value. One
of the points that is used as a positive point in the
article is influencing the effect of voltage dependence
of loads and the effect of updating the inertia
constant, which makes the estimation of the power
deficit correctly predicted and the output of the load
from the network is done in a smaller amount. To
estimate the power deficit, in addition to measuring
the frequency, which suggests the voltage-frequency
index, assuming the placement of all production
resources and loads on one bus; Due to which the
system's active power deficiency is well estimated
and the appropriate amount of load is cut off the
system. Also, in this article, it was shown that to
measure the frequency, instead of measuring all
basses, the center of inertia frequency can be used.
The frequency of the center of inertia makes it
possible to stabilize the frequency of different basses.
4. Findings

In this article, it is tried to first address the necessity
of using load shedding operations in such a way that
in different scenarios and when different
disturbances occur, the primary and secondary
control schemes are not able to prevent frequency
instability and network blackout and need emergency
control. Also, the results obtained from the
simulation of the proposed load shedding plan are
compared with two other common offloading plans.
The simulation studies show that with proper load
removal from the grid in the form of the proposed
load shedding scheme, the frequency and voltage
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remain stable within the permissible limit, while this
possibility is provided due to the influence of the of
updating the inertia constant. It allows the load to be
disconnected from the system in a smaller proportion
than similar plans [4].Therefore, in each step of load
shedding, the amount of active power produced by
the generation of the network's production units is
checked, and of course, for load shedding, less output
from the load is required.

5. Conclusion

In this paper, an under frequency adaptive load
shedding scheme for power systems is proposed.
Based on the first derivative of the frequency and
taking into account the bus voltage changes and the
inertia of the system, this design estimates the power
deficit well. Considering that it is difficult and
complicated to calculate the effect of bus voltage
drop through the collection of primary information of
production sources, it is assumed that the whole
system is considered as a bus. By simulating and
collecting data, the voltage-frequency index
coefficient ~was calculated and introduced.
Considering this index, it is possible to estimate the
voltage drop caused by the lack of power in the
system for this hypothetical bus. By affecting the
voltage-frequency index, the power deficiency is
estimated with good accuracy. After calculating the
power deficit and the load shedding operation, the
system can be said to be stable when the frequency
derivative becomes positive or zero. In order to show
the efficiency of the proposed design, 4 scenarios for
IEEE 39-bus system have been implemented in
DigSILENT software. The simulation results
confirm the proper performance of the proposed
design.
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