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A Research on Improved Controllers to Stabilize
the Frequency in Multi-Area Interconnected
Power Systems

Ngoc-Khoat Nguyen’, Qi Huang, and Thi-Mai-Phuong Dao

Abstract— This work deals with a stability problem of the frequency in multi-area interconnected power systems resulting from load
disturbances at generation stations by using different controllers. Traditionally, an integral controller can be used to obtain the zero-steady-
state frequency deviation with the poor control performances, i.e., high overshoots and long settling times. In order to achieve the better
control performances, improved control strategies must be investigated by applying advance controllers, such as PID, fuzzy logic, artificial
neural network, etc. For the most practical and efficient application, fuzzy logic controllers are used to make sure that the frequency in
multi-area power system tends to the nominal values as soon as possible after the appearance of load disturbances. Simulation results of
this control technique are carried out for different multi-area interconnected power systems in comparison with the conventional control

strategy.

Index Terms— Multi-area interconnected power system, Control, Frequency, Load disturbance, Integral, PID, FLC, and Simulation.

1 INTRODUCTION

OWER systems have become more and more massive and

complex today with the concepts of large-scale or multi-

area power networks. In these power systems, the areas
including coherent generators groups are interconnected via
tie lines (Fig. 1) which are used for economy and continuity of
power supply [9]. Under the normal working conditions, the
frequency of a power system is kept at the nominal values,
such as 50 Hz or 60 Hz, also the deviations of frequency and
tie-line power flow are equal to zero. However, it is the fact
that a power network often has to work under abnormal con-
ditions, i.e. load disturbances in random areas [10], causing
the non-zero biases of both the frequency and tie-line power.
As a result, the change of frequency affects the power genera-
tion of the network [2], [4], [9], [10]. Hence, it is necessary to
build control strategies to stabilize the frequency in multi-area
interconnected power systems.

In order to solve this problem, many researches have been
implemented [2], [3], [4], [5], [12]. Most of them are based on
the bias control theory [9] which uses area control errors
(ACEs) as the control inputs of the given controllers. Accord-
ing to this control technique, a conventional control strategy
using an integral (I) controller is traditionally used. Although
this control method can obtain the zero steady state of fre-
quency deviation, it is the fact that newly improved control
strategies have to be still built to obtain the better technical
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performances such as lower overshoots, shorter settling times,
etc. This study carries out an investigation of these strategies
focusing on proportional-integral-derivative (PID) controller
and fuzz-logic controller (FLC) which have been strongly de-
veloping in practical systems. Obtained simulation results
demonstrate the exceptional features of these techniques in
comparison with the conventional control strategy.
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The rest of this paper is arranged as follows: the next section
is used to present the model of a two-area interconnected power
system, the third one will investigate frequency control strate-
gies, the fourth one is performed to express the application of
the given control methods in multi-area power systems, and the
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last section contains conclusive notices and efficient discussions
for the future work.

2 Two AREA INTERCONNECTED POWER SYSTEM
MODEL

According to [9], an interconnected power system consists of
control areas, in which all generators are assumed to form a
coherent group. In this network, each area is connected by tie-
lines to the other areas as shown in Fig. 1. From this view-
point, let us consider a two-area interconnected power net-
work as presented in Fig. 1a.
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The deviations of frequency Af and tie-line power flow AP,
can be calculated by following equations

1 d
A =——A¢
27 dt @)
AP, = 24T (jAfldt - Afldt) @)

where, Ad = Ad1 — A0z is the bias of the generator rotor angle
changes in 1¢ area and 2" area, 112 is a synchronizing coeffi-
cient of the tie-line, Af1, Af are the frequency changes of areas.
By taking the Laplace transform, the block diagram for a
two area interconnected power system can be yielded as de-
picted in Fig. 2. The details of Area #1 and ACE calculator
blocks are presented in Fig. 3. In this paper, each area is
formed by combining a governor, a non-reheat thermal tur-
bine, and a generator which can be modeled by transfer func-
tions as indicated in Fig. 3. For the tie-line bias control strate-
gy, area control error (ACE) for the it area is computed by (3)

ACE, = AP, . +B Af €

tie,i

where, ACEi, APti, Bi, and Afi are the area control error, tie-
line power change, area frequency response characteristic, and
frequency change, respectively.

3 NETWORK FREQUENCY CONTROL STRATEGIES

As mentioned earlier, our control goal is to protect the inter-
connected power system in normal operating state which can
be implemented successfully by keeping the deviations of the
frequency and tie-line power flow under the enough small
tolerances and meeting different control characteristics, such
as the low overshoot and settling time after the occurrence of
the load disturbances. In order to carry out this work, two con-
trol strategies can be applied: conventional and improved con-
trol strategies.

3.1 Conventional Control Strategy
Because machines and components of a power system are
characterized by the inherent nonlinearities, integral control-
lers are conventionally used. According to the principle of this
control method, the command signal for the it area can be
calculated by the following equation

U= _KIiJACEi (t)dt =- KIiJ(ARie,i +BiAf;)dt 4)
where, Kj; is the ith integral controller gain constant. This gain
constant has to be defined to satisfy both conditions of the
systematically dynamic response: the fast transient restoration
and the low overshoot. In fact, the implementation of this con-
troller is too slow to stabilize multi-interconnected power
networks which comprise non-linear elements. As a result, it is
necessary to design improved controllers for advanced control
strategies.

3.2 Improved Control Strategies

In order to achieve the better control results, improved control
strategies have been developed by using advanced controllers,
such as PI, PD, PID, fuzzy logic, and so on. For the practical
and ordinary applications, PID and fuzzy logic controllers are
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investigated in this study. Principles and obtained simulation
results of these controllers will be considered in comparison
with the conventional controller.

3.2.1 PID Controller

PID controllers have been widely used in control systems, par-
ticularly in the frequency protection strategy of a lare-scale
power network. Traditionally, the principle of a PID controller
can be indicated as follows

U (t)=K,..ACE (1) + K, || ACE (r)dr +K, %ACEi (t)

1t d ©)
= K| ACE(0)+— [, ACE (7)dr +Ty - -ACE,()
li
where, u;(t) is control signal, ACE;(t) is ith area control error,
K,i, Kii, Kai, T, and Tp; are proportional, integral, derivative
gain coefficients, integral time, and derivative time constants,
respectively.

As mentioned in [7], the control properties of a system are
affected strongly by the above gain coefficients. The propor-
tional factor K, calibrates the transient of the ACE, K; corrects
the accumulation of the error, and the derivative factor Kp
implements the correction of the present ACE versus it in the
previous step. The larger the proportional gain, the smaller the
steady state error, however, the loop is also to become unsta-
ble. The shorter the integral time, the more impetuous the im-
plementation of an integral is. The larger the derivative coeffi-
cient, the more changeable the error becomes.

3.2.2 Fuzzy Logic Controller

Because of the non-linear and complicated characteristics of
multi-area power networks, a conventional control technique
can be replaced efficiently by using an intelligent controller,
namely the fuzzy logic controller. According to [3], a FLC can-
not be affected by the parameters of a power system, and it
has some advantages as indicated below:
(a) it can utilize efficiently the incomplete information to
make a control decision for the system;
(b) it is very flexible to make any control decision with
applying FLC;
(c) by using rules of a FLC in a control system, an effec-
tive HMI ( Human Machine Interface) will be yielded.
The essential advantage by applying a FLC is that the control
parameters can be changed very fast in response to variations
in the system dynamics since none of parameter estimations is
needed [3], [8]. As a result, this leads the efficiency of the use
of FLCs in industrial control systems.
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Fig. 4. Proposed fuzzy logic controller

TABLE 1
A 7-LEVEL RULE BASE
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Fig. 5. Membership function of ACE and 3D-surface
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In general, a FLC is structuralized by three components: fuzzi-
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fication unit, rule base unit, and defuzification unit. Details of
these components can be found in [1], [3], [8]. In this paper,
the FLC which is used as a controller for each area can be indi-
cated in Fig. 4. Here, the ACE and the derivative of ACE,
dACE, are used as inputs of the FLC. The output of this con-
troller is the control signal, u, which will be taken directly to
the corresponding area of the interconnected power system. In
this controller, the embedded factors of ke, kde, and ku are cor-
rect coefficients of ACE, dACE, and u, respectively. In order to
make the better control result, the multi-level rules can be ap-
plied. Table 1 indicates conventionally a 7-level rule base
which is used for our FLC. The fuzzy logic membership func-
tions of FLC’s inputs and output are illustrated in Fig. 5.

4 DIFFERENT CONTROL STRATEGIES FOR MULTI-AREA
INTERCONNECED POWER SYSTEMS

In this section, different control strategies mentioned above
will be applied in multi-area interconnected power systems:
two-area, three-area, and four-area networks. Simulation re-
sults will be also implemented in the Matlab/Simulink envi-
ronment to validate the proposed investigation earlier.

4.1 Multi-area Interconnected Power Network Models

Based on the principle of two area power network model, a
three-area and a four-area model are built in Fig. 6 and Fig. 7.
These models are well matched with the block models Fig.
1(b) and Fig. 1(d). These control models are also based on the
tie-line bias control method using ACEs as the control signals
of the different controllers: I (integral), PID, and FLC.

4.2 Simulation results

A three-case simulation process that is implemented in this
work for the given models is presented as follows

(1) simulation by using I controller;

(2) simulation by using PID controller;

(3) simulation by using FLC controller.
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The optimal parameters which are used to simulate above
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models can be found in the Appendix of this paper. Two ob-
jective parameters in this study, frequency changes Af;, tie-line
power flow changes APy, ;, will be simulated in the time do-
main by using the Matlab/Simulink environment. Fig. 8 and
Fig. 9 show the frequency and tie-line power flow changes for
the two-area power network. Fig. 10 depicts frequency chang-
es in a three-area interconnected power system for two cases:
using I controller and FLC controller. Fig. 11 and Fig. 12 pre-
sent the comparisons of the frequency change and tie-line
power flow, respectively, in a four-area interconnected power
network for two cases: using I controller and PID controller.
Fig. 13 is the other case simulation for this model using FLC. In
addition, the comparison of obtained simulation results is rep-
resented in Table 2. According to this Table, it is well known
to decide that the FLC is the best controller which may be used
to obtain our control goals.

ﬁ_.ﬁ

'l Freq Changes

Deta_P2

Caculate F-Tie

13
ta

PTie_1
PTie.
PTie,
PTie_a

ACE Calculator

CEz
E:

Defta_P3

ACE1
HAaCEzZ

| Area#3

Control signal l

+loadchange Freq_change

m = 1:leontroller
PID Cortroller |

I )
B2 m=-1:FLE controller il
FLC wontmoller| & &
Area#4
5
- B
-‘ Switch |4, 1

Fig. 7. Afour-area interconnected power system model

Deta P4 | Gt Flow

0.01
L _
s T A+ i
Hi S
_ 001 S M
g AL
iy

8 e v

S -0.02 [

g [

£ TH

(5} HH

2 H

2 .0.03 +

5] H

g i

=4

R |- D O O Area #1 - |
--------- Area #2 - |
""" Area #1 - PID
""" Area #2 - PID |

Area #1 - FLC
Area #2 - FLC
0.06 T L L
2 4 6 8 10 12 14 16 18 20
Time (s)

Fig. 8. Frequency deviations in a two-area interconnected
power system

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 5, Issue 3, March-2014 138
ISSN 2229-5518

TABLE 2 . @
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5 CONCLUSION

Via this study, the stability problem of multi-area intercon-
nected power systems against the appearance of the load fre-
quency disturbance is investigated by using different control
strategies. According to the conventional control strategy, in-
tegral controllers are used to reduce the changes of frequen-
cies and tie-line power flows to be under the acceptable toler-
ances. By applying the improved control strategies, PID con-
troller and FLC have been used. The obtained simulation re-
sults have shown that the conventional control strategy yields
the most inefficient quality while the improved ones give the
better outcomes. In the improved control strategies which
have been considered in this work, a FLC is the best choice for
the frequency control problem in a multi-area large power
network. The correspondingly obtained control characteristics
including the overshoot and settling time of the frequency and
tie-line power deviations, however, are still needed to reduce
to get the better results. Because of the complexity of the large-
scale power systems, the new and mixed controllers such as
PID-FLC and PID-ANN (Artificial Neural Network) should be
considered as urgent problems. In the near future, we will
continue these approaches for more complex interconnected
power systems to make sure the stability of frequency in prac-
tical networks.

APPENDIX

APPENDIX — A

Nomenclature

i index of area #i
Delta_Pi load increment, pu
Delta_fi change of frequency, pu

Ty time constant of governor, s

T chi time constant of non-reheat turbine, s

Kopi gain of generator, Hz/pu.MW

Tpi time constant of generator, s

Tj tie-line time constant, s

P, tie line power flow, pu

B: bias factor, MW /pu.Hz

R; speed regulation

Kpi, Ky, Kpi proportional, integral, derivative constant
Kei, Kdei, Kui  error, error derivative, output factors of FLC
APPENDIX-B

Simulated parameters

Ty =008 Tp =01 Tg=0.12 Ty =0.12
Tent = 0.3, Tenz = 0.3, Ten = 0.32, Tepg =0.35
Kp1 =120, Ky, =100, Ky = 105, Kps = 130
Tp1=18, T =20, Ty =22, Tps =25

T;; = 0.0707

Kpi = 0.7, K;i = 0.05, Kpi = 0.03
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