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Abstract
This paper presents the study of the stability of a systemelectrical power using a Mamdani type fuzzy control. A
system of test machine bus-infinite is used, where the synchronous generator is connected to an infinite bus
through external impedance. Describes the methodology used for fuzzy control. The results of this type of
control are presented and compared with results obtained with conventional control type ST1.
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1.INTRODUCTION

The concept of stability in a system of electrical power relates the ability of a system of power to remain
in sync and the tendency of a system to return and stay in a point of operation in the steady state after a fault
has occurred The electric power systems involve synchronous generators located in long power stations and
connected to loads that are dynamic or static. The loads have an important influence on the stability and can
affect a generator making it unstable. The electric power systems are systems that have the characteristic of
being non-linear, time-varying, operating in different points of operation and have changes in their structures,
for this reason, it is the need to maintain the output voltage of a synchronous generator avoiding variations of
voltage regardless of the variations in load. One of the major teams of control in a synchronous machine is the
automatic voltage regulator and currently the operating are normally tuned to a certain point of operation, and
sometimes have to be adjusted manually by highly skilled personnel [1]. On the other hand, are now applying
techniques of artificial intelligence, called intelligent controls in various fields of science to overcome the limits of
the classical methods [ 2]. The intelligent controls are characterized by their ability to establish a functional
relationship between its inputs and outputs with empirical data, without the use of explicit models of controlled
systems. Contrary to conventional controls, intelligent controls can learn, remember and make decisions. The
intelligent controls can be trained to operate effectively in conditions of uncertainty; can respond to unforeseen
situations autonomously, without the intervention of the systemattendant. The type of intelligent control used in
this work is the fuzzy control that was introduced in the early 70s as an attempt by designing controls for
systems that are structurally difficult to model, due to its non-linear nature and other complexities in the
obtaining of the model. This type of control is based on the so-called Fuzzy Logic.

2.Fuzzy CONTROL

The underlying principle of a controller based on the knowledge of an expert is to capture and put into
practice the knowledge and experience available for example, the operators of a process. A specific type of
control based on the knowledge is the fuzzy control based on rules, where the actions of control corresponding
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to the particular conditions of the system are described in terms of fuzzy if-then rules. Fuzzy sets are
used to define the meaning of the qualitative values of the inputs and outputs of the controller such as: small
error, control action large. Fuzzy logic can capture the continuing nature of the human decision-making
processes and as such, it is a definite improvement on the methods based on the binary logic that are widely
used in theindustrial controllers [3].Since then the range of application of a fuzzy control has expanded
significantly. The linguistic nature of the fuzzy control allows you to express the knowledge of the process with
respect to how the process must be controlled or as behaves the process. The aspect of interpolation of the
fuzzy control has led to the point of view where the fuzzy systems are seen as diagrams of a fluids function
approximation.In most cases a fuzzy controller is used for the control of direct feedback. However, it can also be
used in the monitoring level, for example, as a device in a self-tuning control of conventional type PID;
proportional integral differential control. Also, diffuse control because not only is used to directly express a
process of a priori knowledge, i.e. a fuzzy control can be derived from a fuzzy model obtained through the
identification of the system. The most frequently used in this field are the following [3].The control type
Mamdani, either with the consequential diffuse or semi fault. This type of control is generally used as a direct
result of the closed-loop controller and control the Takagi-Sugeno, generally used as a supervisory control. The
main difference between these controls lies in the consequence of the rules. For the control of type Mamdani this
consequence is a diffuse whole and for the Takagi-Sugeno is a linear function of the inputs.2.1. Structure of a
fuzzy control [4].

The basic structure of a control systemwith fuzzy logic is shown in Fig. 1.

|
Figure 1. Control System with fuzzy logic.

2.1.1 Fuzzification.

During the first stage within the structure of a fuzzy control performs the process of generation of fuzzy
values, i.e. it is the diffuse to assign labels to the universe of discussion for each of our actual entries.Decisions
need to be made with respect to: the number of entries, the size of the universe of discussion and the number and
shape of fuzzy sets.

2.1.2 Knowledge Base.

It is the second step in the processing of fuzzy logic. Fuzzy logic uses linguistic rules to determine that
control action must execute in response to a set of input values.The rule base consists of a fuzzy set of linguistic
rules of the form. If "conditions" then "actions".This style of fuzzy conditional statement is often called
'Mamdani type rule'. The rule base is constructed with a priori knowledge of one or all of the following sources:
the physical laws that govern the dynamics of a plant, the data from the existing drivers, the imprecise he uristic
knowledge obtained froman expert.

2.1.3 Fuzzy inference.

The evaluation of rules, also referred to as fuzzy inference is applied to the diffuse inputs and are
transformed in the process of generation of fuzzy values, with which it is evaluated each rule.Fuzzy Inference is
therefore, the process of assigning values of membership in the entry window, through the rule base, to the
output window.

2.1.4 Defuzzification.

The last step in the processing logic diffuse, is the process of the combination of all the fuzzy outputs,
resulting in a real output, which is applied to the output system.One of the techniques commonly used in the
generation of actual values is the call center of gravity or the centroid method, in this method, each function of
membership is truncated above the value indicated by its diffuse output.

2.2 Control type Mamdani.
A control type Mamdani fromthe base of rules represents a static mapping between the antecedent and
the consequential variables, external dynamic filters should be used to obtain the desired dynamic behavior of
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the control.The structure of a control of type Mamdani consists of the following stages. Fuzzification,
Fuzzy Inference, Defuzzification. The fuzzy systems of type Mamdani are very close in the nature of the manual
control, the handler is defined by specifying that the output should be a number of different combinations of
input signals. Each combination of input signals is represented as a rule "if-then™.

3.Fuzzy CONTROL APPLIED TO THE STABILITY OF AN ELECTRICAL SYSTEM OF POWER.

The fuzzy control that was applied in this study is the Mamdani type which consists of 5 functions of
membership and a table of rules of 5x56. The purpose of this control is to regulate the voltage, that is to say, is to
maintain a suitable profile of voltage in the electrical system of power, the electric power system used [5] is
represented in Fig. 2.

7. <0

Fault

Figure 2. Machine bus-infinito system.

The Fig. 3 shows the structure of the voltage regulator proposed.
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Figure 3. Structure of the fuzzy control type Mamdani.

The real signs of entry for the proposed control are the acceleration of the power, defined as Ae and the
deviation of the speed, defined as e.

3.1. Data For The Study.

The system of study is shown in the appendix, is a test system machine bus infinity see Fig. 4, and
applies a three-phase fault in the bus infinity with duration of 3 cycles.The failure to the submitted the systemis
a short circuit. The time when failure occurs is at t=1 second, the bus voltage is up to 0 in per unit.

RVA
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Figure 4. Study system.
The initial points of operation that are used for the tests are shown in table 1.
Table 1. Data of the low systemprove

V, =10p.u. |Vr=10p.u 5, = 95.4017°
P=07500p.u. | Q= 02726 p.u. | 6 = 52.3939°
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3.2 Assessment Data.

Table 2 shows the 25 rules syntonized for a point of operation of a power of 0.75 used in this work and
the tuning is performed manually; to trial and error, on the basis of a centralized rule, with the a priori knowledge
of the characteristics of the system.

Table 2. Table of 25 rules.

Aeve | LN NM ZE PM LP
LN LB LB LB LM ZE
NM LB LM LM ZE HM
ZE LB LM ZE HM HB
PM LM ZE HM HM HB
LP ZE HM HB HB HB

The labels used for the e and Ae are shown in table 3 and the membership functions that correspond to these
labels are shown in Fig. 5.

Table 3. Labels.
Reglas Acciones:
LN large negative LB Low big
NM negative medium LM low medium
ZE Zero ZE Zero
PM positive medium HM high medium
LP large positive HB high big
ule) 4
} LN NM ZE EM LP
a
ae) |
LN NM ZE PM LP
;

Figure 5. Membership functions.

For the proposed control of the type Mamdani, test data are shown in table 4.

Table 4. Data for the type Mamdani control.

LN NM | zE|PM | P
Membership e | -0.70 -0.35 0.0 | 0.35 0.70
Membership | 74 035 |00]035 |o070
Ae

Singletons 2060 | -1030 | 00 | 1030 | 2060
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RESULTS OF THE SIMULATION
For effects of the simulation the proposed control was compared with a conventional control of the IEEE

of the type ST1 [6]. The simulations of both controls were carried out under the same conditions of operation, to
an active power of P=0.75 p. u. by limiting the excitation voltage U, obtaining the following results, Fig. 6; load
angle, Fig. 7; active power, Fig. 8; reactive power, Fig. 9; voltage in terminals, Fig 10; voltage field and Fig. 11;
excitation voltage.

t (Seconds)

Figure 6. Angle of load.

t (Seconds)

Figure 7. Active Power.
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Figure 8. Reactive Power.
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Figure 9. Voltage in terminals.
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Figure 10. Field Voltage.
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4 . CONCLUSION

Figure

11. Excitation Voltage

The fuzzy control of the type Mamdani proposed in this work presents a better performance and a
greater robustness compared with conventional control of the ST1 type. Of the results of the simulation we can
conclude that the active potency and the potency reactivates with the FLC they present a less number of
oscillations once applied failure, with a tendency to achieve better stability as passes the test time compared with
conventional control ST1.In the case of the voltage in terminals with the FLC is achieved a steady state in a very
short time of test in comparison of the ST1 and in the case of field voltage has an oscillatory behaviour for both
controls, but with the difference that the FLC performs at a lower amplitude. The behavior of the excitation
voltage is according to the conditions laid down in our study, i.e. the excitation voltage is limited in an operating

range of £ 6 volts.

APPENDIX

The model of the synchronous machine [5] used in this work are.

po, = wys
Mps=-Kys+Tm —Te

Tgopeg =V —(Xg — Xg)ig —€
Téope =eq — (X4 — X)ig —€f
Taopeg =(Xq — Xg)ig — &g

eq =Vg +ralg — Xaiq

egq =Vq + g + Xgig

Te =eqig +egig —(Xgd — Xq)igiq

The model of the net [5], without loss of generality, the transmission line is described by an equivalent
impedance of Thevenin. Therefore, the terminal voltage and their components in direct axis and axis in

quadrature, they are the following ones.

Vg =VoSendy + ey — Xelg

Vg =VooCOSSr + g + Xy~ VF=VZ +V¢

Table 5. Data of the Low System Prove

Parameters of the System
Machine-Bus Infinite
, 377.0 Xe 0.15
M 5.5294 re 0.01
Kd 3.0 KA 400.0
T’do 5.66 TA 0.02
T’do 0.041 KF 0.008
T’qo 0.065 TF 1.0
Xd 1.904 X 0.025
X’d 0.312 P 0.824
Xd 0.266 Xq 1.881
Xq 0.260 Ra 0.0
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The data of the system machine bus infinite is shown in the table 5. For the regulator of voltage ST1, these they
are taken of the reference [5], likewise the data of the transmission line corresponds to a generator of 645 MVA in
for unit [5].

REFERENCES

[1] Cortes, R. Control de excitacién difuso de un generador Sincrono. Tesis Doctoral. México, D.F., 1997. IPN.
SEPI ESIME, Zacatenco.

[2] Johnson, R., & Chappell B., Cognizers. Neural networks and machines that think. Wiley Science Editions,
John Wiley and Sons, Inc, 1988.

[3] Ebrahim, Mamdani; Robert Babuska. Fuzzy Control. Scholarpedia 2008.
http://www.scholarpedia.org/article/Fuzzy_control

[4] Roland S. Burnz. Advanced control engineering, Editorial Butterworth-Heinemann, Primera Edicion 2001,
Linacre Houze, Jordan Hill, Oxford.

[5] Daozhi, Xia; G.T. Heydt. Self-Tuning Controller for Generator Excitation Control. IEEE Transaction on Power
Apparatus and Systems. Vol. PAS-102. No.6 June 1983 pp. 1877-1884.

[6] IEEE Committee Report. Excitation Systems Models for Power System Stability, IEEE Trans. Power
Apparatus and Systems, Vol. PAS-100. No. 2. February 1981 pp 494-509.

Biographies
Yoram Astudillo-Baza. He received Master in Electrical Engineering from ESIME-IPN, Mexico in 2005. He is
currently a Mathematics professor at Department of Electrical Engineering of ESIME-IPN. His research interests
Analysis and Control of Electrical Power Systems, Electrical Machines, Intelligent Control, Power Generation,
Cogeneration.

Manuel Alejandro Lépez-Zepeda. He received BsC and Masters in Electrical Engineering from ESIME-IPN,
Mexico in 2002 and 2006. He’s currently a Computer Science professor at ESIME-IPN. His research interests span
state estimation in electric power systems, intelligent control and neuronal networks.

Nicolds Rodriguez-Pereyra. He received Master in Electrical Engineering from ESIME-IPN. He’s currently a
Computer Science professor at ESIME-IPN. His research interests Analysis and Control of Electrical Power
Systems, Intelligent Control.

www.theijes.com THE IJES Page 32



