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ABSTRACT

In this paper, a method combining fuzzy logic and sliding mode controller is proposed for the robust
control of power system Single-Machine Infinite-Bus (SMIB). The aim of this study is to overcome some
shortcoming of conventional power system stabilizer (CPSS), fuzzy logic power system stabilizer (FPSS)
and sliding mode controllers (SMC). When conventional PSS is employed, it will result a poor
performance. SMC can be used to achieve robust stability in power system. However, in the presence of
large uncertainty, a higher switching gain is required, which produce higher amplitude of chattering. In this
study, a direct fuzzy logic controller is designed and the sliding mode controller is added to compensate the
fuzzy approximation errors. The simulation results clearly indicate the effectiveness and validity of the
proposed method, in terms of convergence, time and precision.
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1. INTRODUCTION

Design and application of power system
stabilizers has been the subject of continuing
development for many years [1]. Most PSS used in
electric power systems employ the linear control
theory approach based on a linear model of a fixed
configuration of the power system and thus tuned at
a certain operating condition. Such fixed parameter
PSS, called conventional PSS (CPSS), is widely
used in power systems, it often does not provide
satisfactory results over a wide range of operating
conditions [2].

The Sliding Mode Controller (SMC) is a
particular type of variable structure control systems
that is designed as a robust control to drive and then
constrain the system to lie within of the switching
function. However in the presence of large
uncertainties or higher switching gain is required
which produce higher amplitude of chattering.

Fuzzy logic has emerged as a powerful in control
applications. It allows one to design a controller
using linguistic rules without knowing the
mathematical model of the plant.

In this paper our objective is to apply a fuzzy
controller combined with sliding mode to overcome

shattering of both sliding mode and fuzzy logic
controllers and then to obtain a control system for a
high performance for power system.

This paper will be divided into five sections. First
section presents the modeling of a system of
nonlinear electrical power system SMIB in matlab /
simulink. The second section deals with the use of a
power stabilizer. A brief review of the design
method used CPSS will be exposed. The third
section concerns the use of fuzzy control for the
design of a power stabilizer FPSS, in the fourth
section we used a sliding mode control combined
with fuzzy controller. The simulation results are
presented in fifth section.

2. MODELING OF NONLINEAR POWER
SYSTEM

The single machine infinite bus power system
model SMIB consists of a synchronous generator, a
turbine, a governor, an excitation system and a
transmission line connected to an infinite bus. A
power stabilizer CPSS, FPSS and FSMC are
applied in the excitation of the machine. The model
is built in MATLAB/SIMULINK environment [3,
4]. Figure 1 shows the model of the various
components of the controlled system.
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Figure 1. The Single Machine-Infinitive Bus System With Controllers.

A non-linear dynamic model of the system is - Turbine and governor system:
derived by disregarding the resistances and the
transients of  generator, transformers and d AP 1 d AP
transmission lines [5]. o :_,( ru T R .—C—Apm) 9)
The system equations of the SMIB based power dt Ten
system are as shown below [6].
d jpc _ Ti.(APh AP, (10)
- Electrical part: t CH
| 4R _ 1 (ap,-ap,) (1)
dE, 1 . . at Ty
=t = = ((xg =%, )}, ~Ey) ) iAp 1
da T, t— — (Kg.Aw—-AP,) (12)
. dt Ty
de, 1 . . :
dt :f((xd X4 )'Id +Eq _EQ) @) - The excitation model:
0
. dE 1
Vig =V sind+R 1 +x.1, (3) d_tfdzT_(KE,(v"_vt _Vs)_Efd) (13)
E
V. =V +R. I, —x,I 4
s S W VAP
I:)e:EdId—i_Equ (5) dt TFE £ dt )
_ )(; 2 2
Vt NTd +th (6) - Model of the nonlinear power system SMIB
- Mechanical part; using simulink:

The complete model of the nonlinear Power system
SMIB used in the simulation is given in figure 2

Equation describing mechanical dynamics of the 4]
4].

generator:
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Figure 2. The Complete Model Of The Nonlinear Power System SMIB.

3. CONVENTIONAL POWER SYSTEM
STABILIZER

The capacity of a power system to maintain
stability depends largely on the power stabilizers or
Power System Stabilizer (PSS). The function of the
PSS is to damp the oscillations of the generator. It
acts on the excitation of the machine [5].

The conventional controller PSS acts on the
excitation system of the synchronous machine, this
controller has an input (the speed variation Aw) and
an output Vpss, which constitutes the input to the
excitation system as shown in Figure 1. The
performance of a conventional controller is limited.
The instrument is sensitive to changes in power
system parameters [7].

The transfer functions of the conventional Power
System Stabilizer (CPSS):

sTy, [1+sT,
5 14T, (1+sT,

The block diagram of the conventional PSS is
shown in Fig.3, in which case the generator rotor
speed deviation is used as the only stabilizing
signal. The CPSS consists of an amplifier, a
washout filter and two lead-lag compensators [7].

Vpss
Figure 3. Block diagram of the Conventional Power
System Stabilizer (CPSS).
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4. COMBINED FUZZY POWER SYSTEM
STABILIZER AND SLIDING MODE
CONTROL

4.1. Fuzzy power system stabilizer: FPSS

A fuzzy logic based PSS gives a consistently better
performance than the CPSS [8]. Fuzzy controller
design includes the definition the following
parameters: Number of partitions of input space
and output membership functions, rule base,
inference method, fuzzification and defuzzification.

- Fuzzification: transform the measured
numerical values to the corresponding linguistic
(fuzzy wvariables with appropriate membership
values) [9].

- Knowledge base: include the definitions of
the fuzzy membership functions defined for each
control variables and the necessary rules to indicate
control objectives using linguistic variables.

- Inference mechanism: it should be
capable of simulating human decision making and
influencing the control actions based on fuzzy
logic.

- Defuzzification:  Transformation  after
inference, a fuzzy set of a linguistic variable to

numeric values [10].

Fuzzy
Inference
e Knowledge Vol 4
Input—» Fuzzification hase Defuzzification — Output

Figure 4. The concept of a fuzzy logic controller.

The designs of Fuzzy Logic Controller Two inputs
are Considered, changes in speed deviation (Aw®)
and derivation of change in speed deviation (Aw’).
Five membership functions are considered for each
input signal which leads to create 25 rules.

e X\

: Vpss
Fuzzy Logic

A’ Controller1

Figure 5. Fuzzy Logic Controller In Simulink.

v" Inputs
* Aw: Signal of the speed error.

E-ISSN: 1817-3195
* Ao ': signal the acceleration of the
machine.
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Figure 6. Membership Function Of Input 1
(4w).

Degree of membership

Figure 7. Membership Function Of Input
2 (dw".
v" Output
» VFPSS: voltage stabilization.
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= @ o

Degree of membership

o
o

Vipss

Figure 8. Membership Functions Of
Output (Vepss).

v' bases rules
Fuzzy sets are defined for each input and output

variable. There are five fuzzy levels (LN - large
negative, N - negative, Z - zero, P - positive, LP -

334


http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

20" August 2013. Vol. 54 No.2 <

S

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

large positive) [11]. The membership functions for
input and output variable are gaussian. The 25 rules
described presented in a matrix called matrix
inference given in the following table:

Tablel. Inference Matrix

Aw
LN | N Z P | LP
Ao
LN LN | LN | LN | N Z
LN | LN

y4 NG| N | Z | P |LP
N y4 P |LP|LP
LP y4 P |LP|LP|LP

Control output of Fuzzy PSS

The min - max method inference is used; the
defuzzify method used in this FLC is center of area.

M
ZI:W 0,

fpss = M
dw
i=1

Let 01, 6 2, ..., 6 n represent the centroids of M

membership functions that are assigned to Ufpss and

wi represents the firing strength of the ith rule[12].

U

i

4.1.Fuzzy sliding mode control (FSMC)

Sliding Mode Controller (SMC) is a particular type
of variable structure control systems that is
designed to drive and then constrain the system to
lie within of the switching function. There are two
main advantages of this approach. Firstly, the

dynamic behavior of the system may be adapted by

the particular choice of switching functions.

Secondly, the closed-loop response becomes

insensitive to a particular class of uncertainty and

external disturbances.

In this paper, we proposed the combination of fuzzy
controller with sliding mode controller. The main
objective can be presented in two points:

The first is that the fuzzy controller is
obtained without using the nominal model of the
system which avoids the limitation of the nominal
model required by the sliding mode technique.

The second point is the use of added
sliding mode control term to compensate the fuzzy
approximation errors and improves the convergence
time.

The tracking error vector can be defined as:
e=w-o,

The relative degree is r=2 then, the switching
function can be written as:
S(e)=ke+é
The sliding mode control term is [9]:
Ugme = kysat(S(e))
k1 is a positive constant chosen to compensate the
fuzzy approximation errors.

S itfs|<e
sat(S) =4 ¢
sign(—) otherwise
&

Where

The combined sliding mode control and fuzzy logic
controller:

u=u fpss +U e

Vt4|-. vt
— du/dt ] . |:|
Derivative1 /XX\ Ufpss pt
. P U Omega Pe
Fuzzy Logic wl >
Controller
dw omega
pldw  Usme Usmec Power system SMIB N
SMC Controller W

Figure 9. The Complete Model Of Power System Controlled With FPSS & SMC
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5. SIMULATION RESULTS

The initial operating conditions are as follows:

Vi= 111 o=1 6= 3726, P =08
The parameters of the system are given in
Appendix B, and the adjusted controller gains are
presented in Appendix A.
The purpose of the simulation is to validate the
controller FPSS and FSMC. It is used to ensure the
dynamic stability of the power system, with the
oscillation damping.

w(p.u)
1.06
MODEL
—PSS
1.047 ——FPSS
= FPS5 &SMC
1.02
1
098+
0.96
094+
092 L L L L
0 1 2 3 4 5
S8C
Figure 10. Rotation speed @
rotor angle (degre)
150
MODEL
——Pss
100+ ——FPSS
—— FPSS&SMC
504
0 L
50+
-100 :
0 1 2 3 4 5

sec

Figure 11. Rotor Angle 4

In this study the proposed fuzzy PSS and fuzzy PSS
combined with sliding mode controller are applied
to a power system. The simulation results of power
system SMIB are shown in figure 10 to figure 13.
This  controllers was implemented  using
Matlab/Simulink, as shown in plots, the proposed
controller is able to damp out the oscillations in 0.1

to 0.3 sec. The objective of this proposed method is
to stabilize the power system performance and
minimize the deviation between the actual and
reference field.

Pe (p.u)

4
MODEL
Al ——PSS
———FPSS
Al —— FPSS&SNC
1
T
0
AF
2F
3
-4 1 L 1
0 1 2 3 4
Sec
Figure 12. Electric Power Pe
Vit (p.u)
14
MODEL
13 ——Pss

—— FPSS

12 m— FPSS&SMC

09

08

07

06

0 .5 L L L
0 1 2 3 4 5
sec

Figure 13. Terminal Voltage Vt

6. CONCLUSION

This study proposes the control method for power
system contains a governor and a turbine Related to
a synchronous machine connected to an infinite bus
by a transmission line. The sliding mode control
combined with fuzzy controller has demonstrated
the robustness of the nonlinear controller by
simulation. The simulation studies assure that the
fuzzy power system stabilizer combined with
sliding mode controller provides the better damping
of oscillations as compared to conventional PSS.

336


http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

20" August 2013. Vol. 54 No.2 <

S

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

E-ISSN: 1817-3195

7. NOMENCLATURE

Vpss : Output of power system stabilizer
Vpss : Output of fuzzy power system stabilizer
Pe : Electrical output power

Pm : Generator input power voltage

Pr : Speed relay output power

Pc  : Steam chest output power voltage
Pn  : Servomotor output power

Vi : Generator terminal voltage

V  :Infinitive bus voltage

Vi : d axis component of terminal

Vi : g axis component of terminal

Ve : Reference value of the terminal voltage
la  :daxis armature current

l :qaxis armature current

&  :Rotor angular position

E’s :d axis transient voltage

E’q :q axis transient voltage

Ew :daxis field voltage

Vs : Stabilizing transformer

® : Angular speed

wo : Base angular speed

wor : Governor reference angular speed
. d axis open circuit time constant

: g axis open circuit time constant
D : Damping coefficient

M : Inertia constant of generator

Ke : Exciter gain

Te : Exciter time constant

Ke : Speed relay gain

Kr : Stabilizer circuit gain

Tre : Stabilizer circuit time constant
Tsr : Speed relay time constant

Tsm : Servomotor time constant

Tru : Reheater time constant

Kr+ : Reheater gain

Ten @ Steam chest time constant

Re : Equivalent resistance of transmission lines

Xe @ Equivalent reactance of voltage
transmission lines

xd  : Synchronous reactance

X’a : Transient reactance

Xq :(Q axis reactance of generator

P : Real power
Q : Reactive power
8. APPENDIX

A: The parameter values of the power system
stabilizer:

Kpss = 9.5
Tw =14

T1 =T3 = 0.145
T2 = T4 = 0.033

337

B: The parameter values of the synchronous
machine:

P, =08 Kg =400
Q, =0.496 Tg =0.05s
V=1 Kg =0.025
R, =0.01 Tee =1s

Xq =17 Kry =0.3
wy =1 Ty, =5.95
Try =88 T,, =0.075s
Toy =0.05s D=0

Tsr =0.15 M = 4.74
Kg =35 Xq =1.64
Tgm =0.28 X, =0.245
o =1 X, = 0.2
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