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Abstract

The voltage stability and power quality of the electrical system depend on proper operation of AVR.
Nowadays, design technology of AVR is being broadly improved. Nonlinearities and parametric
uncertainties are unavoidable problem faced in controlling the output voltage of Synchronous
Generator (SG) when working alone or with others. This paper proposes a Nonlinear Auto Regressive-
Moving Average control (NARMA-L2) as a voltage controller which is one type of Neural Network
(NN) plant structure. Nonlinearities due to the effect of saturation in machine between generated
voltage and field current, uncertainties arise because variation of the load connected with time and the
change of rotors resistance with temperature. Due to this fact, Proportional- Integral- Derivative (PID)
controller cannot be used effectively since it is developed based on linear system theory. NN controller
shows less over shoot and settling time than PID controller with different conditions of load. Also,
NN controller shows high robust characteristic than PID controller.

Keywords: neural network controller, PID controller, NARMA-L2, synchronous
generator, Automatic Voltage Regulator (AVR)

Cral e Al gl Agpeand) AN dadny 53D Cdad) AV g2l alale

AadAl)

¢ palall cagh 8 (AVR) V) aeall alaial adldl Jady) o )88 ading 450 jeSD 4o glaiall 8 gl ) il
S AUSE A S ppdal Adgg ae s LA LAVR ) L sl 9S8 apaaly Cpeand aly Bl e (5 e
AN Gan gl saa gl Jary Ledie Gl el Algall A Lesiad aall e Gill g ALoeSH gl e 3 ksl Lgal 58
A8l il jlase caS) 5 aa) ga g (NARMA-L2)  4uhaa sl 2akad o8 gall aSatll aladial » i Gl 138
Al e 43t Lhadll L ((PID sadiall Lalinl — Lalsall — il lasal) ae 43lal 45 lia g 46830 (NN) disaal
o pli )y gl ae Jaall aad e ASlll Gl el A g aae g Jlaadl Lo 3 giall 481 gall G ail)

Y Ay Jlad JS35 addazind (S ¥ PID hanae cadl gl 131 dagii . ) gall ¢ 3al) culile daglia juai 30 5 ) jall
8y sllaall sgall (5 e o g lia ) J8 Jel) panll AN Hhagwe o adll allail) Ak il e daseas

S5la 53 5Y) 2gal) alaie Ailia of Jas of SIS L Aala ) Jesdl <Ylaly PID jlagse e Jssiall 2gall ) Jseasll i

*Building and Construction Engineering Department, University of Technology/ Baghdad

https:/doi.org/10.30684/ etj.29.7.11
University of Technology-Iraq. Baghdad, Iraq/2412-0758
This is an open access article under the CC BY 4.0 license http:/creativecommons.org/licenses/by/4.0

1372



.& Tech. Journal, Vol.29, No.7,2011

Introduction

The study of synchronous generator
control systems can roughly be divided into two
parts: veltage regulaton and spesd goverming.
Both confrol elements contribute to the stability
of the machme in the presence of perturbations.
A reliable control system set is essential for the
safe operation of generators. There are various
methods of controlling a synchronous generator
and stability will depend on the type of machine,
its application and the operating conditions. For
mstance, the wvoltage regulatom of an
electromagsmet synchronous generator 1s usually
achieved by controllmg the field excitation
current The wveltage regulation system in an
electromagmet synchronous generator is called
an automatic voltage regulator (AVE). It is a
device that automatically adjusts the output
voltage of the generator in order to maintain it at
a relatively constant value. This 15 achieved by
companng the output veltage with a reference
voltage and, from the difference (or error); it
makes the necessary adjustments in the field
current to bring the output voltage closer to the
requirad value. Older AVEs used in the early
days belong to a class of electromechamcal
devices. They are generally slow acting and
possess zones of msensitivity known as dead
bands. There 1z a wide wvanety of
electromechanical AVEs, ranging from wibrating
contact regulators to carbon pile regulators.
However, they are npow replaced with
contmuously acting electronic regulators that are
mch faster and do not possess dead bands. Fig
(1) shows a block diagram of an electromc AVE
system [1].

At last year’s, different types of intelligent
controls based on techmiques as fuzzy logic,
neural network and genetic algonthms have
been tested. some of research that deals with the
implement Of artificial neural network (ANN)
controller.

- J. Park and etal(2004)[2] presented two
different types of neural networks for the neuro-
controllers of generators, namely, a multlayer
percepron neural network (MLPN) or a radial

basiz fuinction neural network (EBFIN) both
single and multimachine power system studies.
Proponents of each type of neural network (ININ)
have claimed advantages for their choles of NN
-5 Milena and et.al_ (2008)[3] used two NN, One
neural based controller which is used to generate
confrol signal to the excitation systemy This WM
15 trained by used data from a traditional based
adaptive comntroller, And an additional NN used
to improve the performance of the neural based
controller is re-trained strategy is proposed am
additional W, The later net helps to establish
the relationship between the output signal and
the control signal.

- Adil H and Lima J. (2009} [4] proposes method
which controlled cutput voltage by using linear
model (transfer function) of 5G.

This work use NARMA-I2 as a neural
confroller for termuinal voltage of a synchronons
generator as nonlimear plant, with different load
values; where load wvalued has been changed
during the operaton of the system using
MATLAB/SIMULINK program.

2- Syvuchronous Generator model

This paper is focused on the sinulation and
mplementation of AVE for non limear
synchronous generator. The dynamic response
of (5G) in a practical power system is mcluding
many nonlineanties such as the magnetic
saturation

The central concept underlying the
development of the mathematical models of ac
machines is the representation of the vamables
for voltages. currents and fluxes by means of
space vectors that are expressed in different
reference frames These reference frames or
coordinate systems: the friplet [V. Vi V]
denotes a three-phase system attached to the
stator while the pair [V, Vil comresponds o an
equvalent two-phase system quadrature and
direct phase The basic approach to modeling
invelves the transformation of the stator and
rotor equations to a common reference frame
[3]. MATLAB/SIMULINE toolbox
synchronous generator model used m thas work

takes mto account the dynamics of the stator,
field, and damper windings. The equivalent
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circuit of the model 15 represented in the rotor
reference frame (gd frame). All rotor parameters
and electrical quanfities are viewed from the
stator. They are idenfified by primed variables.
The subscripts used are defined as follows:

» dg-dand qaxis quantity

» F_s: Rotor and stator quantity

* lm- Leakage and magnetizing

mnductance

» fk: Field and damper winding quantity

The electrical model of the machine 15

d
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3 NARMA-L2 Control

The newro-contreller descnbed m this
section 15 referred to by two different names:
feedback lineanzabon confrol and NARMAL-2
control. It 15 referred to as feedback lineanzation
when the plant model has a parhcular form
(companion form). It is referred to as NARMA-
L} confrel when the plant model can be
approximated by the same form. The central
idea of this type of control is to transform

nonlinear system dynamics into linear dynamics
by canceling the nonlineanties. This section
begins by presenting the companion form
system model and demonstrating how a neural
network can be used to identify this model. Then
it describes how the identified neural network
model can be used to develop a controller [6].

3.1- Identification Based om NABALA-L2
Model

The NARMA-I? model was proposed
by WNarendra and Mukhopadhayay (1997) [7]. It
can be used to model the plant previously cited,
using two distinet neural networks. Ome net
mmplement a controller and another simmlates a
model of the plant. The NAFMA-T2 — use a non
linear 1dentification tool. The 1dentified model 1s
used m a mnewal network coniroller that
transforms the non linear system into a linear
system through the additive and nmltiplicative
cancellation of non lineanty.

The first step in using NARMA-L2
confrol 13 to 1dentify the system to be controlled.
The NAFRMA-12 is an approximation of the
NAFRMA model of Eq. [4.7].

ylie+d) = Ny (B k — 1)...., y G-+ D),
u(kl) , .. (=t 17] {7

where u(k)1s the system input, and y(k)is the
system output and k d, n are integral number
and N 15 the fimetion of the output system after
1denfification.

The next step is to make the oufput
system follows some reference trajectory by
developing a nonlinear controller of the form-

yik+d)=y, (k+d)

u(k) = GI(y(k). 3k ~1).... p( —n +1),
u(k=1)....u(k—m+1)]

(8
e

The problem with wsing this controller 15
traming neural network to minimize mean
square errol, heeds to use dynamic back
propagation which quite slow. One solution 15 to
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use approximate models to represent the system.
The contreller used in this section is based on
the NAFMA-1.2 approximate model:

VE+d) = k), ¥E =1, WE—n+1),
w(k —I),...w(k —m + 1]+ glwik). ¥k 1),
e W E =+ ulk =1 uE —m+ D k) (10)

Where the next controller input 15 not
contained immside the nonhneanty. The advantage
of this form is that controlled input make the
system output follows the reference equation(8).
The resultmg controller is:

(i) =Ly, (k+d)— f{(pE), y(k—1...

Wk —n+ k)t —1)....u(k—m+D}/

[e (k). yk—D,.... y(k—n+ k).
u(k—1)...ulk—n+1}] (11)

Using this equation directly can cause
realizafion problems, because the control input
based on the output must be determined at the
same time, Le.

y(k+d) = F(), y(E -1,y —n +1),
wlk) ulk —1),... . ulk —n+ 1]+ g[yik)-..
e FIE =+ (k) ulk =+ Dk +1) (17

This comizoller can be mmplemented with
the previously identified NAFMA-L2 plant
model, as shown in Fig (2).

3.2- NABMA-LZ Controller

The advantage of the NAFRMA-I2? form
15 that you can solve for the confrol mput that
causes the system output to follow a reference
signal (Eq. § and Eq. 11) as shown in figure
(3)[6.8].

4. Proportional-integral-derivative control

Proportional-integral-derivative or PID
conirol has been the major control in ndustry
for many vyears. The confroller works by
examuning the instantanecus error between the
process value and the set point. The proportional

term causes a larger comfrol action to be taken
for a larger emor. The integral term adds to the
confrol action if the error has persisted for some
time and the derivative term supplement the
control action if the emor is changing rapidly
with time. The wvalues of the P-I-I} terms depend
on characteristics of the process and mmst be
tuned accordingly yield sabsfactory result
Properly tuned and maintained PID' controllers
provide adequate control for a large portion of
mndustnal applications, This equation represent
mathematical expression for PID contreller [9].
de(r)
413

Where k, 1s proportional gam. k; 1s

integral gain and k,is dervative gain.

() = kps{r}+.i;j's{r}::'a'+ﬂ-d

5- Simulation and Resulis

The AVE for 5G 15 desigmed and
implemented using the conventional PID and
NAPMA-L2 which are shown in figures (4a and
4b) respectively, and the parameter for SG used
m the simmlation are shown in table (1)

The 547 15 tested with three types of load
(light, medinm and heavy), the PID controller
tuned to aclueve best performance at (k;=3,
k=3, k7~0.005). The traimng NARMA-L2 is
done according to PID controller of figure (4a)
and the information in table (2).

The plant input plant cutput nsed for NARMA-

2 15 shown in figure (5a) and the training data
for NARMA-L2 controller is shown in figure
(3b).

The response of 5G with PID and
NAFMA-L2 for different loads are tested as
follows; where the load is compound from
resistance, inductance and capacitance. The
response for ight load (0.1 MVA) 15 depicted n
figure (&), for medium load (1MWVA) 1z depicted
mn figure (7} and for heavy load (1.8MVA) 1s
depicted in figure (2). The comparison between
the response of 5G with PID' controller and
MAFRMA-T.2 controller is showm in table {3).

The companison between PID comtroller and
MNARMA-I 2 controller 15 shown m table (3).
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The response of 5G with PID controller
and NARMA-I2 for different loads which are
connected through the operation shown
fiures (9-10). The hght load i1s comnected
imtially, the medium load is connected after 5
second, the heavy lead 15 commected at 10
second. and at 15 secomd (0.8 MVA) is
disconnected The two figures shows that the
response of 5G with NAFMA-L2 better than the
response with PID.

The saturated output of two controllers
PID and (NAFMA-L2) 15 illustrated in figure
(11} and figure (12} respectively.

6- Conclusions

The mam concluding remarks of 5G
termunal voltage response obtained by testing the
proposed AVE using neuro-controller over the
AVE using conventional PID controller can be
summanzed as follows:

* less settlng tme for different load
values (light, medim, and heavy) as
depicted mn figures (6-7-8) and less over
shoot in the case when the over shoot is
happened as shown m figure (6-7).

» Betfer response when the load changes
through the operation of the system as
shown in figure (%) and figure (10).

¢ The MNeuwral MNetwork AVE 13 more
robust than conventional as shown In
figure (9) and figure (10).
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Figure (12): Output of NARMA-L2 controller for different loads.

Table (1)
parameter of SG from Matlab E2009b.
Rated Power EVA 2000
Bated voltage  V(L-L) 400
Eated frequency HZ 50
stator resistance  pu 0.0095
Stator inductance  pu 0.05
Cuadratore mutual ind. pu 1.51
direct mwiual ind.  puo 2.06
Field resistance pu 0.001971
Field inductance  pu 0.3418
Damper resistance pu 0.2013
Damper inductance pu 2.139
Inertia coefficient  pu 0.3072
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Table (2}
Plant model specifications of NARMA-T2.
Size of hidden layer 3 Sampling interval (s) 01
No. of delayed plant inputs 5 No. of delayed plant outputs 2
Training samples 5000 Maximum plant input 2
Minimum plant input 0 Maxinmm interval value (s) n
Minmmum mterval value(s) 0.001 Maximum plant output 2
Minimmum plant cutput 0 Training Epochs 200
Training Function trainlm | Use current weights selected
Use validation data selected | Use testing data selected
Table (3)
MNumerical difference between (NARNMA-1L2) and PID.
FID controller MHABMA-I.? controller
COrver shoot Settling tme at 1% steady Chvar Setthng time at 1% steady Load
SiEhe erToT shoot siate amor
0.168 4.6 0.034 112 0.l
MVA
0.053 26 0.005 1.22 L0
hIVA
0.0 72 0.0 26 1.8
MVA
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