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The paper investigates the effect of hydraulic turbine speed governor
parameters on water gates dynamics of the hydraulic turbines. These
parameters are water starting time, temporary speed droop, transient time
and permanent speed droop. This is done in order to improve the
performance of the hydraulic turbine speed governor in power systems
and to reduce water gate oscillations. This paper also investigates the
application of the conventional and fuzzy logic controller based on the
hydraulic turbine speed governor on water gate dynamics. Nonlinear
simulations are performed in a 3 machine power system show that
influences.

1. INTRODUCTION

In the middle of twentieth century, consideesattention has been directed towards
the problem of improving the design of turbine gones, because of its influence on
the dynamic performance of hydro and steam powantpl Several authors have
investigated the hydraulic turbine speed goveraod effects of its parameters on
stability of power systems, whereas the systemdasgle machine with infinite bus.
Other authors have investigated the optimum adjastraf hydro governors [1, 2, 3].
Until recently, analog devices have dominated tene of generating unit controllers.
Digital governors opened the door for implementingre complex algorithms due to
their flexibility. As a result, the speed loop $tat interfering with the excitation loop,
so that mutual interaction of these control loopsvigled possibilities for obtaining
better transients and wider stability margins. Wgtges dynamics are not sufficiently
studied in literature although they form an impottelement in hydraulic power plants
operation [4, 5].
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In addition, there has been considerablaésten the application of intelligence
control technigues to design nonlinear controllens modern large interconnected
power systems. The objective is to extend the djp@a margins of stability to
enhance transient stability [6,7]. Recent develagmeintelligence control theory and
digital technology shows that substantial improveteenay be achieved using such
advanced techniques. The intelligent control isoshticed in power system studies to
overcome inherent complexities and uncertainties #ne always present in a variety
of forms. Influence of such controls on water gatgmamics has not received
sufficient attention [8].

In this paper, developed fuzzy logic gatetaulers are applied to a 9 — bus three
machine power system which is used in system stionlaEach machine of the
multimachine power system is provided with a fuzzyntroller in its governor
controller loop. Each controller employed local ightes only. The proposed
controllers are shown to have excellent performaiite results of the water gates
dynamics are demonstrated by computer simulatiadies and compared with the
turbine speed governor without controller and wibmventional controller.

2. HYDRAULIC TURBINE AND ITS SPEED GOVERNOR
COMPONENTS

The hydraulic turbine speed governor is showrign 1:
Where: g gate positiony is permanent speed droop coefficiehttransient speed
droop coefficient, | water starting time, g dashpot time, Jservotime constant [9],

U_is output of conventional controller ang 19 output of fuzzy controller.
The turbine governor dynamics are described byal@ving set of equations:
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3. TURBINE SPEED GOVERNOR WITH CONVENTIONAL
CONTROLLER

Turbine speed governor with conventional aaigr is used to enhance damping of
the electric power system oscillations. In this graphe transfer function of the
conventional controller is given in the followingrin [12]:
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Where; the first factor on the right of equatior) {¢ a reset factor that is used to
washout the compensating effect after a time&vith stabilizer gain K. And the second
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factor is lead — lag compensator with time constdptand T, respectively. The input
to conventional controller is the speed sighal and the output Uis injected at the
input sumner of the speed governor as showrign1.
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Fig. 1: Hydraulic turbine speed governor.

4. FUZZY LOGIC CONTROLLER FOR HYDRAULIC TURBINE
SPEED GOVERNOR

The application of fuzzy logic controller foontrolling the multimachine power
system through their hydraulic turbine speed gangrisystem are well documented
[13,14]. The proposed fuzzy logic governor congolas two inputs speed deviation
Aw; and acceleratiomoj' selected for machine # j in a multimachine powestem.
This proposed controller has a single output cosignal U;, which is applied to the
summing point of the governor loop to produce damgpdf the electromechanical
oscillations after disturbances. This improves tila@sient and dynamic performance
of the water gate positiofigure 1 shows a mechanical hydraulic speed governor for
hydraulic turbine with fuzzy logic controller.
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5. WATER GATE DYNAMICS SIMULATION STUDIES

The water gate position is the output of Hyelraulic turbine speed governor.
Simulation studies are presented first to examire gate dynamics in presence of
turbine speed governor without controller whenpigsameters are variant. Also, time
simulations have been performed on the nonlinestesy with the proposed control
technique. The IEEE 9 — bus multimachine poweresgsthown irFigure 2 is used
for the simulation. The studied system consistera hydro-machine and two steam-
machines, which are mutually coupled. Each of thibese generators is equipped with
turbine speed governor and exciter provided withRAVThe parameters of all
generators, governors, exciters, AVR, transmisslioes, loads and operating
conditions are given in reference [15]. All generatare equipped with the proposed
fuzzy controller. In addition, all generators argi@ped with conventional controller
and without controller for comparison purposes.
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Fig. 2: Multimachine power system.

The multimachine power system is subjected to &udiance in order to observe
system dynamics as affected by speed governoratgrarameters and types. A three
phase short circuit at bus number 9 is appliedL@y ms at t = 1 sec. with successful
reclosure.
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Case 1: Water Gate Dynamics as Influenced by Speed Governor
Parameters:
a) Influence of Water Starting Time Ty on Water Gate Dynamics:

Figure 3 (i, ii, iii) shows the time responses of the mechanical pgaés,position
and the speed deviation respectively after applyireg disturbance. In practice, the
length of the penstock and area are constant gadshsmall changeable overall day,
so any change inylis strongly related to change in flow rate; whertree flow rate is
dependent on the gate. $igure 3 (i, ii, iii) shows that, if water starting time is large,
the turbine produce a high discharge with less pdiagn when the water starting time
is small at the same head.
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Fig. 3: Time responses for different water starting time
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b) Influence of Temporary Speed Droop & on Water Gate Dynamics:

Figure 4 (i, ii, iii) shows the time responses of mechanical power,pyesiéion as
well as speed deviation after applying the distndeawith various values of Three
values are adopted= 0.3, 0.6 and 1.0. When the temporary speed di@®parge, the
gate oscillations and mechanical power is less thtaen the temporary speed drabp
is small. This large transient regulation is regdirbecause of the response
characteristic of the hydraulic turbine to suddéarges in control gate position in
conjunction with the inherent system load dampitgj.[
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Fig. 4: Time responses for different temporary speed droop
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c) Influence of Transient Time Tg on Water Gate Dynamics:

Figure 5 (i, ii, iii) shows the time responses of mechanical power pgsiéon and
speed deviation with three values ok ¥ 5, 15 and 25 and after applying the
disturbance.
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d) Influence of Permanent Speed Droop o on Water Gate Dynamics:

Figure 6 (i, ii, iii) shows the time response of the mechanical pove¢e, gpsition
and the speed deviation when various values of geemt speed droopsare used and
after disturbance application. Three valuessadre 0.02, 0.05 and 0.06. From this
figure we conclude that the broad regulation impsostability. Reference [16] proved
that the optimum permanent speed dreo@lues are 0.04 and 0,05. These values lead
to better system stability.
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Case 2: Water Gate Dynamics as Influenced by Hydraulic Turbine Speed
Governor Controlled by fuzzy logic control signals:

Figure 7 (i), (ii) shows the responses when unit 1 only is equippdd avfuzzy
logic controller and when it is equipped with a wentional controller. The figures
show the time responses of the hydraulic turbine gesition and the hydraulic
turbine speed deviation in case of the fuzzy lagintroller with the hydraulic turbine
speed governor loop only. The figures demonsttaiedate response is similar to that
of a single machine — infinite bus system [Figure 8 (i, ii) shows the time responses
of the hydraulic turbine gate position and hydmadlirbine speed deviation in case of
the fuzzy logic controller on the three turbineespgovernors.

It can be seen from the previous figures thatfuzzy logic controller presents a
good performance. By comparing responses corresppal the fuzzy controller with
turbine speed governor, without controller, anchvabnventional controller, it can be
seen that the system transient performance undee ldisturbances, is highly
improved. The improvement is due to the additiofacde amount of positive damping
to the summing point of turbine speed governor rayribop. Water gate oscillations
are well damped upon using such fuzzy logic consighals at the input of the
hydraulic turbines speed governors.
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Fig. 7: Time responses for three phase short circuit of 100 ms.

a) Turbine speed governor without controller

b) Turbine speed governor with conventional controller on M/C 1 only
c¢) Turbine speed governor with Fuzzy logic controller with M/C 1 only
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Fig. 8: Time responses for three phase short circuit of 100 ms
a) Turbine speed governor without controller
b) Turbine speed governor with conventional controller with three units
¢) Turbine speed governor with Fuzzy logic controller with three units

The following performance indices are consideredthis paper to evaluate the
previous controller

3o = i B (k)P (5)

k=1

Where;An(K) is the speed deviation of the machine j, N nemtf samplesFigure 9
and Figure 10 show the results for the system in case of spesergor without
controller, conventional speed governor contradied fuzzy logic controller with unit
1 only and fuzzy logic controller with the threeitsnDecrease of performance index
indicates better damping and more stability ofdyxstem.
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Fig. 9: Performance index value in the case of controller on M/C 1 only.
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Fig. 10: Performance index value in the case of controllers on all machines.

6. CONCLUSIONS

From this study we conclude the following:

1. If water-starting time is large, the turbine prodsica high discharge with less
power than when the water starting time is smathatsame head.

2. When the temporary speed droop is large, the gatiflaiions are less than when
the temporary speed droop is small. This largesteam regulation is required
because of the response characteristic of the blydtarbine to sudden changes in
control gate position.

3. Fuzzy logic controller offers a good performancey Bomparing responses
corresponding to the fuzzy controller with turbirspeed governor without
controller and with conventional controller, it che seen that the system transient
performance under large disturbances, is highlyawed.
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4. The digital simulation results prove the effectiges of the fuzzy controller over
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