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ABSTRACT:This paper describe the modelling of the power and voltage control loop of a thermal power plant of
500MW.The problem of excitation control of power systems has been extensively studied by a number of researchers
and several controller designs have been reported in the literature. The generator excitation control has been shown to
be an effective means for improving the damping of machine oscillations.Based on this model the exciting controller
structure has been analysed and an improved voltage control system designed. The designh method is based on a state-
feedback technique and pole placement.Field tests have been carried out to verify the results of the designed control
algorithms.
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ILINTRODUCTION

An excitation controller sets an output terminal reference voltage of a synchronous machine from reactive power
output from the synchronous machine and a high side reference voltage of a transformer, and controls the field
current to be supplied to the field winding of the synchronous machine in response to the deviation between the
reference voltage and the output terminal voltage. This makes it possible to solve a problem of a conventional
excitation controller in that although it can maintain the transmission voltage on the transmission bus at a fixed value,
an expensive proportional-plus-integral-plus derivative controller is needed for detecting the transmission voltage on
the transmission bus, which increases the manufacturing cost of the excitation controller.Synchronous generators are
exclusively used for electrical power generation. The generator is supplied with real power from a prime mover,
usually a turbine, whilst the excitation current power system as a source of electrical is provided by the excitation
system.

A design of such an excitation system should also be satisfactory for a wide range of operating conditions as well as for
fault conditions. Practical methods for nonlinear control include an open-loop inverse model of the nonlinear plant
dynamics and the use of feedback loops to cancel the plant nonlinearities. The approximation of a non-linear system
with a linearized model yields to the application of adaptive control, where real-time measurements of the plant inputs
are used, either to derive explicitly the plant model or design a controller based on this model (indirect adaptive
control), or to directly modify the controller output (direct adaptive control). Typical studies concerning applications of
modern algebraic and optimal control methods in excitation controller design using linear system model.In general,
excitation control systems for synchronous machines have a basic function to perform automatic voltage regulation
functions so as to control a terminal voltage of the synchronous generator to be constant, with ancillary functions being
an over excitation limit function and an under excitation limit function so that the operation of the synchronous
machine is stable and within the critical limits. In the area of synchronous generator excitation control Kanniah, Malik,
Hope et al. [1] in power system operation is towards computerized control and management .One class of digital
adaptive regulators called self-tuning regulators is suitable for this purpose. In synchronous generator control a conflict
arises between the small sampling interval necessary to track the dynamics and large computation time required by the
process computer. Mao, C. Fan, J et al. [2] they the use of an adaptive optimal control algorithm for two real-time
control applications, an optimal excitation control of a synchronous generator (OEC) and a power system stabilizer
(PSS), is described. Experimental studies on a physical model of a power system showed that the proposed optimal
excitation control (OEC) and power system stabilizer (PSS) can track the controlled system by parameter identification
at different operating conditions. The proposed algorithm is based on linear optimal control theory. The proposed OEC
and PSS can track the controlled system very rapidly. Flynn, D.Brown and M.D et al. [3] studies have suggested a
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number of strategies to deal automatically with plant nonlinearities and plant ageing, perhaps the most significant of
which is adaptive control. These methods can improve overall control of turbo generator systems. Power system
control essentially requires a continuous balance between electrical generation and a varying load demand, while
maintaining system frequency, voltage levels and network security.Deghdy, S. Yousef, H.  Ahmed et al. [4] a pole-
placement adaptive self-tuning regulator is proposed for the design of digital power system stabilizers. The proposed
technique employs a self-timing pole-placement power system stabilizer in order to improve the dynamic performance
of a synchronous machine under a wide range of operating conditions.

ILEXCITATION SYSTEM MODEL AND REACTIVE POWER REGULATION

Most generators are equipped with an AVR. These devices maintain the terminal voltage of the generator at a specified
value by modulating the field voltage and hence the field current to supply the required reactive power to the load.
However, as a distributed generation, the voltage regulation is prohibited by IEEE 1547, unless special agreements are
made. A common operation mode for the reactive power (or power factor) regulation.

The exciter systems widely used for synchronous machines are commonly subdivided into the four different categories.
For simplicity of analysis in the time frame involved, the excitation system here is represented as a tuned PI controller
with a necessary lag circuit. The parameters of the circuit model are approximated from the aggregate response of
terminal voltage of a generator. Fig.3 shows the model of the excitation system used for the machine simulation. A
feedback PI controller is cascaded with the exciter to regulate the reactive power of the machine. Therefore, when the
grid is connected, the reactive power output of the machine will follow the desired reference value.
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Fig.1: Control block diagram of excitation system.

The description of the reactive power regulator and the exciter is given by
VA = (Qref _Qe)/T
VB = [\/ref _Vt +VA + K:L (Qref _Qe )]/TZ

€ =[Vs —Ksey + K, (Vi =V, +Vu + K (Qrr —Qe))]

Where,V, andVp are the intermediate variables indicated in above Fig-1.

K1, K, and Kj;are constant in the controller.

T, Trand Tj are time constant in the controller.

Qs is the reference value of the reactive power.

Ve 1S the reference for the terminal voltage.

V. is the terminal voltage of the eg is the field voltage as the input to the generator

111.PI CONTROLLER

The PI controller computes and transfers a signal which is desired to the controlled.The output signal O(t)iscomputed.
The PI controller depends on the parameters is proportionalgain(K,),integral time(T;),output signal O(t),error e(t) and
etc.The change to the output of proportional gain Ki.e the proportional to the current error value. Theproportional gain
K, value is high the system become unstable. On the other hand a small value is given of the K, asmall output response
is obtained. The PI controller eliminates its steady state error.The advantages of Pl controller isdesign is simple, and
fast response,improves the steady state response.In the Pl controller is obtained by K,Kjvalues. The disadvantages of
PI controller is eliminates its steady state error and peak over shoot.
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Fig2: General Scheme of PI Controller.

IV.MODELING OF THE POWER-VOLTAGE GENERATING SYSTEM

A block-oriented third-order model of the generator connected to an infinitely strong grid follows with a few assumpti-
ons, from the linearization to the Park equations for a three-phase synchronous machine in a given operating point.
In Fig.3 this third-order generator model is extended with the speed control loop, including the approximated steam
valve transfer and turbine transfer functions and with the voltage regulator.In an interconnected power system, load
frequency control (LFC) and automatic voltage regulator (AVR) equipment is installed for each generator. The
controllers are set for particular operating condition and take care of small changes in load demand to maintain the
frequency and voltage magnitude within the specified limits. Small changes in real power are mainly dependent on
changes in rotor angle § and, thus, the frequency. The reactive power is mainly dependent on the voltage magnitude
i.e., on the generator excitation. The excitation system time constant is much smaller then the prime mover time
constant and its transient decay much faster and does not affect the LFC dynamic. So the cross-coupling between the
LFC loop and the AVR loop is negligible, and the load frequency and excitation voltage control are analysed
independently.
The parameterization of this model is realized by full-scale measurement in the power station. These measurements are
carried out by applying the following stepwise disturbances to the unit 2.5 and 5 precent stepwise variations in the set
point of the steam valve, i.e., the power set point, while the value (power-feedback loop open). 2.5 and 5 precent
stepwise variations in the voltage set point while the steam valve is maintained at constant value.
These measurements are done at various operating points; the result on two operating points, namely an inductive point
150MW/60MVR and a capacitive point 100/-10MVR, are shown in this note. At the same time two values of the gain
in the voltage-control loop are used and a separate set of measurements is performed to cheek the influence of the
instrumented current feedback on the stability.
The results of the modelling and identification lead to the following conclusions.

1. The ninth-order model of the unit reasonably resembles the measured behaviour.

2. An elementary analysis of the data leads to the conclusion that the contribution of the primary control loop to the

dynamic behaviour of the generator system can be neglected.
3. For the different operating point and taking into account the observed variation in the ofK;s, the s-plane
configuration of the present-day system.

Fig.3: Block diagram of unit including primary and voltage controller.
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V. RESULT AND DISCUSSION
A)Here use Pl and PID controller for output steady state signal control.

Terminal voltage step response Terminal voltage step response

14
1.2 12
| 1
1 VOO USROS OO SRS OO FHRSUUR PO SOOI FIRRR PR 08
5 : : ; s
06 : : ¢ H q [l
oal : ; : ] 7 TS SO O OOON FORUUOOS FOUTUUOE YOUROORY SURVORIFOUOPPON UOROPTOY HOVOPTOt SOORPOO
5 i I i i H i | i i o i | i i ; i | i i
o 1 2 3 4 & 6 7 8 89 1D o1 2 3§ 4 5 & 7 8 8 1o

tzec. tgec

4a-System output terminal voltage response using Pl 4.b-System output terminal voltage response using PID

In the above fig4 Generator voltagevs. time is shown. In Fig-4athe PI controller is used and Fig.4b the PID controller is
used. The damping oscillation is 4s in case of Pl controller and 1.2s in case of PID controller.The result is better in PID
controller then the PI controller because the error is very less in case of PID controller.

10’ Frequency deviation step response
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5a.-System output frequency deviation response using Pl 5.b-System output frequency deviation response using P1D

In the above figs Generator output frequencyvs. time is shown.In Fig-5athe PI controller is used and Fig.5.b the PID
controller is used. The result is better in PID controller as it generate maximum frequency and minimum error.

Load angle deiation step response
0 .

Load angle deviation step response
0 T

001 frere e FEU R S 3
-0.021F

Delta

£
RSO PO URTS SPPIOE FORIS PRI SRUIOE SO SIS S g .
-0.08 006
007 007
0.08 0.08
o3 3 ¢« 5 & 7 & 5 0 B R

t.sec. 1,38C

6a-System output load angle deviation response using Pl  6.b-System output load angle deviation response using PID
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In the above fig6 Generator output load anglevs. time is shown. In Fig-6athe PI controller is used and Fig.6b the PID
controller is used. The result is better in PID controller as it generate minimum load angle and minimum error then Pl

controller.

B) Balanced Three- phase Short circuit.

Armature currents in the various phases vary with time in a rather complicated way. Analysis of the waveforms show
that they consist of
e A fundamental-frequency component.
e A dc component.
e A double-frequency component.
The fundamental-frequency component is symmetrical with respect to the time axis. Its superposition on the dc
component will give an unsymmetrical wave form. The degree of asymmetry depends upon the point of the voltage
cycle at which the short circuit takes place. The field current shown in Fig.10, like the stator current, consists of dc and
ac components. The ac component is decaying and is comprised of a fundamental and a second harmonic. The second
harmonic components in the field current as well as the armature currents are relatively small and are usually
neglected. We see that during short circuit, the effective reactance of the machine may be assumed only along the
direct axis and very simple models are obtained for power system fault studies and transient stability analysis.
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Fig.7: Three-phase short circuit i,Fig.8: Three-phase short circuit iy.
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Fig.9: Three-phase short circuit current i. Fig.10: Three-phase short circuit field current ir
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Fig.11: Comparison between three-phases faults i,, i, and i,

In above three Fig’s(Fig-7,8,9)the line to ground fault are shown up to 0.2s.In Fig-10 the three phase short circuit field
current is shown.The fault duration time is 0.2s.

C) Line to ground short circuit

Most frequent faults on synchronous machines are phase-to-phase and phase-to-neutral short circuits. These unbalanced
faults are most difficult to analyse. The d-g-0 model is not well suited for the study of unbalanced fault and requires
further transformation. The analytical solutions are still only approximate. In the numerical solution the original voltage
equations can be used without the need for any transformations.
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Fig.12:Line-to-Line short circuit i,.Fig.13.Line-ground short circuit field current ig.

In above three Fig-12the line to line short circuit are shown up to 0.2s.In Fig-13 the line to ground short circuit field
current is shown.The fault duration time is 0.2s.

VI.CONCLUSION

In this paper we have investigated the different type of controllers used for excitationcontrol of synchronous generator
model .We have designed different type of controllers and studied the stability of total plant by Nyquist stability criteria
using MATLAB programming. We observed the performance of excitation by varying the parameters of different
controllers. At first the AVR system was simulated for different amplifier gain (Ka ) and observed that the system
response was highly oscillatory in nature having high over shoot and settling time. Then a stabilizer-rate feedback was
introduced in the system and it was found that the system response had been improved but till then some amount of
over shoot was present in the system response and the settling time was not so satisfactory. In the next step we
introduced a PID controller in the system and observed that the response was very much satisfactory, containing no
overshoot and less settling time.For an example we have investigated the stability of the AVR system of a 500 MW
plant with different values of system gain. It was found that the system was stable for a gain of 1 to 2000 but if the gain
is equal to 2500 or more than 2500 the system become unstable. In this thesis report optimal excitation control strategy
has been derived for the nonlinear generator-infinite-bus bar system. It also achieves that positive damping regardless
of the values of the transmission network parameters. The resulting overall structure of the excitation control system is
completely different to that of the standard AVR+PSS system. In the standard systems the main voltage controller is
the AVR and the damping of power swing is achieved by the PSS.
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