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Abstract - In the Electrical Power System the load demand
is not steady with the time and also there is always a chance
of faults on transmission lines which creates power
mismatch which leads to undesired variation in load
frequency. This paper is devoted to designing a controller
for controlling the load frequency when an isolated power
station is subjected to a fault. The main aim of considering
the isolated plant is, there quite number of plant which are
on remote location and not connected to the Grid due to
economic constraints. A sophisticated PID controller is
designed and there gain constants are optimized by Ziegler-
Nichols method. The approach is quite easy and its model is
simulated on MATLab/Simulink. The obtained results show
that the desired performance specifications could be
achieved by the proposed method.
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1. INTRODUCTION

Load Frequency control is an important task in
electrical power system design, operation and control. The
power plant load demand varies without any prior
schedule, the power generation is expected to overcome
these variations without any voltage and frequency
instabilities. Therefore voltage and frequency controllers
are required to maintain the generated power quality in
order to supply constant voltage and frequency to the
utility grid. In an electric power system, automatic
generation control is a system for adjusting the power
output of multiple generators at different power plants, in
response to changes in the load. Since a power grid
requires that generation and load closely balance moment
by moment, frequent adjustments to the output of
generators are necessary. The frequency control is done by
load-frequency controllers, which deals with the control of
generator loadings depending on the frequency.

The most critical component in generator control
system is the controller. It is designed in such a way that
the concerned parameter as frequency and tie line power
flowing as to maintain power system stable and secure [9].

There were several approach was proposed to optimize
the gain constants with considering the uncertainties of
power system [2] i.e. generating rate constraints [6], valve
speed limit to handle the nonlinearities in power system.

Decentralized PID controller based on the Kharitonov’s
theorem and stability boundary locus [10] was proposed to
taking care of uncertainties in each control area. Laurent
series expansion methods was suggested to tuning the
controller parameters and with simulation achieves better
damping for frequency and tie-line power flow deviations.
Plotting the stability boundary locus in the K, — K; plane
and then computing the stabilizing values of the
parameters of a P-1 controller proposed in [8] and with the
time delay in [11]. Internal model control method is
proposed in [12] with the additional degree of freedom to
cancel the effect of undesired poles of disturbances.

1.1 PID Controller

PID control stands for proportional-integral-derivative
control. PID control is a feedback mechanism used in a
control system. This type of control is also termed as three-
term control, and is implemented by a PID Controller. By
calculating and controlling three parameters which are the
proportional, integral and derivative of how much a
frequency deviates from the desired set point value we can
achieve different control actions for load frequency control.
Fig.-1 shows the basic control configuration where in the
controller input is the error between the desired output
(command, set point, input) and the actual output [5]. This
error is manipulated by the controller to produce a
command signal for the plant according to the relationship.

UGs) =K, (1+ is + 145) E(s) (1)
In time domain
u(t) = K, [e(t) + (}L) [, edt + 7 (%)] 2)
Where
K, = Proportional gain
7; = integral time constant

75 = derivative time constant
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Fig.1: PID Control Configuration
1.2 Performance Specifications by PID

There are some control actions which can be achieved
by using any of the two parameters of the PID controller.
Two parameters can work while keeping the third one to
zero. So PID controller becomes sometimes PI (proportion-
integral), PD (proportional-derivative) or even P or I. The
derivative term D is responsible for noise measurement
while the integral term is meant for reaching the targeted
value of the system. The proportional, derivative and
integral parameters can be expressed as K, K4 and K;. All
these three parameters have an effect on the closed loop
control system. It affects rise time, settling time and
overshoot and also the steady state error.

Table 1: Performance Specifications by Controller

Control
Ky Ky K;
Respose
. . small
Rise Time decrease decrease
change
. . small .
Setting Time decrease increase
change

Overshoot increase decrease Increase
Steady State .

y decrease | no change eliminate
Error

Once the set point has been changed, the error will be
computed between the set point and the actual output. The
error signal, E(s), is used to generate the proportional,
integral, and derivative actions, with the resulting signals
weighted and summed to form the control signal, U(s),
applied to the plant model. The new output signal will be
obtained. This new actual signal will be sent to the
controller, and again the error signal will be computed.
New control signal, U(s), will be sent to the plant. This
process will run continuously until steady-state error.

2. PID CONTROLLER TUNING BY TRIAL AND ERROR
METHOD

The proportional, derivative and integral parameters
can be expressed as K, K4 and K; are need to tuned for the

specific control action with the knowledge of desired
performance specifications. A simple and dynamic
approach is taken to quantify the numerical value of PID
control parameters which is trial and error method yet the
method is very tedious but gives the understanding of
effects of individual parameter.

A single area network or isolated plant is selected for
this study as shown in Fig. 2. An isolated power has rated
turbine power is 250MW at nominal frequency of 50Hz, is
subjected to a sudden load change of 50 MW. The governor
speed regulation is set to 0.05 pu. The load varies by 0.8%
for 1% change in the frequency. The remaining parameters
are tabulated in Table 5.2.

Table 2: System Parameters for Isolated Power System

Particular Value
K;4(Gain of speed governor) 1
Ts4(Time constant of speed governor in | 0.20
sec.)
K. (Gain of turbine tranfer function) 1
T;(Time constant of turbine in sec.) 0.50
H(Inertia constant) 5
D(pu MW /Hz) 0.80
1/R(Speed regulation) 20=1/0.05
APp(Alteration in load Demand) 0.2=50/250
1 1 L :ﬁ
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Fig. 2: Simulink Model of Isolated power system
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Fig. 3 represents frequency deviation following sudden
load increment. To maintain the frequency variation zero 502
PID controller is installed in feedback having controller o1
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Fig. 7: PID with K, = 80,K; = 40 & K4 = 15
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Fig. 8: Turbine output vs. time

After analyzing all the frequency deviation results the
optimum values of the gains of PID controller areK, =
50,K; = 30 & K4 = 10, having zero steady state error i.e.
frequency came back to its nominal value 50 Hz, lower
overshoot and damped oscillations. Turbine output shown
in figure 5.6 depicts that output of prime-mover followed
by speed governor which meets the increased load of 0.2pu
i.e. 50 MW settles at 0.2 pu and a new equilibrium
established.

3. TUNING BY ZIEGLER-NICHOLS METHOD

The most popular tuning methodology was proposed by
Ziegler and Nichols in 1942. PID controller's on line auto
tuning that is based on Ziegler Nichols tuning method. The
advantage of Z-N PID controller tuning is also carry out for
higher order systems. Z-N PID Controller is controlling the
plant or system by continuously monitoring plant output
which is known as process value with the desired process
value known as set point of the system.

The PID controller manipulates on the difference
between process value and set point called as error. In the
conventional controlling method the transfer function of
plant should be calculated in order to find out various
parameters and the value of PID constants. But in this
method there is no necessary to derive the transfer
function of the system. Thus Z-N PID controller is
monitoring the plant depending on set point and process
value and irrespective of the nature of plant.

Various tuning sequences are applicable depending
upon the dynamic model of the plant. When the dynamic
model of the process, for which the PID constants are to be
found, is not known, its open loop response for a step input
is determined experimentally or by simulation. If the

response is S-shaped Ziegler-Nichols method is applicable
otherwise on specific tuning method available.

If the dynamic model of the system is known the PID
controller can be tuned using Ziegler Nichols method. It is
first assume that the controller has only proportional gain
K, term. We then proceed to determine the critical Gain
K, for the closed loop system to just get into continuous
oscillations the corresponding time period T.. of the
oscillations is determine knowing these two values the PID
controller can be tuned using following result [5].

K, = 0.6 K¢, (3)
5= 05T, (4)
14 = 0.125 T, (5)

The characteristic equation of isolated power system
with speed governor, turbine and generator load transfer
function of closed loop system with only proportional
gain(Kp,) constant is given by

s34+ 7.08s? + 10.56s + K, +208=0

The critical gain is determined by Routh array Table 3
shown below for the characteristic equation

Table 3: Routh Array to Determine K, for Continuous

Oscillations
s3 1 10.56
s? 7.08 K, +20.8
sl 74.7648 — (K, + 20.8) 0
7.08
s? K, +20.8

It easily seen from the Routh array that the power
system would be unstable for

747648 — (K, +208) _
7.08

Hence
K = 53.9648
To find frequency of oscillation
7.08s% + (K, +20.8) = 0

7.08s% + 74.7648 = 0

s = +j./74.7648/7.08 = +j3.2496 rad./sec.

Therefore

T - 27
T 3.2496

= 1.9335 sec.
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According to Ziegler and Nichols Method

K, = 0.6 X K., = 32.3789

K K 27.4235
T 05xT,

Kq = Kp X 0.125 X T,, = 9.5583

After applying these values to gains of PID, frequency
deviation plot shown in Fig. 9 depicts minimum overshoot
and least settling time. Fig. 10 shows variation of turbine
output.
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Fig. 9: Frequency Deviation with Tuned PID by ZN Method
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Fig. 10: Mechanical Power output by Turbine with Tuned
PID by ZN Method

4. CONCLUSIONS

In this paper we tried to tune the PID controller for load
frequency control by Trial and Error and Ziegler and
Nichols Method. The output of the load change was
controlled with less overshoot and shorter settling time
using the ZN-PID based controller, the computer

simulations results show that the proposed ZN controller is
more effective means for improving the dynamic
performance of the power plant compared to the
conventional integral controller. Although the tuning
method is quite easier compare to cumbersome trial and
error method for all desired aspects of dynamic
performance specifications.

REFERENCES

[1]. A. M. Stankovic, G. Tadmor and T. A. Sakharuk, "On
robust control analysis and design for load frequency
regulation,” in IEEE Transactions on Power Systems,
vol. 13, no. 2, pp. 449-455, May 1998.

[2]. B. Ravi Kumar, G. Ashok and B. Siva Prasad “Tuning
PID Controller Parameters for Load Frequency
Control Considering System Uncertainties,” Int.
Journal of Engineering Research and Applications,
ISSN: 2248-9622, vol. 5, part -4, Issue 5, pp.42-47,
May 2015.

[3]- D.G. Padhan and S. Majhi, “A new control scheme for
PID load frequency controller of single area and multi
area power systems,” ISA Transactions, vol.52,
pp.242-251, Nov. 2013

[4]. ].Sharma, Y. V. Hote, and R. Prasad, “Robust PID Load
Frequency Controller Design with Specific Gain and
Phase Margin for Multi-area Power Systems,” IFAC-
Papers Online, vol. 51, no. 4, pp. 627-632, 2018.

[5]. K. Ogata, Modern Control Engineering, 5th edn,
Prentice Hall PTR, USA 2010.

[6]. L. Hari, M. L. Kothari and ]. Nanda, "Optimum
selection of speed regulation parameters for
automatic generation control in discrete mode
considering generation rate constraints,” in IEE
Proceedings Generation, Transmission and
Distribution, vol. 138, no. 5, pp. 401-406, Sept. 1991.

[7]. MATLAB 7.0.0.19920 (R14), The Math Works Inc,
May 2004. www.mathworks.com

[8]. N. Tan, “Computation of stabilizing PI and PID
controllers for processes with time delay,” ISA
Transactions, vol. 44, no.-2, pp. 213-223, April 2005.

[9]. P. Kundur, Power System Stability and Control,
McGraw-Hill Education (India) Private Limited, New
Delhi, 2014.

[10]. S. Saxena and Y. V. Hote, "Load Frequency Control in
Power Systems via Internal Model Control Scheme
and Model-Order Reduction," in IEEE Transactions
on Power Systems, vol. 28, no. 3, pp. 2749-2757, Aug.
2013.

[11].S. Sonmez and S. Ayasun, "Stability Region in the
Parameter Space of PI Controller for a Single-Area
Load Frequency Control System With Time Delay," in
IEEE Transactions on Power Systems, vol. 31, no. 1,
pp- 829-830, Jan. 2016.

[12]. W. Tan, "Unified Tuning of PID Load Frequency
Controller for Power Systems via IMC," in IEEE
Transactions on Power Systems, vol. 25, no. 1, pp.
341-350, Feb. 2010.

© 2020,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 486



