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Abstract- Load Frequency Control in power systems is venydrtant in order to supply reliable electric power
with good quality. In many industries, the speethef machines depends on the frequency. Any dewiati the
frequency may lead to mal-operation of the systéhe load-frequency control (LFC) is used to restie
balance between load and generation in each canreal by means of speed control. So load frequematyol

is the key problem in the power system. Works a&ieddone to optimize the controllers to get faarst better
results, the main goal of LFC is to minimize thansient deviations and steady state error to zesmlvance.
This paper investigated LFC using proportional gnéé (P1) Controller and ZN-PID Tuning controllesrfone
area system. The results of the two controllers campared using MATLAB/Simulink software package.
Comparison results of conventional Pl controlled ZiN-PID Tuning controller System are presented.

Index Terms- Load Frequency Control, Pl controller, ZN-P, ZN-EN-PID

1. INTRODUCTION

Nowadays, power systems with several industrial angbndition for the electric power system. Maintamin
commercial loads and generators need to operate drequency and power interchanges with neighboring
constant frequency. Load Frequency Control is & vetControl areas at the scheduled values are the @ m
important issue in power system operation and cbntrprimary objectives of a power system LFC .In a
for supplying sufficient and reliable electric powe sudden change in consumers' demands for power,
with good quality. With an increasing demand, theoltage and frequency control, a complicating facto
electric power system becomes more and mofeower systems have the desired level of tension, is
complicated. For a successful operation of poweltesirable to have a fixed rate. At this point, ploaver
system under abnormal conditions, mismatches haggstem load frequency control, it is important for
to be corrected via supplementary control. Fostability. Load frequency control with voltage and
satisfactory operation of a power system th&equency of the system is set. Therefore, theesyst
frequency should remain nearly constant. The variowill be increased power quality [2].the control of
areas or power pools are interconnected through #@stive power system is related to the control of
lines. These tie lines are utilized for contractuairequency, while the control of reactive power is
energy exchange between power pools and also intéglated to control of voltage, the stability ofdrency
area support in case of abnormal conditions. Thend voltage are important in identifying the quabf
power system is subjected to local variations ofower supply, and the control of active power and
random magnitude and duration. As the load varies eeactive power has a basic and important role to
any area in the system considered, the frequené&gtisfy application of power systems. The frequency
related with this area affected and then the atheas Of system is dependent on active power, and thence
are also affected through tie lines. Frequencthe frequency is a general factor in the network; a
transients must be eliminated as soon as possib@iange in active power in any part of the netwak ¢
Mostly the boiler system effects and its controlfeflect the whole of network, as a change in freqye
governor dead band effects and generation rawhich can be harmful [3]. Many control strategies f
constraint are neglected in the Load frequencyrobnt Load Frequency Control in electric power systems
studies for simplicity, But for the realistic ansily of have been proposed by researchers over the past
system performance, these should be incorporated @gcades. This extensive research is due to fatt tha
they have considerable effects on the amplitude ahdfC constitutes an important function of power
settling time of oscillations [1]. A large frequgnc system operation where the main objective is to
deviation can damage equipment, corrupt loategulate the output power of each generator at
performance, reason of the overloading of therescribed levels while keeping the frequency
transmission lines and can interfere with systerfluctuations within prespecifies limits. A unified
protection schemes, ultimately leading to an unstab tuning of PID load frequency controller for power
systems via internal mode control has been proposed
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[4]. During the last decades the researchers hawre m3. LOAD FREQUENCY CONTROL

attention to LFC although the main objective of th .
. : . ower systems are used to produce electrical power
control strategy in an interconnected power systgem
. .from natural or renewable energy. Load frequency
to generate both voltage and frequency within ; . :
-~ - control is really important in power systems to @yp
permissible limits. Recently, lot of research works . .
. . : reliable and better electric power at consumer end.
were documented with an improved transient respon !
S . owever, the consumers of the electric power vary
by designing proper coupling effects between LF

and AVR and hence proves the necessiy of AVRLZ, *i0S FETEN S TEREE. SO e
along with LFC. The flows of active power and ) 9

g . . .-power imbalance whereas controlling the power
reactive power in a transmission network are fawlé 9 P

independent of each other and hence this papes de gnﬁgazt;org I|Z:dpéﬁgfr2§T:ngutlgfyk$e iﬁgcflsc::?: e as
with individual control mechanism for LFC in order 2P 9 P 9

to improve the transient stability of power systerﬁNe” as frequency within prespecme_d values a oaint
[5].This paper PID controller has been designed fsystem is essential. The frequency is closelyed|#t

higher order system using Ziegler-Nichols frequen The real power balance whereas voltage is relaied t

c )
response method and its Performance has be}éenactlve power. The real power and frequency contro

observed. The most popular tuning technique is ﬂj{% referred to as load frequency control. If inyatesm

Ziegler-Nichols method. However, besides bein% ere are changes in load then those changes will
suitable only for system with monotonic step flect both frequency and bus voltages [9]. The

isfactory operation of power system the frequenc
response, the compensated system whose controllg ould be maintained constant. The considerable dro

are tuned in accordance with the ZiegIer-NichoIg frequency in anv electrical network could resalt
method have generally a step response with a higil h ?na n?eltizin )::urrents in induction motors and
percent overshoot. Ziegler and Nichols proposed t g 9 9

manual tuning of PID controller. The Ziegler Nicol ransformers regulate the frequency which is a

tuned controller parameters are fine tuned to g& mmon _factor t_hroughout the system. Moreover, the
. change in active power depends on frequency

satisfactory performance. e . .
deviations and hence, the change in frequency yn an

point of the interconnected power system may affect
2. LOAD FREQUENCY BASED MODEL the active power throughout the system. As a

DIAGRAM OF POWER SYSTEMSPLANT consequence the LFC is installed in power network t

More than one control area power systems with Bieet out the Maintain optimal power flow between
single control zone is actually a combination ofypo control areas, maintain the frequency to its nomina
systems and the problems of each region, combimingvalue and maintain economical power generation in
control structure. Figure 1 is a single zone with éndividual generating units. Single area power eyst
power system block diagrams. Here, the system, ma consists of a governor, a turbine and a generator
regulator regulating the speed of synchronousith feedback of regulation constant. LFC as the
generator, synchronous generator and the load name signifies adjusts the power flow between
composedAPL load variation, the time constant ofdifferent areas while holding the frequency coristan
speed regulator Tg, Tt inlet valve time constant FC is actually a loop that regulates output in the
inertia constant in seconds H, D damping factod arrange of megawatt and frequency of the generator,
R represents the coefficient of speed regulatiolystem also includes step load change input to the
Continuous operation of the system in equilibriungenerator.

conditions in Figure 1. Changes in the systen

parameters are zero. Exchange system by disturbil |T|
the balance of power in the loadPL leads to changes m
in speed and power produced
7 +
_ lﬁp}_ PIDcontrler ] Governor Turhin Generator —
1+5T¢ I+sTr | + Hs+D i
Governor Turbine Rotating mass A

T‘ annd load Fig 2 power system plant model

"ﬁ'f So far, PID controllers have widely been used in

_‘ process control. With simple structure, they yet ca

Fig 1 Load Frequency Based Model Diagram of €ffectively control various large industrial proses
Power Plant [2] [10]. There are many tuning approaches for these
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controllers, but each has own disadvantaor
limitations. As a result, the design of PID conlcd
still remains a remarkable challenge for reseagc!
In simple words, the PID controller is used to i
the dynamic response as well as reduce or elim
the steadystate error. The derivive term normally
adds a finite zero to the open loop plant tran
function and can improve the transient respons
most cases [6]. the LFC is installed in power meky
to meet out the following objectives [12] ,Maint:
the frequency to its nominaklue, Maintain optima
power flow between control areas, Maint
economical power generation in individual genem
units. The integral term adds a pole at origin Itesy
in increasing the system type and therefore red
the steady-state error. Foermore, this controller i
often regarded as an almost robust controller. ;
result, they may also control uncertain proces

4. TUNING OF PI CONTROLLER

Now days the use of conventional intec
controllers is very rare in Load Frequency Con
of power system as they produce very sl
dynamic response for the system. With the v
development of control system, many differ
controllers have been invented which are m
more effective than integral controllers. in t
paper tuning of Pl controller alue of K for
system,matlab simulink model show in the fi(
for system Klis 1.5 or gainis 0.4.

It

Step K Itegrator TrangferFon2 - Tiansfer Fen

120
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Fig 3 Matlab Simulink Model of Pl Controll

5. TUNING OF PID CONTROLLER WITH
ZIEGLER-NICHOLS(Z-N) METHOD

The most popular tuning methodology ' proposed
by Ziegler and Nichols in 1942. PID controller's

line auto tuning that is based on Ziegler Nict
tuning method. It is a simple method of tuning P

controllers and can be refined to give be
approximations of the controller. The conler

constants Kp, Ki and Kd can be obtained for a syt
with feedback.The advantage of-N PID controller
tuning is also carry out for higher order systefrise
PID type controller remains the most popular
industry. However, finding approximate g

parameters for this controller is still a difficutisk.
ZN continuous cycling method is the most excel
conventional tuning method used to predict the
parameters of PID controllers. Matlab simulink mic
show in the fig 4. The polynomial charadstic
equation of LFC designed as shown in the equ
(1) and PID Parameter data is following kp 3.92
8.1472 and kd 15.762 use in this p..

1
R (2Hs+D)(1+1gS)(1+7tS)
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Fig 4 PIDcontroller parameters using Zie¢—
Nichols Metho

6. SSIMULATION RESULTS

The simulation has been conducted in MATL.
(R2010a) for single area power system with Pl ar
N PID tuning controller is design for Power pli
model using MATLAB Simulink. The freqincy
deviations in POWER area studied under PI conir
and ZN-P, ZN-Pl AND ZNPID controller actions
The single area power system parameters cons
of the speed governor, turbine and generator aen
in Table 1. Here the governor free operatis
assumed and load demafBL = 0.02

Table 1: Parameters of power system-1

S.No Description Parameter | value
name

1 Governor gain Ky, 1
2 Governor time consta T4 0.08
3 Turbine gain Ty, 1
4 Turbine Time Constant T, 0.3
5 Load model k, 120
6 Load time constant ty 20

For conventional Pl controllers Ki is taken as
and R = 3.935 .The values of PID Parameter
obtained by ZNPID optimization: Kp = R = 3.93!
Ki = 8.1472; Kd = 1.5761; Simulation results foe
single area power system are shown in Table 2
can beobserved, the settling time and overshoots
the proposed Pl and ZR;ZN-PI AND ZN-PID
TUNING controller are much shorter than that
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with the conventional PI controller ,result are \stia
the fig 5,fig 6.,fig 7 and fig 8. Therefore, the ZND
controller provides better performance
conventional PI controller for the single area powe
system Show in the Fig 9.

Table 2 comparative analysis for different congoll

than

Parameter | PI Controller INP INH INFID
Controller Controller Controller
Settling Time 123 0] a3 148
Overshoat 164 Y 14 13
A
oA
VLA A
[V VY
Y
!
!
|

Fig 5 Frequency Deviation of Single area with Pl
controller

Fié 6 Frequency mDeviati(;n of Sihgle area with ZN-P
controller

Fig 7 Frequency Deviation of Single area with ZN-PI
controller
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Fig 8 Frequency Deviation of Single area with ZN-
PID controller
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Fig 9 Comparison of Frequency If)eviatioh of Single
areas with Pl and ZN-PID controller

I

7. CONCLUSION

In this paper, the tuning of Pl controller and 2ézg
Nichols PID Tuning controller was proposed to solve
the load frequency control problem of single area
power system. Simulation results show that Ziegler-
Nichols PID Tuning controller is frequency deviaiso

of power system has a better performance than ithe P
controller because reduced the settling time and
minimize overshoot,Pl controller as a not adaptive
controller or at least as a limited controller sinc
limited of parameters and still the output hastteli
more amount of settle time and overshoot. Z-N Tuned
PID controller with simple approach can provide
better performance comparing with the conventional
P1 controller. So simulation results show the sigver
performance of the system using Z-N Tuned PID
control.
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