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Editorial 

Power System Operation & Energy Management deals operations and control continues to be utility mission-
critical activities, focused on the reliability and security of the grid as well as on economic dispatch of the 
system.  In spite of so many advancements in the power and energy sector over the last two decades, its survival 
to cater quality power with due consideration for planning, coordination, marketing, safety, stability, optimality 
and reliability is still believed to remain critical. Though it appears simple from the outside, yet the internal 
structure of large scale power systems is so complex that event management and decision making requires a 
formidable preliminary preparation, which gets still worsened in the presence of uncertainties and contingencies. 
These aspects have attracted several researchers to carryout continued research in this field and their valued 
contributions have been significantly helping the newcomers in understanding the evolutionary growth in this 
sector, starting from phenomena, tools, methodologies to strategies so as to ensure smooth, stable, safe, reliable 
and economic operation.  

The Power System Operation & Energy Management had a great effect on Communication. Its utilities are 
operating under an unprecedented demand for accurate, real time data—enabling utilities to meet regulatory demands for open and
timely external reporting to understand the situational awareness of the grid, and to answer critical operation and control issues. 

The Conference sometimes is conducted in collaboration with other institutions. IRNet encourage and invite 
proposals from institutes within India to join hands to promote research in various areas of discipline. These 
conferences have not only promoted the international exchange and cooperation, but have also won favorable 
comments from national and international participants, thus enabled IRNet to reach out to a global network 
within three years time. The conference is first of its kind and gets granted with lot of blessings. 

The conference designed to stimulate the young minds including Research Scholars, Academicians, and 
Practitioners to contribute their ideas, thoughts and nobility in these disciplines of Engineering. IRNet received a 
great response from all parts of country and abroad for the presentation and publication in the proceeding of the 
conference. 

I sincerely thank all the authors for their invaluable contribution to this conference. I am indebted towards the 
reviewers and Board of Editors for their generous gifts of time, energy and effort. It’s my pleasure to welcome 
all the participants, delegates and organizer to this international conference on behalf of IRNet family members. 

I wish all success to the paper presenters. The papers qualifying the review process will be published in the 
forthcoming IOAJ journal. 

Convenor :- 

Mr. Bikash Chandra Rout 
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Abstract—This paper, deals with a new design high accuracy mass measuring system using a new Superregenerative 
architecture of directs sequence spared  spectrum technique. use of  conventional  DSSS Superregenerative architecture to 
get accuracy in very efficient mass measuring is now wellknown ,but as because conventional Superregenerative architecture 
exhibit a major inconvenience :an excessive bandwith that makes it more vulnerable to noise and interference than other 
system.in this paper we present a new architecture that make use of Superregenerative principal to achieve non coherent 
detection of direct sequence spread spectrum.   Here The signal coming out of load cell of mass mearuring system  is put 
down below the white noise level by using this new Super regenerative DSSS architecture, next amplified finally converted 
to digital form, subsequently, the digital signal is as input to the micro controller. Thus the data is transmitted accurately. 
 
Keywords- Accuracy, Mass measuring, Noise, Superregenerative Reciever. 
 

 
I. INTRODUCTION 

 
To accurately indicate the mass of a process 

without extensive operator involvement, a mass 
indicator system relies upon a transducer, which 
accepts a mass, such as a capacitive or resistive 
transducer as input. It indicates the actual mass, or set 
point, and provides an output to a display element. 
And the whole system should be analyzed in selecting 
the proper transducer and the data acquisition system. 
Mass of a material is displayed digitally using a 
micro-controllers based mass measurement system. In 
the practice, the micro-controllers using general SS 
algorithms cannot meet higher accuracy. It is well 
known that SS systems offer certain desirable 
characteristics that are difficult to obtain via 
conventional technique. For instant, SS  
signal exhibit low spectral power density. And SS 
receiver achieve improve interference resistance 
 

II. REVIEWS AND OVERVIEW 
 

      The main constraint in achieving higher accuracy 
is a superimposed noise on a useful signal from the 
mass measuring system. The common sources are: (1) 
constant values (2) the noises: electromagnetic pick-
up, power harmonic, thermally unstable circuits and 
the gain programmable by software (through PW's 
output of the micro controller) (3) Mass sensor (i.e., 
Capacitive OR Resistive mass sensor).  The common 
sources are amplified before transferred into the A/D 
converter, and therefore the noise is amplified and an 
error is introduced in the system. A signal processing 
module (SPM) acquires the electrical signal from the 
mass sensing device and estimates a value of mass. 

The two main aims for improvement are increasing 
the Speed of  

 
Figure 1.  Signal processing module and Mass measurement. 

 
Sensing the mass variation and achieving good 
measurement accuracy. Improvement in SPM that 
provides any one or both aims brings significant 
benefit to the overall mass monitoring system. Owing 
to the physical characteristics, when the mass sensor 
detects the external mass of a material, it produces a 
weak current. The weak current is passed through 
AD7730 that has the PGA (Programmable Gain 
Amplifier), A/D converter and the two stage digital 
filter into digital signal. The micro-controller (8031) 
transfers the detected digital signal to the 
communication unit and the display unit according to 
the procedure set on the memory.  
 

III. PRINCIPLE OF OPERATION 
 

. Fig 2(b) illustrates the new mode of operation 
presented in this paper for detecting direct sequence 
spread spectrum (DSSS) signals. The transmitted data 
are spread with a PN sequence, and the SRO is 
quenched synchronously with the received signal, so 
that a single sample of each chip pulse is taken. This 
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means quench frequency equals to the chip frequency 
Since the duration of the sampled chip is closer to 
that of the sensitivity period, The bandwidth of the SS 
signal and that of the receiver become comparable. 
Moreover, the synchronous operation, which is in any 
case required to despread  the DSSS signal , allows 
the use of special chip envelopes that concentrate the 
signal energy in the sensitivity periods. In particular 
the receiver operates as a matched filter when the 
signal envelope matches the sensitivity curve. 

 

 
 

IV. DESIGN METHOD 
 

In Fig. 3, the amplitude spectra reveal the 
significant noise components of the Mass 
measurement system. The first peak is centered at 
approximately 2.2Hz, and the second and third peaks 
appear to be integer multiples of this noise. Hence we 
can assume that there are no significant harmonic 
components beyond 40Hz. Therefore any sampling 
rate selected must be greater than 80Hz. In order to 
reject the high-frequency random oscillatory 
component in the circuit, there is always a RC low 
pass filter in the output of the circuit. This kind of 
filters can restrain high frequency noise, but its effect 
on low frequency noise is few. Digital filters are ideal 
for the treatment of low frequency noise. They can be 
implemented in real time or as post-processed 
applications. 
This paper, we present the comparison between the 
proposed digital filters in PC and the other filters 
which can achieve the main features the mass 
measuring system needs. Then, we present (1) 

Moving average filter algorithm [2], (2)LMS adaptive 
filter algorithm [3], (3) conventional FIR  filter 
algorithm discusses the development of a 
microcontroller based measurement system. [4] 
Capacitive sensors are increasingly becoming 
common because they can be built with affordable 
technologies, and they have high impedance, which 
implies low power consumption [4, 5].  In data 
aqusition module Convetional SS receivers  require  
proper psedonoise  (PN)code synchronization in order 
to dispread the recived signal and detect data. In 
contrast to conventional SS reciver. In which 
synchronizationcircuitry entails a substantial  in  
crease in receiver cost,size and power 
consumption(6),(7),the architectures presented here in 
minimize overall complexity by employing a single 
signal processing path for data retrival and 
synchronization, along with a reduced number of RF 
stages, As a result, very simple data aqusition ckt can 
be designed, which combines the advantages of 
superregeneration, low cost and low power 
consumption, with those SS techniques. The block 
diagram of the proposed DSSS superregeneratve 
architectureis shown in fig 4.They incorporate alocal 
PN ode generator that uses the quench oscillator as 
aclock, making the chip period equal to the quench 
period . In different ways, both architecture multiply 
the recived signal by local PN code and perform 
integrate-and dump filtering. The integrator output is 
sampled and held during each bit period, and used as 
decision variable. Finally, a synchronization loop that 
controls the frequency the quench VCO keeps a 
correct PN code alignment with Superregenerative 
oscillator(SRO). Fig. 5 show that the receiver 
bandwidth is much closer to that of the input signal 
than in narrow –band superregenerative receiver: the 
ratio between receiver and signal bandwidth ranges 
from 1 to 5, whereas for narrow-band receiver this 
ratio is at least (typically greater than)  10. 
 

 
Fig .3  Noise spectra of Mass with DSSS Indicator system. 

 
In particular, the focus is on using digital filtering 
techniques to remove measurement noises from the 
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extremely low frequency noise of the mass 
measurement System.       Hence DSSS in the 
measuring system is proposed. The main difference is 
that we use a very important PN code to shift the noise 
to high frequency and we use different procedures to 
apply new DSSS, as shown in the of Fig. 4.  
 

 
 

 
After shifting the noise to high frequency, we can use 
the filter with 9 taps to filter the noise. 
      With this novel method, the proposed new DSSS 
filter algorithm used in mass measuring system can 
meet the requirements of speed, stability, and 
precision. 
 

 

Fig.5  (a)  Measured power spectrum of the transmitted signal 
for two chip    Envelopes.(b) Measured frequency response of 

the receiver. 
 
 The maximum Mass measured with this device is 70 
kg. in step of 7.14% of full scale. The result are 
appreciably linear with R^2 (correlation coefficient) 
equals to0.999 as illustrated in figure. 

 
V.      CONCLUSION 

 
In the Mass measurement systems conventional 

filtering method employed have limitation in 
improving the accuracy and in throughput rate. In this 
case, an alternative technique has been explored to 
find a solution. It will enable measurement accuracy 
to be 1/172000. The result shows that new technique 
of DSSS filter can be employed in a practical system. 
The basic materials for making mass sensor are simple 
glass tube and enameled copper wire and the filtering 
circuit involved semiconductor devices. From the 
experimental study, the repeatability, linearity, and 
resolution are satisfactory within the tolerable limit of 
industrial mass measurement. 
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REACTIVE POWER MANAGEMENT AND UTILITIES IN 
ELECTRICAL POWER SYSTEMS 

 
SUYOG SHELAR 

 
Electrical Engineering Department, F.C.R.I.T,  Vashi. 

 
 
Abstract- Today the voltage stability has become a major concern for power system operation and controls from both 
consumers and Utilities. Even after the recent inventions in controls systems and power electronics,  every Utility nowadays 
faces this problem and deals in own different way one of them is reactive power management. This method has found to be 
very effective in aspects of voltage regulation and stability too. In this paper I would try to take the attention of this reactive 
power management method, its presence in power systems, issues related with it and also with effects on various power 
system components and at last the major planning steps in brief to this problem  to ensure reliability issues for  the power 
Utilities and the consumers.  
 
Keywords-  voltage  stability;  power system operation and control; power reliability;  power utilities 
 
 
I.  INTRODUCTION  
 
In a modern electrical system, the power has been 
always stated either active or reactive power 
intentionally everywhere as both of them highlights 
their significance where  they are supposed to be.Like 
running a motors, heating the conductor are the 
primary places where the active power is employed 
whereas the reactive power comes into picture where 
production of electric and magnetic fields in inductor 
and capacitors are related.one of the popular 
analogies used is the Beer mug analogy which quite 
simply explains the relation in the active, reactive and  
apparent power. Hence reactive power management   
can be defined as the control of voltage and power in 
order to  satisfy the following objectives  
1)  Voltages at terminals of all connected load to 

existing power system should be within the 
accepting limits.  

2)  To enhance system stability for maximization of 
utilization of transmission systems;  and voltage 
and reactive power control has very crucial role 
to achieve the goal of high system stability. For 
which every utility is bound to their customers.  

3)  The operation of transmission system with good 
efficiency is hugely depends upon the  resistive 
and reactive losses taking place  at system 
operational period, which can be practically 
made minimum using appropriate reactive power 
flow in the existing grid.  

Therefore we can stay that for every utility system to  
achieve high degree of constant system voltage 
profile even  
i)  
ii)  
iii) 
 
in adverse  system conditions or instabilities, 
reliability to  
customers and fulfilling the demands with 
minimization of  

losses during transmission and distribution especially. 
The  reactive power management will carries a lot of 
weightages. 
 
II. REACTIVE POWER ORIGIN  
 
Reactive power  production takes place when current 
and voltages are not in phase and it is measured in 
VAR (voltage ampere reactive) it is produced when 
current leadsvoltage and consumed when vice versa. 
Transmission line generates VAR under no or Low 
loaded  condition and consumes under loaded one. 
Hence at any given instances power system can 
experience different voltage levels at various 
locations.it can also be stated that when generator 
introduces a reactive power it is said to be 
overexcited and under-excited when it is drawing the 
same from connected  system or grid.so the reactive 
power output is a dependentfunction of generator 
field current provided by excitation system. 
 
III.  REACTIVE POWER IN THE PRESENT  

POWER SYSTEMS.  
 
A)  Need of reactive power    
i)  For any  load connected to the grid for successful 
and satisfactory operation of  it without causing 
problems like overheating etc., for reducing the 
transmission losses and maintaining system ability for 
withstanding and preventing the voltage collapse. 
That it can  be simply put as fall and rise of system 
voltage with respective decrease and increase in 
reactive power. Leads to voltage collapse when 
system is trying for more load to serve than the rated 
load supported by system voltage.  
ii) At such a low voltage cases, as voltage falls in 
order to continue to serve the constant power,  current  
increases  enormously leading to system consume the 
more reactive  power this leads to further voltage 
drop. Now when the  current exceeds the limit for 
given transmission line then  
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that particular transmission line goes offline which 
overloads the other operating lines causing the 
outages or  
cascading failures.  
iii)  If further voltage level dropping occurs then 
causes further reduction in reactive power from 
capacitor and line charging , again further voltage 
level falls which causes tripping of additional 
elements and falling voltage and load losses which is 
not desirable for any utility at any condition in order 
to achieve the high reliability for consumers point of 
view. 
iv)  This whole process continuously progresses into 
the uncontrollable declines of voltages in the system  
v)  Leading to inability to supply the reactive power 
required by system   vi)   vii)    

 
 
B)  Presence of reactive power in an operational grid  
I)  As stated above the voltage profile and the reactive 
power control are the two different faces of single 
coin for supporting reliable operation and the 
multiple power transaction scheme held between two 
or more utilities on the commercial state   
II)  Following  are the reasons which clearly indicates 
that why system voltage profile is so much dependent 
on reactive power  
III)  In the whole power network there are large no of 
equipment and the load connected at consumer ends 
are designed in such a way that they can satis 
factorily work in the ranges of voltages which is ±5% 
of nominal voltage level.  
IV)  When the voltage falls many electrical load like 
light bulbs output decreases, overheating of induction 
motors and failure of electronic circuits; whereas at 
high voltage the chances of equipment damages are 
pretty high leading to reduction in life.  
V)  Another reason is that as reactive power 
consumes transmission and generation resources ,for 
maximizing that real power we must lower down the 
reactive power associated with it , but this process 
will cause the lowering of the generation units real 
power production capacity.  
VI)  Also by feeding the reactive power to the 
existing line, it causes losses in that particular line 

and  in order to balance those losses, we have to 
supply externally the additional power and energy.  
VII) 
 VII)  From above all it is clear that the transmission 
line itself acts as a nonlinear consumer of reactive 
power which depends upon loading of  system as on 
light loads the reactive power is generated and on 
connection with heavy loads the reactive power is 
absorbed and this  also accompanied by dependence 
of system on the transmission and generation 
configuration.  
VIII) While taking into account of reliability 
consideration of any system the bulk power system is 
comprising of large no of equipment whose failure 
can occur with either due to ageing or by 
malfunctioning and hence system is designed by 
considering this single  contingency situation too with  
continuous variation of reactive power demands as 
per the load requirement with time and the generation 
patterns. Both of these factors termed into the 
dynamic reactive power requirement hence loss of 
generator unit with forced outages and the 
transmission line compounds together for reduction in 
reactive power supply and the power flow get 
reconfigured as the system is now demanding for 
additional reactive power.  
IX) There must be a specific part of system or portion 
from the grid which should respond quickly to the 
reactive power profile over the system should be 
responsible for keeping the nominal voltage all over 
the system . In other words just like a load flow study 
takes into account of the reserve capacity of plant or  
the spinning reserve from unit to take the load 
quickly during scheduled and forced outages, we 
must provide a same arrangement for reactive load 
too.

 
       
                                                                                                                   
  
X)  It has been found that the reactive loads are more  
responsible for fall of voltage and the corresponding  
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reactive losses associated with them than similar sizes 
of real loads.  
 
IV.   PURPOSE OF REACTIVE POWER  
 
i)  There are numerous techniques available in 
markets for controlling and maintaining same or 
constant system voltage throughout the grid such as  
making use of synchronous generator, static VAR 
compensators (SVC) and distributed energy resource 
equipment (DER)  
ii)  Synchronous generator are the 3-phase 
synchronous motor which either runs under excitation 
state or the overexcited state depending upon either to 
take up reactive power from system or to supply the 
same.  
iii)   Hence based on the requirement, reactive power 
is either injected to rise up the system voltage  level 
or absorbing it to decrease the voltage level.  
iv)  Here location and magnitude of generator output 
can be said as the independent variable for function 
of the voltage support requirements and that also 
depends upon the customers loads and the 
configuration of DER in given power system.  
v)  The above requirement shows up a lot of variation 
in them as location, and it get even more volatile 
when generator outputs and the consumers loads are 
taken into account.  
vi)  For managing the reactive power and voltages , 
the system carries out the operation with three distinct 
and clear goals as vii) viii) 
 
(1) The high priority is given for maintaining the 
constant voltages for complete transmission and 
distribution systems considering both current and 
contingency conditions.  
(2) Minimization of congestion of real power flows in 
the  
network.  
(3) And third is the minimization of the real power 
loss.  
 
V.   ISSUES RELATED WITH REACTIVE 

POWER  
 
1)  Reactive cannot be delivered over long distances   
like  
real power via transmission lines.  
2) Hence wherever it demands for reactive power, the  
corresponding arrangements should be as near as 
possible  
with target location.  
3) Many of the time reactive power to be fed is in tied 
with  
the real or active power ability of the line.  
 
VI.    EFFECT OF REACTIVE POWER  
 
The effect is very wide and deeply related with 
system  

operations hence has to be cons idered in different 
parts as Generator side Every generator has their own 
mechanism for control of voltage and reactive power  
The ability to supply reactive power depends upon 
the capacity of generator to provide real power to 
system which in-turn dependent  on the rating of 
generator that too more on MVA rating rather than 
MW armature.   By increasing the magnetic field we 
can rise the terminal voltages of the generator, and 
this increase in magnetic field can be achieved by 
increasing current of rotating field winding and thus 
reactive power is produced absorption of reactive 
power is achieved by magnetic flux pattern in stator 
that results in overheating oh stators    But this 
absorption severely affects the synchronizing torque 
that leads to high probability of loss of synchronism  
with nearby grid.   The prime mover rating of 
generator ie.  Steam turbine is designed with lower 
rating than electric generator resulting in to prime 
mover limiting. As generator support the voltage 
hence providing prime mover able to deliver all 
mechanical power the generator can utilize for 
electricity production and when neither producing nor 
absorbing reactive power, this results into 
underutilization of prime mover.   Also  for  
production and absorption of reactive power, the real 
power output has to do some compromise. The 
reactive power control is achieved by controlling dc 
current to the rotating field of machine.   The inherent 
characteristics of generator support extensively for 
maintain the system voltage,this field setting is 
designed to hold that particular voltage value. Like if  
system voltage drop then machine injects reactive 
power and brings it back and vice versa. This 
mechanism is accompanied by voltage regulators 
which drives field current in appropriate directions 
and decides the respective reactive power flow.    
Synchronous condensers  The synchronous machine 
design exclusively to supply reactive power to the 
power network are called synchronous condenser   In 
power systems, synchronous motors are us ed to 
provide dynamic voltage support as they provide 
mechanical power to loads connected to them, some 
combustion turbines and hydro units may provide 
reactive power without supply of mechanical power 
to them, when real power is not prime goal to supply.  
  They have all speed response technique and 
controllability mechanism like conventional 
generators but do not required the auxiliary system 
equipment as that of power unit also it consumes real 
power only up to 3% of rated reactive power. 
Capacitors and inductors   They are also called as 
Reactors, these are passive elements very helpful for 
absorption and generation of reactive power  that too 
significant amount of consuming reactive power. 
Their output is proportional to square of the voltage.  
  Hence  100 MVAR  capacitor bank will give(or 
consume) about 90 MVAR   for system voltage 
around 0.95 pu but for 1.05 pu of system voltage it 
makes around 110MVAR, this  
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is very important relationship implying similarly on  
inductor too.   Inductor absorbs more  voltage at 
higher voltages, and the device is needed most In the 
extreme case when voltage dip is observed as 
obviously capacitor contributes less  ;this leads to 
further fall in voltage again capacitors supplies even 
lesser resulting voltage collapse and  outages.

 
 
  Inductors are used exclusively for absorption of 
reactive power at rated voltage , they can be switched 
on and off but offer no control for variation. 
  Capacitor banks are nothing of capacitors each of 
rating around 200KVAR or less and can be connected 
in series or parallel and offers limited amount of 
variable control. Static VAR compensators   SVC 
consists of group of capacitors and inductors with fast  
switching capacity. This switching time is very small 
hence it is also  called as sub cycle time (less than 
1/60 or 1/50 seconds), hence suitable for continuous 
range of control. This range is designed for span from 
absorb to generate power.   Some voltage drop is 
observed as capacitors are used but very fast and 
effective reactive power support.   These lack short 
term overload capacity of generators and synchronous 
motors.   Typically comes with harmonic filters to 
remove harmonics injecting in power systems.  
Static synchronous compensators   A part of flexible 
ac transmission system  Static synchronous 
compensators or STATCOMs  Generates or absorbs 
reactive power.   STATCOMS are very similar to 
SVC but makes use of power electronics than 
conventional capacitors and inductors in association 
with fast switches.   They make use of power 
electronics to synthesize reactive power hence the 
output obtained is generally symmetric and capacity 
is as much as absorption capacity.   Very fast and 
effective voltage control but not having short term 
overload capacity of generators and synchronous 
condensers.   These  are very useful to prevent 
voltage collapse, as their response voltage opposes 
the voltage square relationship of SVC and 
capacitors. Distributed Generators   In this case if 
each generator has a capacity to supply and control 

reactive power output  then it would be very much 
beneficiary system, otherwise the whole system 
performance throughout all transmission and 
distribution would get degraded.  
  Also making use of the energy storage devices and 
require solid state inverters to interact with grid. This 
gives an advance benefit of full reactive power 
control just similar to that of STATCOM. On 
transmission side   Because of disturbed load 
operation, there is phase shift in voltage and current 
waveforms leading to synthesis of reactive power.  
  Some part is  adjusted on customer side, and rest all 
power loads the line.   When reactive component of 
current combines with the load current  this results in 
system voltage drop across network impedances.   
Hence  when reactive power is adjusted,  this in turn  
improves voltage drops at lines leading to 
improvement at voltage level at customer side.   A 
transmission line without any load connected to it 
acts as source of reactive power, that is leading 
reactive power.   Whereas a highly loaded line, 
lengthwise inductors comes into picture, which are 
charged because of current and introduce a lagging 
reactive power.   The reactive  power occupies the 
generator capacity and reduces the real power 
production. In view with power factor   It is very 
simple as origin of reactive power is  due to the phase 
difference angle of Ø between voltage and current 
waveform.   Ideally this phase difference is supposed 
to be zero and if not then power factor that is cos(Ø) 
not equal to unity. Reactive power and the loads   We 
may be aware of reactive power  is needed for 
devices to run but reactive power severely makes 
effects on appliances , motorized applications and 
even on electrical infrastructure, as excess power 
dissipation occurs due to flow of reactive current 
through wires, switches and transformers.   Also a 
customer pays for the reactive power losses 
developed by reactive current flowing in the homes.as 
these are losses typically in the form of heat energy 
and hence cannot go back to grid.  
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 VII.   PLANNING STEPS TO BE TAKEN  
 
  Supply of reactive power should be kept as close as  
possible towards its consumption.   Sufficient amount 
of static and dynamic voltage support along with 
reactive power reserves must be provided.   Proper 
maintaining and functioning of reactive power 
devices   Load shedding system must be employed if 
any utility fails to keep the voltage in the prescribed 
range through reactive power reserves.   Capacitors 
should be switched ON at low voltage networks for 
keeping voltage in acceptable limits during peak and  
contingency conditions.  
 Load shedding should always be the last preference 
for   
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IV. OBSERVATIONS 

 
Fig 2.  Δ F1 reduced to zero by Integral controller 

 

 
Fig.3. Δ F2 reduced to zero by Integral controller 

 

Fig.4. Δ Ptie,1 reduced to zero by Integral controller 
 

 
Fig.5. Δ Ptie,2 reduced to zero by Integral controller 

 
Fig.6. Δ F1 reduced to zero by PI controller 

 

 
Fig.7. Δ F2 reduced to zero by PI controller 

 

 
Fig.8. Δ Ptie,1 reduced to zero by PI controller 

 

 
Fig.9. Δ Ptie,2 reduced to zero by PI controller 
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Fig.10. Δ F1 reduced to zero by PID controller 

 

 
Fig.11. Δ F2 reduced to zero by PID controller 

 

 
Fig.12. Δ Ptie,1 reduced to zero by PID controller 

 

 
Fig.13. Δ Ptie,2 reduced to zero by PID controller 

 
From this chart it is seen that which controller takes 
how much time to reach steady state condition. It is 
obvious that PID is much faster than PI or I 
controller. 
 

Settling Time Chart (Unit in sec.)(Approx.) 

Controllers ΔF1 ΔF2 ΔPtie,1 ΔPtie,2 

Integral 16 15 7 6.5 

PI 5.7 5 4 4 

PID 3 5.3 3.2 3.2 
 
V. ABBREVIATIONS AND ACRONYMS 
 

 LFC=> Load Frequency Control 
 tie=> Tie-line 
 PID=> Proportional-Integral-Derivative 
 sec.=> Second 
 p.u.=> Per Unit 
 F=> Frequency 
 P=> Power 
 ܽଵଶ=> Constant 

 
VI. CONCLUSION 

 
From the above simulation results and responses of 
the three different controllers, the PID controller 
successfully reduces the settling time of the errors 
and helps the system to recover to its initial steady 
state much faster than any other controller [6]. It is 
also notably important that amongst three different 
parameters of a PID controller, Kd not only helps the 
system from under-damped and over-damped 
oscillations but it also helps the system to reach its 
stability also. Kp helps the system reducing its rise 
time at minimal value but it un stabilizes the system 
as gain is proportional to the error and hence increase 
system oscillations. Ki helps to reach steady state and 
decrease the error to zero as well as reduces the 
settling time. 
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