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Power System Security Analysis
Using FACTS Devices by Means
of Intelligent and Hybrid Techniques
Under Different Loading Conditions

S. Venkata Padmavathi, A. Jayalaxmi and Sarat Kumar Sahu

Abstract Power system security issue is a severe concern in restructured power
market. In order to conserve the security of a system, flexible alternating current
transmission system (FACTS) apparatus are one of the options. In this work, node
voltage deviations and line apparent power flow factors are taken as the security
indices and these are considered as objectives for security problems. The devices
considered are thyristor-controlled series capacitors (TCSCs), static VAR com-
pensators (SVCs), and unified power flow controllers (UPFCs). The main idea of
this work is to compare distinct algorithms such as hybrid differential evolution
(DEPSO) and fuzzy adaptive gravitational search algorithm (FAGSA) to attain the
good location of the devices on IEEE 30 bus network with loading conditions.

Keywords DEPSO � FAGSA � FACTS � TCSC � SVC � UPFC

1 Introduction

Today’s power network has become tortuous and less secure with increase of power
demand. FACTS apparatus can augment power system transfer capacity and flex-
ible line flow control [1]. These devices play a major task in power system security
and can control the network parameters to influence the line power flows and
voltages [2–4]. There are various types of FACTS controllers: SVC [5, 6], TCSC
[7], UPFC [8], etc.
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Abstract— Growing of industry and increasing demand in 
consumer load/distribution side place a new demand in mechanism 
connected with electrical motors. This is leading to different 
problems in working operations due to fast dynamic and instability. 
The stability of the system is essential to work at desired set target 
but due to non-linearity caused by a motor frequently reduces 
stability which reduces control ability to maintain speed/position at 
set points. 
 
BLDC motors are widely used in industries because high efficiency, 
low cost, roughest construction, long operating life noise less 
operation but the problem arises in BLDC motors are speed 
controlling by using sensor and senseless controllers and large 
torque ripples and torque oscillations. This paper presents 
assessment and evolution of the BLDC motor by providing proper 
voltage controller methods (back emf controller method) and 
analysis has done in MATLB/SIMULINK software. Therefore the 
parameters of the BLDC motor analyzed and compered with BLDC 
motor drive without any controller. 

 

Keywords—brushless dc motor; back emf controller; hysteresis 
current controller. 

I. INTRODUCTION  
       The concept of usage of excitation system with permanent 
magnet was first time introduced in 19th century. It was 
producing sudden sense of thrilling excitement in application 
of many electrical devices that are using in our daily life cycle. 
[1] The response of these types of machines in that particular 
time is very deplorably mergred.one of the main reason is 
deprived quality in material used. Due to innovation of alnico 
usage of magnetic material increases drastically because it has 
a property of very high cohesive force and very strong 
magnetic field [i.e. B=1wb/m2]. [5] Predominately the 
materials used in BLDC motors samarium-cobalt and 
Neodymium iron-Boron (NdfeB) magnets.[3] Induction 
motors are extremely prevalent machine in the 20th century 
because it is easy structural design, cost effectiveness, high 
reliability and good dynamic performances. Even though 
better performance of ac machines, two factors are not 
replaced by dc machines. Those are starting mechanism and 
speed controlling of dc machine is superior as compare to the 
ac machines. 
       But the presence of commutator and brushes the usage of 
dc machines is diminished in present days. These two reasons 
need to compensate by some other means it can improve the 

usage of dc machines so that BLDC motor are comes into 
picture. It has a great extent of torque and high power to 
weight ratio and good high powered control for challengeable 
speed applications. Elimination of brushes and commutators 
makes brushless DC motor (BLDC) good choice for high 
performance applications. In brushless DC motor speed 
controller is perform by using sensors (i.e. hysteresis current 
controller) and sensor less (back emf controller).In these 
controllers to improve the response of the system PI controller 
is used although conventional PI controller are greatly used in 
industries because it has simple structure and it can 
implemented easily. PI controller pose problems like non 
linearity, and parameter variation etc. Therefore 
proportional+integaral control requires piecewise linearity 
approximation. For mathematical modeling PMBLDC 
machines has nonlinear model. The linear PI may no longer be 
suitable therefore many techniques has been came to boost the 
dynamic behavior of the BLDC motor drive.so that the system 
is less sensitive to load disturbances and parameter variations 
 
       In this paper we are introducing hysteresis current 
controller and voltage controller and performing how the 
parameters of PMBLDC motor drive are varying. However 
permanent magnet brushless DC motor is generally controlled 
by using (a) sensors (b) sensor less.[2] In sensored control of 
PMBLDC motor drive by sensing the position of the rotor 
through  hall sensors actual position is measured it is feed 
back to the PWM regulator this regulator gives the actuating 
signal to the inverter. Depending upon the motor operation 
(forward, backward, stopping) switching sequence can be 
switched. But in the case of sensor less controller there is no 
sensors to know the position of the rotor in place of sensors 
the rotor position can be sensed by taking the back emf signal 
these back emf signals are feed back to the voltage source 
inverter and through proper logic circuit inverter switching 
sequence can be switched so that precise speed control is 
performed. [7]Hysteresis current control PMBLDC motor is 
preferred where starting torque varies greatly. [8] But the 
drawback of sensored based controller is especially critical at 
low speeds as well as during the starting conditions. Where as 
in some applications like aerospace and industrial applications 
back emf  controller (sensor less) BLDC motors are used. 
 
      Using of permanent magnet brushless motor drive in 
electrical machines rapidly gaining popularity like in electrical 
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