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Abstract— Power Quality means to maintain purely 

sinusoidal current wave form in phase with a purely sinusoidal 

voltage wave form. Power quality improvement using 

traditional compensation methods include many disadvantages 

like electromagnetic interference, possible resonance, fixed 

compensation, bulkiness etc. So power system and power 

electronic engineers need to develop adjustable and dynamic 

solutions using custom power devices. These power conditioning 

equipments use static power electronic converters to improve 

the power quality of distribution system customers. The devices 

include Active Power Filter (APF), dynamic voltage restorer 

(DVR) and Unified Power Quality Conditioner (UPQC). APF is 

a compensator used to eliminate the disturbances in current. 

There are basically two types of APFs: the shunt type and the 

series type. This project examines the control of Shunt Active 

Power Filter (ES) based on electric springs (combination of L 

and C). Simulation results using MATLAB SIMULINK 

demonstrates the application of these methods to the control of 

APF. 
 

Index Terms— Active Power Filter (APF), dynamic voltage 

restorer (DVR),  Unified Power Quality Conditioner (UPQC), 

Shunt Active Power Filter (ES). 

   

INTRODUCTION 

 

With increasing penetration of intermittent and 

distributed renewable energy sources such as wind and solar 

power, there has been rising concern on power system 

stability. To address those issues, many demand-side 

management techniques have been proposed to ensure the 

balance between power generation and consumption. Such 

techniques include: i) scheduling of delay-tolerant power 

demand tasks; ii) use energy storage to compensate peak 

demand; iii) real-time pricing; iv) direct load control or on-off 

control of smart load. Energy storage is a valid solution to 

cope with the instantaneous balance between power supply 

and demand. However, costs and limited energy storage 

capacity of batteries are practical issues. Therefore, new 

solutions that can reduce energy storage are preferred. 

Electric Spring (ES) is a new smart grid technology that can 

provide electric active suspension functions for voltage and 

frequency stability in a distributed manner for future smart 

grid. Based on Hooke’s law, ES has been practically realized 

with power electronic circuits for improving both voltage and 

frequency stability in micro-grid hardware simulator. The 

same functions for voltage and frequency stability have also 

been successfully evaluated in a simulation study for a 

medium sized power system comprising several power 

generators. 

       

 
 

The practical power circuit implementation of ES. (a) ES 

version-1. (b) ES version-2. 

 

So far, three versions of ES have been conceived. In 

the fundamental working principles and practical 

implementation of the first generation of ES (i.e. ES-1) with 

capacitive storage have been reported. By working under 

inductive and capacitive mode, ES-1 is capable of regulating 

the mains voltage to its nominal value in the presence of 

intermittent power injected into the power grid. With input 

voltage control, ES can work with non-critical loads that have 

high tolerance of voltage fluctuation (e.g. with operating 

voltage range from 180 V to 265 V for a nominal mains 

voltage of 220 V). Examples of the non-critical loads are 

thermal loads such as ice-thermal storage systems, electric 

water heater systems, air-conditioning systems and some 

public lighting systems.The first version of ES provides only 

reactive power compensation for mains voltage regulation 

and simultaneously varies the non-critical load power so as to 

achieve automatic power balancing within the power 

capability of the ES and its associated non-critical load. The 

second version of ES (i.e. ES-2) by replacing capacitors with 

batteries on DC link. This arrangement allows ES-2 to work in 

eight different operating modes and to provide both active and 

reactive power compensation. It also enables ES-2 to perform 

extra tasks such as power factor correction and load 

compensation. The first and second versions of ES are 

illustrated in  (a) and (b), respectively. Note that these two 

versions of ES are connected in series with their respective 
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non-critical loads. The active suspension concept can also be 

incorporated into the input control of grid-connected 

bidirectional power converters for reducing voltage and 

frequency instability in the power grid. Such approach can be 

considered as the third version of ES (i.e. ES-3) that does not 

need a series non-critical load. The use of ES for reducing 

system instability and reducing energy storage requirement in 

power grid with substantial penetration of intermittent 

renewable power has been demonstrated previously. 

 The superior performance of ES over STATCOM 

in distributed voltage control has just been reported. ES is an 

emerging technology that deserves more investigations in 

order to explore its full application potential. This project 

focuses on its ability for reducing power imbalance in 

three-phase system. Power imbalance is a common and major 

power quality issue in a three-phase four-wire power system 

due to the load imbalance in the three phases. Unbalanced line 

current adversely affects key components in a power system 

and other equipment such as induction motors, power 

electronic converters and drives. Severe power imbalance 

leads to excessive neutral current, increased loss, and reduced 

power efficiency. Furthermore, the asymmetric voltage drop 

as a results of imbalanced line current could result in 

asymmetric voltages in the network, leading to deterioration 

of overall power quality. Conventional methods to address 

this issue (such as using three-phase to two-phase 

transformer, using rotating equipment to absorb negative 

sequence component, and using three-phase to single-phase 

rotary or static converter to feed single-phase load) are of 

low-efficiency and are costly. Modern power electronics 

technology has offered new solutions to tackle power system 

quality issues. For example, shunt active filter (AF) in the 

form of a current-based or voltage-based reactive power 

compensator has been proposed for reducing load imbalance. 

So, a mixture of methods can be used, including 1) using the 

shunt AF to redistribute real power among three-phase when 

the total amount of active power remains the same and 2) 

compensating positive, negative, and zero sequence 

component separately or jointly. Various techniques of using 

active power filters for improving power quality and reducing 

power imbalance can be founded.  

In this project, a new three-phase ES topology is 

proposed and its operating principle is explained. This new 

circuit is based on the second version of ES. Besides its ability 

to enhance the power system stability, its extra use for 

reducing power imbalance in a three-phase power system in a 

tall building will be demonstrated in a simulation study, with 

the support of experimental results obtained from a hardware 

prototype of the three-phase ES. The paper is an extension of 

a short conference paper previously presented. The essence of 

the incorporation of the ES into non-critical loads is to create 

a new form of smart or adaptive loads that can help stabilizing 

the power system as well as reducing power imbalance. 

I. STRATEGIC MODELING 

A. Choke 

In electronics, a choke is an inductor used to block 

higher-frequency alternating current (AC) in an electrical 

circuit, while passing lower-frequency or direct current (DC). 

A choke usually consists of a coil of insulated wire often 

wound on a magnetic core, although some consist of a 

donut-shaped "bead" of ferrite material strung on a wire. The 

choke's impedance increases with frequency. Its low electrical 

resistance passes both AC and DC with little power loss, but it 

can limit the amount of AC due to its reactance. The name 

comes from blocking ―choking‖ high frequencies while 

passing low frequencies. It is a functional name; the name 

―choke‖ is used if an inductor is used for blocking or 

decoupling higher frequencies, but is simply called an 

―inductor‖ if used in electronic filters or tuned circuits. 

Inductors designed for use as chokes are usually distinguished 

by not having the low-loss construction (high Q factor) 

required in inductors used in tuned circuits and filtering 

applications. 

B. Linear & Non Linear loads 

A linear circuit is an electronic circuit in which, for 

a sinusoidal input voltage of frequency f, any steady-state 

output of the circuit (the current through any component, or 

the voltage between any two points) is also sinusoidal with 

frequency f. Note that the output need not be in phase with the 

input. Informally, a linear circuit is one in which the values of 

the electroniccomponents,the resistance, capacitance, induct

ance, gain, etc. don't change with the level of voltage or 

current in the circuit. Linear circuits are important because 

they can amplify and process electronic signals 

without distortion. An example of an electronic device that 

uses linear circuits is a sound system A linear circuit is one 

that has no nonlinear electronic components in it. Examples of 

linear circuits are amplifiers, differentiators, and integrators, 

linear electronic filters, or any circuit composed exclusively 

of ideal resistors, capacitors, inductors, op-amps (in the 

"non-saturated" regime), and other "linear" elements. Some 

examples of nonlinear electronic components 

are: diodes, transistors,and ironcore inductors and transform

ers when the core is saturated. Some examples of circuits that 

operate in a nonlinear way are mixers, modulators, rectifiers, 

radio receiver detectors and digital logic circuits 

C. Three Phase VI measurement 

Measure three-phase currents and voltages in a 

circuit. 

 
The Three-Phase V-I Measurement block is used to measure 

three-phase voltages and currents in a circuit. When 

connected in series with three-phase elements, it returns the 

three phase-to-ground voltages and the three line currents. 

The block can output the voltages and currents in per unit 

(p.u.) values or in volts and amperes. If you choose to measure 

the voltages and currents in p.u., the Three-Phase V-I 

Measurement block does the following conversion 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Electromagnetic_coil
https://en.wikipedia.org/wiki/Magnetic_core
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_reactance#Inductive_reactance
https://en.wikipedia.org/wiki/Electronic_filter
https://en.wikipedia.org/wiki/Tuned_circuit
https://en.wikipedia.org/wiki/Q_factor
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Sine_wave
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Phase_(waves)
https://en.wikipedia.org/wiki/Electronic_component
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Inductance
https://en.wikipedia.org/wiki/Inductance
https://en.wikipedia.org/wiki/Inductance
https://en.wikipedia.org/wiki/Gain_(electronics)
https://en.wikipedia.org/wiki/Distortion_(electronic_circuits)
https://en.wikipedia.org/wiki/Audio_system
https://en.wikipedia.org/wiki/Amplifier
https://en.wikipedia.org/wiki/Differentiator
https://en.wikipedia.org/wiki/Integrator
https://en.wikipedia.org/wiki/Electronic_filter
https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Op-amp
https://en.wikipedia.org/wiki/Diode
https://en.wikipedia.org/wiki/Transistor
https://en.wikipedia.org/wiki/Magnetic_core
https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Frequency_mixer
https://en.wikipedia.org/wiki/Modulator
https://en.wikipedia.org/wiki/Rectifier
https://en.wikipedia.org/wiki/Detector_(radio)
https://en.wikipedia.org/wiki/Digital_logic


International Journal of Emerging Technology in Computer Science & Electronics (IJETCSE) 

ISSN: 0976-1353 Volume 20 Issue 3 – MARCH 2016. 
                                                                               

197 

 

 

                                 

                              
 

                              

 

D. Bridge Amplifier 

It acts as a inverter .this block implement a bridge of 

selected power electronics devices. Series RC snubber 

circuits are connected in parallel with each switch device .the 

internal inductances Lon of diodes and thyristors should be 

set to 0 for most applications. A bridge-parallel 

amplifier configuration uses a combination of the bridged and 

paralleled amplifier configurations. This is more commonly 

used with IC power amplifiers where it is desired to have a 

system capable of generating large power into the rated load 

impedance (i.e., the load impedance used is the one specified 

for a single amplifier) without exceeding the power 

dissipation per amplifier. From the preceding sections, it can 

be seen that a bridged configuration doubles the dissipation in 

each amplifier while a paralleled configuration with two 

amplifiers halves the dissipation in each amplifier when 

operating into the rated load impedance. So when both 

configurations are combined, assuming two amplifiers per 

configuration, the resulting dissipation per amplifier now 

remains unchanged while operating into the rated load 

impedance, but with nearly four times the power that each 

amplifier is individually capable of, being delivered to the 

load. 

E. Hysteresis Control 

Hysteresis inverters are used in many low and 

medium voltage utility applications when the inverter line 

current is required to track a sinusoidal reference within a 

specified error margin. Line harmonic generation from those 

inverters depends principally on the particular switching 

pattern applied to the valves. The switching pattern of 

hysteresis inverters is produced through line current feedback 

and it is not pre-determined unlike the case, for instance, of 

Sinusoidal Pulse-Width Modulation (SPWM) where the 

inverter switching function is independent of the 

instantaneous line current and the inverter harmonics can be 

obtained from the switching function harmonics. This chapter 

derives closed-form analytical approximations of the 

harmonic output of single-phase half-bridge inverter 

employing fixed or variable band hysteresis current control. 

Through performing different simulations studies and 

comparing results obtained from the models to those 

computed from MATLAB/Simulink. 

i. Fixed-band Hysteresis Control 

For simplicity, we assume that the dc 

voltage supplied by the DG source is divided into 

two constant and balanced dc sources, as in the 

figure, each of value Vc . The RL element on the ac 

side represents the combined line and transformer 

inductance and losses. The ac source vsa represents 

the system voltage seen at the inverter terminals. The 

inverter line current ia , in Fig.1, tracks a sinusoidal 

reference  through the action of 

the relay band and the error current   

 

 
single-phase half-bridge inverter with fixed-band 

hysteresis control 

 

 When valve Q is turned on, the inverter 

voltage is this forces the line 

current ia to slope upward until the lower limit of 

the relay band is reached at At that 

moment, the relay switches on Q and the inverter 

voltage becomes  forcing the 

line current to reverse downward until the upper 

limit of the relay band is reached at . 

               

 
Reference voltage calculation and the 

instantaneous outputs 

F. Electric Spring 

  Electric Spring (ES) is a new smart grid technology that 

can provide electric active suspension functions for voltage 

and frequency stability in a distributed manner for future 

smart grid. Based on Hooke’s law, ES has been practically 

realized with power electronic circuits for improving both 

voltage and frequency stability in micro-grid hardware 
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simulator. The same functions for voltage and frequency 

stability have also been successfully evaluated in a simulation 

study for a medium sized power system comprising several 

power generators. So far, three versions of ES have been 

conceived. In the fundamental working principles and 

practical implementation of the first generation of ES (i.e. 

ES-1) with capacitive storage have been reported. By working 

under inductive and capacitive mode, ES-1 is capable of 

regulating the mains voltage to its nominal value in the 

presence of intermittent power injected into the power grid. 

With input voltage control, ES can work with non-critical 

loads that have high tolerance of voltage fluctuation (e.g. with 

operating voltage range from 180 V to 265 V for a nominal 

mains voltage of 220 V). Examples of the non-critical loads 

are thermal loads such as storage systems, electric water 

heater systems, air-conditioning systems and some public 

lighting systems. 

G. PQ Theory 

Power Quality is a set of electrical boundaries that 

allows a piece of equipment to function in its intended manner 

without significant loss of performance or life expectancy. 

The three phase power generated at the generating station is 

purely sinusoidal in nature. Wide spread application of static 

power electronics converters, zero and negative sequence 

components originated by the use of single phase and 

unbalanced loads, reactive power, voltage sag, voltage swell, 

flicker, voltage interruption etc. results voltage and current 

harmonics. The harmonics presence in the power lines results 

in varied problems, like, greater power losses in distribution; 

problems of electromagnetic interference in communication 

systems; and operation failures of protection devices, 

electronic equipments and, industrial processes. Due to these 

problems, the quality of the electrical energy delivered to the 

end consumers is, more than ever, an object of great concern. 

The passive filters have been used as a conventional solution 

to solve harmonic currents problems, but they have 

disadvantages like electromagnetic interference, possible 

resonance, fixed compensation, bulkiness etc. To cope with 

these disadvantages, Operation of Three Phase Shunt Active 

Power Filter recent efforts have been concentrated on the 

development of Active Power Filters (APF). This paper 

analyzes the compensation strategy of Shunt Active Power 

Filter (ES) in two ways, Synchronous Detection Method 

(SDM) and digital control based on instantaneous power 

theory (p-q theory). The control strategies of ES system are 

detailed in the second part of this paper. Simulation results in 

the third part demonstrate a comparative study between the 

two methods and show the advantages of digital control over 

SDM. 

As electrical power and electronic technology 

develops, harmonic and reactive power in the power grid 

becomes increasingly serious. They have caused substantial 

hazards to safe and economic operation of power grid. 

Elimination of harmonic contamination in power grid and 

improving quality of electrical power supply to users has 

become one of the important research subjects on modern 

electrical power system. Active filter can implement 

simultaneous tracking and compensation of varying harmonic 

and reactive power. Feature of compensation is less 

influenced by power grid reactance and frequency variation. 

Control circuit is easy to implement current-limiting 

protection so as to improve system safety. Hence, it is highly 

focused. As transient reactive power principle based active 

power filter is less influenced by power frequency variation, 

electrical circuit is simple with short delay and live features, 

and it is one of most widely applied methods of active filter 

compensation. However, as such harmonic testing method, 

based on principle of transient and reactive power, is 

complicated in filter control algorithm and phase is delayed 

due to incomplete elimination of reactive power component, 

it can be hardly applied to defects like voltage distortion or 

asymmetrical load. This article addresses an active power 

filter which is based on improved, generalized and transient 

reactive power principle. Such active filter has simple control 

which can efficiently filter out reactive power component of 

the system. It can be adopted for 3-phase and 3-wire system 

and 3-phase and 4-wire systems. In addition, it also offers 

arbitrary adjustment to power factor of active power filter so 

that an active power filter with SVG function (static reactive 

generator). Theoretical analysis and conducted emulation 

indicate that the active power filter that is addressed in this 

article based on improved, generalized and transient reactive 

power principle is not only simple and reliable, but also it 

offers static and dynamic compensation. 

H. Active Power Filter (APF) 

The term active filter is a generic one and is applied 

to a group of power-electronic circuits incorporating power 

switching devices and passive energy-storage-circuit 

elements, such as inductors and capacitors. The functions of 

these circuits vary depending on the applications. They are 

generally used for controlling current harmonics in supply 

networks at the low- to medium-voltage distribution level or 

for reactive power and/or voltage control at high-voltage- 

distribution level. These functions may be combined in a 

single circuit or in separate active filters. 

I. Three-Phase Systems 

For three-phase applications, the choice of filters 

Configurations depends on whether the three-phase loads are 

balanced or not. At relatively low power levels (100 kVA), a 

three-phase system can use either three single-phase or one 

three-phase compensator. For balanced loads, a single 

three-phase-inverter configuration is employed. This is 

acceptable if there is no requirement to balance currents or 

voltages in each phase and the aim is simply to eliminate as 

many current harmonics as possible, assuming that the 

magnitudes and respective phase angles in each phase are the 

same. For unbalanced load currents or unsymmetrical supply 

voltages, especially in three-phase four-wire distribution 

systems, three single phase inverter circuits or alternative 

configurations may provide acceptable solutions. These 

alternative configurations are discussed later on in this paper. 

The connection of three single-phase filters is recommended 

by some designers, especially those who do not rely upon 

standard inverter configurations such as lattice structures, 

switched-capacitor techniques and power-regulator 

configuration. It can incorporate three independent current 

voltage-feedback signals that will balance the supply currents 

or voltages. 

i. Compensation of Current Harmonics 

Compensation of current harmonics is very important in low 

and medium-power applications and is covered by many 

publications. As mentioned above, the compensation of 
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current harmonics reduces to a great extent the amount of 

distortion in the voltage at the point of common coupling. The 

magnitude of the current and its waveform determine many of 

the power-system-design criteria. It is always recommended 

that the RMS value of the total current be reduced as much as 

possible (to reduce cable and feeder losses), which implies the 

reduction in current harmonics. This is because the total RMS 

value of the nonlinear load current is equal to the sum of the 

squares of the RMS values of each of the individual 

harmonics. The imposition of harmonics standards will soon 

oblige factories and establishments to control the amount of 

harmonics they inject into the power system. 

J. Power Factor 

The power factor of an AC electric power system is 

defined as the ratio of the real power flowing to the load to the 

apparent power in the circuit, and is a dimensionless number 

between 0 and 1 (frequently expressed as a percentage, e.g. 

0.5 pf = 50% pf). Real power is the capacity of the circuit for 

performing work in a particular time. Apparent power is the 

product of the current and voltage of the circuit. Due to energy 

stored in the load and returned to the source, or due to a 

non-linear load that distorts the wave shape of the current 

drawn from the source, the apparent power will be greater 

than the real power. In an electric power system, a load with a 

low power factor draws more current than a load with a high 

power factor for the same amount of useful power transferred. 

The higher currents increase the energy lost in the distribution 

system, and require larger wires and other equipment. 

Because of the costs of larger equipment and wasted energy, 

electrical utilities will usually charge a higher cost to 

industrial or commercial customers where there is a low 

power factor. Linear loads with low power factor (such as 

induction motors) can be corrected with a passive network of 

capacitors or inductors. Non-linear loads, such as rectifiers, 

distort the current drawn from the system. In such cases, 

active or passive power factor correction may be used to 

counteract the distortion and raise the power factor. The 

devices for correction of the power factor may be at a central 

substation, spread out over a distribution system, or built into 

power consuming equipment. Power factor is a measure of 

how efficiently, or inefficiently, that electrical power is used 

by a customer. For industrial customers, a low power factor is 

generally caused by inductive loads such as transformers, 

electric motors and high-intensity discharge lighting. 

Customers that do not use electrical power efficiently are 

being charged additional fees for the inefficient use of power 

by their electric utility company. An electric utility's power 

load on an electrical distribution system fall into one of three 

categories; resistive, inductive or capacitive. In most 

industrial facilities, the most common power usages are 

"inductive." Examples of inductive loads include 

transformers, fluorescent lighting and AC induction motors. 

Most inductive loads use a conductive coil winding to 

produce an electromagnetic field which permits the motor to 

function.  

K. Measuring Power Factor 

Power factor in a single-phase circuit (or balanced 

three-phase circuit) can be measured with the 

wattmeter-ammeter-voltmeter method, where the power in 

watts is divided by the product of measured voltage and 

current. The power factor of a balanced poly phase circuit is 

the same as that of any phase. The power factor of an 

unbalanced poly phase circuit is not uniquely defined. A 

direct reading power factor meter can be made with a moving 

coil meter of the electrodynamics type, carrying two 

perpendicular coils on the moving part of the instrument. The 

field of the instrument is energized by the circuit current flow. 

The two moving coils, A and B, are connected in parallel with 

the circuit load. One coil, A, will be connected through a 

resistor and the second coil, B, through an inductor, so that the 

current in coil B is delayed with respect to current in A. At 

unity power factor, the current in A is in phase with the circuit 

current, and coil A provides maximum torque, driving the 

instrument pointer toward the 1.0 mark on the scale. At zero 

power factors, the current in coil B is in phase with circuit 

current, and coil B provides torque to drive the pointer 

towards 0. At intermediate values of power factor, the torques 

provided by the two coils adds and the pointer takes up 

intermediate positions. Digital instruments can be made that 

either directly measure the time lag between voltage and 

current waveforms and so calculate the power factor, or by 

measuring both true and apparent power in the circuit and 

calculating the quotient. The first method is only accurate if 

voltage and current are sinusoidal; loads such as rectifiers 

distort the waveforms from the sinusoidal shape. 

L. Mnemonics 

English-language power engineering students are 

advised to remember: "ELI the ICE man" or "ELI on ICE" – 

the voltage E leads the current I in an inductor L, the current 

leads the voltage in a capacitor C. Or CIVIL – in a 

capacitor(C) the current (I) leads voltage (V), voltage (V) 

leads current (I) in an inductor (L). 

M. Power Factor Correction 

Depending upon the rate structure of your electric 

utility, you may be able to save a substantial amount of money 

on your electric bill. Pay-back period for an equipment 

purchase including installation cost may be less than six 

months to a year. Utility rate structures that account for 

reactive power consumption, by either a KVA or var demand 

usage, or a power factor penalty are the ones that can provide 

this pay-back. Other ancillary benefits to be gained by 

correcting power factor are lower energy losses, better 

voltage regulation and released system capacity. All electric 

equipment requires "vars" - a term used by electric power 

engineers to describe the reactive or magnetizing power 

required by the inductive characteristics of electrical 

equipment. These inductive characteristics are more 

pronounced in motors and transformers, and therefore, can be 

quite significant in industrial facilities. The flow of vars, or 

reactive power, through a watt-hour meter will not effect the 

meter reading, but the flow of vars through the power system 

will result in energy losses on both the utility and the 

industrial facility. Some utilities charge for these vars in the 

form of a penalty, or KVA demand charge, to justify the cost 

for lost energy and the additional conductor and transformer 

capacity required to carry the vars. In addition to energy 

losses, var flow can also cause excessive voltage drop, which 

may have to be corrected by either the application of shunt 

capacitors, or other more expensive equipment, such as 
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load-tap changing transformers, synchronous motors, and 

synchronous condensers. 

 
Power Factor Triangle 

The power triangle shown in figure is the simplest way to 

understand the effects of reactive power. The figure illustrates 

the relationship of active (real) and reactive (imaginary or 

magnetizing) power. The active power (represented by the 

horizontal leg) is the actual power, or a watt that produces real 

work. This component is the energy transfer component, 

which represents fuel burned at the power plant. The reactive 

power or magnetizing power, (represented by the vertical leg 

of the upper or lower triangle) is the power required to 

produce the magnetic fields to enable the real work to be 

done. Without magnetizing power, transformers, conductors, 

motors, and even resistors and capacitors would not be able to 

operate. Reactive power is normally supplied by generators, 

capacitors and synchronous motors. The longest leg of the 

triangle (on the upper or lower triangle), labeled total power, 

represents the vector sum of the reactive power and real 

power components. 

Electric power engineers often call total power, kVA, 

MVA, apparent power, or complex power. Some utilities 

measure this total power, (usually averaged over a 15 minute 

load period) and charge a monthly fee or tariff for the highest 

fifteen minute average load reading in the month. This tariff is 

usually added to the energy charge or kilowatt-hour charge. 

This type of billing is often called kva demand billing and can 

be quite costly to an industrial facility. NEPSI's shunt 

capacitors can save your company money by decreasing your 

reactive power component supplied by the utility to near zero 

vars. The power triangle and the equation above show that as 

the reactive power component is decreased by adding shunt 

capacitors the total power will also decrease. This is shown by 

the decreased length of the dashed lines in the power triangle 

as the reactive power component approaches zero. Therefore, 

adding capacitors, which will supply reactive power locally, 

can reduce your total power and monthly kva demand 

charge.The angle "phi" in the power triangle is called the 

power factor angle. The ratio of the real power to the total 

power in the equation above (or the cos of phi) is called power 

factor. As the angle gets larger (caused by increasing reactive 

power) the power factor gets smaller. In fact, the power factor 

can vary from 0 to 1, and can be either inductive (lagging) or 

capacitive (leading). Capacitive loads are drawn down, and 

inductive loads are drawn up on the power triangle. Most 

industrials normally operate on the upper triangle (inductive 

or lagging triangle). As an industrial add capacitors, the 

length of reactive (inductive) power leg is shortened by the 

number of capacitive kvar that were added. If the number of 

capacitive kvar added exceeds the industrials inductive kvar 

load, operation occurs on the lower triangle. This is 

commonly referred to as over compensation.  

II. OPERATIONAL ANALYSIS 

The proposed electric spring is connected in series 

with the non-critical loads to form a new generation of smart 

loads. A control scheme of such smart loads to reduce power 

imbalance. Thus confirmed the effectiveness of the new three 

phase electric springs in reducing power imbalance and 

voltage fluctuation along with hysteresis control. 

 
.Block diagram for proposed system 

A. Source 

It is a three phase source in series with RL branch of 

resistance 0.001 ohms and inductance 1e-8, a neutral current 

is connected to it along with ideal current measurement and 

Phase to phase rms voltage is 400V. 

B. Choke 

 A choke is an inductor used to block higher-frequency 

alternating current (AC) in an electrical circuit, while passing 

lower-frequency or direct current (DC). The choke's 

impedance increases with frequency. Its low electrical 

resistance passes both AC and DC with little power loss, but it 

can limit the amount of AC due to its reactance. The value of 

Resistance 0.01 ohms and inductance 1e-6 H. 

C. Load 

 There are three different types of nonlinear loads were 

used. which are in parallel connections. 

 Resistor(3ohms) and diode. 

 Resistor(4ohms), capacitor(50e-6F) and diode. 

 Resistor (4ohms), inductor(1e-3H) and diode. 

D. Breaker 

It acts as a switch and connects electric springs in 

series with three phase nonlinear loads. The transaction time 

at which the electric spring is connected with the load is about 

0.05 sec.  

E. Electric Spring 

 It is a combination of capacitor and inductor. It is a 

new concept that stabilizes power system with substantial 

penetration of intermittent renewable power generation. this 

new smart grid technology automatically shapes, in real time, 

the load demand to follow the power generation profile and to 

improve the voltage and frequency stability. Electric Spring 

https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Electrical_circuit
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_resistance
https://en.wikipedia.org/wiki/Electrical_resistance
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(ES) is a new smart grid technology that can provide electric 

active suspension functions for voltage and frequency 

stability in a distributed manner for future smart grid. Based 

on Hooke’s law, ES has been practically realized with power 

electronic circuits for improving both voltage and frequency 

stability in micro-grid hardware simulator. The same 

functions for voltage and frequency stability have also been 

successfully evaluated in a simulation study for a medium 

sized power system comprising several power generators. So 

far, three versions of ES have been conceived. In the 

fundamental working principles and practical implementation 

of the first generation of ES (i.e. ES-1) with capacitive storage 

have been reported. By working under inductive and 

capacitive mode, ES-1 is capable of regulating the mains 

voltage to its nominal value in the presence of intermittent 

power injected into the power grid. With input voltage 

control, ES can work with non-critical loads that have high 

tolerance of voltage fluctuation (e.g. with operating voltage 

range from 180 V to 265 V for a nominal mains voltage of 220 

V). Examples of the non-critical loads are thermal loads such 

as ice-thermal storage systems, electric water heater systems, 

air-conditioning systems and some public lighting systems. 

F. PI Controller 

       The current from the series connected DC capacitor 

is given to the different adders which are provided with 

positive and negative from the universal bridge as another 

input. then they are processed to get Vdc1 and Vdc2. 

Proportional integral controller is a control loop feedback 

mechanism.Vdc1 Vdc2 are subtracted from 1200 and the 

obtained output is given to discrete PI controller. 

 P=0.5kp and its a present value 

 I =1ki and it’s a past value. 

The output of pi controller is named as ploss 

G. PQ & I Compensation clarke 

1. The both voltage Vb and Vc are multiplied with 

constant value 0.5and Va is subtracted from Vb and  Vc 

further multiplied with square root value of 2/3 to find 

Valpha. similarly for Vbeta but the value of Va is 0. 

2. The both voltage Ib and Ic are multiplied with 

constant value 0.5and Ia is subtracted from Ib and  Ic further 

multiplied with square root value of 2/3 to find Ialpha. 

similarly for Ibeta but the value of Ia is 0.the current Ia,Ib,Ic 

are added and multiplied with square root of constant 1/3 to 

get Inull which is known as Ic3. 

H. PQ Calculation 

 Valpha is multiplied with Ialpha and Vbeta is multiplied 

with Ibeta and they added to calculate P. similarly Valpha is 

multiplied with Ibeta and Vbeta is multiplied with Ialpha and 

they added to calculate q. 

I. Alpha Beta Current 

 To find IC1 and IC2 by using P,Q,Valpha and Vbeta. 

where, Ic1=(-1/(V1^2+V2^2))*((Posc*V1)+(q*V2)) 

            Ic2=(-1/(V1^2+V2^2))*((Posc*V2)-(q*V1)) 

J. Compensation Current 

Ica,ICb and ICc values are obtained from 

Ic1,Ic2,Ic3. 

 ICa = sqrt (2/3)*(Ic1+(0.7072*Ic3)); 

 ICb = sqrt 

(2/3)*((-0.5*Ic1)+((sqrt(3)/2)*Ic2)+(0.7072*Ic3)); 

 ICc = sqrt 

(2/3)*((-0.5*Ic1)-((sqrt(3)/2)*Ic2)+(0.7072*Ic3)); 

These values are given to multiplexer and its output is ICabc 

and this output is given to demultiplexer which are added with 

Ia Ib Ic and the output is multiplexed to get ICabc1. 

K. Hysteresis Controller 

The output of  ICabc from PQ and I compensation is 

given as input to Iref and Iabc from V-I measurement is given 

as input to the Imeas of hysteresis controller then they are 

demultiplexed and given to fuzzy. The output of fuzzy with 

and without NOT is multiplexed to get gate pulse g.which is 

given to the universal bridge. 

L. Universal Bridge 

 It acts as an inverter .this block implement a bridge of 

selected power electronics devices. Series RC snubber 

circuits are connected in parallel with each switch device .the 

internal inductances Lon of diodes and thyristors should be 

set to 0 for most applications. the number of bridge consists of 

three arms, snubber resistance and capacitance are 10000 

ohms and inf F respectively .The power electronics device 

used is IGBT/diode where Ron is 1e^-4 .The output is given 

to the coupling inductor. The output are connected to the 

breaker . 

 

Same pulses are need to be applied for both HV and LV 

side. Easily reconfigurable. The output reaches steady state 

only in time less than 0.005 sec are the advantages. Its 

applications are Aero space application, E-communication 

Power Supply, Power Supplies for equipment like computers, 

medical equipment, printers, scanners etc., E vehicles. 

III. SIMULATION RESULTS 

 

 
 

Electric spring based power balance 

 

 The figure Shows that electric spring based power balance. 

The electric spring is connected in series with non-critical 

loads to form a new generation of smart loads by setting the 

transaction time of breaker at about 0.05 sec. While running 

the MATLAB simulation after reaching the transaction time, 

the electric spring will be switched on automatically. That 

control scheme of such smart loads to reduce power 

imbalance along with hysteresis band up to 2.5 amps. 
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Electric spring alone as sub system 

 

The figure shows that electric spring alone as sub 

system. The electric spring is in the combination of coupling 

inductor and capacitor which is used to lead and lag the 

received power and also hysteresis controller is provided to 

control the hysteresis band by using PQ and I compensation. 

 

 
 

X axis – Time in sec 

Y axis – Amplitudes relevant to volts and amps 

 

The waveform shows the clear picture of how neutral 

current is reduced after placing an electric spring in the 

circuit. At exactly a time of 0.05s the ES is added. Before that, 

there is a maximum value of 250A of neutral current. And 

after the addition of ES, it is reduced to less than 50A scale. 

Anyhow this depends on the overall load current and power 

consumed by the loads. 

IV. CONCLUSION & FUTURE WORK 

Faster power quality improvement is a prerequisite 

for industrial and consumer equipment and ES offers better 

performance than other state-of-the-art compensation 

methods. It improves power quality by significantly reducing 

the harmonic components in currents and correcting the 

power factor. The results of simulations performed in this 

work shows that digital control of ES based on p-q theory 

provide faster power quality improvement than SDM 

technique. In summing, digital control of ES should be the 

preferred choice for power quality improvement. The project 

may be used as a centralized controller to maintain all the 

buses included in the grid. Presently the scenario has been 

explained at one bus. Any further optimizations may be 

included in this work in order to have robust control over 

power quality parameters. (presently power quality 

parameters have not been addressed). The system may be 

designed as an embedded hardware in order to convert all 

control algorithms into VLSI based control. Power level may 

be increased in order to check the robustness of the control 

algorithms. 
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