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Abstract— In modern power system reliability and stability 

are considered to be very important issues. Stability of the 

system can be achieved by enhancing the power quality. 

Power quality deals with several issues and problems in 

distribution power system, maintaining the power quality can 

be beneficial for both customer and utility. As the system is 

increasing and is a vast network power quality is main issue 

to be considered for increasing efficiency, stability and 

reliability. Power quality may be affected by voltage sag, 

voltage swell, harmonics, transients, voltage fluctuation, dc 

offset, interruptions, noise etc. In recent era boost in computer 

technology and electronics devices flooded the system with 

the devices prone to quality of power, as the system consist 

of  electronics load, critical loads, electronics processors 

which are very sensitive to quality of power. Through survey 

we found that voltage sag is generally present in power 

system. Many techniques are available for voltage sag 

compensation. To maintain the system voltage profile the 

voltage sag compensator is in need to be installed at various 

level in the power system. Voltage sags have become one of 

the most important power quality concerns in recent years. 

According to survey results across the US, voltage sags and 

short-duration power outages account for 92% of power 

quality problems encountered by industrial customers. 

Voltage sags often cause under voltage faults in various 

sensitive loads and subsequently interrupt the manufacturing 

processes. 
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I. INTRODUCTION 

To strengthen the power network stability by mitigating the 

power quality issues. The study will shows how much is done 

in the field of power quality and what can be done to increase 

reliability and stability. 

There are following types of mitigation technique 

available to reduce the power quality issues. 

1) Grounding and bonding 

2) Proper wiring 

3) Restoring technologies 

4) Distributed generation 

5) Harmonics filter 

6) Flexible alternating current transmission system 

(FACTS) 

A. Significance of the Study 

The minimization of different types of power quality 

problems is required. Need of compensation devices in the 

event of fault or disturbances to maintain the system stability 

which disturbed by power quality problems. Power quality 

improvement is needed in today’s system. Reduction in 

power quality problem enhance the power system stability, 

efficiency, cost effectiveness of device connected across the 

system. 

B. Power Quality Can Be Improved Through 

1) Power factor correction, 

2) Harmonic filtering, 

3) Special line notch filtering, 

4) Transient voltage surge suppression, 

5) Proper earthing systems. 

In most cases, the person specifying and/or buying a 

container crane may not be fully aware of the potential power 

quality issues. If this article accomplishes nothing else, we 

would hope to provide that awareness. 

In many cases, those involved with specification and 

procurement of container cranes may not be cognizant of such 

issues, do not pay the utility billings, or consider it someone 

else’s concern. As a result, container crane specifications may 

not include definitive power quality criteria such as power 

factor correction and/or harmonic filtering. Also, many of 

those specifications which do require power quality 

equipment do not properly define the criteria. 

II. WORK METHODOLOGY 

The work is focus on the concept of mitigation technique of 

power quality issues (inrush current mitigation) and how they 

can be used to maintain the power distribution system 

reliability and stability. 

1) Simulation  of  inrush  mitigation  technique  with  series  

voltage  sag    compensator  in MATLAB and its behavior 

when disturbances are applied on the system under 

critical load condition and also with different control 

technique PWM & SVPWM. 

2) Study of different control techniques used for mitigation. 

3) Simulation   and   implementation   of   mitigation   

technique   with   series   voltage   sag compensator in 

above simulation of test system. 

4) Analysis, performance and calculation of inrush 

mitigation technique with series voltage sag compensator 

for different as well as online and offline load conditions. 

III. OBJECTIVES 

1) Balancing the active and reactive power in power 

system. 

2) To maintain voltage profile across power system by 

reducing the inrush current in the Distribution system. 

3) Various methods and their effect on distribution system. 

4) To study the harmonic distortion due to various methods 

used for inrush current Mitigation. 

5) To improve power quality of load transformer using 

space vector pulse modulation technique. 
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IV. PROPOSED METHOD 

Survey  results  suggest  that  92%  of  interruption  at  

industrial  facilities is  voltage sag related. The voltage sag 

compensator, based on a transformer-coupled series 

connected voltage source inverter, is among the most cost 

effective solution against voltage sags. Transformers are 

often installed in front of critical loads for electrical isolation 

purposes. When voltage sags happen, the transformers are 

exposed to the disfigured voltages and a DC offset will occur 

in its flux linkage. When the compensator restores the load 

voltage, the flux linkage will be driven to the level of 

magnetic saturation and severe inrush current occurs. The 

compensator is likely to be interrupted because of its own 

over-current protection, and eventually the compensation 

fails, and the critical loads are interrupted by the voltage sag. 

In an inrush current mitigation technique together  with  a  

state  feedback  controller  for  the voltage  sag  compensator.  

The operation principles of the proposed method are 

specifically presented, and experiments are provided validate 

the proposed approach.1 

In this an inrush issue of load transformers under the 

operation of the sag compensator is presented. An inrush 

mitigation technique is proposed and implemented in a sag 

compensator controller. The proposed technique can be 

integrated with the conventional closed-loop control on load 

voltages.   The new integrated control can successfully reduce 

inrush current of load transformers, and improve the 

disturbance rejection capability and the robustness of the sag 

compensator system. Laboratory test results are presented to 

validate the proposed technique. As shown in Fig. 1, the 

voltage sag compensator consist of a three phase voltage 

source inverter (VSI) and a coupling transformer for serial 

connection2. 

A. Space Vector PWM Control 

In the SVPWM the two most widely used PWM schemes for 

multilevel inverters are the carrier-based sine-triangle PWM 

(SPWM) technique and the space vector PWM (SVPWM) 

technique. These modulation techniques have been 

extensively studied and compared for the performance 

parameters with two- level inverters. The SPWM schemes are 

more flexible and simpler to implement, but the maximum 

peak of the fundamental component in the output voltage is 

limited to 50% of the DC link voltage, and the extension of 

the SPWM schemes into the over-modulation range is 

difficult. In SVPWM schemes, a reference space vector 

sampled at regular intervals to determine the inverter 

switching vectors and their time durations, in a sampling 

interval. The SVPWM scheme   gives a more fundamental 

voltage and better harmonic performance    compared   to the 

SPWM   schemes.  The maximum   peak   of the fundamental 

component in the output voltage obtained with space vector 

modulation is 15% greater than with the sine-triangle 

modulation scheme. But the conventional SVPWM scheme 

requires sector identification an d look-up tables to determine 

the timings for various switching vectors of the inverter, in all 

the sectors. This makes the implementation of the SVPWM 

scheme quite complicated.  A  SVPWM scheme,   extending 

the   modulation r a n g e into the over modulation   range, has 

been presented, in which extensive offline computations and 

look-up tables are required, to determine the modified 

reference vector, in the over modulation range, extending up 

to six-step operation. It has been shown that, for two-level 

inverters, a SVPWM- like performance can be obtained with 

a SPWM scheme by adding a common mode voltage of 

suitable magnitude, to the sinusoidal r e f e r e n c e   phase 

voltage. A  simplified  method, to determine the correct offset 

times for centering the time durations  of the middle inverter 

vectors, in a sampling interval, is presented , for the two-level 

inverter. The inverter leg switching times are calculated 

directly from the sampled amplitudes of the reference three-

phase voltages with considerable reduction i n the 

computation time determine the correct offset times for 

centering the time durations  of the middle inverter vectors, 

in a sampling interval, is presented , for the two-level inverter. 

The inverter leg switching times are calculated directly from 

the sampled amplitudes of the reference three-phase voltages 

with considerable reduction i n the computation time.3 

B. Load Transformer 

A distribution transformer is a transformer that provides the 

final voltage transformation in the electric power distribution 

system, stepping down the voltage used in the distribution 

lines to the level used by the customer. If mounted on a utility 

pole, they are called pole-mount transformers (or colloquially 

a pole pig). If the distribution lines are located at ground level 

or underground, distribution transformers are mounted on 

concrete pads and locked in steel cases, thus known as pad-

mount transformers. Because of weight restrictions 

transformers for pole mounting are only built for primary 

voltages under 30 kV. 

Distribution transformers are normally located at a 

service drop, where wires run from a utility pole or 

underground power lines to a customer's premises. They are 

often used for the power supply of facilities outside 

settlements, such as isolated houses, farmyards or pumping 

stations at voltages below 30kV. Another application is the 

power supply of the overhead wire of railways electrified 

with AC. In this case single phase distribution transformers 

are used. 

V. RESULT & DISCUSSION 

The proposed inrush mitigation technique with series voltage 

sag compensator is modelled and simulated by using 

MATLAB. In this simulation Fig.1 shows the simulation with 

nonlinear system. The output waveform of nonlinear such as 

source voltage, load voltage, and load current shows the as 

the critical or nonlinear load is suddenly connected in system 

due to which voltage sag occurs which shows in load voltage 

waveform, and due to which a large inrush current occurs 

which is shown in load current waveform as this inrush 

current suddenly increase to a large value it reduces after 

some time period but it does not get stabilize to a normal 

value. As the system is connected with number of critical 

load, electronics load which are very sensitive load as change 

in supply occurs they get damage to avoid this need of 

mitigation of inrush current required. 

Fig.2 shows the simulation model with inrush 

mitigation technique with series voltage sag compensator in 

which PWM control technique is used. Fig.3 shows the input 
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source voltage, fig.4 shows the output load voltage which is 

get stabilized to normal value due to inrush mitigation, the 

flux linkage across the load transformer during inrush the flux 

linkage in load transformer increases due to voltage sag 

occurs by connection of critical load in system in which 

increase flux is reduces by using compensator Fig.4 shows 

the load current waveform in which after connection of 

critical or nonlinear load sudden large inrush current occurs 

across load transformer but due to mitigation technique it 

normalized and get stable. 

Hence we can say that from above result inrush 

mitigation technique with series voltage sag compensator 

along with PWM control technique is better control 

technique. Above technique is also tested on Different load 

condition which shows satisfactory results. 

A. Online Mitigation Technique (SVPWM) 

(At 0.3sec load is connected) 

1) Source input voltage 

 
Fig. 1: Source Input Voltage Waveform 

2) Output Load Voltage 

 
Fig. 2: Output Load Voltage Waveform 

3) Magnetic Flux across Load Transformer 

 
Fig. 3: Magnetic Flux across Load Transformer 

4) Output Load Current 

 

 
Fig. 4: Load Current Waveform 

Fig.1 shows the simulation model with inrush mitigation 

technique with series voltage sag compensator in which 

PWM control technique is used. Fig.2 shows the input source 

voltage, fig.3 shows the output load voltage which is get 

stabilized to normal value due to inrush mitigation. Fig 4 

shows the flux linkage across the load transformer during 

inrush the flux linkage in load transformer increases due to 

voltage sag occurs by connection of critical load in system in 

which increase flux is reduces by using compensator Fig.4 

shows the load current waveform in which after connection 

of critical or nonlinear load sudden large inrush current 

occurs across load transformer but due to mitigation 

technique it normalized and get stable. 

Hence we can say that from above result inrush 

mitigation technique with series voltage sag compensator 

along with PWM control technique is better control 

technique. Above technique is also tested on different load 

condition which shows satisfactory results. 

VI. CONCLUSIONS 

We have studied, designed and simulate inrush mitigation 

technique of load transformer for series voltage sag 

compensator with different compensator technique and found 

that the SVPWM technique is better over PWM technique 

and system goes on improving the performance. 

We also have tested results for two different load 

condition and we can conclude that this technique can be used 

for different load conditions. 
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