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Abstract— Manufacturing companies are located in industrial 

park. Based on survey it is observed that 90% of interruption 

in industrial system is voltage sag related. An inrush current 

mitigation technique is proposed for sag compensator 

controller. The voltage sag compensator is based on three 

phase voltage source inverter and a coupling transformer for 

serial connection. In various companies voltage sag may 

affect many manufactures and may reduce the efficiency of 

the system which results sufficient losses in the power 

system. It is the most cost effective solution against voltage 

sags. When voltage sag happen, the transformers, which are 

often installed in front of critical loads for electrical isolation, 

are exposed to the disfigured voltages and a DC offset will 

occur in its flux linkage. A transformer inrush may occur at 

the start of sag compensator. This over current may damage 

the inrush protection of the series connected inverter and the 

transformer output voltage is greatly reduced due the 

magnetic saturation. 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. This paper proposes an inrush current 

mitigation technique together with a state-feedback controller 

for the Voltage sag compensator. 

Key words: Series Voltage Sag Compensator, Load 

Transformer Inrush Current Mitigation Technique 

I. INTRODUCTION 

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, 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 levels in the power system.    

II. INRUSH CURRENT 

According to Faraday's law of electromagnetic induction the 

voltage induced across the winding is given as- e = 
𝑑φ

𝑑𝑡
, Where 

φ is the flux in the core. Hence the flux will be integral of the 

voltage wave. 

 
Fig. 1: Flux wave & voltage wave 
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If the transformer is switched on at the instant of 

voltage zero, the flux wave is initiated from the same origin 

as voltage waveform, the value of flux at the end of first half 

cycle of the voltage waveform will be, 

φʹm =(
E

ω
) ω.sinωt.dt 

φʹm = 
E

ω
∫ sinωt. d(ωt)

π

0
 

φʹm = 2 φm 

 
Fig. 2: Flux wave & voltage wave 

During switching on the transformer the maximum 

value of flux will jump to double of its steady state maximum 

value. As, after steady state maximum value of flux, the core 

becomes saturated, the current required to produced rest of 

flux will be very high. So transformer primary will draw a 

very high peaky current from the source which is called 

magnetizing inrush current in transformer or simply inrush 

current in transformer. 

 
Fig. 3: Effect of inrush current 

III. PROPOSED METHODOLOGY 

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 
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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. 4, the 

voltage sag compensator consists of a three phase voltage 

source inverter (VSI) and a coupling transformer for serial 

connection. When the grid is normal, the compensator is 

bypassed by the thyristor for high operating efficiency. When 

voltage sags occur, the voltage sag compensator injects the 

required compensation voltage through the coupling 

transformer to protect sensitive loads from being interrupted 

by sags. However, certain detection time (typically within 

4ms) is required by the sag compensator controller to identify 

the sag event. And the load transformer is exposed to the. 

Deformed voltage from the sag occurrence to the moment 

when the compensator restores the load voltage. Also its short 

duration, the deformed voltage causes magnetic flux linkage 

deviation inside the load transformer, and magnetic saturation 

may easily occur when the compensator restores the load 

voltage, thus results in inrush current. The inrush current 

could trigger the over current protection of the compensator 

and lead to compensation failure thus this paper proposes 

inrush mitigation technique by correcting the flux linkage 

offsets of the load transformer. This technique can be 

seamlessly integrated with the state feedback controller of the 

compensator. 

 
Fig. 4: Single Line Diagram of the of the Off-Line Series 

Voltage Sag Compensator 

A. System Configuration of the Proposed Compensator 

1) Introduction to Controlled Rectifiers 

Controlled rectifiers are line commutated ac to dc power 

converters which are used to convert a fixed voltage, fixed 

frequency ac power supply into variable dc output voltage. 

The input supply fed to a controlled rectifier is ac supply at a 

fixed rms voltage and at a fixed frequency. We can obtain 

variable dc output voltage by using controlled rectifiers. By 

employing phase controlled thyristors in the controlled 

rectifier circuits we can obtain variable dc output voltage and 

variable dc (average) output current by varying the trigger 

angle (phase angle) at which the thyristors are triggered. We 

obtain a unidirectional and pulsating load current waveform, 

which has a specific average value. he thyristors are forward 

biased during the positive half cycle of input supply and can 

be turned ON by applying suitable gate trigger pulses at the 

thyristor gate leads. In some bridge controlled rectifier 

circuits the conducting thyristor turns off, when the other 

thyristor is (other group of thyristors are) turned ON. The 

thyristor remains reverse biased during the negative half 

cycle of input supply. The type of commutation used in 

controlled rectifier circuits is referred to AC line 

commutation or Natural commutation or AC phase 

commutation. When the input ac supply voltage reverses and 

becomes negative during the negative half cycle, the thyristor 

becomes reverse biased and hence turns off. There are several 

types of power converters which use ac line commutation. 

These are referred to as line commutated converters. 

B. The Different PWM Techniques Are As Under 

 Single-pulse modulation. 

 Multiple pulse modulation. 

 Sinusoidal pulse width modulation (Carrier based Pulse 

Width Modulation Technique) 

C. Pulse Width Modulation in Inverters 

Output voltage from an inverter can also be adjusted by 

exercising a control within the inverter itself. The most 

efficient method of doing this is by pulse-width modulation 

control used within an inverter. In this method, a fixed dc 

input voltage is given to the inverter and a controlled ac 

output voltage is obtained by adjusting the on and off periods 

of the inverter components. This is the most popular method 

of controlling the output voltage and this method is termed as 

Pulse- Width Modulation (PWM) Control. 

The advantages possessed by PWM techniques are 

as under: 

 The output voltage control with this method can be 

obtained without any additional components. 

 With the method, lower order harmonics can be 

eliminated or minimized along with its output voltage 

control. As higher order harmonics can be filtered easily, 

the filtering requirements are minimized. 

IV. DESIGN THE FLUX LINKAGE ESTIMATOR 

The flux linkage estimator, is applied the proposed inrush 

mitigation technique. The proposed inrush mitigation method 

includes feedback control and feed forward control. In the 

feedback control loop, the flux linkage λeLq generated by 

integrating the load voltage veLq. The deviation of flux 

linkage can be calculated by difference between λe*Lq the 

flux linkage λeLq. The error is regulated by a proportional 

integral (PI) regulator. To speed up the dynamics response of 

the inrush current mitigation, the error between the estimated 

flux linkage DC offset and the flux linkage command (∆λeLq. 

= λe*Lq - λeLq) is utilized as a feed forward control term. 

The command is multiplied by a proportional gain Kpt (= 

1/∆T) to accelerate the DC offset compensation during the 

compensator start transient. The control gain Kpt is selected 

according to the tolerant of inrush current and the time 

requirement of flux linkage DC offset compensation. 

V. CONCLUSION 

As the distribution 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 is required. In this dissertation 

work, a new technique based on the thyristor control pulse 

width modulation (PWM) for mitigation of transformer 

inrush current has been presented. A relative comparative 

study was done with and without mitigation techniques.  
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