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1. INTRODUCTION 

Power quality has become major concern to both electric utilities and customers. In 

many countries, the effects of lack of power quality have been resulting in wastage of several 

billions of dollars every year. This is because of lack of regard of most ventures in not updating 

their plants which result in high cost because of loss of items, loss of generation time, tidy up 

and recalibration of the procedure. Power quality review is a complex subject and involves 

aspects such as power system, equipment modeling, power quality event mitigation and 

optimization and data analysis. The essential information of the distinctive power framework 

aggravations is vital keeping in mind the end goal to decide the occasions and reasons for 

hardware disappointment and in addition to apply moderation measures all the more 

successfully. Power framework unsettling influences are overwhelmed by voltage quality and 

sounds. Previously, gear used to control modern process was mechanical in nature, being 

somewhat tolerant of voltage unsettling influences, for example, voltage droops, spikes, music, 

and so on.  

So as to enhance the effectiveness and to limit costs, present day modern gear 

commonly utilizes a lot of electronic parts, for example, programmable rationale controllers 

(PLC), and adjustable speed drives (ASD), control supplies in PCs, and optical gadgets. In any 

case, such bits of hardware are more defenseless to breakdown on account of a power 

framework aggravation than customary procedures in view of electromechanical parts. Minor 

power disturbances, which once would have been seen just as a transitory glimmering of the 

lights may now totally intrude on entire computerized manufacturing plants in light of touchy 

electronic controllers or make all the PC screens at an office go clear on the double. Keeping 

in mind the end goal to restart the entire creation, PCs, and so on, an impressive time may be 

important (in the scope of a few hours), suggesting on noteworthy money related misfortunes 

to an industry. It is along these lines regular that electric utilities and end-clients of electrical 

power are ending up progressively worried about the nature of electric power in appropriation 

frameworks. The expression "control quality" has turned out to be a standout amongst the most 

widely recognized articulations in the power business amid the present decade. The term 

incorporates an innumerable number of wonders saw in control frameworks. Albeit such 

unsettling influences have dependably happened on the power frameworks, an extraordinary 

consideration has been committed to limit their belongings to the end-clients, eminently 

substantial mechanical plants. 

In order to atone for voltage sags and swells inside the strength distribution machine, 

several approaches along with on-load tap changer, dynamic sag correctors (DySCs), journey-
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through voltage compensator, dynamic voltage restorer (DVR), and hybrid distribution 

transformer were evolved. The maximum commonplace voltage compensator for the 

distribution transformer is the automated on-load tap changers, which might be incorporated to 

most distribution transformers in the course of the distribution structures. However, terrible 

dynamics of ac voltage reimbursement, stepwise version, and a slim variety of output 

regulation are principal problems to conquer on the way to obtain a speedy reaction to voltage 

sags and swells. Another feasible approach to mitigate voltage disturbances which can be 

incorporated to an existing distribution transformer is DySCs. The DySC is primarily based on 

strength electronics (PEs), which guarantee precise dynamic traits by using an ac–ac pulse 

width modulation (PWM) converter. DySCs and ride-through voltage compensators can 

remedy power first-class issues on a customer’s distribution line with the aid of offering voltage 

dip mitigation at a reduced fee. In a PWM ac– ac greenback converter with autotransformer to 

method partial load energy becomes mentioned to atone for voltage sags. However, systems 

delivered have an issue; they simplest compensate for voltage sag. 

The optimized manage scheme for the proposed gadget is delivered so that it will attain 

dynamic voltage repayment. In phrases of energy density, the usage of a medium frequency 

(MF)/HF transformer reduces volume and weight up to 50% and 70%, respectively, in 

comparison to preceding methods which rent an additional LFT and/or require an extra winding 

on the existing 50/60 Hz middle. Since the PEs module is employed without a cumbersome 

energy storage device along with electrolytic capacitors, its size and mass may be decreased 

and the reliability also can be improved. 

2. PROPOSED DISTRIBUTION TRANSFORMER 

The proposed framework is made out of two sections: a LF transformer and a PE 

module as found in Fig. 1. The LF transformer speaks to a dry-type existing dissemination 

transformer that means down from MV to LV and this gives galvanic detachment between the 

source voltage and load voltage. The current LF circulation transformer can be retrofitted with 

the PE module, as appeared in Fig. 1. One optional side terminal of the LFT is associated with 

a yield terminal of the PE module so the heap voltage is the total of the repaying voltage of the 

PE module (Vc) and the auxiliary side voltage of the standard appropriation transformer (Vin). 

The effectiveness of the proposed framework changes in view of the measure of side step 

control. Along these lines, the proficiency can be augmented amid ordinary conditions, or 

sidestep mode. Because of fragmentary power handling of the module, just incomplete 

misfortunes of the module are reflected in the whole effectiveness count of the proposed 

framework. Amid ordinary conditions, or sidestep mode. Because of fragmentary power 

handling of the module, just halfway misfortunes of the module are reflected in the whole 

effectiveness estimation of the proposed framework. 
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Fig. 1. Conceptual scheme of the proposed distribution transformer with power electronics 

module 

2.1 Operating Principal of the Power Electronics Module 

The detailed schematic diagram of the PE module for the proposed distribution 

transformer is shown in Fig. 2. The PE module consists of four single-phase H-bridge 

converters, MF/HF transformer, output filter, static bypass switches, and DSP controller as 

seen in Fig. 2. Two H-bridge converters (M2, M3) connected directly to the MF/HF transformer 

operate at a high switching frequency while the other two converters (M1, M4) operate at LF. 

An MF transformer can be employed for relatively higher power applications, while an HF 

transformer may be preferred for lower power residential-type applications.  

The PE module operates in voltage compensation mode or by pass mode. During bypass 

mode, the grid-side voltage (Vin) is directly connected to the load-side by closing a bypass 

switchQ2 and opening a bypass switch Q1. When voltage sags and swells occur on the grid-

side, the bypass switch Q2 is opened and Q1 is closed so that the PWM switches are activated 

to supply the required compensating voltage (Vc). Since the bypass switch is activated by a 

voltage magnitude detection algorithm, the operating bypass mode and compensation mode are 

determined by voltage magnitude changes in the grid. Moreover, turning ON switches S3 M4 

and S4 M4 in the LF unfolding inverter (M4) can be utilized in place of having bypass switches 

Q1 and Q2 during normal condition. This reduces switching losses in the entire system by 

avoiding operating static bypass switches Q1 and Q2. The secondary side of the MF/HF 

transformer also has a similar HF folding converter M3 followed by the LF unfolding inverter 

as shown in Fig. 2. 
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Fig. 2. Detailed power electronics module in the proposed distribution transformer 

3. SIMULATION RESULTS 

The control scheme for the proposed system is introduced in this section. Fig. 3 shows 

operation waveform of the proposed control scheme based on the control block diagram. The 

control block diagram includes a load voltage control block and a compensating voltage 

reference generation block. When the voltage sag/swell occurs, the compensating voltage 

reference generation block generates duty ratio Dff, based on the amount of voltage sag/swell. 

Also, the load voltage control block generates duty ratio Dfb, to regulate the desired load 

voltage. The compensating voltage reference Vc, ref shown in Fig. 4(b) for voltage sag or swell 

is obtained by subtracting the normalized grid voltage signal Vin, norm from the normalized 

ac reference signal Vo,ac ref the unity magnitude sinusoidal signal generated by the 

fundamental frequency detection methods. The angle of phase delay (φ) in the control scheme 

is obtained by a conversion of the duty ratio radian after adding Dff and Dfb as seen in Fig. 

4(d). Then, this phase angle delay φ is adjusted in order to generate compensating voltage Vc 

as shown in Fig. 4(e)–(g). In the compensating voltage sags and swells detection block, a 

voltage magnitude of the input voltage Vm is obtained as shown in Fig. 4(h). A voltage 

detection signal Sref for voltage sag or swell is determined by subtracting Vm signal from 

normalized dc reference voltage signal Vo, dc ref as shown in Fig. 4(i). As shown in Fig. 4(e), 

the primary voltage Vpri is generated HF based on the obtained phase shift angle φ from the 

control scheme. Assuming that a 1:1 MF/HF transformer is selected, the compensating voltage 

for 50% sag condition can be generated by superimposing the maximum phase angle φ which 

is π in rad on the 50% sagged LF pulsating voltage as shown in Fig. 4(e)–(g). For the 50% 

swell condition, the primary voltage has 2π/3 in rad phase delay superimposed on an LF swelled 

pulsating voltage as shown in Fig. 4(e). The 180° out-of-phase compensating voltage Vc is 

provided by filtering out HF components from unfolded voltage as shown in Fig. 4(f) and (g). 
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Fig. 3. simulation diagram of proposed distribution transformer 

 

Fig. 4 (a) 

 

Fig. 4 (b) 

 

Fig. 4 (c) 

Fig. 4 Ideal operation for phase shift modulation in the proposed control scheme at 1:1 turns 

ratio: (a) Source voltage vin with 50% sag, normal and 50% swell, (b) compensating 

reference signal vc,ref , (c) duty Dff  
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Fig. 4 (d) 

 

Fig. 4 (e) 

 

Fig. 4 (f) 

 

Fig. 4 (g) 

Fig. 4 Ideal operation for phase shift modulation in the proposed control scheme at 1:1 turns 

ratio: (d) phase shift angle Φ, (e) primary voltage of the MF/HF transformer vpri , (f) 

unfolded voltage Vunfold , (g) compensating voltage Vc , 
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Fig. 4 (h) 

 

Fig. 4 (i) 

Fig. 4 Ideal operation for phase shift modulation in the proposed control scheme at 1:1 turns 

ratio:  (h) normalized source voltage Vβin , 90° phase delay normalized source voltage Vαin , 

and normalized input voltage magnitude Vm , and (i) voltage detection signal Sref .       

  4. CONCLUSION 

In this paper, a series voltage regulator for the distribution transformer to compensate 

voltage sags/swells along with its control scheme was introduced. The proposed approach was 

easily integrated into existing conventional distribution transformers in order to provide sag or 

swell compensation capability for a distribution grid system. Experimental results 

demonstrated voltage sag and swell compensation without a dc-link and associated electrolytic 

capacitors. Due to partial power processing, the PE module had a lower voltage rating and, for 

the same reason, The MF/HF transformer had a lower VA rating than the load. Therefore, the 

proposed system is a possible retro-fit solution for existing distribution transformers to improve 

power quality in the future grid, especially in the face of the proliferation of renewable and 

distributed generation. 
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