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Abstract:  This paper presents a series transformer for a distribution transformer that addresses power quality issues within the 

power distribution system. The proposed system is comprised of a line frequency transformer connected to an influence converter 

which is auto-connected on the secondary side. This auto connection is facilitated by the employment of a high-frequency or 

medium-frequency transformer. A simplified strategy to make amends for voltage sags and swells on the grid side, by providing 

continuous ac voltage regulation, is discussed. When a voltage sags or swells occur, the facility converter generates a 

compensating voltage, which is vector-added to the grid voltage so as to control the output voltage supplied to the load. The 

proposed system satisfies the wants of smart distribution grids in terms of improved availability, equipment protection, and 

resilience. Detailed analysis is supplied with experimental leads to order to validate the effectiveness of the proposed system. 

IndexTerms – Distribution transformer, phase-shift modulation, ride-through system, voltage sag/swell compensation. 

I. INTRODUCTION 

     With the event of a sensible grid system, a highly reliable electricity supply has become a very important issue. A fundamental 

component in providing reliable electricity to the end-user is that the step-down distribution transformer, as shown in Fig. 1. This 

distribution transformer operates at line frequency (LF) (50/60 Hz) to step down from medium voltage (MV) to low voltage (LV). 

whether or not the traditional distribution transformer is comparatively inexpensive, highly efficient, and reliable, it's not absolute 

to protect loads from undesirable events like voltage sags and swells. Voltage sags and swells became one amongst the foremost 

critical power quality issues faced by many industrial consumers in power distribution systems. because the complexity of the 

electronics equipment utilized in industrial applications grows, customer loads have become more liable to voltage disturbances 

like sags and swells. Voltage sags/swells cost many scores of dollars per annum within the us. The voltage sags and swells lead to 

significant economic losses in a very wide selection of industries, including financial services, health care, and process 

manufacturing. Consequently, it's suggested to incorporate voltage compensation functionality within the conventional MV/LV 

step-down distribution transformer. Voltage sags and swells may be described by two essential characteristics: magnitude and 

duration. The survey of power quality presents that voltage sags with 40–50% of the face value and with the duration from 2 to 30 

cycles occurred in about 92% of all power grid events. the facility acceptability curves are introduced within the bus voltage and 

duration time plane. the data Technology Industry Council (ITIC) curve presents a suitable voltage range between the upper locus 

(labeled over-voltage condition) and therefore the lower locus (labeled under-voltage condition), which is that the “acceptable 

power quality” region. Hence, it's recommended to think about a deep voltage compensator for a wider range of voltage 

compensation over an extended steady-state period. so as to make amends for voltage sags and swells within the power distribution 

system, several approaches include on-load tap changers, dynamic sag correctors (DySCs), ride-through voltage compensators, and 

dynamic voltage restorers (DVR), and hybrid distribution transformers are developed.        The most common voltage compensator 

for the distribution transformer is the automatic on-load tap changers, which are integrated to most distribution transformers 

throughout the distribution systems. However, poor dynamics of ac voltage compensation, stepwise variation, and a narrow range 

of output regulation are major issues to overcome in order to achieve a rapid response to voltage sags and swells. Another 

possible approach to mitigate voltage disturbances 

Which can be integrated into an existing distribution transformer is DySCs . The DySC is predicated on power electronics (PEs), 

which guarantee good dynamic characteristics by utilizing an ac–ac pulse width modulation (PWM) converter. DySCs and ride-

through voltage compensators can resolve power quality problems on a customer’s distribution line by providing voltage dip 

mitigation at a reduced cost. A PWM ac– ac buck converter with an autotransformer to process partial load power was discussed 

to complete voltage sags. However, systems introduced have a limitation; they only complete voltage sag. Additionally, an often 

encountered approach for sag/swell mitigation is that the DVR which injects a voltage component asynchronous with the load 

voltage. Also, a voltage compensator using direct power conversion without dc-link capacitors was proposed. However, these 

voltage compensators require an additional bulky LF transformer (LFT) and/or huge energy storage capacitors causing challenges 

in integrating them with the prevailing distribution transformer. 
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Fig.1: Inverter of Second model 

 

           A similar concept called the hybrid distribution transformer has been previously introduced to manage output voltage by 

utilizing fractional rated PEs. Also, a hybrid transformer utilizing a matrix converter was proposed. The concept was proposed 

quite a decade ago. However, this technique requires a dc-link energy storage system like the condenser. Furthermore, this 

technique requires an extra winding to be wound on the core of the prevailing bulky LF distribution transformer. Consequently, 

this approach adds economic and mechanical constraints for distribution network application because it's required to change or 

replace the complete bulky size existing distribution transformer so as to supply voltage compensation functionality within the 

distribution grid network. This paper introduces a voltage sag and swells compensator that may be easily integrated into the 

quality dry-type existing distribution transformer without replacing or modifying it. The proposed system consists of the present 

LFT connected to a PEs module that's auto-connected on the secondary side so as to make amends for voltage sags and swells. 

This auto connection enables a shunt input and series-output compensator with none capacitive energy storage. Hence the 

proposed system is structurally and functionally different from the standard series compensator like DVR. The proposed system 

utilizes the input voltage Vin so as to get the compensating voltage Vc. this can be rather considered a faucet changer transformer 

that regulates the load voltage by varying the turn ratio of the transformer utilizing source voltage rather than using an energy 

storage system within the DVR. thanks to its structure, the partial power processing capability within the PEs module allows for a 

reduced rating within the proposed system. Also, the efficiency may be maximized during the bypass mode within the whole 

system. The PEs module generates a compensating voltage, which is vector-added to the grid voltage so as to control the output 

voltage supplied to the load. Moreover, during this paper, the optimized control scheme for the proposed system is introduced so 

as to attain dynamic voltage compensation. In terms of power density, the employment of a radio frequency (MF)/HF transformer 

reduces volume and weight up to 50% and 70%, respectively, compared to previous approaches which employ a further LFT 

and/or require an extra winding on the prevailing 50/60 Hz core. Since the PEs module is used without a bulky energy storage 

system like electrolytic capacitors, its size and mass will be reduced and therefore the reliability can also be increased. 

 

The major advantages of the proposed system are as follows.  

1) The proposed system has a wide range of voltage compensation that can correct both the sags and swells of the grid voltage.  

2) The proposed system can be an easy retrofit solution, without modifying or replacing the existing distribution transformers.  

3) The partial power processing capability of the PEs allows for the reduced power rating of the converter and provides improved 

entire efficiency for the system.  

4) The proposed approach does not need any bulky components such as an LF transformer and/or the huge dc-link electrolytic 

capacitors in the PE module, resulting in reduced size and mass.  

5) Under normal operating conditions, the PEs module operates in bypass mode, processing no power; it processes power only 

during disturbance events, resulting in higher reliability and efficiency.  

6) Under external fault conditions, a bypass switch protects the PEs module from overcurrent.  

7) Fast dynamic response is possible.    

f 

 

  
Fig.3: Main controller  

 

 

EXPERIMENTAL TEST SETUP AND RESULTS 

        A scaled-down 1.2 kW laboratory prototype for the proposed system with 120 Vrms / 60 Hz source voltage was constructed. 

The operating condition, device rating, and MF/HF transformer design parameters. The controller was implemented with the 

Texas Instruments TMS320F28335 controller and the power devices used were Semikron insulated gate bipolar transistor (IGBT) 

modules. The converter ratings are selected based on the maximum change in voltage during sag/swell conditions. The cut-off 
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frequency of the filter is 950 Hz and the size of the output filter is determined by the operating frequency of the HF transformer. 

In other words, a smaller output filter can be selected if the operating frequency of the HF transformer is increased. In this 

experiment, two IGBTs S3 M4 and S4 M4 in the unfolding converter (M4) were utilized as bypass switches instead of adding 

mechanical switches Q1 and Q2 show the primary voltage of the HF transformer. The HF quasi-pulsating dc voltage Vpri can be 

seen in Ch2 and the frequency spectrum of Ch3 shows a 3 kHz switching frequency along with •}120 Hz components as derived. 

Folded voltage including HF components (Vfold )can be seen in Ch1. By 60 Hz unfolding switching operation, the HF fixed duty 

chopped 60 Hz sinusoidal voltage (Vunfold) is obtained, shown in Ch2. This unfolded voltage becomes the compensator output 

voltage Vc after HF components are filtered out, to generate the nominal voltage of 120 V. 

       

 
 

Fig.4: Controller with output 

       The dynamic compensating operation of the proposed system with resistive load is shown under various conditions. The load 

voltage Vo is well regulated with a nominal 120 V under a resistive load by the proposed system. The corresponding voltage 

waveforms when the input voltage has 50% and 30% sags and consequent nine cycles of 25% and 38% voltage swell conditions 

are compensated in the 120 V nominal load voltage. The dynamic response of compensation for both sag and swell conditions.              

The input voltage transient response for a 45% voltage sag condition. Due to the digital filter and the control algorithm 

computation time for detecting sags, a small delay exists. It is observed that the transient response time is 3.2 ms, which is less 

than 1/4 cycle (4.1 ms) in the experiment while converting to the compensation model from the bypass mode. The experimental 

results with the rectifier load. The compensator can operate under the 35% voltage sag with the nonlinear load as shown in Ch1 

and Ch2. During the bypass mode with nominal voltage, the current of HF transformer primary side Ipri is zero which means no 

power is processed by the PEs module as shown in Ch.4. It is noted that load voltage Vo is somewhat distorted since the inductor 

size of the output filter is relatively big according to its cut-off frequency. This can be improved by decreasing the inductance 

value in the filter and/or the increase of the operating frequency of the HF transformer with its higher cut-off frequency. 

        FLC is a control procedure based on a morphological control strategy which tries to interpretation of the human's 

information about in what way to control a system without demanding a prototypical mathematical model. The main indication of 

FLC is to use the control capability of human being which comprises experience and intuition of experts. It is one of the unique 

useful control techniques for uncertain and inaccurate nonlinear systems. This stuff makes the control procedure easy to 

realize. Figure 1 shows the basic configuration of an FLC, which comprise of four major mechanisms: a fuzzification interface, an 

information base, decision creating logic and a defuzzification interface. From the model outcomes it is clear that Fuzzy logic 

controller gives the good improvement of performance compared to PI controller based IM drive. The response of speed with this 

proposed controller has no overshoot and resolves faster in consideration with PI controller. Similarly, it can be realized that there 

is no steady state error in the speed response during the operation when FLC is activated. It can also be perceived that the ripple in 

torque with FLC based IM drive is less as compared to PI controller based IM drive. 

 

 
Fig.4: Third model of controller 

 

The dq0 to abc block performs an inverse Park transformation. The abc to dq0 block performs a Park transformation during a 

rotating frame of reference.  

The block supports the 2 conventions employed in the literature for Park transformation: 

 Rotating frame aligned with An axis at t = 0. this sort of Park transformation is additionally referred to as the cosinus-

based Park transformation. 
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 Rotating frame aligned 90 degrees behind A axis. this kind of Park transformation is additionally referred to as the sinus-

based Park transformation. Use it in SimPowerSystems models of three-phase synchronous and asynchronous machines. 

Deduce the dq0 components from abc signals by performing an abc to αβ0 Clarke transformation in a very fixed organisation. 

Then perform an αβ0 to dq0 transformation during a rotating coordinate system, that is, −(ω.t) rotation on the space vector Us = 

uα + j• uβ. The abc-to-dq0 transformation depends on the dq frame alignment at t = 0. The position of the rotating frame is given 

by ω.t (where ω represents the dq frame rotation speed). 

When the rotating frame is aligned with the A axis, the subsequent relations are obtained:

 

  d specifies the direct current or voltage, in amperes or volts, from the Clarke and Park transform. 

  q Specifies the quad current or voltage, in amperes or volts, from the Clarke and Park transform. 

  rotor position specifies the mechanical rotor position, in degrees, of the electric motor. 

  a returns the a current or voltage, in amperes or volts, calculated by the inverse Park and Clarke transform. 

  b returns the b current or voltage, in amperes or volts, calculated by the inverse Park and Clarke transform. 

  c returns the c current or voltage, in amperes or volts, calculated by the inverse Park and Clarke transform. 
 

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, theMF/HF transformer had a lower VArating 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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