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Abstract 

 
Majority of the industrial electrical loads requires balanced three phase supply but in reality there is unbalanced supply due to single 

phase loads like railway tracks etc.increasing use of non linear loads in modern power distribution network there are some power quality 

issues like voltage sags and voltage swells, this distortion of the power supply effect the loads which are connected to power distribution 

network. In order to improve quality of the power, in this paper a Sen Transformer (ST) technique as been proposed to minimize 

unbalanced voltage sags and swells. The proposed technique mitigates both voltage sag and swell during balanced and unbalanced 

operating conditions. The proposed ST consists of a programmable tap controller to compensate ride through faults in power system 

network. The proposed work as been implemented using MATLAB/SIMULINK software. To validate the proposed work, simulation 

results are presented. 
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1. Introduction  

The uneven distribution and continuous variation of single phase 

loads across the three phase power system is the main cause for 

the voltage unbalance. Another cause for unbalance is long 

duration of asymmetrical faults. The occurrence of faults result in 

either sag or swell in the wave form. The consequences of voltage 

sags for various loads are presented in [2], [3].The unbalanced 

power is applied to the electric devices, it gives a difficult problem 

to them, especially the electric motors. During the operation at 

unbalanced voltage conditions, there will be decrease in the 

efficiency of induction motor. The increase in the heating of the 

winding of the induction motor leads to its failure. Both stator and 

rotor get heated up highly due to the induction motor problems 

like mechanical damage of bearings. This leads to thermal ageing. 

The motor cannot produce full torque due to negative sequence 

system because it produces reverse rotating magnetic field. In 

most practical cases, the asymmetry of the loads is the main cause 

of unbalance. As per the department of energy of United States, 

seventy percent of the electricity is consumed by industrial 

motors, and in typical firms eighty percent of the load consists of 

three-phase AC induction motors [1]. In Doubly Fed Induction 

Generators (DFIGs) the rotor currents are suddenly increased due 

to voltage sags on grid side and these currents are damaging the 

rotor side converters [4], [5]. 

All these complications are reduced by using Sen Transformer. 

Sen Transformer is one of the power flow controlling 

transformers. This transformer provides the independent control of 

both active and reactive power flows [6]. To control the power  

 

 

flow in transmission line, the ST provides two main functions, one 

is voltage regulation and another one is impedance regulation 

[7],[8]. As a power flow controller the complete details of ST is 

given in [9].The proposed ST mitigates voltage sags for ride 

through the grid inter connected DFIG wind turbine during 

symmetrical faults [10]. Compared to power electronic 

Compensator circuits like DVR, Sen Transformer is more cost 

effective and high reliable [11],[12]. 

 Section 2 deals with the principle of operation of Sen 

Transformer and implementation of the proposed control logic. In 

section 3, results are discussed which show the performance of 

proposed control logic and section 4 concludes the key points of 

the paper.  

2. Description of Proposed Work 

2.1 Principle of Operation of Sen Transformer 

The Sen Transformers are having two main parts, first one an 

exciter unit and ad second one a compensating unit. Nine single 

phase transformers are arranged in such a way that in each phase 

there are three transformers in the ST unit. The primary and 

secondary windings of ST are connected as shown in Fig. 1. There 

are four tapping per each secondary winding and a total of 36 

tapings in the secondary winding of the Sen Transformer. As per 

the required voltage level these tapings can be changed.  
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Table 1: Seven types of dip (based on [13]); k, residual voltage (pu) 
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These tappings provide low cost voltage regulation on a 

transmission line. The ST is connected between the load side 

utility and the power supply grid so that whenever there are 

defects in the transmission system which leads to voltage sag is 

compensated by ST. If there is  no defect in the transmission 

system, the power from source is given to the grid directly and if  

there is fault in the transmission system the power from source is 

diverted to the load through Sen Transformer, where it is restored. 

 
 

Fig. 1:  Sen Transformer Primary and secondary windings Connection 

2.2 Types of Sags 

The nature of the voltage dip/sag depends up on nature of fault 

and transformer winding connections which are connected 

between fault locations and consider point of the system. Bollen 

categorized 7 types of dips (A to G) [13].  The ST compensates all 

kinds of voltage dips as shown in Table 1. Here k is voltage dip 

depth factor and V is corresponding reference phase voltage (1pu).  

 
Fig. 2: Single line diagram for 3Ø power system with balanced voltage 

stabilizer 

2.3 Voltage balancing description at utility side through 

Sen Transformer under unbalanced voltage sags 

The Fig. 2 shows the single line diagram for three phase power 

system with balanced voltage stabilizer for utility. The industrial 

load is connected to distribution transformer in series with ST.  

Here the ST is acting as a balanced voltage stabilizer. The block 

diagram for the operation of the Sen Transformer is shown in    

Fig. 3, where the output voltage range from the transformers is 

controlled by the triggering the GTO(Gate Turn Off)  switches 

whose gate triggering signal is controlled by the control logic, in 

which the code is embedded. Both voltage sensors and phase 

angle sensors are operated at low voltage level. The voltage 

deviation of the system depends upon the severity of the fault 

condition.  Based on the data of voltage sensor and phase angle 

sensor, the control block gives gate pulses to GTO switches to 

compensate the voltage for load with in ±10% tolerance from 

normal magnitude and ±5% tolerance from normal phase angle.  

 

 
 

Fig. 3: Block diagram for the operation of the Sen Transformer  

with tap control block 

2.4 Implementation of Proposed Methodology 

The proposed work has been implemented using Matlab/Simulink 

software. There are three transformers in each phase. So, total 

nine transformers for three phases one transformer in each phase 

is used to compensate voltage magnitude and remaining two 

transformers in each phase are used to compensate the phase 

angle. There are 3 circuit breakers found in the Fig. 4, namely CB-

1, CB-2 and CB-3.If  there is no fault in the  power system 

network, then CB-1 is in operation by giving control signal ‘A1’to 

CB-1.If there is a problem in the network of the power system, 

CB-2 and CB-3 receive control signals ‘A2’ and ‘A3’ to enable 

ST to operate. Voltage sags and also voltage swells mitigated, CB-

1control signal  is deactivated simultaneously, then  CB-1 is in off 

position  and clears  the way  for ST  for the faults mitigation. The 

nine transformers of ST are controlled using  control block, this is 

a logic generated  tap  that means this  control block generates 

gate pulses for Gate Turn Off switches which are controlling the 

tapings of Sen Transformer`s all three phases . 

 
 

Fig. 4: MATLAB/SIMULINK diagram for mitigation of unbalanced 

voltage sags and swells of power system at utility side through Sen 

Transformer technique. 
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3.  Results and Discussion  

3.1 LLLG Fault  

The total simulation period is taken 0.5 seconds. At grid side 

0.004Ω fault impudence is introduced to create voltage sag 

(0.5pu) between 0.2 to 0.4 seconds as shown in Fig. 5. The ST 

identified the sag and selected the suitable tapings as for the 

program logic in order to reduce the sag and to bring the 

approximately normal value (0.96pu) between 0.2 to 0.4 seconds 

as shown in Fig. 6. 

 
 

Fig. 5:  Grid side voltages without ST during LLLG Fault 

 

 
 

Fig. 6: Mitigation of voltage sag at utility side by using ST 

3.2 LG Fault  

The phase B is grounded with fault impedence of 0.004Ω to create 

unbalanced voltage sag in between 0.2 to 0.4 seconds as shown in 

Fig. 7. In this period the grid voltages VAB is 
0072.0  pu, 

voltage VBC is 
011477.0   pu and voltage VCA is 

010809.1  pu. The ST identified the voltage sag and phase 

angle between them and selected the suitable tapings as for the 

program logic in order to reduce the voltage unbalance. The ST 

mitigates these unbalanced voltages effectively as shown in Fig. 8 

between 0.2 to 0.4 seconds. After compensating with ST the 

utility side voltage VAB is 
0098.0  pu, voltage VBC is 

011401.1   pu and voltage VCA is 
011807.1  pu. 

 

 
 

Fig. 7:  Grid side voltages without ST during LG Fault 

 
 

Fig. 8: Mitigation of unbalance voltage sags at utility side by using 

ST during LG fault 

3.3 LLG Faults 

In another case the phase B and phase C are grounded with 

impedence of 0.004Ω. Then the voltage sag is occurred between 

0.2 to 0.4 seconds as shown in Fig. 9. In this period the grid 

voltages VAB is 
06.4877.0  pu, voltage VBC is 

0138464.0   pu and voltage VCA is 
010789.0  pu. The 

ST identified the voltage sag and phase angle between them and 

selected the suitable tapings as for the program logic in order to 

reduce the voltage unbalance. The ST mitigates these unbalanced 

voltages effectively with in acceptable limits between 0.2 to 0.4 

seconds as shown in Fig. 10. After compensating with ST the 

utility side voltage VAB is 
0005.1  pu, voltage VBC is 

011892.0   pu and voltage VCA is 
011902.1  pu. 

 

 
 

Fig. 9: Grid side voltages without ST during LLG Fault 

 

 
 

Fig. 10: Mitigation of unbalance voltage sags at utility side by 

using ST during LLG fault 

3.4 Voltage Swell 

The total simulation period is taken 0.5 seconds. At grid side 

6.5MVAR capacitive reactive power is injected from outside 

source for creating voltage swell (0.26pu) in between 0.2 to 0.4 

second as shown in Fig. 11. The ST identified the swell and 

selected the suitable tapings as for the program logic in order to 

reduce the swell and to bring to the normal value (1pu) as shown 

in Fig. 12.  
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Fig. 11:  Grid side voltage without ST 

 

 
 

Fig. 12: Mitigation of voltage swells at utility side by using ST 

The traditional fast on load tap changing voltage regulator is able 

to regulate voltage magnitude only [14].  But the proposed ST is 

able to control both magnitude and phase angle of the voltage of 

the system. So it mitigates unbalanced voltage sags and swells 

very effectively within acceptable limits.  Dynamic Voltage 

Restorer (DVR) and Unified Power Quality Conditioner (UPQC) 

are also very popular to mitigate voltage sags and swells [15]. 

This DVR consists of voltage source convertor, battery energy 

storage system, boosting transformer, harmonic reduction filter 

and DC charging unit.  Similarly the UPQC consists of two back 

to back bi- directional connected voltage source convertors, 

common DC link and an insertion transformer. Due to limited 

storage capacity the above devices mitigate voltage sags for 

limited period only. But the proposed method has no storage 

elements. So it mitigates voltage sags or swells for unlimited 

period effectively. Consolidated results of ST are shown in Table 

2. 

 
Table 2. Consolidated results of ST for varius fault mitigations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

From the results obtained in this paper, it can be concluded that 

Sen Transformer can be used to compensate the voltage sags or 

swells during faults in the power system by automatic tap 

changing control principle. ST compensates the voltage sags and 

swells under balanced and unbalanced load conditions. ST is low 

cost device with less design complexity and low power losses and 

high reliability. The advantage of ST is that it can compensate 

long duration faults. Induction motors are popularly used in 

almost every industry, when they are supplied with unbalanced 

voltages their efficiency reduces, life time decreases and annual 

maintenance cost increases. Thus with Sen Transformer technique 

the induction motor is protected from unbalances along with 

increased efficiency and less maintenance cost.  

 

 

Appendix 

 

Parameters of Sen Transformer: MVA =2, voltage ratio a =3:4, 

excitation winding resistance =0.0008pu, compensated winding 

resistance =0.0008pu. Leakage inductance of both excitation and 

compensated windings= 0.1pu. 

Load details: Active power P= 120KW, Inductive reactive power 

QL= 1000VAR, capacitive reactive power QC = 100VAR. 
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