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Abstract— This paper proposes a novel distribution-level voltage control scheme that can compensate voltage sag and swell 
conditions in three-phase power systems. Faults occurring in power distribution systems or facilities in plants generally 
cause the voltage sag or swell. Sensitivity to voltage sags and swells varies within different applications. In order to mitigate 
power interruptions, this paper proposes a scheme for voltage sag support based on a pulse width modulated 
autotransformer. The proposed scheme is able to quickly recognize the voltage sag or swell condition, and it can correct the 
voltage by either boosting the input voltage during voltage sag events or reducing the voltage during swell events. The key 
advantage in this voltage control topology is that it uses only one controlled switch per phase to control the output voltage, 
thereby resulting in minimum cost per KVA. The paper presents the new voltage control topology, as well as the voltage 
detection method, the snubber design, and the commutation logic for the thyristors bypass switch. Experiments have been 
carried out to verify the validity of the proposed scheme. 
 
  
I. INTRODUCTION 
 
In the use of sensitive With an increase loads, the 
power quality issues have become an increasing 
concern. Poor distribution power quality results in 
power disruption for the user and huge economical 
losses due to the interruption of production processes 
Many power quality surveys have been done, which 
show that voltage sags have been identified as the 
most serious power quality problem facing industrial 
customers today. Voltage sag is a momentary 
decrease of the voltage RMS value with the duration 
of half a cycle up to many cycles. Voltage sags are 
given a great deal of attention because of the wide 
usage of voltage-sensitive loads such as adjustable 
speed drives (ASD), process control equipment, and 
computers. Sag can cause serious problem to 
sensitive loads that use voltage-sensitive components 
such as adjustable speed drives, process control 
equipment, and computers. 
In order to increase the reliability of a power 
distribution system, many methods of solving power 
quality problems, especially voltage sag, have been 
suggested. Existing methods of voltage sag mitigation 
using gate turn-off switches for pulse width 
modulation (PWM) need at least two switches per 
phase. In an effort to achieve the advantages of a fast 
response time, but at a significantly lower cost, the 
PWM switched autotransformer is proposed here. 
The proposed system has only one PWM switch per 
phase with no energy storage, which is a very low 
cost solution for voltage sag mitigation. Any power 
electronic switch for a high voltage application is 
expensive, and the peripheral circuits such as gate 
drivers and power supplies are even more expensive 
than the device itself. The overall cost of power 
electronics-based equipment is nearly linearly 
dependent on the overall number of switches in the 

circuit topology. Hence, this paper suggests a scheme 
that uses only one PWM switch with no energy 
storage. Since fewer components are required in this 
scheme, the system becomes more reliable and less 
expensive. To efficiently mitigate the voltage sag 
event with the proposed scheme, many subsystem 
designs are required. In this paper, the analysis and 
design of the overall system, and experimental results 
are presented to demonstrate the validity of the 
proposed scheme. 
 
II. SYSTEM BLOCK DIAGRAM 
DESCRIPTION 
 

 
Fig 1. Block diagram of the proposed voltage compensation 

scheme. 
 
Fig. 1 shows the basic configuration of the proposed 
new scheme. It consists of a single PWM switched 
(TRIAC) in a bridge configuration, a thyristors 
bypass switch, output filters, an autotransformer, and 
the system controller. The TRIAC, which makes up 
the high voltage bidirectional ac switch, operates only 
during a voltage sag/swell condition and regulates the 
output voltage according to the PWM duty-cycle. The 
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TRIAC is used as the ac bypass switch. This bypass 
switch connects the input power to the load unless the 
sag condition is present. Using a static bypass, the 
efficiency of the voltage compensator is very high 
because during normal operation, power passes only 
through the thyristors. To suppress the over voltage 
when the switches are turned off, RC snubber circuits 
are connected across every TRIAC and thyristors. 
TRIAC switching bridges are connected in series, 
operating as one ac switch valve, and four thyristors 
are connected in series for the bypass switch. 
The main principle of controlling the output voltage 
can be explained as follows. The proposed voltage 
sag supporter starts the PWM switching when the 
input voltage becomes lower than 90% of nominal 
voltage. This compensator does not operate if the 
input voltage remains within 10% deviation of the 
nominal value, which is referred as normal condition. 
During normal conditions, the bypass switch remains 
on. On the other hand, when the sensing circuit 
detects more than 10% voltage sag, the voltage 
controller immediately commands the TRIACs to 
start PWM switching to regulate the output voltage, 
the bypass switch logically turn off.  
 
A. PWM switch with bridge configuration 
 

 
Fig 2: AC switch with triac and snubberin bridge configuration 
 
It consists of a single PWM insulated TRIAC switch 
in a bridge configuration, a thyristors bypass switch, 
an autotransformer, and the system controller. The 
TRIAC, which makes up the high voltage 
bidirectional ac switch, operates only during a voltage 
sag/swell condition and regulates the output voltage 
according to the PWM duty-cycle. The TRIAC is 
used as the ac by pass switch.. To suppress the over 
voltage when the switches are turned off, RC snubber 
circuits are connected across every TRIAC and 
thyristors.  

 
B. Snubber design 
In order to quickly and precisely control the output 
voltage or mitigate the input voltage sag, several 
design issues have to be considered. This section 
explains each design issue starting from the snubber 
design. Fig.2. shows the TRIAC switching element 
with a bridge configuration, which enables that load 
current, can flow in both directions. The diode bridge 
arrangement is used to achieve bi-directionality at the 

lowest cost. When the switch is on, positive current 
flows in the path D3-SW-D4, and negative current 
flows in the path D6-SW-D5 .When the switch turns 
off, the current in the switch changes its path to the 
RC snubber noted as R snub and Csnub . The role of 
the snubber is to suppress the peak voltage during 
turn off [1]. After turning off the TRIAC, its current 
diverts to the snubber, so the energy stored in a 
current path is dumped into the snubber capacitor. 
To determine the snubber resistor and capacitor 
components, the value of the resistor is examined at 
first. The resistor has two roles. One is to dampen the 
energy transfer to the capacitor when the TRIAC 
turns off, and the other is to limit the capacitor 
discharge current when the TRIAC turns on. The 
rating of capacitor is 1000µF, 25V [1]. 
 
C.  TRIAC    
 

 
Fig.3 symbol                                            fig 4 .TRIAC 
 
Features- 

 High current TRIAC 
  Low thermal resistance with clip bonding 
  High commutation (4 quadrant)  
 commutation (3 quadrant) capability 
 BTA series UL1557 certified. 
  Packages are RoHS (2002/95/EC) 

compliant 
Description- 
TRIAC series is suitable for general purpose mains 
power AC switching. The rating of triac is 25 amp. 
 
D. TRIAC driver 
 

 
Fig.5.Triac Driver 

 
They are designed for use with a TRIAC in the 
interface of logic systems to equipment powered from 
115 Vac lines, such as solid–state relays, industrial 
controls, motors, solenoids and consumer appliances, 
etc [3]. 

 Simplifies Logic Control of 115 Vac Power 
 Zero Voltage Crossing 
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E. Autotransformer 
The ac converter topology is employed for realizing 
the voltage sag compensator.  This  paper  considers  
the  voltage mitigation  scheme that use only one 
shunt type PWM  switch for  output  voltage  control  
as  shown  in  Fig.6  The autotransformer shown in 
Fig7. is used in the proposed system to  boost  the  
input  voltage  instead  of  a  two  winding 
transformer.  Switch Triac is on the primary side of 
the autotransformer. 
 

 
Fig. 6 voltage sag mitigation device 

 
The voltage and current distribution in the 
autotransformer is  shown  in  Fig.15 It  does  not  
provide  electrical  isolation between  primary  side  
and  secondary  side  but  has  advantages of  high  
efficiency  with  small  volume.  The compensator 
considered is a shunt type as the control voltage 
developed is injected in shunt.  The relationships of 
the autotransformer [1] 
 
Voltage and current are expressed in (2) 

 
Where a is the turns ratio,  
Vp= Primary voltage  
VL = Secondary voltage = Load voltage  
I1, I2 = Primary and secondary currents, 
respectively  
IS = Source current  
IL = Load current  

 
A  transformer  with  N1:N2 =  1:1  ratio  is  used  as  
an autotransformer to boost the voltage on the load 
side when sag is  detected.  With  this  the  device  
can  mitigate  up  to  50% voltage  sag.  As the  turns  
ratio  equals  1:2  in  autotransformer Mode, the 
magnitude of the load current IL(high voltage side) is 
the same as that of the primary current I1(low voltage 
side). From (2), it is clear that VL= 2VP and IS= 2IL. 
The switch is located  in  the  autotransformer’s  
primary  side  and  the magnitude  of  the  switch  
current  equals  the  load  current.  The voltage  across  
the  switch  in  the  off-state  is  equal to  the 
magnitude  of  the  input  voltage[1].  When sag is 
detected by the Voltage controller, TRIAC switched 
ON and is regulated by the PWM pulses.  The 
primary voltage VP is such that the load voltage on 
the secondary of autotransformer is the desired rms 
voltage. 

 
Fig. 7 Voltage and current relations in an autotransformer. 

 
III. VOLTAGE DETECTION 

 
Voltage detection is important because it determines 
the dynamic performance of the proposed scheme. 
The magnitudes of the input and output voltages 
determine the PWM duty-cycle and the starting and 
the ending moment of compensation. Therefore, 
precise and fast voltage detection is an essential part 
of the voltage sag supporter. 

 
A. Input side voltage detection 
Potential transformers (PT) are used to measure the 
input and the output voltage for monitoring the 
voltage sags and to serve as feedback for load voltage 
regulation. Above fig.8 shows the input side rectifier 
circuit with potential transformers. Input  
side potential transformer is used to step-down the 
230v to 12v.Rectifier circuit is used convert 12v ac 
into 12 dc. ADC required fixed 5 V dc voltage which 
is given through regulator circuit.  
 

 
Fig.8 intput side rectifier 

 
Positive voltage regulator gives fixed output of 5V dc 
with variable input 8-12V. 
 78XX series regulator is used (7805) 
 
B. Output side voltage detection 

 
Fig.9 output side rectifier 

 
Above fig.9 shows output side voltage detection 
circuit with step-down potential transformer. The 
secondary voltage and current of transformer is 12V, 
500 mA resp. Voltage detection circuit is used to 
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measure the input and the output voltage for 
monitoring the voltage sags and to serve as feedback 
for load voltage regulation. 
 
IV.BYPASS SWITCH 

 
Fig.10 Bypass switch 

 
The main principle of controlling the output voltage 
can be explained as follows. The proposed voltage 
sag supporter starts the PWM switching when the 
input voltage becomes lower than 90% of nominal 
voltage. This compensator does not operate if the 
input voltage remains within 10% deviation of the 
nominal value, which is referred as normal condition. 
During normal conditions, the bypass switch remains 
on. On the other hand, when the sensing circuit 
detects more than 10% voltage sag, the voltage 
controller immediately commands turn-off process 
(commutation) of bypass switch and then commands 
the TRIACs to start PWM switching to regulate the 
output voltage. 
 
V.SIMULATION DETAILS & RESULTS OF 
THE PROPOSED SYSTEM 

 
Fig.11. simulated circuit of the proposed system 

 
A. Result of proposed scheme 

 

 
Fig.12 simulation  result during voltage sag condition  

 
Fig.13 simulation result during voltage  swell condition 

 
CONCLUSION 
 
A novel configuration of a voltage sag mitigation 
device along with its control logic, which 
compensates voltage sag based on a PWM switched 
autotransformer, has been proposed. This voltage sag 
mitigation method is an economic and reliable 
solution because it reduces the total number of PWM 
switches. In addition to the basic configuration of the 
voltage mitigation method, many design issues such 
as RC turn off snubber; voltage detection, a voltage 
controller, and thyristors commutation logic were 
investigated or suggested. Experimental results have 
been presented to show that this proposed system was 
able to mitigate the voltage sag with a fast dynamic 
response. 
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