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Abstract - This paper deals with dynamic voltage restorer (DVR) controlled by a five-level flying-capacitor multi level converter. To 
decrease the power-quality disturbances in distribution system, such as voltage imbalances, harmonic voltages, and voltage sags. The 
organisation of this paper has been divided into three parts; the first one eliminates the modulation high-frequency harmonics using 
filter increase the transient response. The second one deal with the load voltage; and the third is flying capacitors charged with 
balanced voltages. The MATLAB simulation results effectively for five level flying capacitor multilevel converters charged with 
balanced voltage regulation. 
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I. INTRODUCTION  

 Dynamic Voltage Restorers (DVR) are an efficient 
and economic means to mitigate voltage sags and 
swells. The DVR is a series connected device, which 
primarily can protect sensitive electric consumers 
against voltage dips and surges in the medium and low 
voltage distribution grid. The main components of DVR 
are controller, voltage source inverter, energy source for 
DC link capacitor, filters and interfacing transformers. 
The DVR is basically a voltage source inverter which 
compensates the missing voltage by rapidly injecting set 
of three phase voltages into the lines via booster 
transformer. The voltages can be controlled both in 
magnitude as well as phase. The generated voltages are 
rapidly injected into the line via booster transformer 
without any time delay. This significantly improves the 
dynamic response of DVR. 

 The balancing of FC voltages is quite important and 
dictates both the safe and efficient operation of the 
converter. If voltage imbalance occurs, the quality of the 
output voltages will deteriorate and blocking voltages 
imposed on certain devices may increase beyond the 
rated values. Thus, the safe operation of power devices 
cannot be guaranteed. 

 Therefore, it is necessary to take into account the 
balance of FC voltages when designing the control 
schemes for the FC converters.  There are three types of 
multilevel converter topologies namely, the neutral-
point-clamped (NPC) converter, the flying capacitor 
(FC) converter, and the cascaded converter with 

separate dc voltage sources (also called H-bridge    
converter). 

 The FC converter has attracted a great deal of 
interest in recent years mainly due to a number of 
advantageous features. For instance, it seems that the 
extension of the converter to higher than three levels is 
possibly easier than the NPC alternative in commercial 
applications. However, a number of drawbacks need to 
be further addressed. These include large capacitor 
banks, additional pre charging circuitry, and in 
particular voltage imbalance amongst FCs. 

 Voltage sags are most common power quality 
issues which occur in a power system. Sag is a decrease 
to between 0.1 and 0.9 p.u. in RMS value at the power 
frequency for durations of 0.5 cycles to 1 minute. The 
voltage magnitude has to be maintained within the limits 
for proper operation of industrial customers which are 
sensitive to RMS voltage variations. The sensitive 
industrial customers like process automation, 
semiconductor manufacturing are very sensitive to RMS 
voltage variations. Sag of 70% depth for 6 cycles can 
trip Variable Speed Drive (VSD) and sag of 60% for 12 
cycles can trip (non linear load). This may lead to 
shutdown of plants or restart, reduced customer 
satisfaction and huge revenue losses. This explains the 
need for sag mitigation. The older techniques for sag 
mitigation are network based which includes, Ferro-
resonant transformers, electronic tap changers and motor 
generator sets. The response of such devices is very 
sluggish. The need is for devices with sub cycle 
response. 
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the five-level converter studied here (n=5), the effective 
switching frequency is  

Hzswnsw ff T 6600*)1( =−=
             (3) 

The main parameters of the test system are summarized 
in Table I. 

TABLE I: PARAMETERS OF THE TEST SYSTEM 

 
• Simulation Results: 

      The test system is used to carry out a 
comprehensive simulation scenario where the multilevel 
DVR and its control system show their worth. The 
following sequence of events is assumed to take place:  

1)  The nonlinear load is connected at time =t 0 s and 
the charging of the flying capacitors also starts at 
this point in time, a process that is fully completed 
at time =t 0.6 s;  

2)  At this point, the whole control system is activated 
and the DVR is connected to the grid together with 
the inductive-resistive load (sensitive load);  

3)  In the time period 0.7–1.1 s, induction motor 1 is 
assumed to be connected with a constant rotor 
speed of 0.98 p.u.;  

4)  From =t  0.8 s to =t 1.1 s, a two-phase-to-ground 
short-circuit fault is applied at the PCC via a 1.8- 
resistor; 

 
Fig. 5: Three phase rms voltages. (a) green indicates 
across the sensitive equipment (b)blue indicates at PCC 

 
Fig. 6 : Line-to-line voltage at the PCC and across the 
sensitive equipment. 

 
Fig. 7: Line-to-line voltages at the PCC 
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5)  A second induction motor comes into operation 
right through the fault period, at =t  0.9 s until the 
end of the simulation time;  

6)  The nonlinear load is disconnected at =t 1.3s and, 
at this point in time, a second short-circuit fault 
applied at the PCC takes place; this time, there is a 
three-phase-to-ground fault, with a duration of 200 
ms. The total simulation time is 1.6 s. 

 

 

Fig. 8: Line-to-line voltages across the sensitive 
equipment. 

 
Fig. 9: Line-sensitive-equipment current 

 
 

Fig. 10: DVR Multilevel-converter output voltages 

 The voltage across the sensitive equipment is 
plotted. The DVR, operated by the control system, 
compensates the unbalanced voltages with a fast 
transient response owing to the feed forward term of the 
sensitive-equipment voltage, while the repetitive control 
ensures zero-tracking error in steady state. Furthermore, 
the large current drawn by the induction motor 2 at its 
connection time =t  0.9 s has no influence in the 
transient response of the voltage across the sensitive 
equipment due to the feed forward of the load current 
(note that only phase A current has been plotted since 
the sensitive equipment is a three-phase, three-wire 
system and, hence currents are balanced). The rms 
values of the fundamental-frequency components are 
equal to 11 kV for the three line-to-line voltages across 
the sensitive load. 
 

 

Fig. 11 : Flying-capacitor voltages of three legs  in 
kilovolts 

 The FC voltage controller keeps constant voltage 
without significant variations and no voltage imbalances 
in any of the flying capacitors, regardless of whether 
there are voltage disturbances at the PCC during the 
simulation period. As the simulation results show, the 
dynamic performance of the repetitive control is not 
impaired by the FC voltage control system. Table II 
summarizes the main information of the simulation 
results. 

TABLE II: FUNDAMENTAL HARMONIC RMS 
VALUE AND VOLTAGE TOTAL HARMONIC 
DISTORTION OF THE LINE-TO-LINE VOLTAGE 
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AT THE PCC AND ACROSS THE SENSITIVE 
EQUIPMENT FOR DIFFERENT INSTANTS. 

 
 

 
 

Fig 12: THD across the point of common coupling (PCC) 
 

 
Fig. 13: THD across the sensitive equipment 

V.  CONCLUSION 

 In this paper has put forward a DVR based on a five 
level flying-capacitor multilevel converter scheme. This 
control structure simultaneously cancels out voltage 
sags, voltage imbalances, and voltage harmonics other 
than high-frequency switching harmonics. The control 
system is split into three subsystems: the first one works 
to eliminate the resonance peak of the filter used in the 
converter output voltage; while the second one is the 
repetitive control, which ensures a fast transient 
response and zero-tracking error in steady-state for any 
sinusoidal reference and for any sinusoidal disturbance 
whose frequencies are an integer multiple of the 
fundamental frequency. Finally, the third subsystem 
maintains constant, balanced voltages in the flying 
capacitors. 

 The control system, together with the DVR, has 
been implemented by using the graphical facilities 
available in MATLAB simulation. Comprehensive 
simulation results using an MV test system show the 
DVR’s excellent performance and the control system in 
order to protect sensitive equipment from PQ 
disturbances. 
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