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ABSTRACT 

In this paper two devices are proposed for fault ride 

through (FRT) of an adjustable speed drive (ASD) 

connected to a distribution system. The FRT ability of the 

system is tested first by connecting a dynamic voltage 

restorer (DVR) between the ac supply and the ASD, then 

by connecting an ultracapacitor with the DVR. Two types 

of faults are investigated, namely; a voltage swell and a 

three –phase ground fault. The ASD performance during 

these faults and the current and voltage harmonics are 

demonstrated with DVR only and after connecting the 

capacitors. The active and reactive power and the dc link 

voltage are also presented. Conclusions are drawn 

concerning the validity of adding the capacitor with the 

DVR for FRT. 
 

INTRODUCTION 

Adjustable speed drives (ASDs) are growing segments of 
modern industrial infrastructure. The market for them is 
expected to be $18.8 billion by 2017 with a growth rate 
of approximately 8.7% [1]. ASDs are often more 
efficient, more reliable, and easier to control than other 
drives. There are number of Electrical Power Quality 
problems such as transients, interruption, voltage swell, 
waveform distortion, voltage fluctuations and frequency 
variations. Out of all voltage swell is the major reason for 
ASD’s shutdown. 
There are a number of approaches that can help to reduce. 
The susceptibility of ASDs to electric power disturbances 
[2-3].The proper selection is based upon the system or 
process requirements and the cost involved. A variety of 
energy storage technologies are candidates for providing 
the needed full-power ASD ride-through under short term 
interruptions and voltage swells. Battery backup systems, 
super capacitors, motor–generator sets, flywheel energy 
storage systems, superconducting magnetic energy 
storage (SMES), and fuel cells are some examples of 
these technologies. 
In this paper the fault-ride-through for permanent magnet 
synchronous machine-based ASD is investigated when 
employing a DVR alone then when employing a DVR 
and an ultracapacitor. Two faults are assumed, namely, a 
voltage swell (1.1 of the rated voltage), and a 3-phase 
ground fault. The proposed ASD consists of a diode 
rectifier connected to a PWM inverter feeding a 
permanent magnet synchronous motor (PMSM). The 
proposed systems' components are modeled, and 
simulation done using Matlab software to investigate 
each device effect on the FRT of the system.  The ASD 
performance during these faults and the current and 
voltage harmonics are demonstrated with DVR only and 
after connecting the capacitors. The active and reactive 

power and the dc link voltage are also presented. 
Recommendations are drawn concerning the device 
offering the better FRT. 

SYSTEM MODELLING 

The block diagram of the proposed system is shown in 
figure 1. The ASD is a permanent magnet synchronous 
motor fed from the ac supply via a three-phase diode 
rectifier and a PWM inverter. PI controller is tuned to 
control the inverter feeding the PMSM drive. 
 

          
 

       
Fig. 1 Proposed System Model 

 

System with DVR during voltage swell 

A DVR is a series-connected solid-state device used to 
regulate the load side voltage. It is normally installed in a 
distribution system between the supply and the load 
feeder. The general configuration of the DVR with three 
phase transmission system consists of an injection/ 
booster transformer, a harmonic filter, storage device, a 
voltage source converter (VSC) and a DC charging 
circuit. The basic function of the DVR is to inject a 
dynamically controlled voltage generated by a forced 
commutated converter in series to the bus voltage by 
means of a booster transformer. The DVR has four modes 
of operation which are: i) protection mode ii) standby 
mode iii) Boost mode iv) Buck mode [4]. In the Boost 
mode the DVR injects a compensating voltage through 
the booster transformer due to the detection of a voltage 
sag or a decrease in the supply voltage. In the Buck Mode 
the DVR injects a compensating voltage with opposite 
phase to the supply voltage, when the supply voltage 
exceeds the desired output. 
The Injection / Booster transformer serves the purpose of 
isolating the load from the system. The harmonic filter 
eliminates high-frequency switching harmonics. The DC 
storage unit is responsible for the energy storage in DC 
form. Flywheels, batteries, superconducting magnetic 
energy storage (SMES) and super capacitors can be used 
as energy storage devices. The voltage-source converter 
is used to inject the required voltage during voltage 
sag/swell as well as other power quality issues, such as 
voltage flicker and harmonics [5-6]. The main purpose of 
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the control system is to maintain a constant voltage 
magnitude at the point where a sensitive load is 
connected, under system disturbances. It will also look 
after the D.C. link voltage using the DC-charging unit. 
A 1.1 p.u. voltage swell is assumed at t=0.25 till 0.35 sec. 
when applying the DVR device alone. Figure 2 shows the 
supply voltage, the voltage after DVR, and the voltage at 
the rectifier input respectively during voltage swell. 
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Fig. 2 Voltages before and after DVR for voltage swell 
 

It is clear that the DVR absorbed the effect of the voltage 
swell. However, harmonics appeared in the AC voltage 
input to the rectifier. The current THD reached 58%as 
given in Fig. 3, while the voltage THD value is 78.82% 
as shown in Fig. 4. It is clear that the stator voltage THD 
is very high when using DVR only. This is due to the 
harmonic associated with the power electronics circuits 
of the DVR device.  The consumed active and reactive 
powers are given in Fig. 5. A large increase in the 
consumed active power, more than twice the rated power, 
occurs during voltage swell. This is due to the presence 
of the series DVR inductance. The reactive power 
consumption also increased by nearly 30% of its value 
before the fault.  The DC link voltage is given in Fig. 6 
showing very high rise in the DC voltage reaching twice 
its original value during voltage swell and decaying to a 
slightly higher value than its original value. 
 

 
Fig. 3 current harmonics of DVR for voltage swell 

 
Fig. 4 Voltage harmonics of DVR for voltage swell 
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Fig. 5 Consumed active and reactive power during 
voltage swell with DVR alone 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0

100

200

300

400

500

600

 
Time (sec.) 

Fig. 6 DC link voltage with DVR connection during 
voltage swell 

 

System with DVR and ultra-capacitor during 

voltage swell 

Ultracapacitors are devices that can be used as energy 
storage systems, have high energy and power densities, a 
high efficiency, nearly 95% and a large life expectancy 
[6]-[8]. The stored energy in the supercapacitor being: 

  (1) 
Where C is the capacitance, Vc (0) is the initial voltage of 
the capacitor, Rp represents the losses during discharge. 
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Three capacitors are applied parallel to the DVR.  A 1.1 
p.u. voltage swell is assumed at t=0.25 till 0.35 sec. 
Figure 7 shows the supply voltage, the voltage after DVR 
and capacitor, and the voltage at the rectifier input 
respectively. 
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Fig. 7 Voltages before and after DVR and capacitor 
during voltage swell 

 

It is clear that the presence of capacitors slowed the fast 
voltage recovery when using the DVR alone.  However, 
the harmonics of the current and voltage input to the load 
are minimized than the case of DVR alone. This is clear 
from the voltage THD shown in Fig. 8 decreasing to 
25%, while the current THD, shown in Fig. 9 decreased 
to 18.22%. 
 

 
Fig. 8 current harmonics with DVR and UC 

 
Fig. 9 voltage harmonics with DVR and UC 

The consumed active and reactive powers are given in 
Fig. 10. High increase in the active power (twice rated 
power) occurs as in the case of DVR alone. While the 
consumed reactive power decreased since the capacitors 
supply the required reactive power during fault. 
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Fig. 10 Consumed active and reactive power with DVR 
and capacitor during voltage swell 

 

The DC link voltage, given in Fig. 11, shows a high rise 
in the DC voltage reaching twice its original value, as in 
the case of a DVR only. However it recovers to its 
original value without an offset. 
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Fig. 11 DC-link voltage with DVR and C during voltage 
swell 

 

System with DVR during three-phase ground 

fault 

A 3-phase ground fault is assumed at t=0. 5 till 0.6 sec. 
while using DVR alone Figure 12 show the supply 
voltage, the voltage after DVR, and the voltage at the 
rectifier input respectively. It is clear that the DVR 
compensated the voltage of the ground fault. However 
current and voltage harmonics are present as shown in 
Figs. 13 and 14 respectively. The current THD is 16%, 
while voltage THD is 50%.  The consumed active and 
reactive powers are given in Fig. 15. High increase in the 
active power (more than twice rated power) occurs. This 
is due to the presence of the series DVR inductance. The 
reactive power consumption increased by nearly 30% of 
its value before the fault. The DC link voltage is given in 
Fig. 16 showing very high rise in the DC voltage 
reaching twice its original value, as in the case of voltage 
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swell, due to DVR inductance. However the fast recovery 
to its original value is clear. 
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Fig. 12 Voltages before and after DVR for ground fault 
 

 
Fig. 13 current THD for ground fault. 

 

 
Fig. 14 Voltage Harmonics with DVR alone 
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Fig. 15 Active and reactive power consumed with DVR 
for ground fault 
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Fig. 16 DC-link voltage with DVR during ground fault 
 

System with DVR and ultra-capacitor during 

ground fault 

A 3 phase ground fault is assumed at t=0. 5 till 0.6 sec. 
The voltage restored during the ground fault has a lower 
value than the system with DVR alone. This is due to the 
voltage consumed in charging the capacitor. The voltage 
THD decreased than in the case of DVR alone to 31% as 
given in Fig. 17.  The current THD shown in Fig. 18 also 
decreased to 13%.  The consumed active and reactive 
powers are given in Fig. 19. 
 

 
Fig. 17 Voltage THD with DVR&UC 
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Fig. 18 Current THD with DVR&UC 

 

The decrease in the active and reactive power due to the 
ground fault is compensated to a certain extent by the 
ultra-capacitor. The DC link voltage, given in Fig. 20, 
shows an expected drop in its value with high ripples. 
However, the dc link voltage did not drop to zero during 
ground fault due to the presence of DVR and UC. The 
high ripples suggests adjusting the value of the dc-link 
capacitor. 
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Fig. 19 Active and reactive power consumed with DVR 
and capacitor with ground fault 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

200

400

600

800

1000

1200

 
Time (sec.) 

Fig. 20 DC-link voltage with DVR and capacitor during 
ground fault 

CONCLUSION 

Two devices are proposed for fault ride through (FRT) of 
an adjustable speed drive (ASD) connected to a 
distribution system. The FRT ability of the system is 
tested first by connecting a dynamic voltage restorer 
(DVR) between the AC supply and the ASD. Then The 

FRT ability of the system is tested by connecting an 
ultracapacitor in parallel with the DVR. Two types of 
faults are investigated, namely; a voltage swell and a 
three phase ground fault. During voltage swell (1.1 p.u.) 
the performance of the system with DVR alone is similar 
to its performance when adding the capacitor. This covers 
the recovery time, the variation in the consumed active 
and reactive power and the dc-link voltage variation. 
During ground fault a drastic difference took place 
between the system with DVR alone and the system with 
DVR and capacitor. The recovered voltage during the 
ground fault is less in the case of added capacitor due to 
its charging.  The active and reactive powers required 
during the ground fault are supplied by the charged 
ultracapacitor. The high ripples in the dc-link voltage can 
be remedied via the dc link inductance and capacitor. In 
both fault cases the voltage and current harmonics are 
lower when connecting the ultracapacitor. These results 
prove the feasibility of ultracapacitors when employed 
with DVR for FRT in systems with ASDs.  
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