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Abstract- This paper proposes an integrated DVR is used for power quality improvement fed
with Induction Motor Drive. The voltage disturbances predominately contain the voltage sags,
swells (power, speed, torque and possible stall) harmonics (losses and torque), unbalanced quite
short interruptions, transient over voltage and under voltage and flicker. The preliminary
operation of the DVR is to inject a voltage of the associated magnitude, phase positioning and
additional frequency in progression with the distribution feeder to monitor and stay in the desired
amplitude and waveform for load voltage even though the voltage is out of balance or distorted.
Introduction motors are widely used in industrial applications for their intrinsic ruggedness and
reduced cost. In the project DVR inject an appropriate voltage magnitude with an
appropriate phase angle dynamically. This project is extended with integrated DVR is fed with
Induction motor drive. The Induction motor stator current speed and torque responses are
studied.

Keywords: Dynamic Voltage Restorer, Induction motor drive, Power Quality Problems.

I. INTRODUCTION

Widespread use of electronics in everything
from home electronics to the control of
massive and costly industrial processes has
raised the awareness of power quality.
Power quality or more specifically a power
quality disturbance is generally defined as
any change in power (voltage, current or
frequency) that interferes with the normal
operation of electrical equipment. The study
of power quality and ways to control it is a
concern for electric utilities, large industrial
companies, businesses and even home users.
The study has intensified as equipment has
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become increasingly sensitive to even
minute changes in the power supply voltage,
current, and frequency[1].Power Quality
problems encompass a wide range of
disturbances such as voltage sags/swells,
flicker, harmonics distortion,
transient, and interruptions. These voltage

impulse

interruptions inauspiciously effect voltage
vulnerable load appliances in automatic
production lines, high precision processing,
buildings, rolling mills, textile mills. These
kinds of voltage and challenging experience
interferences resulting in substantial cost-
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effective and or data losses [2]. Voltage sags
are referred to as reducing of root mean
square voltage at power frequency for
durations from 0,5 cycles to 1 minute. It is
actually therefore possible for the sag of a
short-time moment to cause problems in
some sensitive equipment [3-5]. Voltage
sags may be caused by switching actions
associated with impermanent disconnection
of supply, the progression inrush current
associated with the commencing of
induction motor loads or steady stream of
fault currents due to short circuit faults
which includes single line to ground fault in
a power system (SLG). These kinds of
phenomena would probably originate from
the customers system or from a public
supply network [6]. Voltage swells are brief
magnifications in root mean square voltage
between 1,1 pu and 1,8 pu at the power
frequency amounts of time from 0,5 cycles
in 1 minute. A DVR is often familiar to
alleviating the impact of unusually high
voltage variations while making use of a
highly effective custom electric power
equipment that is to say dynamic voltage
restorer. It contains an electric power
storage device, filtration systems, voltage
source inverters and also injection
transformer. There are numerous categories
of regulating approaches being employed for
mitigation of abnormal voltages. Voltage
Restorer (DVR) is a modified power
apparatus that is utilized to enhance voltage
stability i.e. to minimize the power quality
problems in electrical power system
network. The important parts of the DVR
comprise of voltage source inverter (VSI),
booster transformers, filter and a dc
energy source. The principle of the DVR
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is utilized to inject the voltage in series
and in synchronism with the standard
voltages with a goal to compensate voltage
influences [7].Among the power quality
problems (sags, swells, harmonics...)
voltage sags are the most severe
disturbances[8-10]. In order to overcome
these problems the concept of custom power
devices is introduced recently. One of those
devices is the Dynamic Voltage Restorer
(DVR), which is the most efficient and
effective modern custom power device used
in power distribution networks. DVR is a
recently proposed series connected solid
state device that injects voltage into the
system in order to regulate the load side
voltage. It is normally installed in a
distribution system between the supply and
the critical load feeder at the point of
common coupling (PCC). Other than voltage
sags and swells compensation, DVR can
also added other features like: line voltage
harmonics compensation, reduction of
transients in voltage and fault current
limitations[11].Voltage sag is the most
serious power quality conundrums faced by
industrial customers. Voltage sag is familiar
causes for malfunctioning in production
plants[12]. Voltage sag 1is short term
shrinkage in voltage magnitude. According
to IEEE standard 1159 voltage sag is “a
decrease in RMS voltage between 10 to 90
% at a power frequency for durations from
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0.5 cycles to 1 minute” [13].
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Fig.1. Basic Components of a DVR.
During voltage sag, the DVR injects a
voltage to restore the load supply voltages.
The DVR needs a source for this energy.
Two types of system are considered; one
using stored energy to supply the delivered
power as shown in Figurel, and the other
having no internal energy storage. There are
a number of voltage swell/sag mitigating
schemes available but the use of custom
power service is deliberated to the most
productive scheme. This paper introduce
basic concept of DVR (Dynamic Voltage
Restore). DVR inject a compatible voltage
magnitude with a compatible phase angle
dynamically. Dynamic compensating signals
are determine based on the difference
between desired and actual values. Main
components of DVR are voltage source
converter, injecting transformer, passive
filter, and energy storage device. The
performance of DVR depends on the
efficiency control technique of switching of
voltage source inverter (VSI). In this paper
Hysteresis Voltage control based simple
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control method is used to compensate
voltage sag/swell.This paper introduces
Dynamic Voltage Restorer and its operating
principle. Then, an integrated DVR based
Induction motor is used to compensate
voltage  swells/sags. At the end,
MATLAB/SIMULINK model based
simulated results were extant to certify the
productiveness of the suggested control
method of DVR.

II. THREE-PHASE SERIES INVERTER
A. Power Stage

The one-line diagram of the system is shown
in Fig. 2. The power stage is a three-phase
voltage source inverter, which is connected
in series to the grid and is responsible for
compensating the voltage sags and swells;
the model of the series DVR and its
controller is shown in Fig. 3. The inverter
system consists of an insulated gate bipolar
transistor (IGBT) module, its gate-driver,
LC filter, and an isolation transformer. The
dc-link voltage Vdc is regulated at 260 V for
optimum performance of the converter and
the line—line voltage Vab is 208 V; based on
these, the modulation index m of the inverter

is given by
V2
m = —I’Iub{rmﬁ]

(1
Where n is the turn’s ratio of the isolation
transformer.

Substituting n as 2.5 in (1), the required
modulation index is calculated as 0.52.
Therefore, the output of the dc—dc converter
should be regulated at 260 V for providing
accurate  voltage compensation. The
objective of the integrated UCAPDVR
system with active power capability is to
compensate for temporary voltage sag (0.1—
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0.9 p.u.) and voltage swell (1.1-1.2 p.u.),
which last from 3 s to 1 min.

B. Controller Implementation

There are various methods to control the
series inverter to provide dynamic voltage
restoration and most of them rely on
injecting a voltage in quadrature with
advanced phase, so that reactive power is
restoration.

utilized in voltage

Phaseadvanced voltage restoration
techniques are complex in implementation,
but the primary reason for using these

techniques is
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Fig. 2. One-line diagram of DVR with

UCAP energy storage.
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Fig. 3. Model of three-phase series inverter
(DVR) and its controller with integrated
higher order controller.
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to minimize the active power support and
thereby the amount of energy storage
requirement at the dc-link in order to
minimize the cost of energy storage.
However, the cost of energy storage has
been declining and with the availability of
active power support at the dc-link,
complicated phase-advanced techniques
canbe avoided and voltages can be injected
in-phase with the system voltage during a
voltage sag or a swell event. The
controlmethod requires the use of a PLL to
find the rotating angle. As discussed
previously, the goal of this project is to use
the active power capability of the UCAP-
DVR system and compensate temporary
voltage sags and swells. The inverter
controller implementation is based on
injecting voltages in-phase with the supply-
side line—neutral voltages. This requires PLL
for estimating O, which has been
implemented using the fictitious power
method described. Based on the estimated 0
and the line—line source voltages, Vab, Vbc,
and Vca (which are available for this delta-
sourced system) are transformed into the d—
q domain and the line— neutral components
of the source voltage Vsa, Vsb, and Vsc,
which are not available, can then be
estimated using

(2)
Viefa (sinf — TE%}Q?)
I’E"cfb = m* (Sill ( _ QTT") _ 1::3557)
Ve (sin 6+ %) — 1t7)

3)
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Piny = 3Vinj2a(rms) [ L.a(rms) COS
Qinv = 3Vinj2a(rms) I La(rms) SIN @.

“4)
These voltages are normalized to unit sine
waves using line—neutral system voltage of
120 Vrms as reference and compared to unit
sine waves in-phase with actual system
voltages Vs from (3) to find the injected
voltage references Vref necessary to
maintain a constant voltage at the load
terminals, where m 1is 0.52 from (1).
Therefore, whenever there is a voltage sag
or swell on the source side, a corresponding
voltage Vinj2 is injected in-phase by the
DVR and UCAP system to negate the effect
and retain a constant voltage VL at the load
end. The actual active and reactive power
supplied by the series inverter can be
computed using (4) from the rms values of
the injected voltage Vinj2a and load current
ILa, and ¢ is the phase difference between
the two waveforms.
II1. UCAP AND BIDIRECTIONAL DC-

DC CONVERTER

A. UCAP Bank
The choice of the number of UCAPs
necessary for providing grid support
depends on the amount of support needed,
terminal voltage of the UCAP, dc-link
voltage, and distribution grid voltages. In
this paper, the experimental setup consists of
three 48 V, 165F UCAPs
(BMODO0165P048) manufactured by
Maxwell Technologies, which are connected
in series. Therefore, the terminal voltage of
the UCAP bank is 144 V and the dc-link
voltage is programmed to 260 V. This would
give the dc—dc converter a practical
operating duty ratio of 0.44-0.72 in the
boost mode while the UCAP is discharging
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and 0.27— 0.55 in the buck mode while the
UCAP is charging from the grid through the
dc-link and the dc—dc converter. It is
practical and cost-effective to use three
modules in the UCAP bank. Assuming that
the UCAP bank can be discharged to 50% of
its initial voltage (Vuc,ini) to final voltage
(Vuc,fin) from 144 to 72 V, which translates
to depth of discharge of 75%, the energy in
the UCAP bank available for discharge is
given by

1 (I‘ilc.mi2 = Vuc,ﬁuz) % :
Eucap=-#C * - W — min
VAP =5 60
Eucap = 1/2<165/3x (144* — 72%) /60
= 7128 W — min.

&)
B. Bidirectional DC-DC Converter and
Controller
A UCAP cannot be directly connected to the
dc-link of the inverter like a battery, as the
voltage profile of the UCAPvaries as it
discharges energy. Therefore, there is a need
to integrate the UCAP system through a
bidirectional dc—-dc  converter, which
maintains a stiff dc-link voltage, as the
UCAP voltage decreases while discharging
and increases while charging. The model of
the bidirectional dc—dc converter and its
controller are shown in Fig.4, where the
input consists of three UCAPs connected in
series and the output consists of a nominal
load of 213.5 Q to prevent operation at no-
load, and the output is connected to the dc-
link of the inverter. The amount of active
power support required by the grid during a
voltage sag event is dependent on the depth
and duration of the voltage sag, and the dc—
dc converter should be able to withstand this
power during the discharge mode. The dc—
dc converter should also be able
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Fig. 4. Model of the bidirectional dc—dc
converter and its controller.
to operate in bidirectional mode to be able to
charge or absorb additional power from the
grid during voltage swell event. In this
paper, the bidirectional dc—dc converter acts
as a boost converter while discharging
power from the UCAP and acts as a buck
converter while charging the UCAP from
the grid. A bidirectional dc—dc converter is
required as an interface between the UCAP
and the dc-link since the UCAP voltage
varies with the amount of energy discharged
while the dc-link voltage has to be stiff.
Therefore, the bidirectional dc—dc converter
is designed to operate in boost mode when
the UCAP bank voltage is between 72 and
144 V and the output voltage is regulated at
260 V. When the UCAP bank voltage is
below 72 V, the bidirectional dc—dc
converter is operated in buck mode and
draws energy from the grid to charge the
UCAPs and the output voltage is again
regulated at 260 V.Average current mode
control, which is widely explored in
literature, is used to regulate the output
voltage of the bidirectional dc—dc converter
in both buck and boost modes while

www.ijiemr.org

charging and discharging the UCAP bank.
This method tends to be more stable when
compared to other methods such as voltage
mode control and peak current mode
control. Average current mode controller is
shown in Fig. 4, where the dc-link and
actual output voltage Vout is compared with
the reference voltage Vref and the error is
passed through the voltage compensator
Cl1(s), which generates the average reference
current Iucref. When the inverter is
discharging power into the grid during
voltage sag event, the dc-link voltage Vout
tends to go below the reference Vref and the
error is positive; lucref is positive and the
dc—dc converter operates in boost mode.
When the inverter is absorbing power from
the grid during voltage swell event or
charging the UCAP, Vout tends to increase
above the reference Vref and the error is
negative; lucref is negative and the dc—dc
converter operates in buck mode. Therefore,
the sign of the error between Vout and Vref
determines the sign of Iucrefand thereby the
direction of operation of the bidirectional
dc—dcconverter. The reference current Iucref
is then compared to the actual UCAP current
(which is also the inductor current) Iuc and
the error is then passed through the current
compensator C2(s). The compensator
transfer functions, which provide a stable
response, are given by

23.81

S (6)

1000

Co [:‘:-) =3.10 4+
(7N
C. INDUCTION MOTOR DRIVE

The induction motor has advantage as
simple construction, reliability, raggedness
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and low cost has found very wide industrial
appellations. Furthermore, in contrast to the
commutation Dc motor, it can be used in
aggressive or volatile environments since
there are no problems with spark and
corrosion. These advantages, however, are
occupied by control problems when using
induction motor in speed regulated industrial
drives. These advantages, however, are
occupied by control problems when using
induction motor in speed regulated industrial
drives. Speed control (v/f control) of
induction motor requires two  stage
conversion (ac-dc and dc-ac), but most of
the classical inverters gives  poor
performance. Here a Reversing Voltage
topology in five level and seven level
inverter is implemented for induction motor
load which has superior characteristics over
traditional topologies in terms of required
components as switches, voltage balancing,
control requirements and reliability. Here
SPWM controller has less complexity.An
induction motor consists of many parts, the
stator and rotor being the basic subsystems
of the machine. An exploded view of a
squirrel-cage motor is shown .The motor
case (frame), ribbed outside for better
cooling, houses the stator core with a three
phase winding placed in slots on the
periphery of the core. Individual laminations
are covered on both sides with insulating
lacquer to reduce eddy-current losses. On
the front side, the stator Usually, the cover
has drip-proof air intakes to improve
cooling. The stator 1is the stationary
electrical part of the motor. The stator core
of a NEMA motor is made up of several
hundred thin laminations.
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IV.MATLAB/SIMULINK RESULTS
Casel: Voltage Sag
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Fig.7.Matlab/Simulink model of DVR with
Ultra capacitor energy storage.

Fig. 8. Source and load RMS voltages
Vsrms and VLrms during sag.
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Fig.10. Injected voltages Vinj2a , Vinj2b ,
and Vinj2c during sag.
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Fig.11. Load voltages VLab (blue), VLbc
(red), and VLca (green) during sag.

Fig. 13. (a) Currents and voltages of dc—dc
converter. (b) Active power of grid, load,
and inverter during voltage sag.

Case2: Voltage Swell

Fig.12. Vinj2a and Vsab waveforms during Fig. 14. Source and load rms voltages Vsrms
sag. and VLrms during swell.
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Fig.18. Vinj2a and Vsab waveforms during Fig. 19. (a) Currents and voltages of dc—dc
swell. converter during swell. (b) Active and
reactive power of grid, load, and inverter
during a voltage swell.
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problems. Simulation was carried out with
Induction motor drive based DVR with
MATLAB/SIMULINK software. Induction
motor performance is observed for stator
current, torque and speed.
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