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Abstract

Power quality is one of major concerns
in the present. It has become important,
especially with the introduction of sophisticated
devices, whose performance is very sensitive to
the quality of power supply. The dynamic voltage
restorer (DVR) is one of the modern devices used
in distribution systems to improve the power
quality. In this paper, emergency control in
distribution systems is discussed by using the
proposed multifunctional DVR control strategy.
Also, themultiloop controller using the Posicast
and P+Resonant controllers is proposed in order
to improve the transient response and eliminate
the steady state error in DVR
response,respectively. The proposed process is
applied to some riots in load voltage effected by
induction motors starting, and a three-phase
short circuit fault. The three-phase short circuits,
and the large induction motors are suddenly
started then voltage sags areoccurred.The
innovation here is that by using the
Multifunctional Dynamic Voltage Restorer,
improve the power quality in distribution side.
Simulation results show the capability of the
DVR to control the emergency conditions of the
distribution systems by using
MATLAB/Simulink software.

Index Terms—Dynamic voltage restorer (DVR),
Power quality problems, posicast controller,
P+resonant controller.

l. INTRODUCTION

Modern power systems are complex
networks, where hundreds of generating stations and
thousands of load centers are interconnected through
long power transmission and distribution networks.
The main concern of customer is the quality and
reliability of power supply at various load centers.
Even though power generation is most well
developed countries is fairly reliable, the quality of
supply is not. In power system especially the
distribution system have numerous nonlinear loads,
which are significantly affecting the quality of
power supply. As a result, the purity of waveform of
supply lost. This ends up producing many power
quality problems [1].

Voltage sag and voltage swell are two of the most
important power-quality (PQ) problems that
encompass almost 80% of the distribution system
PQ problems.Short circuits, starting large motors,
sudden changes of load, and energizations of
transformers are the main causes of voltage sags.
Voltage sag is defined as a sudden reduction in
supply voltage to between 90% and 10% of the
nominal value, followed by a recovery after a short
interval. Voltage swell is defined as sudden
increases in supply between 110% and 180% of the
nominal value of the duration of 10 milli seconds to
1 minute. Switching off a large inductive load or
energizing a large capacitor bank is a typical system
even that causes swells to compensate the sag/swell
in a system; appropriate devices need to be installed
at suitable location [2] [3].

In this paper, a Multifunctional Dynamic
voltage Restorer protects the distribution side
voltage using Posicast and P+Resonant controllers
when the source of disturbance is the parallel
feeders.Posicast and P+ResonantControllers can be
used to improve the transient responseand eliminate
the steady-state error in DVR. The Posicast
controller is a kind of step function with two parts
and is used to improve the damping of the transient
oscillations initiated at the start instant from the
voltage sag. The P+Resonant controller consists of a
proportional function plus a resonant function and it
eliminates the steady-state voltage tracking error [4].

The remainder of this paper is organized as
follows: The basic arrangements of DVR and its
equations are provided in section Il. The operation
of DVR using Posicast and P+Resonant controllers
has been presented in section Ill.Finally, the
simulation results are provided in section IV.

1. BASIC ARRANGEMENT AND

EQUATIONS RELATED TO DVR
A. DVR Arrangement

The basic arrangement of a DVR is shown
in fig.1. It is divided in to six categories: (i) Energy
Storage Unit: It is responsible for energy storage in
DC form. It is supplies the real power requirements
of the system when DVR is used for compensation.
(if) Capacitor: DVR has a large DC capacitor to
ensure stiff DC voltage input to inverter. (iii)
Inverter: An Inverter system is used to convert dc
storage into ac form.(iv)Filter circuit: Before
injecting the inverter output to the system, it must be
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filtered so that harmonics due to switching function
in the inverter are eliminated. (v)Voltage injection
transformers: it is used for voltage injection
purpose.(vi) By pass switch: it is used to protect the
inverter from high currents in the presence of faulty
conditions. [5].
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Fig.1.Basic structure of DVR

B. Equations related to DVR

Fig 2.shows the equivalent circuit diagram
of DVR. The system impedance Zth depends on the
fault level of the load bus .when the system voltage
(Vth) drops, the DVR injects a series voltage Vdvr
through the injection transformer so that the desired
load voltage magnitude ¥V, can be maintained. The
series injected voltage of the DVR can be written as

VDVR . VLoad + ZLine ILoad 7 VSource (1)
Where
Viead = Load side voltage
Zijne = Line impedance

I oaq = Load current
Vsource = System voltage during fault condition.
The load current I, is given by,

= @

When V,,q IS considered as a reference as a
equation can be rewritten as

VDVR a = VLoad 0+ ZLine (B - 9) - VSource 6

a, B, 6are angles ofVpyr Ziine » Vsource FESPECtively
and 6is power angle.

f=tan™! % (3)

1
The complex power injection of the DVR can be
written as,

der = Vdvr IL (4)

It requires the injection of only reactive
power and the DVR itself is capable of generating
the reactive power [6].

. OPERATION OF DVR USING
POSICAST AND P+RESONANT
CONTROLLERS
The DVR system shown in Fig. 1, controls

the load voltage by injecting an appropriate voltage
phasor(Vpyr) in series with the system using the
injection series transformer. In most of the
sagcompensation techniques, it is necessary that
during compensation, the DVR injects some active
power to the system. Therefore, the capacity of the
storage unit can be a limiting factor in
compensation, especially during long-term voltage
sags.

The phasor diagram in Fig.3 shows the
electrical conditions during voltage sag. Voltages
Vi, V,and Vg, are the source-side voltage, the load
side voltage, and the DVR injected voltage,
respectively. Also, the operators I,¢, anddare the
load current, the load power factor angle, the source
phase voltage angle, and the voltage phase advance
angle, respectively.
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Fig 2.Equivalent circuit diagram of DVR
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Fig. 3.Phasor diagram of the electrical conditions
during a voltage sag.
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The Posicast controller is used in order to
improve the transient response. Fig. 4(a) shows a
typical control block diagram of the DVR. Note that
because in real situations, we are dealing with
multiple feeders connected to a common bus,
namely “the Point of Common Coupling (PCC)”. As
shown in the figure, in the open-loop control, the
voltage on the source side of the DVR is compared
with a load-side reference voltage so that the
necessary injection voltage is derived. A simple
method to continue is to feed the error signal into
the PWM inverter of the DVR. But the problem
with this is that the transient oscillations initiated at
the start instant from the voltage sag could not be
damped sufficiently. To improve the damping, as
shown in Fig. 8, the Posicast controller can be used
just before transferring the signal to the PWM
inverter of the DVR. The transfer function of the
controller can be described as follows:

T
14G(S) =1+-=(e5% —1) (5)

Where & and T,; are the step response
overshoot and the period of damped response signal,
respectively. It should be noted that the Posicast
controller has limited high-frequency gain; hence,
low sensitivity to noise [4].Posicast can be easily
constructed in MATLAB’s SIMULINK
environment by using the transport delay block. A
sample diagram is shown in Fig. 4(b) [4].
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Fig. 4. Block diagrams for Posicast controller.

The Posicast controller works by pole
elimination and proper regulation of its parameters
is necessary. For this reason, it is sensitive to
inaccurate information of the system damping
resonance frequency. To decrease this sensitivity, as
is shown in Fig. 9, the open-loop controller can be

converted to a closed loop controller by adding a
multi loop feedback path parallel to the existing feed
forward path. Inclusion of a feed forward and a
feedback path is commonly referred to as two-
degrees-of freedom (2-DOF) control in the
literature. As the name implies, 2-DOF control
provides a DOF for ensuring fast dynamic tracking
through the feed forward path and a second degree
of freedom for the independent tuning of the system
disturbance compensation through the feedback
path. The feedback path consists of an outer voltage
loop and a fast inner current loop. To eliminate the
steady-state voltage tracking error, a
computationally  less intensive  P+Resonant
compensator is added to the outer voltage loop [7].
The ideal P+Resonant compensator can be
mathematically expressed as

GR(S) = Kp # Syt 6)

S2+wi+2w ey S
Where w,.,; is the compensator cutoff frequency.

Fig.5. shows the Multiloop control using the
PosicastandP+Resonant controllers.
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Fig.5. Multiloop control using the Posicast and
P+Resonant controllers.

V. SIMULATION RESULTS

In this part, the proposed DVR topology
and control algorithm will be used for emergency
control during the voltage sag. The three-phase short
circuit and the start of a three-phase large induction
motor will be considered as the cause of distortion
in the simulations.

A. Under Study Test System

In this paper, the IEEE standard 13-bus
balanced industrial system will be used as the test
system. The one-line diagram of this system is
shown in Fig. 6.The test system is modeled in
MATLAB SIMULINK software. Control method of
Fig.5 was applied to control the DVR, and the
voltage, current, flux, and charge errors were
included as the figures show. A 12-pulse inverter
was used so that each phase could be controlled
separately. Detailed specifications of the DVR
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components are provided in the Appendix. The plant
is fed from a utility supply at 69 kV and the Local
plant distribution system operates at 13.8 kV.

The local (in-plant) generator s
represented as a simple Thevenin equivalent. The
internal voltage, determined from the converged
power-flow solution, is 13.8L_-1.520 kV. The
equivalent impedance is the sub transient impedance
which is0.036+jL1.3651 Q. The plant power factor
correction capacitors are rated at 6000 kvar. As is
typically done, leakage and sequences resistance of
the bank are neglected in this study. The detailed
description of the system can be found in . In the
simulations, the DVR is placed between buses “5”
and “6.”

source-| source-2
Bus.1 Bus-Z
1.1
%BM Bus4
Load Fr
Ll b
VR -,I—

——BusS _T Bus-11

o T TF1
s&? %;F:s Bus40 —— Bus-12$ %Bum
U

Load4 Load$ Load6

Load2 Load3
Fig. 6. Under Study test system.

B. Three-Phase Short Circuit

In this part, the three-phase short circuit is
applied on“bus- 9,” and the capability of the DVR in
protecting the wvoltage on “bus- 67 will be
studied.Singleline diagram is shown in fig. 7. The
DVR parameters and the control system
specifications are provided in Appendices A and B.
At t=205 ms, the fault is applied at t= 285 ms, and
the breaker works and separates the line between
buses “5” and “9” from the system. At t= 305 ms,
the fault will be recovered and, finally, at t=310 ms,
the separated line will be rejoined to the system by
the breaker. The simulation results are shown in Fig.
8. As can be seen in the figure, the rms voltage of
PCC drops to about 0.25 p.u. during the fault. It is
obvious that this remaining voltage is due to the
impedances in the system. The DVR will start the
compensation just after the detection of sag. As can
be seen in the enlarged figure, the DVR has restored
the voltage to normal form with attenuation of the
oscillations at the start of the compensation in less
than half a cycle. It is worth noting that the amount

and shape of the oscillations depends also on the
time of applying the fault. As can be seen in the
enlarged figure, the voltage value of phase B is
nearly zero; this phase has minimum oscillation
when the fault starts.
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Fig.7.Single-line simulation diagram, when the 3-
phase short circuit occurred in Bus-9

C. Starting the Induction Motor

A large induction motor is started on bus
“5.”The motor specifications are provided in
Appendix C. The large motor starting current will
cause the PCC voltage (bus “5” voltage) to drop.
Simulation one line diagram is shown in fig. 9. The
simulation results in the case of using the DVR are
shown in Fig. 10. In this simulation, the motor is
started at t= 405 ms. As can be seen in Fig. 10, at
this time, the PCC rms voltage drops to about 0.8
p.u. The motor speed reaches the nominal value in
about 1 s. During this period, the PCC bus is under
voltage sag. From 1.4 s, as the speed approaches
nominal, the voltage also approaches the normal
condition. However, during all of these events, the
DVR keeps the load bus voltage (bus “6” voltage) at
the normal condition. Also, as can be seen in the
enlarged version of Fig. 10, the DVR has succeeded
in restoring the load voltage in half a cycle from the
instant of the motor starting.
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V. CONCLUSION

In this paper, dynamic voltage restorer is
used for protect the load side voltage against sudden
changes in voltage amplitude. Also, improving the
transient response of DVR responce and eliminating
the steady-state error, the Posicast and P+Resonant
controllers are used. The simulation results verify
the effectiveness and capability of the proposed
DVR in compensating for the voltage sags caused
by short circuits and the large induction motor
starting.

APPENDIX

DVR Parameters:

Filter inductance (Lf) =1mH

Filter capacitance (Cf) =700uF

Inverter modulation ratio=21 mF

Kind of DVR inverter: 12 Pulse

DC-link capacitance: 26 mF

Entered resistance for current limiting: 3 ohms
Entered inductance for current limiting: 2 mH
Supply battery: 12 kV.

Control System Parameters:
5=1

Td=41.56

Kp=1

Ki=100

WO0=314rad/s

Wecut=1.0 rad

Induction Motor Parameters:
Rated power: 2.4 MVA

Rated voltage: 13.8 kV

Moment of inertia: 3.7267 sec
Number of rotor squirrel cages: 1
Base frequency: 50 Hz

Stator resistance: 0.0034 p.u.
Rotor resistance: 0.298 p.u
Stator inductance: 0.0102 p.u.
Rotor inductance: 0.05 p.u
Magnetizing inductance: 0.9 p.u.
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