http://ansinet.com/itj ISSN 1812-5638

INFORMATION
TECHNOLOGY JOURNAL

ANSIlzet

Asian Network for Scientific Information
308 Lasani Town, Sargodha Road, Faisalabad - Pakistan




Information Technology Jownal 7 (8): 1141-1148, 2008
ISSN 1812-5638
© 2008 Asian Network for Scientific Information

Distribution Static Compensator Used as Custom Power Equipment
and its Simulation Using PSCAD

17, A. Zakaria, 'B.C. Chen, "M.O. Hassan and 'J.X. Yuan
'School of Electrical Engineering, Wuhan University, Wuhan 430072, China
*School of Electrical Engineering, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: This study addresses the transient studies of electrical networks with embedded, distribution static
compensator (DSTATCOM) as example of Custom Power (CP) controllers. The transient analysis and modeling
18 performed with the state-of-the-art digital Simulator PSCAD/EMTDC. 4.2, Simulations were carried out for both
cases where, DSTATCOM was connected into the system and not, with simulation interval 0.8-1 sec. The aim
of the DSTATCOM here to provide voltage regulation at the load point and mitigate the voltage sag generated

when the load is increased.
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INTRODUCTION

An increasing demand for high quality, reliable
electrical power and an mcreasing number of distorting
loads have led an increased awareness of power quality
both by customers and utilities. For power-quality
unprovement, the development of power electronic
devices such as Flexible AC Transmission System
(FACTS) and custom power devices have introduced an
emerging branch of technology providing the power
system  with versatile new control capabilities
(Enshin, 1998; Smgh et al., 1999). One of the most common
power quality problems today is voltage dips which, faced
by many industries and utilities. It contributes more than
80% of Power Quality (PQ) problems that exist in power
systems (Roger et al., 1996). A voltage dip 1s a short time
(10 msec to 1 min) event during which a reduction in rms
voltage magnitude occurs. Faults due to lightning, is one
of the most common causes to voltage dips on overhead
lines. Among these, the distribution static compensator 1s
most effective devices, based on the V3C principle. A new
PWM-based control scheme has been implemented to
control the electronme valves i the two-level VSC used in
the D-STATCOM.

Custom power is a concept based on the application
of power electronic controllers in distribution systems to
supply reliable power (Acha et al., 2002; Hingoram, 1995,
Taylor et al., 1995, Woodley et al., 1995). Reliability 1s
expanded to include power quality goals: no power
interruptions, tight voltage regulation, low harmonic

distortion and low phase unbalance (Sabin and
Sundaram, 1996). The family of custom power controllers
originally included three basic devices (Hmgorani, 1995;
Taylor et al, 1995): the Solid-State Breaker (S3B), the
Static Compensator (DSTATCOM) and the Dynamic
Voltage Restorer (DVR). A distribution static compensator
15 a fast response, solid-state power controller that
provides flexible voltage control at the pomt of
connection to the utility distribution feeder for Power
Quality (PQ) improvements. Tt can exchange both active
and reactive power with the distribution system by
varying the amplitude and phase angle of the converter
voltage with respect to the line terminal voltage. A
DSTATCOM 1s also an efficient means for flicker
mitigation (Clouston and Gurney, 1999, Larsson and
Poumarede, 1999). The mterfacing of embedded DC
generators, such as fuel cells, with the AC distribution
system would require a thyristor-based converter or a
VSC (Acha et al., 2002). The VSC comnected in shumt with
the AC system provides a multifimetional topology which
can be used for up to three quite distinct purposes:

»  Voltage regulation and compensation of reactive
power

s Correction of power factor

+  Elimination of current harmonics

Here, such device is employed to provide continuous
voltage regulation using an indirectly controlled
converter. One of the advantages that this type of
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compensator has over conventional SVC’s is the
improved speed of response. Tt has been demonstrated
that response of a DSTATCOM can change from its full
mductive to its full capacitive rating within one cycle.
This unprecedented speed of response means that such
a device is ideally suited to application with a rapidly
varymg load (Chen and Oo1, 1999; Clouston and Gumey,
1999; Reed et al., 1999).

The DSTATCOM has plenty of applications in low
voltage distribution systems aimed to improve the quality
and reliability of the power supplied to the end-user. It
can be used to prevent non-linear loads from polluting the
rest of the distribution system. The rapid response of the
DSTATCOM makes it possible to provide continuous
and dynamic control of the power supply including
voltage and reactive power compensation, harmonic
mitigation and elimination of voltage sags and swells
(Acha et al., 2002).

OVERVIEW OF DSTATCOM

Structure of DSTATCOM: Briefly, DSTATCOM
structure 1s based on a simple two-level VSC which 1s
controlled using conventional simusoidal PWM. Filtering
equipment is not included in the design. But, there are
several factors that must be considered when designing
the DSTATCOM and associated control circuits. In
relation to the power circuit the following issues are of
major importance:

*  DC link capacitor size

*  Coupling transformer reactance and transformation
ratio

*  Output filters equipment

Modelling of DSTATCOM : It 1s assumed that the source
is a balance, sinusoidal three-phase voltage supply with
the frequency w. Since reactive power compensation is
desired, it 1s convenient for this analysis to take the angle
of the mput the reference angle. However the system 1s
designed based on following assumptions (Schauder and
Mehta, 1993):

*  The three AC mains voltages are balanced

¢ The three - phase load is balanced and linear
¢ The inverter switches are ideal

*  DC link output 1s ripple free

*  The filter components are reactive and linear

A DSTATCOM, which is schematically shown in
Fig. 1, consists of a two-level Voltage Source Converter
(VSC), a DC energy storage device, a coupling transformer
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Fig. 1. Schematic diagram of test circuit of DSTATCOM
to be built in PSCAD
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Fig. 2: Single-phase equivalent circuit of DSTATCOM

comnected m shunt to the distribution network through a
coupling transformer. The VSC converts the DC voltage
across the storage device into a set of three-phase AC
output voltages. These voltages are in phase and coupled
with the AC system through the reactance of the coupling
transformer. Suitable adjustment of the phase and
magnitude of the DSTATCOM output voltages allows
effective control of active and reactive power exchanges
between the DSTATCOM and the AC system. Such
configuration allows the device to absorb or generate
controllable active and reactive power. A single-phase
equivalent circuit of DSTATCOM 1s shown m Fig. 2.
Where, R, 13 included to represent small losses m the
switching devices of VSC. R, and L. represent the
equivalent circuit of the tie-transformer between system
voltages U, and the output voltage U, of DSTATCOM.

The U, U,. U, are defined as instantaneous values
of system phase voltage and can be given by:

U, = JJ.TUS sinw t
U,= Jstsin(w t—2m/3) (1)
Uu,.= Jstsin(w t+2m/3)

where, U, 1s rms value of system phase voltage. The
output voltages of DSTATCOM, u,, u, and u, can be
given by:
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Fig. 3: Vector diagram of D-STATCOM (a) Capacitive mode, (b) Inductive mode, (c) Active power release and (d) Active

power absorption

u, =373 [K,mU,, sin(e t + 5]
u, =+3/3 [K,mU, sin(e t + 8- 2/3)] 2
u, =3/3 [KymU  sin(m t + 3 + 2m/3)]

where, KT 1s tun’s ratio of the tie-transformer, m 1s the
amplitude modulation ratio of VSC output voltage; its
value depends on the type of VSC. Uy 1s the DC-link
capacitor’s voltage of VSC and is the phase angle
difference between voltage u, and u;.

Principle of DSTATCOM: DSTATCOM 1s to suppress
voltage variation and control reactive power in phase with
system voltage. Tt can compensate for inductive and
capacitive currents linearly and continuously. Figure 3
shows the vector diagram at the fundamental frequency
for capacitive and inductive modes and for the transition
states from capacitive to mnductive and vice versa. The
terminal voltage (V) is equal to the sum of the inverter
voltage (Vysc) and the voltage across the coupling
transformer reactance V in both capacitive and inductive
modes. I mean that if output voltage of DSTATCOM
(Vyze) 18 in phase with bus terminal voltage (Vy,,) and
Ve 18 greater than V,,,, DSTATCOM provides reactive
power to system. And if Vyg is smaller than V,,
DSTATCOM absorbs reactive power from power system.
Vi and Vyge have the same phase, but actually they have
a little phase difference to compensate the loss of
transformer winding and inverter switching, so absorbs
some real power from system.

Figure 3 is DSTATCOM vector diagrams, which
show inverter output voltage V,, system voltage Vi,

reactive voltage V; and line current I in correlation with
magnitude and phase &. Figure 3a and b explain how V,
and V; produce capacitive or inductive power by
controlling the magnitude of inverter output voltage V,in
phase with each other. Figwe 3¢ and d show
DSTATCOM produces or absorbs real power with VI and
V; having phasetd. The transition from inductive to
capacitive mode occurs by changing angle & from zero to
anegative value. The active power is transferred from the
AC terminal to the DC capacitor and causes the DC link
voltage to rise. The active and reactive power may be
expressed by the following equations:

P=(V,, Vyy /X )sind (3)
Q=V2 /X —(V, Vi X )cosd {4
SIMULATION OF DSTATCOM

The transient response of any natural system is the
way in which the response of the system behaves as a
fimction of tume. There are many types of analysis: Steady
state, quasi steady state, dynamic and transient. Here, we
used transient analysis, by using PSCAD which, is a
general purpose time domain simulation tool for examining
the transient behaviour of electrical networks. The
objectives of the simulation generally mclude:

s Predict the performance of a system
»  Identify potential problems
»  EBvaluate possible problem solutions
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The simulation is especially important for a concept
validation and design iteration during a new product
development. Here, the DSTATCOM 1s modelled using
the digital simulator PSCAD/EMTDC. Figure 1 shows the
schematic diagram of the test system used to carry out
the transient modelling and analysis of the DSTATCOM.
The test system comprises of a 0.4 kV three-phase
transmission system, represented by a Thevemn
equivalent feeding into the primary side of a two-winding
transformer. A varying load 1s connected into the 0.1 kV,
secondary side of the transformer. A two level V3C-based
DSTATCOM is connected to the 0.1 kV to provide
instantaneous voltage support at the load point. A 500 pF
capacitor on the DC side provides the DSTATCOM
energy storage capabilities. Breaker Brkl 1s used to
control the period of operation of the DSTATCOM and
Brk2 controls the connection of load 2 to the system. The
aim of the DSTATCOM is to provide voltage regulation
at the load point and mitigate the voltage sag generated
when the load is increased. The system is considered to
be operating under balanced conditions and both loads
are linear. The DSTATCOM structure 1s based on a simple
two-level VSC which is controlled using conventional
sinusoidal PWM. Filtering equipment is not included in
the design.

DSTATCOM controller umplemented n PSCAD/
EMTDC, which composed from two parts PWM
generators (Fig. 5) and DSTATCOM controller (Fig. 6).

The voltage error signal is obtained by comparing
the measured V,, voltage against a reference voltage,
Vi ref. The difference between these two signals is
processed by a PI controller mn order to obtain the phase
angle § required to drive the error to zero. The angle 9 is
used in the PWM generators as the phase angle of the
sinusoidal control signal.

Once the construction of the circuit schematic
diagram has been completed (Fig. 4-6 in one PSCAD
window), it is run using the module Run Time Executive.
Simulations were carried out for both cases, where,
DSTATCOM was connected into the system and not. In
the simulation mterval 0.8-1 sec the load is increased by
closing Brk 2. In this same interval Brk.1 is closed and the
DSTATCOM stars operating to mitigate the voltage sag
and restore the voltage back to reference value. Briefly the
following graphic (Fig. 7), explains when the simulations
were carried out for both cases, where, DSTATCOM
was comnected into the system and not with mnterval
0.8-1 sec.

The set of switches shown n Fig. 4 were used to
assist different loading scenarios being simulated with
ease. To show the effectiveness of thus controller in
providing continuous voltage regulation, simulations
were carried out with and with no D-STATCOM
comnected to the system.
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Fig. 4 DSTATCOM test system implement in PSCAD/EMTDC
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Fig. 7. The state of breakers when the simulations were carried out for both cases where, DSTATCOM was connected
into the system and not
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SIMULATION RESULTS

Case 1: Simulation results of voltage sag

The first simulation contains no DSTATCOM, in the
simulation period 0.8-1 sec; the load is increased by
closing switch 2 (Brk2). In this case, the voltage
drops by almost 19% with respect to reference value
The second simulation contains DSTATCOM, under
new operating condition (In the same interval Brk.1 is
closed) the DSTATCOM starts operating to mitigate
the voltage sag and restore the voltage back to
reference value, ie., 1 pu. Fig. 8 shows the voltage
V.. at the load point for both operating conditions

1.20+
1.004
0.80+
0.60+
0.40+
0.20+
Q.00 T

@®

V.. (pn)

Case 2: Simulation results of line voltage at the load
point

In the first simulation the DSTATCOM 1is
disconnected, during the interval 800-1000 m sec. the
result was obtained as Fig. 9a

The second simulation is carried out using the same
scenario as above but now with the DSTATCOM
in operation. The simulation clearly shows the
capability of the DSTATCOM to mitigate voltage
sags providing a continuously variable level of
shunt compensation. Figure 9 shows the line
voltage V, at the load point for both operating
conditions
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Fig. 8 Voltage V.., at the load point (a) without and (b) with DSTATCOM
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Fig. 9: Voltage V,, at the load pomt (a) without DSTATCOM and (b) with DSTATCOM
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Fig. 10: DC voltage when the DSTATCOM is in full

operation
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Fig. 11: The reactive power exchange between the AC
system and the compensator

When the DSTATCOM is in full operation, the DC
voltage increases to nearly 3 kV (Fig. 10). The reactive
power exchange between the AC system and the
compensator 18 shown in Fig. 11.

CONCLUSION AND RECOMMENDATIONS

The use of computer programs in the simulation of
Custom Power (CP) controllers (DSTATCOM), including
their controls, 13 extremely inportant for the development
and understanding of this power electronics based
technology. The results achieved through the digital
simulations clearly show the capability of the
DSTATCOM to mitigate voltage sags providing a
contimuously variable level of shunt compensation of
voltage sags and swells.

Hybrid system distribution static compensator
(DSTATCOM) with Magnetically Controllable Reactor
(MCR) will be required because the advantages of MCR
are: simple configuration, less harmonics, relative less
response time, larger regulating range, etc. Tt has not only
technical but also economic superiorities and can be
widely used to improved the voltage regulation and
reactive power compensating of power system, while the
distribution static compensator is a fast response, solid-
state power controller that provides flexible voltage
control at the pomt of connection to the utility

distribution feeder for Power Quality (PQ) improvements,
1.e., when the response 1s fast better use DSTACOM
otherwise use MCR.
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NOTATIONS

U, . System voltage

V:’E : D axis voltage command

[BH The output voltage of DSTATCOM

v, Q axis voltage command

U, Ug U, Instantaneous values of system phase
voltage

i:e . The DC voltage controller output current
command

K; . Turn's ratio of the tie-transformer

iy The reactive current command by reactive
power controller

U, : The de-link capacitor’s voltage of VSC

) . Firing angle

Vs : Bus terminal voltage

P . Active power

VI . Inverter output voltage

Q . Reactive power
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