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Abstract: Majority of the consumer loads are of non-linear in
nature and bring about deprived quality of power in distribution
system. FACTS based DSTATCOM is a compensating device
placed in shunt to power line to improve the power quality
eliminating the effect of harmonics in source components. The
paper presents multi-level DSTATCOM in distribution system to
enrich the quality of power. Five-level cascaded H-Bridge
structures DSTATCOM is employed to drive with compensating
signals for power quality improvement. Five-level DSTATCOM is
triggered from multi-carrier LSCPWM pattern. Reference signals
are generated from IRP based control theory. The proposed
system is capable to compensate for system unbalance, power
factor and harmonics in the system. Simulation work of the
proposed concept is carried out and the results are presented using
MATLAB/SIMULINK software.
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I. INTRODUCTION

There is huge dependency on electrical energy in this
matured technological world. Supplying qualified power to
the utility goods is as important and is a challenging to power
sector. Most of the industrial and commercial load
applications demand uninterrupted power supply with
superior quality. In this modern age with growing
industrialization, use of computers and electronic devices
became high in number making processes easy, efficient,
productive and safe. But the use of these power electronic
circuits or computers deteriorates the quality in power
deviating from the grid code [1-3]. Decrease in the quality of
power [4-6] to the load decreases the production rate and
efficiency.

Conventional passive filters as power quality conditioners
can improve the power quality but their size, source
impedance, resonance problem affect their usage and
performance. FACTS based compensators are alternatives to
conventional methods to condition the power. FACTS
controllers are many types out of which shunt compensators,
series compensators and series-shunt combinational devices
are used widely. DSTATCOM (static compensator in
distribution system) is an example of shunt compensation
methods.  Diagrammatic ~ Block  representation  of
DSTATCOM is illustrated in figure 1. Any load is said to be
non-linear in nature when its respective impedance varies
with respect to voltage. Variable impedance implies that the
pull-out current will not be a sinusoidal wave though the
source is of sinusoidal in nature. Power electronic controllers
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like custom power devices [7-10] are modern equipment to
improve the quality in power delivered to load. DSTATCOM
injects compensating signals to PCC to nullify harmonics.

The paper presents multi-level DSTATCOM in
distribution system to enrich the quality of power. Five-level
cascaded H-Bridge structures DSTATCOM is employed to
drive with compensating signals for power quality
improvement. Five-level DSTATCOM is triggered from
multi-carrier LSCPWM pattern. Reference signals are
generated from IRP based control theory. The proposed
system is capable to compensate for unbalance in the system,
power factor and harmonics in the distribution system.
Simulation work of the proposed concept is carried out and
the results are presented using MATLAB/SIMULINK
software.
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Figure 1: Diagrammatic Block representation of
DSTATCOM

Il. PROPOSED 5-LEVEL CHB-MLIBASED
DSTATCOM

Conventional square-wave inverter yields square wave
output which contains very large quantity of harmonics. This
insists for high sized filters to tune the output and bring to
form of sinusoidal form. Cost and size of filter increases
which becomes a major drawback while using conventional
square-wave inverters. Multi-level inverter draws attention
due to its meritorious characteristics giving out levelled
output. Levelled output requires less sized filters as compared
to conventional square-wave inverters. Cascaded H-Bridge
topology of multi-level inverters is one of the finest structure
requiring no clamping devices or elements. The structure of
Cascaded H-Bridge topology is simple in construction but
requires more number of DC sources to drive each individual
H-Bridge cell.
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Figure 2: Multi-Level DSTATCOM in power distribution
system
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Figure 3: 5-Level Cascaded H-Bridge structure

A five-level cascaded H-Bridge structure consists of two
H-Bridge cells cascaded with each individual H-Bridge cell
is driven by DC source. Multi-Level DSTATCOM in power
distribution system is shown in figure 2. Five-level cascaded
H-Bridge structure of multi-level inverters is shown in figure
3. The total DC link voltage is split across two H-Bridge cells
and by sequential triggering of power switches gives out
five-level output.

I1l. CONTROL STRATEGY
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Figure 4: Control algorithm for DSTATCOM
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Figure 5: LSCPWM pattern for pulse generation

DSTATCOM mainly eliminates the harmonics in source
currents. The reference currents to generate pulses to power
switches of DSTATCOM are produced from conventional
‘IRP’ theory. Line voltages and currents are sensed and
processed to calculate active and reactive power through
Clarke’s transformation procedure. Actual DC-Link voltage
is compared to reference value and the error is processed to Pl
controller to generate power loss component. Actual active
power measured before is now processed to summation block
where power loss component (from PI controller) and actual
active power are compared to generate one of the reference
current signals in two co-ordinate system. Inverse
transformation gives out the compensating reference signals.
The compensating reference signals are compared to line
currents from power system to yield source reference
currents. The obtained source reference currents are again
compared to actual source currents to give out PWM
reference signal. PWM reference signal when overlapped
with level shifted carrier (LSCPWM pattern) signals (as
shown in figure 5) produces pulses to power switches in VSI
of DSTATCOM. The complete schematic control algorithm
for DSTATCOM is shown in figure 4.
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Figure 6: Overall circuit representation of 5-level
DSTATCOM with control algorithm

The logic to create the gating signal for switches is that the
reference waveform for each phase is compared with these
carriers to determine how the phase leg should be switch.
Level shifted carrier PWM (LSCPWM) pattern to trigger
5-level DSTATCOM consists of reference signal overlapped
on four carrier signals. The four carrier signals has high
frequency and are level shifted. Triggering pulses are
generated at corresponding point of intersection of reference
and carrier signals as shown
in figure 5. Overall circuit of
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power distribution system controlled with IRP based control
algorithm is shown in figure 6.

IV. MATLAB/SIMULINK RESULTS
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0.3 sec to 0.4 sec and hence load current raises during that
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Flgure 7: Source Voltage
Figure 7 shows three-phase source voltage of distribution
system. Three phases of voltage signal are with constant peak
and sinusoidal in shape.
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Figure 8: Source current
Figure 8 shows the three-phase source currents of distribution
system with balanced non-linear load. The load is increased
at time instant 0.3 sec and restored to previous load at 0.4 sec.
The source current also increases to feed increased load from
0.3 go 0.4 seconds.
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Flgure 9: Load voltage
Figure 9 shows three-phase load voltage of system with
balanced non-linear load. Though, the non-linear load is
increased from 0.3 to 0.4 seconds, the load voltage remains
with constant peak.
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Figure 10: Load current
Figure 10 shows three-phase load currents in distribution
system with balanced non-linear load. Load increases from
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Figure 11: Source Active and reactive powers
Figure 11 shows the active and reactive power fed from
source. During load increased time, active power is also
increased to meet load demand. Reactive power almost
remains zero irrespective of th_e system conditions.

— Active Power
— Reactive Power

L 1 L 1 L
01 (5 03 [ [ [ 7 02
Time in Sec

Figure 12: Load active and reactive powers
Figure 12 shows the active and reactive power of load.
During load increased time, active power is also increased
according to load demand. Reactive power almost remains
zero irrespective of the system conditions apart from slight
fluctuations at load change time.
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Figure 13: Compensating currents from DSTATCOM
Figure 13 shows three-phase compensating currents fed from
DSTATCOM to PCC to minimize the effect of harmonics in
distribution system.
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Figure 14: source power factor
Figure 14 shows source power factor. The angle between
source voltage and source current is almost zero and cosine of
angle (power factor) in source tends to unity. Source current
is gained with value for better appearance.
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Figure 15: Load power factor
Figure 15 shows load power factor. The angle between load
voltage and load current is very large and cosine of angle
(power factor) in load tends decrease far below unity. Load
cur[ent is gained with value for better appearance.
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Figure 16: 5-level output of multi-level DSTATCOM

Figure 16 shows 5-level output of multi-level
DSTATCOM. Leveled output voltage of DSTATCOM in
three phases is shown.
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Figure 17: THD in source current
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Figure 18: THD in load current

Figure 17 shows THD FFT window of source current. Source

current is distorted by 3.45% and is par within nominal limit.

Load is of non-linear type and is distorted by 30.07% as

shown in figure 18.

B. Un Balanced Non-Linear Load
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Flgure 19: Source Voltage
Figure 19 shows three-phase source voltage of distribution
system. Three phases of voltage signal are with constant peak
and sinusoidal in shape.
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Figure 20: Source current
Figure 20 shows the three-phase source currents of
distribution system with un-balanced non-linear load. The
load is increased from 100A to 150A at time instant 0.2 sec
and restored to 100A load at 0.3 sec and from time instant 0.4
to 0.5 sec. The source current also increases to feed increased
Ioad from 0.2 to 0.3 seconds an.d 0.4 t0 0.5 sec.
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Flgure 21: Load voltage
Figure 21 shows three-phase load voltage of system with
un-balanced non-linear load. Though, the non-linear load is
increased from 0.3 to 0.4
seconds and 0.4 to 0.5 sec,
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the load voltage remains with constant peak.
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Figure 22: Load current
Figure 22 shows three-phase load currents in distribution
system with un-balanced non-linear load. Load increases
from 0.2 sec to 0.3 sec and also during 0.4 to 0.5 sec and
hence load current raises during that particular duration.
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Figure 23: Source Active and reactive powers
Figure 23 shows the active and reactive power fed from
source. During load increased time, active power is also
increased to meet load demand. Reactive power almost
remains zero irrespective of the system conditions.
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Figure 24: Load active and reactive powers
Figure 24 shows the active and reactive power of load.
During load increased time 0.2 to 0.3 sec and 0.4 to 0.5 sec,
active power is also increased according to load demand.
Reactive power almost remains constant irrespective of the
system conditions apart from slight fluctuations at load
change time.
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Figure 25: Compensating currents from DSTATCOM
Figure 25 shows three-phase compensating currents fed from
DSTATCOM to PCC to minimize the effect of harmonics in
distribution system.
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Figure 26: source power factor
Figure 26 shows source power factor. The angle between
source voltage and source current is almost zero and cosine of
angle (power factor) in source tends to unity. Source current
is gained with value for better appearance.
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Figure 27: Load power factor
Figure 27 shows load power factor. The angle between load
voltage and load current is very large and cosine of angle
(power factor) in load tends decrease far below unity. Load
current is gained with value for. better appearance.
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Figure 28: 5-level output of multi-level DSTATCOM
Figure 28 shows 5-level output of multi-level DSTATCOM.
Leveled output voltage of DSTATCOM in three phases is
shown.
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Figure 29: THD in source current
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Figure 30: THD in load current
Figure 29 shows THD FFT window of source current. Source
current is distorted by 3.22% and is par within nominal limit.
Load is of non-linear type and is distorted by 25.85% as
shown in figure 30. Table I illustrates the comparison of
harmonic distortion analysis in different loading conditions
of distribution system.

Table I: THD comparison

Balanced Un-balanced
THD Non-Linear ;
Non-Linear load
load

Source 3.45 % 3.22%
Current

Load 30.07 % 25.85 %
Current

In both the loading conditions of distribution system,
source current distortion is limited below 5% (hominal
value).

V. CONCLUSION

Presence of non-linear loads deteriorates power quality by
inducing harmonics in source components. FACTS based
DSTATCOM controller compensates for harmonics in
source currents making source current sinusoidal in shape.
Five-level cascaded H-Bridge structured DSTATCOM for
harmonic compensator in illustrated in the paper. IRP based
control algorithm generates reference currents while
multi-carrier LSCPWM drives 5-level DSTATCOM power
switches. Simulation results are shown for balanced and
unbalanced non-linear loading conditions in power
distribution system with 5-level DSTATCOM for power
quality enhancement.  Harmonic distortion analysis is
tabulated and depicts that source current is well within IEEE
standards and is analyzed for different load conditions.
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