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Abstract:-The Static Synchronous Compensator (STATCOM) is
increasingly popular in power quality application. The Voltage
Source Inverter (VSI) based STATCOM is used for eliminating
current harmonics and compensating reactive power. This VSI
draw or supply a compensating current from the utility such
that it cancels current harmonics on the AC side. STATCOM
generates a current wave such that it compensate by cancelling
out the non-linear current waveform generateted by load. In
this paper hysteresis controller based STATCOM is proposed.
The STATCOM modeled using Simulink of MATLAB. Simula-
tion result of 6 pulse VSI based STATCOM validate current
control strategy to prevent harmonics current and compensate
reactive power.

Index Terms:- Power Quality, Harmonics, Voltage Source In-
verter.

[. INTRODUCTION

Power electronic based power processing offers higher
efficiency, compact size and better controllability. But on
the flip side, due to switching actions, these systems behave
as non-linear loads. This create power quality problems
such as voltages Sag/Swell, flickers, harmonics, asymmetric
of voltage have become increasingly serious [1]. At the same
time, modern industrial equipments are more sensitive to
these power quality problems than before and need higher
quality of electrical power.

Until now, to filter these harmonics and to compensate
reactive power at factory level, only capacitor and passive
filters were used. More, new PWM based converters for mo-
tor control are able to provide almost unity power factor
operations. This situation leads to two observations: on one
hand, there is electronic equipment which generates harmon-
ics and, on the other hand, there is unity power factor motor
drive system which doesn't need power factor correction
capacitor. Also, we cannot depend on this capacitor to filter
out those harmonics. This is one of the reasons that the re-
search is being done in the area of Active Power Filter
(APF) and less pollutant drives. Loads, such as, diode bridge
rectifier or a thyristor bridge feeding a highly inductive load,
presenting themselves as current source at point of common
coupling (PCC), can be effectively compensated by connect-
ing an APF in shunt with the load [2-4].
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The shunt APF acts as a current source and inject a com-
pensating harmonic current in order to have sinusoidal, in-
phase input current. The developments in the digital elec-
tronics, communications and in process control system have
increased the number of sensitive loads. In order to meet
limits proposed by standards it is necessary to include some
sort of compensation. In the last few years, solutions based
on shunt Active filter have appeared [2]. Its main purpose is
to compensate for load current imperfections, such as har-
monics, reactive currents [2-3], and current unbalance. The
control technique presented here is very simple.

The system configuration under consideration is discussed
in section II. The proposed control technique based on unit vec-
tor template generation is explained in section III. A SIMPO-
WERSYSTEM (SPS) Matlab/Simulink model based on pro-
posed control strategy is given in the section IV. The simulation
results are discussed in section V and final section VI concludes
the paper.

II. SYSTEM DESCRIPTION

Fig. 1 shows the basic compensation principle of shunt ac-
tive power filter. A voltage source inverter (VSI) is used as the
shunt active power filter [3]. This is controlled to generates a
current wave such that it compensate by cancelling out the non-
linear current waveform generateted by load i.e. this active
power filter (APF) generates the nonlinearities opposite to the
load nonlinearities. Fig. 2 shows the different waveforms i.e.
the load current, desired source current and the compensating
current injected by the shunt active power filter which contains
all the harmonics, to make the source current purely sinusoidal.
This is the basic principle of shunt active power filter to elimi-
nate the current harmonics and to compensate the reactive pow-
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Fig. 1. Basic Compensation Technique

Fig. 2. Waveforms for the actual load current, desired source current and the
compensating current



Total instantaneous power drawn by the nonlinear load can

be represented as:- P ()=P,(t)+ F.(t)+ B,(?) -(01)
where f r, h stands for fundamental, reactive, and harmonic
contents.

Real power supplied by the source
Reactive power supplied by the source
Real power drawn by the load
Reactive power drawn by the load
Real power supplied by the APF

P, =P ...(02)

0,=0 ...(03)
P, =P+ Py .....(04)
0, =0+ 0 .....(05)
P. =Py~ P .....(06)

Reactive power supplied by APF 0.=0,+ 0, ....(07)
Where P, is the loss component of the APF
From the single line diagram

(=i, (t)+i(?) ...(08)
The utility voltage is given by

v.()=V  sinax (119

The load current will have a fundamental component
and the harmonic components which can be represented as

iL(t)ziIn sin(nwt +¢@,) ......(10)
n=1

=1, sin(now+ ¢1)+iln sin(nat+¢,) -.-.(11)
n=2

Instantaneous load power pi(t) can be expressed as

p(D)=v, ()i, (7)
=V sinaxl sin(nw+ @)+

c(12)

V. sin a)z‘z I sin(nawx+¢@,)

n=2
=V, sinwt (I, sinwrcos@ +1 cosarsing ) +
V,sinery_ I, sin(nat+¢,)
n=2

=V I sin” wtcos@ +V, I, sin @t cos wtsin ¢ +

V sin a)tz I sin(nwt+¢@,)
n=2

...... (13)
=p,O+pO+p,) (14)
-p,O+p.© (15)

Where, the term p ; (¢) is the real power (fundamental),
the term p (¢) represents the reactive power and the term

D, (t) represents the harmonic power drawn by the load. For

ideal compensation only the real power (fundamental)
should by supplied by the source while all other power com-
ponents (reactive and the harmonic) should by the active

power filtersi.e. p_(f)=p. (t)+ p,(t) be supplied

P.(t)=V I sin’ wtcosg, ... (16)
=v@®i© 17
=/ cos¢gsinax .. (18)

ie. I (t)=p.(0)/v,(2)
=1, sinot
Where, [, =1, cos @,

Since, there are some switching losses in the inverter.
Therefore, the utility must supply a small overhead for capa-
citor leaking and inverter switching losses in addition to the
real power of load. Hence, total peak current supplied by the
source

Imax :Ism +1SL

If active power filter provide the total reactive and har-

monic power, then i (#) will be in phase with the utility and

pure sinusoidal. At this time, the active filter must provide
the following compensation current:

Hence, the accurate value of the instantaneous current
supplied by the source, / (#) =/, sinar

max

can be es-

The peak value of the reference current [
timated by controlling the DC link voltage. The ideal com-
pensation requires the mains current to be sinusoidal and in
phase with the source voltage irrespective of load current
nature. Hence, the desired source currents after compensa-

tion can be given as

I, =1, sinex .. #2))
I, =1,sn(@-27/3) ... (22)
I, =1,sn(a-47/3) ... (23)

Where, [ (=1,+1,) is the amplitude of the desired

source currents. So, these currents are taken as the reference
currents for the shunt APF.

III. DESIGN OF STATCOM

STATCOM is operated in hysteresis control mode to re-
gulate the load reactive power and eliminate harmonics from
the supply currents. Mainly design include capacitor, Hyste-
resis controller based PI controller, unit vector template [4-
6] .

A. Design of Capacitor
The reference value of the capacitor voltage . is se-

lected mainly on the basis of reactive power compensation
capability. For satisfactory operation the magnitude of 1/, .

should be higher than the magnitude of the source voltage
V.. By suitable operation of switches a voltage /. having

fundamental component J/ is generated at the ac side of the

inverter. This results in flow of fundamental frequency com-



ponent [ , as shown in Fig. 2. The phasor diagram for

5172

V., >V, representing the reactive power flow is also shown

in this figure. In this 7 represent fundamental component.
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Fig. 3. Single line and vector diagrams for STATCOM

B. Design of PI controller

The controller used is the discrete PI controller that
takes in the reference voltage and the actual voltage and
gives the maximum value of the reference current depending
on the error in the reference and the actual values [6]. The
mathematical equations for the discrete PI controller are:

The voltage error V' (n) is given as:

V(n)=V*m)-V(n) e (28)

The output of the PI controller at the nth instant is given
as:

I(m)=I(n-D)+K ,[V(n)=V(n-D]+KV(n)--..(29)
When the DC link voltage is sensed and compared with the
reference capacitor voltage, to estimate the reference current,
the compensated source current will also have sixth har-
monic distortion for three-phase system and second harmon-
ics distortion for single phase system.

A low pass filter is generally used to filter these ripples
which introduce a finite delay and affect the transient re-
sponse. To avoid the use of this low pass filter the capacitor
voltage is sampled at the zero crossing of the source voltag-
es.
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Fig. 4. Closed loop Schematic block diagram of STATCOM

C. Hysteresis Controller
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Fig. 5. Basic principal of hysteresis controller

With the hysteresis control, limit bands are set on either
side of a signal representing the desired output waveform
[6]. The inverter switches are operated as the generated sig-
nals within limits. The control circuit generates the sine ref-
erence signal wave of desired magnitude and frequency, and
it is compared with the actual signal. As the signal exceeds a
prescribed hysteresis band, the upper switch in the half-
bridge is turned OFF and the lower switch is turned ON. As
the signal crosses the lower limit, the lower switch is turned
OFF and the upper switch is turned ON. The actual signal
wave is thus forced to track the sine reference wave within
the hysteresis band limits.

D. Pulse Generation Technique

Pulse generation is main and important part of this
technique. Here we have used hysteresis technique for
switching technique.
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Fig. 6. Pulse generation diagram



E. Extraction of Unit Vector Template

The schematic diagram of unit vector template generation [7]
is shown in Fig. 7
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Fig. 7. Extraction of unit vector template
The input source voltage at PCC is sensed and rms value
of the voltage is measured. This rms value is multiplied by
square root of two. This peak voltage id divided by input
supply voltage. Which will give us the unit vector template
of the three phase.

IV. OPERATION OF SIMULATION MODEL

The operation of the simulation model shown in Fig. 8.
First the capacitor voltage is sensed which is compared with
the reference voltage and the error signal is given to the PI
controller for processing to obtain the maximum value (7, )

of the reference current [8-9]. This signal is now delayed by
120° for getting the reference current for phase b, which is
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further delayed by 120° to get the reference current for the
phase c. these reference currents are now compared with the
actual source currents and the error is processed in the hyste-
resis controller to generate the firing pulses for the switches
of the inverter.

V. SIMULATION RESULTS

Fig. 9 shows the supply voltage, supply current and in-
jected current wave forms of the line current before the
shunt current and after the shunt current injection. The over-
all simulation run time is 0.2 sec. the control strategy is
started after 0.1 sec. After 0.1 sec the PI controller acted to
settle the reference DC link voltage and current from the
shunt converter injected to make the supply current sinu-
soidal. It is observed that after the control strategy started the
wave shape of the line current at the input side is improved
in term of the harmonic distortion. It is also observed that
the supply voltage does not affected. Fig. 10 shows the Load
voltage and current remain unaffected throughout the opera-
tion.

Fig. 11 shows the current on the main line side before
injection and frequency contain in it. Fast Fourier Transfor-
mation (FFT) analysis of the same current is carried out and
the Total Harmonic Distortion (THD) in this case is 25.59%.
Fig. 12 shows the current on the main line side after injec-
tion and frequency contain in it. FFT analysis of the same
current is carried out the THD in this case is 3.93%.
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Fig. 8. Overall Control circuit of STATCOM based on MATLAB Simulink
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Fig. 12. FFT Analysis of supply current after using STATCOM

VI. CONCLUSION

A very simple hysteresis current controller based control

technique with help of unit vector template is proposed for
STATCOM. A MATLAB/Simulink based model has been

simulated. Simulation result shows the

input current

harmonics produced by nonlinear load is reduced after using
the control strategy. FFT analysis shows the reduction in
THD is remarkable.
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