International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 10, October - 2013

Perfor mance of Synchronous Reference Frame Controller (SRF) Based M ulti-
L evel Voltage Source Converter (VSI) for Harmonic Control

Gaddala Jaya Raju, Associate Professor, Tirumala Engineering College
Kesana Gopikrishna, Prakasam Engineering College, Kandukur
Sk.Jakeer, Assistant Professor, Tirumala Engineering College

Abstract— In this paper, a power line conditioner using a cascade multilevel inverter based on Synchronous Reference Frame
Controller (SRF) is presented for voltage regulation, reactive power (var) compensation, and harmonic filtering. The SRF based
compensation is developed by sensing load currents only, which require for harmonics and reactive power compensation due to
non-linear loads. . Using Reference Frame Transformation, the current is transformed from a — b — ¢ stationery frame to
rotating 0 — d — g frame. Using the PI controller, the current in the 0 — d — g frame is controlled to get the desired reference
signal. The cascaded multilevel voltage sourceinverter switching signals are generated from proposed triangular-carrier current
controller. It gives better dynamic perfor mance under both transient and steady state conditions. The proportional integral (Pl)
controller is used to maintain the capacitance voltage of the cascaded inverter ailmost constant. Shunt APF is usually connected
across the loads to compensate all current related problems, such as reactive power compensation, neutral current
compensation, dc link voltage regulation and load unbalance compensation. Synchronous reference frame based control method
for the Shunt Active Power line conditioner system is optimized without using voltage, load and filter current measurement, so
that number of the current measurements are reduced and the system performance is improved. From the simulation results it
is observed that the cascaded multilevel inverter based active power filter using the synchronous reference frame controller
effectively Compensates the current har monics and reactive volt amperes under both steady state and transient conditions. This
paper aims at the simulation study of three phase multilevel inverters. Therole of SRF control strategy in active power filter for
harmonic filtering is studied and smulated in MATLAB/SIMULINK. Firstly, the three phase systems with non-linear loads are
modeled and their characteristics are observed. Secondly, the active power filters are modeled with the inverters and suitable
switching control strategies (SRF technique) are employed to carry out har monic elimination.

Index Terms— Active Power Filter; cascaded multilevel Voltage Source Converter (VSC); harmonic elimination; matlab
simulink; non-linear loads; Synchronous Reference Frame Controller (SRF);
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1 INTRODUCTION
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OTH édlectrical utilities and end users of electrical power are be-

coming increasingly concerned about the quality of electrical pow-
er so the power utility has become one of the most prolific buzzword in
the power industry since the late 1980°s.The issue in electricity power
sector delivery is not confined to only energy efficiency and environ-
ment but more importantly on power quality and continuity of supply or
power quality and supply quality electrica power. Power quality is the
degree of any deviation from the nominal values of the voltage magni-
tude and frequency. Power quality may also be defined as the degree to
which both utilization and delivery of electric power affects the perfor-
mance of electrical equipment .From a customer perspective, a power
quality problem is defined as any power problem manifested in voltage,
current or frequency deviations that result in power failure or disopera-
tion of customer of equipment. With the advent of power semi-conductor
switching devices like thyristors, GTO’ (Gate turnoff thyristors), IGBT’s
(Insulated gate bipolar transistor) and many more devices, control of

electric power has become a reality. Such power electronic controllers
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are widely used to feed electric power to electrical loads such as adjusta-

ble speed drives(ASD’s),furnaces, computer power supplies,
HVDC(High voltage DC),systems. Due to inherent non linearity the
power electronic devices draw harmonic and reactive power from the
supply in three phase systems they could also unbalance and draw exces-
sive neutral currents the injected harmonics, reactive power burden,
unbalance and excessive neutral currents cause low system efficiency
and poor power factor. Isolated power systems are commonly found in
rural and remote areas of the world. Isolated power systems are charac-
terized by limiting generating capacity. The sensitive loads which are
present in the isolated power systems are much more affected by the
power quality problems. Power Electronics and Advanced Control tech-
nologies have made it possible to mitigate power quality problems and
maintain the operation of sensitive loads. Power quality problems en-
compass a wide range of disturbances such as voltage sags/swells, flick-
ers, harmonics distortion, impulse transient, and interruptions.
Non-linear loads result in harmonic or distortion
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current and create reactive power problems .Traditionally passive filters
have been used to compensate harmonics and reactive power; but pas-
sive filters are large in size, aging and tuning problems exist and can
resonate with the supply impedance. Recently active power line condi-
tioners (APLC) or active power filters (APF) are designed for compen-
sating the current-harmonics and reactive power simultaneously. In the
proposed system the compensation process is based on sensing load
currents only, which require current harmonics and reactive power elim-
ination due to the loads. The cascaded H-bridge active filter has been
applied for power quality applications due to increase the number of
voltage levels, low switching losses and higher order of harmonic elimi-
nation. The main objective of the proposed system is to suppress the
harmonics by using shunt active power filter designing based on SRF
controller in electrical power system with non linear loads in order to
improve the power quality in the distribution system. In this paper the
concept of design of SRF controller for shunt APLC system and the ba-
sics of power quality were discussed i.e. power quality standards, need
for improvement of power quality, sources of power quality problems
and simple prevention techniques. Simulink and Matlab provide an ideal
integrated environment for developing models, performing dynamic
system simulations, and designing and testing new ideas. The enhance-
ment of power quality in isolated power systemsis studied by using with
and without shunt compensators. The corresponding simulation results
are presented and compared.

2, IMPLEMENTATION OF ACTIVE FILTERS

The voltage source inverter used in the active filter
makes the harmonic control possible. This inverter uses dc capacitors as
the supply and can switch at a high frequency to generate a signa that
will cancel the harmonics from the nonlinear load.The active filter does
not need to provide any real power to cancel harmonic currents from the
load. The harmonic currents to be cancelled show up as reactive power.
Reduction in the harmonic voltage distortion occurs because the harmon-
ic currents flowing through the source impedance are reduced. There-
fore, the dc capacitors and the filter components must be rated based on
the reactive power associated with the harmonics to be cancelled and on
the actual current waveform (rms and peak current magnitude) that must
be generated to achieve the cancellation.

The current wave form for cancelling harmonics is
achieved with the voltage source inverter in the current controlled mode
and an interfacing filter. The filter provides smoothing and isolation for
high frequency components. The desired current waveform is obtained
by accurately controlling the switching of the insulated gate bipolar tran-
sistors (IGBT’s) in the inverter.
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Figl.Need for shunt Active Filter

Control of the current wave shape is limited by the
switching frequency of the inverter and by the available driving voltage
across the interfacing inductance .A large inductor is better for isolation
from the power system and protection from transient disturbances. How-
ever, the larger inductor limits the ability of the active filter to cancel
higher order harmonics. The inverter in the Shunt Active Power filter isa
bilateral converter and it is controlled in the current Regulated mode i.e.
the switching of the inverter is done in such away that it delivers a cur-

rent which is equal to the set value of current in the current control loop.
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Fig 2 Shunt Active Power Filter
The basic principle of Shunt Active Filter is that it

generates a current equal and opposite to the harmonic current drawn by
the load and injects it to the point of coupling there by forcing the source
current to be pure sinusoidal. This type of Shunt Active Pow er Filter is
caled the Current Injection Type APF.

2.1 Harmonic compensation

2.1.1 Current Harmonic Compensation

Current harmonics are greatly reduced by the com-
pensation of voltage harmonics at the consumer’s point of common cou-
pling. The reduction in current harmonics is not only important for rea-
sons such as device heating and reduction in life of devices but aso in
design of power system equipment. One of the major design criteria
covers the magnitude of the current and its waveform. This is to reduce
cable and feeder losses. Since the root mean square (RMS) of the load
current incorporates the sum of squares of individual harmonics, true
current. Harmonic compensation will aid system designers for better
approached power rating equipment.

212 Harmonic detection and extraction

A shunt active filter acts as a controllable harmonic current source. In
principle, harmonic compensation is achieved when the current source is
commanded to inject harmonic currents of the same magnitude but op-

posite phase to the load harmonic currents. Before the inverter can subtly
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inject opposing harmonic currents into the power system, appropriate
harmonic detection strategies must be implemented to efficiently sense
and determine the harmonic current from the nonlinear load. Types of
harmonic detection strategies. To determine the current reference for the
active filters 3 different types of harmonic detection strategies used.
These are:
» Measuring the load harmonic current to be compensated and
using this as areference command.
»  Measuring source harmonic current and controlling the filter to
minimizeit.
» Measuring harmonic voltage at the active filter point of com-
mon coupling (PCC) and controlling the filter to minimize the

voltage distortion.

So out of these harmonic detection strategies in this
system we are using first method i.e., measuring the load current.

2.1.3 Load current sensing

This method involves measurement of the load cur-
rent and subsequent extraction of its harmonic content using a high pass
filter scheme. The harmonic components, so extracted, are adjusted for
polarity and used as reference commands for the current controller. This
is explained with the help of below equation and figure.4 denoting the
harmonic components of the load current by, describing the equation for

this strategy is
Lol = —={Current w..:.une.l ey
f

Fig.3 Load Current sensing compensation

2.1.4 Sourcecurrent sensing

In this strategy, the source current is measured and
its harmonic component extracted. This is scaled by a suitable controller,
generally of the proportiona type. The output of the proportional con-
troller is provided as a reference to the current controller. This is sche-
matically represented in figure and analytically expressed by equation.
Denoting the harmonic components of the source current by shi, the

describing equation for this strategy is

i ({)=—K,xi,{

+an l—l‘-"---b;_(_\,,—-b Current controller —-I5‘~—-r
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Fig 4 Source current sensing compensation
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2.2 Point of Common Coupling (PCC) voltage sensing

This method requires measurement of the harmonic
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component of the Point of Common Coupling (PCC) voltage, e(t). The
harmonic component is then used to generate the current reference, after
passing it through a proportional controller. Schematicaly, it is repre-
sented in figure 5 and analytically expressed by the below equation
,denoting the harmonic components of the PCC voltage by, the describ-
ing equation for this strategy is

@) Harmonic | h Ko I /').'

extraction “»{_)(Current controller——

Fig .5 PCC Voltage sensing compensation
Load current sensing and supply current sensing are
suitable for shunt active filters installed in the vicinity of one or more
harmonic producing loads by individua high-powered consumers. PCC
voltage sensing is suitable for shunt active filters, which will be installed
on distribution systems by utilities. Supply current detection is the most
basic harmonic detection method for series active filters acting as a volt-

age source.

3. CONTROL STRATEGY

SIMULINK modd of a Discrete Virtual PLL, abc
to dg0 and dqo to abc, Triangular carrier current controller, SRF control-
ler, Shunt converter controller, Non Linear Load.

3.1 DiscreteVirtual PLL

Fig 6 Simulink model of Discrete Virtual PLL
3.2 ABC Axisto DQO Axis

The fig 7 shows the conversion of simulink model of
abc to dqgo, the input is taken from source current and discrete virtual
PLL block. By using parks transformation equations as early said , con-
struct abc to dq0 simulink model, the output this transformation block is
fed to MUX
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fig 7 Simulink model of abc to dgo
3.3 DQO axisto ABC Axis o [ s

Fig 9 Simulink model of Periodical carrier current controller
The fig 8 shows simulink modd of dq0 to abc, the

input is taken from filters and discrete virtual PLL, by using equations of

Here current controller directly generates the switch-

ing signa of the three A, B, C phases. The A-phase actual source current

dqO to abc as early said in construct simulink model of dgo to abc. The represented as isa and reference current represent as isa*. Similarly de-

output from this transformation block is fed to the PWM hysteresis cur- rived the B and C phase currents. To determine the switching frequency

rent control.

by means the error current  [desired

:5 - reference  current :‘: A ‘é_ 5 compared  with
: the actud source —|- "1 | — currenf]  multi-
ﬂ;;H x plied the proportional gain (Kp) and compared with triangular periodical

signal. The four triangular signals are generated same frequency with
different amplitude for cascaded inverter.
3.5 SRFController

V= YFsinia2p 3]+ psiepid) -

Vo= ete afedeEpisy - Yptoos wt-Eaifd) + e

Fig.8 Simulink model of dg0 to abc

3.4 Triangular carrier current Controller

i

Fig 10 Simu;ink model of SRF Controller
3.6 Non Linear Load

The non linear load is simulated as a bridge load
with selected power electronic devices
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Fig 11 Simulink model of Non Linear Load n : : . _
Simulink models of a Discerte Virtual PLL, ABC to A ’ N _ S
dqg0 and dgo to ABC, Periodical carrier current controller, SRF control- : o

| T

- ke whe v e v wher

ler, Non Linear Load areimplemented. Fig 14 Three phase input source voltage without SHUNT APLC

4, SIMULATION AND EXPERIMENTAL RESULTS
In this study power circuit is modelled as a three - ’
phase three wire system with a non linear load comprising of RL load ;

¥

which is connected to source through three phase Diode Bridge. Circuit

parameters used in simulation are shown in Table 1. Fig 15 Non- linear load current without SHUNT APLC

Table 1 Circuit Parameters :
Parameters Values
Source Line Voltage (RMS) 440V, 50Hz I S »
DC Link Voltage 700V -
Source impedance Lg ImH :
Filter impedance(R¢ Lc) 0.1Q,1mH - e -
Dc side Capacitance 2100 pF Fig 16 . PF OF the system without SHUNT APLC
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4.1 MATLAB/SIMULINK Model without SHUNT APLC
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Fig 17 THD Without SHUNT APLC
Fig 17 shows THD without UPQC,THD graph plot
between  magnitudeversus frequency, for considering 50Hz
frequency,selected six cyclesin that cosider one cycle FFT window, then
THD vaue is 15.81% of the fundamenta frequency without UPQC
which is shown in thefig 16.

Fig.12 Simulink model for without SHUNT APLC System 4.2 MATLAB/SIMULINK Mode of SHUNT APLC
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Fig 12 show simulink model without SHUNT APLC,
it consists of three phase AC source and Non-linear load. The source is
directly connected to the load, observe the wave forms of three phase AC
source input voltage and current , Non-linear load current and voltage,
load power factor wave forms also observed.

4.1.1 Simulation Results without SHUNT APLC

Fig 13 Three phase input source current without SHUNT APLC
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Fig.18 shows the block diagram of SHUNT APLC
system is simulated in MATLAB/SIMULINK. Three Phase Voltage
source is connected to non linear load which is a RL Load which is con-
nected through Diode Bridge. Cascaded active filter for power line con-
ditioning system is connected in the distribution network at the PCC
through filter inductances and operates in a closed loop . SHUNT APLC
System consists of discrete virtual PLL, abc to dgo, dqgo to abc, PI con-
troller and Periodical carrier current controller. The capacitor voltage is

maintained constant using PI-controller and the output voltageis Vdc .
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o = THD greph plot between magnitudeversus
i '$|—|',:r,'__ frequency, for considering 60Hz frequency,selected nine cycles in that

cosider one cycle FFT window, then THD vaue is 4.25% of the
fundamental frequency with SHUNT APLC is shown in the fig 24.The
total harmonic distortion (THD) measured at the source(current) on the

Fig 18 MATLAB/SIMULINK Model of SHUNT APLC System
4.2.1 Simulation Results With SHUNT APLC:

distribution system and the various parameters measured without APF
and with APF are presented in Table 2

i : : Table 2: Measurement of various parameters for SRF based APF with
4 ; and without compensation

Fig 19 Three phase source current with SHUNT APLC parameter Sgurce current (Isa) Source cur-
_ _ _ with out APF rent(lsa)

| ' with APF
= Power factor 0.707 0.9659

" [ : Real power 9.8KW 16KW

._ ; Reactive volt 6.3KVAR 5.8KVAR
T Ampers

g THD 15.81% 4.25%

Simulation results of input source voltage and current, non-linear load
voltage and current, load power factor, total harmonic distortion of with
and without SHUNT APLC are presented. THD value of system with
SHUNT APLC System is 4.25% is better than THD value of without
SHUNT APLC is 15.81%. The input source current wave form of with-
out SRF based SHUNT APLC is distorted waveform but with SHUNT
APLC System is sinusoidal waveform.

5. CONCLUSION

Power quality improvement in an isolated power

3 5 é'..“.\.’_\.\___z’ i »/ \ _._.:.:"' : ,‘ . Wgern through series Compmsation has been |nve§|gated It is observed
. : --' ; : e o that the power system contains significant proportion of fluctuating non-
- b e b - L

Fig 22 Power factor of the system with SHUNTAPLEZ linear load and high level of harmonic distortions. A method to control
; : - ; . the injection of currents by the shunt compensators (SC) so that it can
mitigate the effects of the harmonics has been proposed. The cascaded

L[] il I inverter provides lower cost, higher performance and higher efficiency
than the traditional PWM-inverter for power line conditioning applica-

tions. The cascaded inverter switching signals are derived from the pro-

whee o e e i ™ whe

Fig 23 Gate pulses for Inverter in SHUNT APLC

posed triangular-periodical current modulator that provides good dynam-
ic performance under both transient and steady state operating condi-

tions. Here a new controlling techniqueis applied i.e SRF is employed to

IJERTV 215100624 www.ijert.org 1785



International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 10, October - 2013

IJERTV 215100624

extract the fundamental component from the nonlinear load currents.
This controller is developed by sensing load currents only. This ap-
proach is fairly simple to implement and is different from conventional
methods. The extensive simulation results demonstrate the performance
of the APF under different non-linear load conditions. Simulations have
confirmed the effectiveness of the proposed method, as it is applied by
the SRF based shunt APF to achieve improved quality of supply in the
power system.
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