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Hybrid simulation: an active power filter case study

Simulacion hibrida: caso de estudio en un filtro activo de potencia
Y.A. Garcé$, E.A. Cano-Plata A.J. Ustariz-Farfah

Abstract— The hybrid simulation concept consisting of a
combination of computer simulation and laboratory tests. This 1. INTRODUCTION

approach is a cost effective alternative to physically testing the - . . . .
whole system and allows better understanding of complex Traditionally, numerical simulation and physical tests

coupled systemsThis paper describes implementing an active have been performed separately and their results then

power filter (APF) hybrid prototype where the source system validated. Hybrid simulation is a multidisciplinary technology
and load are implemented as a real-time simulation and the \yhich is heavily based on mechanical and computational
system of static power converter acting as an active power filter d . trol th t . d ical
is implemented in physical hardware. It also confirmed the ynamics, control theory, co.mp.u er _smence an nu_mer'ca
hybrid simulation results by implementing the simulation in Methods. It currently has applications in the aerospace industry

MATLAB-Simulink regarding the same system implemented and civil, mechanical and automotive engineering (Saouma
during the active power filter analysis and design stage. and Sivaselvan, 2008).

Index terms. active power filter, hybrid simulation, power A search of the literature using the term “hybrid simulation”
inverter. revealed that this has been in use for quite some time in
various areas of knowledge, such as computer science
(Donzelli and Lazeolla), animation and computer graphics
o : ) (Garcia, 2004; Sifakis et al, 2007), robotics, control theory
combinacién de simulaciones por computador y pruebas de

laboratorio fisicas. Este enfoque es una alternativa rentable a las (Alvarez et al, 2009), bioinformatics, chemistry (Kalstein et

pruebas fisicas de todo un sistema, y permite la mejor @), materials engineering (Foit, 2010) and civil engineering
comprensién de los complejos sistemas acoplados. Este articuléhen and Ricles, 2009; Kausel, 1998a; Kausel, 1998b; Mufiiz

describe la implementacién de un prototipo hibrido de filtro et al, 2002), where the common element in all applications
activo de potencia (APF), donde se implementa el sistema deappears to lie in the combination, coordination and
fuente y la carga en simulacion en tiempo real, y el sistema degynchronisation of discrete event simulations on a computer

Conver.t'dor c_ie energia estatica que actua como filtro activo de with external processes regarding continuous analogue signals.
potencia se implementa en hardware. Ademas, se confirman los

resultados de simulacion hibrida con la implementacion de la  |n the area of logistics information systems in the data
simulacion numérica en MATLAB-Simulink del mismo sistema  hrocessing technologies category, hybrid simulation is defined
|mplementado en la etapa de andlisis y disefio del filtro activo de as an approach combining different types of simulations,
potencia. typically in a distributed environment, usually involving
combined, simulators with real operational equipment,
prototypes of future systems and realistic representations of
operational environments. The McGraw-Hill Science &
Technology Dictionary defines the term as the use of hybrid
computer simulation, understanding a hybrid computer as that
computer designed to handle both analogue and digital data.

Resumen— EI concepto de simulacion hibrida consiste en la

Palabras Clave: filtro activo de potencia, simulacion hibrida,
inversor de potencia.
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passive filters, consisting of tuned LC elements and capacitor waveform. Besides, is listed as APFs’ primary
banks, were used to filter the harmonics and compensate function.
reactive power generated by nonlinear loads. However, such Active and reactive instantaneous power: concerning
methods have many disadvantages in practical applications. all the portions of power in the phases that do not
contribute to instantaneous active power flow between
the source and load.

Components from negative and zero sequence: which
refer to the imbalance and neutral current in the
electrical networks.

There has been considerable progress in the field of APF
during the last two decades, with different topologies and
control techniques having been proposed for its’
implementation. APFs are superior to passive filters inderm
of filtering capacity and improve system stability by remgvin

the problems related to resonance capacitor banks. . Flicker: is an irregular low frequency modulation that
presented in the voltage source.

APFs are static power converters controlling the generation Voltage sags and swells: are short-duration decreases
of currents or voltages to compensate for undesirable power ., increases in steady-state voltage, generally caused
system components; the best known and applied topologies are py the connection of significant loads or capacitor
currently (Fuchs and Masoum, 2008): banks over-compensating the system.

. Single phase active filters. B. Shunt active power filter
. Three-phase three-wire active filters.

. e Figure 1 shows the basic layout of a shunt active filtién w
. Three-phase four-wire active filters.

injection current control, taking the sample current and load
. . . voltage and generating the reference currents to be injected
Also, according to their capacity, they can also be groupe . i
as follows: into the system and thus draw a sinusoidal current deep at

source.

. Low-power active filters. having less than 100kVA
power range and 10us and 10ms response times. T
are mainly used in residential areas, small and medit
industries, commercial buildings and hospitals. The:
applications require sophisticated dynamic filterin
technigues, and include single and three phase syste!

. Medium-power active filters: having 100kVA to
10MVA power ratings and 100ms to 1s response time ~ +
They are mainly associated with medium- to higtk Vee

SR——— - Y B
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<

|
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voltage distribution systems and high-power, higt L
voltage drive systems where the effect of phas Contio)

imbalance is negligible. Due to economic concerns al
problems associated with high-voltage systen
(isolation, series or parallel connect_lons of SW'tCheﬁgure 1: Basic diagram of a shunt active poweefi
etc.), these filters are usually designed to perform

harmonic  cancellation, ~ and  reactive-pOWer g re 1 shows the main APF system components described
compensation is not included in their contro(ljIS follows:
algorithms.

. High-power active filters. having power ratings Transducers. are used in various parts of the system;

above 10MVA and response times in tens of seconds, initially, current and voltage are measured at the load

are mainly associated with power transmission grids,  side to be admitted to the control bloak € i) and

ultrahigh- power DC drives, and HVDC. generates the reference currentg). (The injected
current compensation system is also measured for the

APFs can be combined with passive filters to form a variety ~ inverter to close the control loop. Voltage and current

of topologies called hybrid power filters. can be measured using Hall effect transducers.
. Power inverter: is a controlled static power converter
A Controlling active power filters with a corresponding coupling inductance which is

. . L . L responsible for reproducing the waveform with proper
Filter configuration is the initial state of any activedilhg, amplitude for filtration;

depending on the nature of the distortion to be dealt, e . , .
system’s structure and the required accuracy and compensation Inverter control: is usually configured as pulse width
Y 4. Possibl thqt acy pt " modulator (PWM) with a local control loop current to
Speed. FossIDIE responses that may requiré Compensation are: o ra that the current generated by the filter with an

. Harmonic distortion: is the change in the waveform acceptable error is the reference current generated by
of the supply voltage from the ideal sinusoidal measuring load current and voltage; and
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. DC bus: consisting of an energy storage element control the external inverter. This block also contained
which provides the instantaneous power demanded by the control algorithm for calculating the reference
the power inverter. currents and the on-off control.

. Block-3: The dSPACE control analogue inputs of the
3. HYBRID SIMULATION: APFS DESIGN board were responsible for acquiring the current signal
APPLICATION generated by the power inverter to be injected back to

This section presents the proposed hybrid simulation applied the simulated source-load system.
in the APFs design stage (Garcés, 2011). Here, a source-load  Block-4: The dSPACE control board analogue
system was simulated (MATLAB-Simulink-ControlDesk) outputs for external monitors the voltage, current and
while the inverter system was implemented in external  power variables.
hardware (dSPACE-Inverter).

W— — 4. COMPARISONS WITH THE CONVENTIONAL
DisuelInE cosinch o h s S EBBS SIMULATION

: To establish a connection with the conventional simulation,
in this section, a three-phase ideal voltage source that feed a
rectifier with resistive load at the DC side is compensatetd wit
an APF. For comparison proposes, done using both
conventional and hybrid simulations under same source-load
conditions.

In both cases, the estimate of the reference current for the
control of the APF is given by the instantaneous-time er th
average-time compensation strategies (instantaneous reactive
power —IRP and perfect harmonic cancellation —-PHC methods
(Montero et al, 2007; Ustariz et al, 2010)).

A. Conventional simulation results

To better understand the meaning of hybrid simulation,
initially the active filter is modelled as an ideal IGBT power
inverter bridge. Figure 3 shows the implemented circuit in
MATLAB-Simulink.
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Figure 2: Hybrid simulation algorithm scheme " \N o -

The hybrid simulation allows developers to accurately a
efficiently simulate electrical power systems and their ideas
improve them. The hybrid simulation operates in real tim| sy
therefore not only allowing the simulation of the powe H
system, but also making it possible to test physical eqeripm
(an APF based VSI bridge, in this case). This gives develog|

i100% odel

the means to prove their control strategy, prototypes aal fifigyre 3: Conventional simulation algorithm scheme
products in a realistic environment.

Figure 4 displays the current waveforms and a-phase current
ectrum on the source side for the simulated cases different.
%re, the emphasized signal corresponds to the a-phase. Figure
4(a) shows the simulation results for the case where the APF i

. Block-1: This group in the algorithm was thenot connected. Figure 4(b) shows the simulation resuitthéo
source—load System in real-time simu|ati0rf,:ase where the APF is controlled with the —IRP Strategy.
recognising the three phase source, the measurenfagitire 4(c) shows the simulation results for the case where t
items load side and source side, the nonlinear I0A®F is controlled with the —HPC strategy. Here, small
consisting of a three phase diode bridge and a resistdransients appear in the moments of switching the bridge
. Block-2: This group was part of the ControlDesknverter.
software package integrated with Matlab. This block
was responsible for generating the PWM pulses to

Figure 2 shows the hybrid simulation algorithm schen%
Here, various groups are highlighted in boxes in order
clearly describe that:

78 REVISTA INGENIERIA E INVESTIGACION Vol. 31 Suplemento No. 2 (SICEL 2011), OCTUBRE DE 2011 (76-80)



GARCES, CANO-PLATA, USTARIZ.FARFAN

Waveforms Spectrum
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as well as on and off controls for APF operation.
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Figure 4: Current waveforms and spectrum in thecside -conventional
simulation results: a) without APF, b) —IRP strategd c) —-PHC strategy

Figure 5 shows the instantaneous active and reactive pow

with the Fluke
are presented in

The experimental results captured
osciIIoscope and ControlDesk interface
PreS 7 and 8 respectively.

on the source side for the simulated cases different. Figaye 5(Figure 7 displays the a-phase current waveforms and
shows the simulation results for the case where the AP&t isspectrum on the source side for the experimental prototype
connected. Figure 5(b) shows the simulation results fer tybrid implemented. Figure 7(a) shows the results far th
case where the APF is controlled with the —IRP strategystem without compensation where high harmonic content
Figure 5(c) shows the simulation results for the case wheredenerated by the nonlinear load was noted. Figure 7(ssho

APF is controlled with the —HPC strategy.
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Figure 5: Instantaneous active and reactive pawtre source side -

conventional simulation results: a) without APFRP strategy and c¢) —
PHC strategy

B. Hybrid simulation results

Now, the same source-load-filter system shown above

implemented using the proposed hybrid simulation.

that current waveform harmonic content decreased after
compensation with the —IRP strategy, although not being
satisfactory. This was because this compensation strategy
sought to reduce reactive and non-cancelation harmonics.
Figure 7(c) shows that the —HPC strategy was the most
responsive in terms of individual and total harmonic di&to
current.
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Flgure 7 Current Waveforms and spectrum in thﬂcm&de -hybrid

Figure 6 shows the real time control board managemenmiulation results: a) without APF, b) —IRP strategd c) —PHC strategy
programme showing load and source currents on the left-hand
side, the active and reactive power at the top centre, angigure 8 shows the instantaneous active and reactive power
compensation currents generated by both control algoritt?fis the source side for the experimental prototype hybrid
such as that generated by the inverter in the central lower paelemented. Figure 8(a) shows the experimental results when
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the APF is not connected. Figure 8(b) shows the experimefitars. The show results in this paper allow comparing the
results for the case where the APF is controlled with the —IR¥brid simulation with a fully simulated system in a cotepu
strategy. Figure 8(c) shows the experimental results for thdhis comparison showing that the hybrid simulation was a

case where the APF is controlled with the —-HPC strategy.

=1
=3

=]
S

good option for dealing with hardware implementation issues
in testing and laboratory prototypes.
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