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Basic Analogy (Concept)
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Basic Analogy (Concept)
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Active Power Filter

The main aim of the APF is to compensate for the harmonics and reactive power dynamically.

Amp
Ispptr | Loaa 22 628
= 4 ] @
AC to =] '
Mans D Wit THDE27.01% | LowlChamg ‘ C L ‘
0.2 0.22 0.24 0.26 028 0.3 0.3z 0.34 0.36 0.358
i Amp Tirme {s)
Figure 1: Non ideal-load current
G, Iswppy [:% lLcaa :gnf ”ma: -
Mot Lok ik oy
80Hz F'Fo‘l\n;reerr L)L gl Loarl Change
JT; l A'E-Ini EI.I22 D.‘Zzi EI.I26 D.IZB Tirl?g?;(g) EI.I32 D.‘Szi EIISE D.ISB o
Figure 2: Injected converter compensation current
Arnp. BN
:{9 lswppy | Lo 50k
| s,
AC Active ngr -50 1
haing quer | oad THDi=2.40% Load Change
50Hz Filter 1 1 1 1 1 I 1 1
022 024 0.26 028 03 032 034 0.36 038 0.4
o J__ i Time (3)
Figure 3: Grid current after active power filtering
BN D 1T :
% ) dublin
c energy lab




Introduction

uT
o
(o]
-4
Z E
7 < =
sy ° dubli 6
2 b > X u In
%) < &
2 LS
% L
VEOLA(OCW

* Parallel-APF configuration is used, instead of high capacity single units, to add
flexibility and reliability during operation

* Individual sub-controllers are used for each APF unit to determine distributed
harmonic currents and reactive components with the PWM circuit While all the
Sub-Controllers are governed by one Main Controller. The control complexity is
significantly reduced with use of the proposed controller.

 The proposed system has been verified under distorted and unbalanced grid
voltages.
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3. Topology of Proposed Parallel Modular APF’s
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3. Proposed Control Strategy A-) Main Controller

Main_Controller

— il Eq.(8)
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3. Proposed Control Strategy A-) Main Controller

Therefore, the performance of the control method is dependent on the type of PLL
algorithm used. In order to improve the efficiency of the PLL, the three-phase supply
voltages (u,, u,, u.) are transformed using the Clarke (or a-f) transformation into a

different coordinate system by using:
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3. Proposed Control Strategy A-) Main Controller
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3. Proposed Control Strategy A-) Main Controller
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3.) Proposed Control Strategy B) Sub Controller
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Figure 9: The proposed sub-control system unit for each Inverter
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3.) Proposed Control Strategy B) Sub Controller

Beside this, the un-balanced load currents are also important power quality issue that may
reduce the performance of the APF.

For this reason, the obtained i, and i, components of the load current are also processed
with STF in order to calculate balanced current components.
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3.) Proposed Control Strategy B) Sub Controller
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After obtaining the balanced and undistorted current components, the fundamental and
harmonics components of instantaneous currents can be obtained by using equations,

i =171,
g 7Y

In the most of the control method, a low-pass or high-pass filter is used to separate the
fundamental and harmonic currents. However, there is no need for an additional filter
in the proposed control method
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3.) Proposed Control Strategy B) Sub Controller

Finally, the obtained current harmonic components are then transformed to the three
phase converter reference currents using the inverse synchronous transform as given by,

cosd —siné
cos(6 — 2?7[) —sin(@ — 2?7[)

cos(d + 2?7[) sin(@ + 2?7[)

dublin 15
energy lab.



3.Simulation Results

The proposed control method is simulated using MATLAB/Simulink and

power

system

block set environment to verify the performance of the system. Three variable RL type non-lin
ear load is used to see dynamic performances of the modular APF. Additionally, a load is used
to create adadditional unbalance currents condition in the studied system. The used parameters

in these work are given in Table I.

TAELE |2 PAPRAMETERS OF THE ANALYGED SYSTEM

Symbsol Cuaniny Value
W T Ideal Lineto Meutralyolt. & Freq. 2404, 50 Hz
F Grid Line Impedances Imiy2.6pH
ra Load Line |mpedan ces 10 m,0.3 mH
L Inverter Coupling Inductances 20 mey, 1.6mH
Cac, Uac Commaon DC-LinkSize & Yokase Emf, 750%
Ka & K. | Frop.& Integral Gain [for dc-link) 0.22 & 72965
Fuez B K.z | Frop. & Int. Gain fersTF msed PLY 10.9 & 42327
Kus & K.s | Frop. & Integral Gain(for P& R) 2873
Ts Sampling Time 20p8
K8 E: ETF Gain 100 & 40
f. Switching Frequenoy 14 kHz
Load , Mon-Linear Load Res. and Inductive FoemH

\,_\**“\M ! r-,,[/‘” Load ; Mon-Linear Load Res. and Inductive 100, 3mH

D 1T

% TABLE |

' Parameters of the Analysed System
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3.Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results

3.0peration with Triple Inverter
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Conclusion

In this paper, we have considered the design of a modular active power filter (APF) in
order to distribute the total compensation current for unbalanced nonlinear loads.

This is achieved with a flexible and un-bulky solution that maintains low power loss for
the required level of harmonic suppression and reactive power compensation.

The controller complexity of the modular APFs is significantly reduced with the use of
the proposed control strategy.

The proposed system comprises a main controller and a number of sub-controllers.
The former is used to determine the required common signals for each sub-controller,

whereas the sub-controllers themselves use the common signals to generate the
required compensation for each branch.
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Conclusion

A benefit of having a modular APF system comes from the fact that a faulty sub-unit can
be isolated from the system for repair whilst the system is still in operation.

Another benefit offered by a modular system is the ability to modify the number of
parallel branches depending on the power demand of the plant.

A major advantage of having the type of distributed controller scheme proposed in this
paper is the elimination of the need for repeated signal processing required for each
inverter.

The system under study was implemented on RT-LAB real-time experimental platform to
evaluate the real-time performance of the system. The THD of the grid currents with use
of proposed method are reduced to ~3 % under both grid voltage and frequency
fluctuations conditions, which meets the IEEE 519-1992 recommended standard.
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