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Abstract: In this paper the current harmonic can be compensated by using the Shunt Active Power Filter, the Passive Power
Filter and the combination of both. The system has the function of voltage stability, and harmonic suppression. The reference
current can be calculated by using a new control algorithm by using three phase hybrid shunt Active power. An improved
Control algorithm is proposed to improve the Performance of APF. The simulation results of the Non-linear systems have

been carried out with MATLAB 7.6.

Index Terms: Three-phase active power filter, harmonic elimination, power factor correction, passive filter, control

algorithm.

l. INTRODUCTION

The growing use of electronic equipment produces a
large amount of harmonics in the power distribution
systems because of non-sinusoidal currents consumed by
non-linear loads. Some of the examples for non-linear
loads are diode-rectifiers, thyristor converters, adjustable
speed drives, furnaces, computer power supplies
uninterruptible power supplies, etc. Even though these
devices are economical, flexible and energy efficient, they
may degrade power quality by creating harmonic currents
and consuming excessive reactive power. The above
phenomena can cause many problems such as resonance,
excessive neural currents, low power factor etc. Harmonic
distortion in power distribution systems can be suppressed
using two approaches namely, passive and active
powering. The passive filtering is the simplest
conventional solution to mitigate the harmonic distortion.
Although simple, the use passive elements do not always
respond correctly to the dynamics of the power distribution
systems. Over the vyears, these passive filters have
developed to high level of sophistication. Some even tuned
to bypass specific harmonic frequencies. Conventional
passive filters consist of inductance, capacitance, and
resistance elements configured and tuned to control the
harmonics. The single tuned “notch” filter is the most
common and economical type of passive filter. The notch
filter is connected in shunt with the power distribution
system and is series-tuned to present low impedance to a
particular harmonic current. Thus, harmonic currents are
diverted from their normal flow path through the filter.
Another popular type of passive filter is the high-pass filter
(HPF). Passive LC filters are generally used to reduce
these problems, but they have many de-merits such as its
being bulk and heavy, and its resonance, tuning problem,
fixed compensation, noise, increased losses, etc. On the
contrary, the APF can solve the aforementioned problems
and is often used to compensate current harmonics and low
power factor that is caused by non-linear loads. In an APF
connection, it was roughly classified as in series (series
APF) and in
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parallel (shunt APF). In this paper the combination of both
passive power filter and Active power filter can be
implemented to suppress the harmonics.

Il.  CONFIGURATION OF THE SYSTEM

Fig.1 shows a proposed system consisting of a Shunt active
power filter and Passive filter. The purpose of using this
combined system is to reduce the harmonics effectively. The
power factor also improved by using the combined system.

Figure. 1 Combination of shunt active filter and passive filter

The main circuit of the active filter is the PWM inverter using
IGBT. The PWM inverter has a dc capacitance of 2000 pF.

I11. SHUNT ACTIVE POWER FILTER

A. Control Circuit of Shunt Active Filter

The simulation block for control circuit of shunt
active filter is shown in Fig.3. The three-phase reference
supply currents are calculated by indirect current control
technique. The Pl-controllers outputs are connected to the
phase currents and phase current outputs are connected to
the firing pulse generator and given to the APF to produce
the compensating current.
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Figure 2 Overall control circuit of SAPF

B. Reference current calculation

The simulation diagram for three-phase reference supply
current calculation is shown in Fig.3. The input of the
reference current is load current. The load current is
combination of the harmonic current and fundamental
current.

C. Improved generalised integrator controller

An improved Pl-controller is used here to increase
the performance of harmonic suppression. Pl-controller is
used to reduce the transient voltage errors between the
filter current harmonic current. Here controller function is
tuned to reduce particular harmonic. The structure of the
improved controller is shown in Fig.4
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Figure 4 Pl-controller using indirect current control technique.
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IV. DSP HARDWARE AND CONTROL ALGORITHM
In this section, the details of hardware interfacing with
DSP system and basic equations of control algorithm are
given.

A. Description of DSP System Hardware

Fig. 5 shows the DSP system hardware of the AF. The
DSP system consists of a TSM320C31 digital signal
processor, eight channels of 12 bit analog to digital
converter (ADC), eight channels of 12-bit digital to analog
converter (DAC), three hardware interrupts and three timer
interrupts. The DSP system is serially interfaced to an
IBM-PC. In PC the control algorithm is developed in C
language and converted in assembly language codes using
optimizing compiler. These assembly language codes are
down loaded into the DSP board through serial port. The
three-phase supply voltages and and dc bus voltage of the
AF are input signals to the DSP board through its ADC
interface. The dc bus voltage of the AF is sensed using an
isolation amplifier (AD202) and scaled to feed to ADC
channel. The synchronization of ac mains with the control
algorithm in DSP system is obtained using one digital
signal (hardware interrupt). This signal is generated using
comparators and logic gates over the three-phase ac supply
voltages. The three-phase ac supply voltages result in six
zero crossing signals at 60 of intervals. Therefore, the
digital signal continuously interrupts the DSP system at 60
time intervals of frequency of ac supply system. Using four
analog signals and one hardware interrupt signal, the
control algorithm of the AF is implemented in real time.
The control algorithm of the AF generates three-phase
reference supply currents. The three-phase reference
supply currents and are input signals to DAC’s of DSP.
The outputs of DAC’s are fed to a carrier wave PWM
current controller. In PWM current controller the error
signals of the reference , and and sensed and supply
currents (sensed using LEM hall-effect curret sensors) are
compared with a carrier signals resulting in gating pulses
for the IGBT’s of the AF.

B. Basic Equations of Control Algorithm of the AF

The three-phase reference supply currents are
computed using three-phase supply voltages and dc bus
voltage of the AF. These reference supply currents consist
of two components, one in-phase and another in quadrature
with the supply voltages.

The amplitude of (I*spd) in-phase component of
reference supply currents is computed using Pl controller
over the average value of dc bus voltage (vdc ) of the AF
and its reference counterpart Comparison of average and
reference values of dc bus voltage of the AF results in a
voltage error, which is expressed as, , at th sampling
instant

Ve (N) = Vgc*(n) — Ve () 1)

The error signal, vdcl(n), is processed in PI controller and
output y0(n) at n th sampling instant is expressed as

Yo(n) = Yo(n-1) + Kpge (Vi (N) - Vgt (n-1) )
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+ Kige Vo (n) (2)

Where and are proportional and integral gains of the dc bus
voltage PI controller. The quantities, and

are the output of the voltage controller and voltage error,
respectively, at nth sampling instant. The output of PI
controller is taken as amplitude of in-phase component of
the reference supply currents. Three-phase in-phase
components of the reference supply currents are computed
using their amplitude and in-phase unit current vectors
derived in-phase with the supply voltages.
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Figure 5. Digital signal processing (DSP) system hardware of the hybrid
active filter.

V. SIMULATION RESULTS
The simulation results are compared with the control
method of passive power filter (APF).

A. Results for active power filter
The simulation diagram of the ppf shown in Fig.6.
The diagram consists of the source, non-linear load.
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Figure 6. Simulation diagram with ppf

Fig.7 shows the waveform of supply current
before compensation. It consist of fundamental current as-
well-as the harmonic current due to the non-linear load.
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Figure 7. Supply current w waveform before compensation
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Figure 8. Spectrum analysis of supply current-before compensation.

Fig. 8 shows the spectrum analysis of supply
current before compensation. The total harmonic distortion
of the supply current is 64.25% Fig. 9 shows the waveform
of supply current after compensation. It consists of
fundamental current only. The harmonic current present in
the supply current is eliminated by using the active filter.
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Figure 9. Supply current waveform —after compensation using PPf

THD = 4.96%

Mag [% of fundamental]
[
n

=]

Harmonic order

Figure 10. Spectrum analysis of supply current-after compensation using
PPF

B. Results for shunt active power filter

The simulation diagram with APF is shown in
Fig.11. The diagram consists of the source, non-linear load
shunt active filter and its control circuit.
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Fig.12 shows the waveform of supply current
after compensation. It consists of fundamental current
only, the harmonic current present in the supply current is
eliminated by using APF.
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Figure 11. Simulation diagram with APF
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Figure 12. The supply current waveform after compensation using APF

Fig.13. shows the spectrum analysis of supply
current after compensation. The total harmonic distortion
of the supply current is reduced to 4.85% from 30.44%
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Figure 13. Spectrum analysis of supply current after compensation using
APF.
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VI. RESULT FOR COMBINATION OF SHUNT
ACTIVE POWER FILTER AND PASSIVE
POWER FILTER
The simulation diagram with shunt active power filter and
passive power filter in Fig.14 The diagram consists of the
source, non-linear loads, passive filter, shunt active power
filter and its control circuit.
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Figure 14. Simulation diagram with APF and PPF

Fig. 15 shows the waveform of supply current
after compensation. The waveform is more sinusoidal
when compared to other two techniques.
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Figure 15. Shows the spectrum analysis of supply current after
compensation using SAPF and PPF

Fig 16 shows the spectrum analysis of supply current
after compensation. The total harmonic distortion of the
supply current is reduced to 1.95%from 30.44%
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Figure 16. Spectrum analysis of supply current- after
compensation using SAPF and PPF

VIil. COMPARISION OF RESULTS

Table 1. Comparison of % of harmonics

% of harmonics
Harmonic
order
Before SAPF SAPF

Compensation +
PPF
3¢ 479 0.70 0.35
5t 1891 308 0.96
7o 1424 2.56 1.10

il -
9 1.16 0.89 0.74
1t 1.66 1.33 0.1
130 7.75 1.34 0.45

Table 2. Comparison of % of THD

SYSTEM 2% of THID

Before compensation 30,44

Passive Power Filter 4.96

Shunt Active Power Filter 1 85

Pover Fittor and Passive mower 1.95

Filter
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CONCLUSION

By using of the different non linear loads in the
power system applications lot of voltage drops at the
supply power stations, so the power quality of the different
semiconductor devices are reduces and damages, SO
economical problems are occurs. By using this new
control algorithm in power system applications, using three
phase hybrid shunt active power filter almost the harmonic
currents are eliminated at the supply, and maintains the
power factor unity. This technique is applies in real-time
control applications using DSPTMSLF2407, poor power
quality, harmonics are eliminated, then overall cost is
reduced and it maintains good power quality. From this
paper by using MATLAB we can prove ,the THD at
supply is reduced to 10% from 64.3% by using three phase
shunt active filter(APF) and proper Pl controllers. By
using this technique it reduces the harmonics at supply as
per IEEE standards.
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