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Abstract:

This article presents the principle of passive harmonic filters with variable frequency based on a
nonlinear harmonic reducer depending on working characteristics. A schematic diagram of a
harmonic filter with variable frequencies will be proposed. By simulating the operation principle of
the device, this paper demonstrates the effectiveness of this device compared with conventional
passive harmonic filters including low price, compact size, but the harmonic filtering quality is still the
same.
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Toém tat:

Bai béo trinh bay nguyén ly Iam viéc cta bd loc séng hai thu ddng véi tan s6 bién ddi dua trén mot
thiét bi phi tuyén phat thai song hai theo dac tinh lam viéc. So d6 nguyén ly hoat dong cla thiét bi
loc séng hai thu ddng vdéi tan s bién d6i sé dudc dé xudt. Thdng qua viéc md phong nguyén ly hoat
dong cla thiét bi sé chirng minh dugc tinh hi€u qua cua thiét bi nay so vdi cac thiét bi loc séng hai
thu dong thong thudng nhu: gid thanh ré, kich thudc gon nhe nhung tinh ndng loc séng hai khong
thay ddi.

T khoa:

Séng hai bac cao, bd loc séng hai, chat lugng dién ndng, ton that dién nang.

1. INTRODUCTION

At present, harmonics filtering in
electrical systems is one of the most
important issues to improve power
quality, to increase efficiency and lifespan
of electrical appliances, to reduce power
losses in electrical systems. In fact, high-
power nonlinear devices are being used

extensively in power grid such as: single
phase or three-phase rectifiers and
inverters, SVC,... In many countries, the
percentage of nonlinear loads can be as
high as 80-90% [2].

These nonlinear devices often cause
harmonic spectrum which varies both in
amplitude and in frequency [1], [2].
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Therefore, in order to put harmonics
within the limits [3] we need to use
harmonic filters. If using classical
harmonic filters (single frequency filters),
it will need to use a lot of filters to reduce
the impact of different harmonic
frequencies. This leads to an increase of
the equipment cost. Therefore, a variable
frequency harmonic filter can reduce the
cost of production and improve the
efficiency of harmonic filter.

In this article, the simulation results of the
passive harmonic filter with variable
frequencies will be present. It is used for a
harmonics reduction system depending on
working characteristics of a compensating
device using smooth - adjust thyristor
system - by MATLAB - Simulink
program. The simulation results introduce
the harmonic filtering efficiency of this
device which is more effective than the
common passive harmonic filters.

2. CIRCUIT DIAGRAM USING
HARMONIC FILTER WITH VARIABLE
FREQUENCIES

2.1. Circuit principle

A schematic diagram of a harmonic filter
with variable frequencies is used to filter
harmonics for a single-phase turbo
scroller (TCR) as shown in Fig.1. The
inductor X0 has a capacity of 100 kVAr,
thyristor TO pairs anti-parallels.

The working principle of this device can
be described as follows: By determining
and changing the firing angle a, from 90°
to 180° it is possible to smoothly adjust

the reactive power of the inductor XO
from 100 kVAr to 0 kVAr.

The change in the reactive power of the
inductor X0 is determined by the formula

[4]:
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QL is the rated power of the inductor; a is
the firing angle of the thyristor (in
radians).
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Fig.1. The principle of the proposed harmonic
filter with variable frequencies
However, during the control process, the
harmonics generated is very large and the
amplitude of the harmonics is highly
dependent on the firing angle o of the

thyristor (see Table 1).

From Table 1, in the TCR device,
harmonics focus mainly on order 3, 5, 7
and 9. The values of these harmonics
depend on the angle a. If using classical
passive filter, 04 sets should be used.
However, in this case, we will consider to
install two harmonic filters, one with
fixed frequency for filtering 3 harmonic
order. The other has 3 filter frequencies,
including orders 5, 7, and 9. The change
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in filter frequency will be achieved by

closing or opening the capacitor system
using thyristors T1, T2 and T3.

Table 1. Harmonics amplitude depending
on firing angle a [4]

@« | 90 | 120 | 135 | 150 | 180

I5,A 0 199 | 153 | 6.6 0

Is,A 0 40 | 31 | 4.0 0

I7,A 0 14 | 22 | 14 0

l,A 0 2.0 1.0 | 0.2 0

li1,A 0 0.7 | 08 | 0.7 0

l13,A 0 04 | 05| 04 0

l15,A 0 07 | 04 | 00 0

li7,A 0 03 | 03 | 03 0

l1g,A 0 02 | 03 | 0.2 0

2.2. Calculation method for selecting the
capacity of passive harmonic filters with
variable frequencies

The filter in Fig.1 consists of three
capacitors C1, C2, C3, which have
different capacitances, each capacitor is
controlled by two parallel thyristors. The
resonance frequency of the device when
closing a capacitor as follows [5], [6]:

XCl
XLl

(2)

Vl:

When the second capacitor is connected,
the equivalent capacitance of two parallel
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capacitors as follows:

@)

V. = Xtz —
’ X1y

Similarly, when the third capacitor is
connected, the resonance frequency of the
device will be:

1
1 1 1

+ +
V. — Xcws _ Xer  Xex  Xes 4
’ X X

The value of X, X.,, X, and X,

will be selected to match the harmonic
amplitude caused by the change in load
power.

3. SIMULATION RESULTS

Simulation results were recorded with
different angles o and calculated in 2
cases, as follows:

= Case 1: Do not use filters.

= Case 2: Use a fixed frequency filter for
harmonic order 3 and a variable
frequency filter for harmonic orders 5,
7and 9.

The simulation schematic is shown in
Fig.2.
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Fig.2. Matlab - Simulink simulation schematic of a passive filter with variable frequencies

3.1. When the angle a = 127°

= Case 1: Do not use filters.

FFTwindow: 3 of 10 cycles of selected signal

I
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Fig.3. Waveform distortion and THD at a = 127°

In this case, the waveform of the current
is shown in Fig.3. The harmonics are very
high. The third - order and seventh - order
harmonics are the highest. The THD
index is 47.05% (see Fig.3).

= Case 2: Use a fixed frequency filter for
harmonic order 3 and a variable
frequency filter for harmonic order 7.

FFTwindow: 3 of 10 cycles of selected signal
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Fig.4. Waveform distortion and THD
when using third - order and seven - order
filters at a = 127°

When using filters to filter large harmonic
frequencies, the waveform is corrected
closer to the sinusoidal form (see Fig.4).
The distortion rate is very small. The total
THD level of the harmonics is 2.33%.
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3.2. The angle a = 110°
= Case 1: Do not use filters.

The total harmonic level of the harmonics
is 23.41%, where the harmonic order 3
and 5 are the largest (see Fig.5).

FFT window: 3 of 10 cycles of selected signal

PAVAV

L
0412 013 0414 01
Time (s)

\

Fundamental (50Hz) = 257.5 , THD= 23.41%
T T T

250+
200
]
H 160~

100~

, ‘ | | ‘ -
0 &0 100 160 200 260 300 350 400
Frequency (Hz)

Fig.5. Waveform distortion and THD
when not using filter at a = 110°

= Case 2: Use a fixed frequency filter for
harmonic order 3 and a variable
frequency filter for harmonic order 5.
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FFT window: 3 of 10 cycles of selected signal
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Fig.6. Waveform distortion and THD
when using filters 3 and 5 - order frequencies
ata=110°

Since the third harmonic is the largest,
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then to the fifth harmonic. Two harmonics
filters with frequency orders of 3 and 5
are used. Thus, wave distortion is much
reduced compared to the case do not use
filters and the THD index in this case
drops to 2.41% (see Fig.6).

Through the simulation results for two
firing o of the inductance, when the width
of angle changes, the amplitude of the
harmonics also changes. And the use of
passive harmonic filters with variable
frequencies will be more effective than
using single frequency filters (in case 1).

4. CONCLUSION AND DISCUSSION

The use of nonlinear loads has many
advantages compared with previous
electrical and electronic equipment.
However, beside these advantages, these
nonlinear devices generate harmonics that
reduce the power quality. This results in
increasing power losses, reducing
lifespan, especially for electronic devices.
Through this paper, the author introduced
a solution using harmonic filters with
variable frequencies.

The working principle of this device is
explained based on the analysis and
calculation of the harmonics emission of a
typical non-linear load. The efficiency of
harmonic filters with variable frequencies
is indicated clearly through simulation.
Simulation results show that, at some
time, variable frequencies harmonic filters
offer greater efficiency than conventional
single frequency harmonic filters. In
addition, this solution also reduces the
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investment cost and the device is lighter  variable nonlinear loads. And we can
than the classical filter. completely research and produce this
These harmonics filters are well suited to  device.
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