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ABSTRACT Using of well-known “1 over h rule” is not sufficient
for harmonic current calculation because harmonic values are much
bigger and it is necessary to modify results. Therefore so-called
“Modified 1 over h rule” is presented. Converter properties on taken
harmonic currents are described further. Partly there are properties of
design topology and converter component parameters, which user
cannot influence. And there are properties of additional devices as
well, which are offered with converters and positively influence
(decrease) taken harmonic currents. At voltage inverters power factor
is very different from power factor (p. f.) by influence of taken current.
Harmonic current experimental results of converters with voltage
source inverter are compared at the close.

Keywords: voltage source inverters, calculation of harmonic currents

Prof. Vaclav KUS
e-mail: kus@kev.zcu.cz

Pavel DRABEK, Ph.D.
e-mail: drabek@kev.zcu.cz
Jiri FORT, Ph.D.
e-mail; fort@kev.zcu.cz
Martin PITTERMANN, Ph.D.
e-mail: pitterma@kev.zcu.cz

West Bohemia University,
Univerzitni 8, 306 14, Plzen, CZECH REPUBLIC,

PROCEEDINGS OF ELECTROTECHNICAL INSTITUTE, Issue 229, 2006



48 V. Kus, P. Drabek, J. Fort, M. Pittermann

1. INTRODUCTION

Nowadays a big attention is given to the negative effects of semiconductor
devices on the distribution network from the electromagnetic compatibility point
of view. As the power electronics devices find their wide application in power
systems, power quality is becoming a more important issue to consider.
Operation of indirect frequency converters with IGTB (see Fig. 1) brings a lot of
advantages, but is often accompanied by some unfavourable effects.

Distribution Induction
Network Frequency Converter Motor
Rectifier Voltage
Inverter

Fig. 1. Block diagram of the drive with frequency converter

The converter adversely influences power distribution network due to non-
sinusoidal taken current [1, 2, 3], fed motor by transient motor overvoltage [4]
and also converter control circuits.

The frequency converter takes away from distribution network a non-
sinusoidal current wave which contents higher frequency components. These
harmonic components are transferred to power distribution network where they
can arise a distortion of supply voltage, disturbance of connected equipment
(e.g. ripple control devices, tuned power filters, compensation units). In this
paper there are presented investigation possibilities of these harmonic currents
which are taken from power network by frequency converters with voltage
source inverter.

According to [5] the low-frequency interference is considered on a frequency
range 2.5 kHz and the frequency components can be defined as following:

Harmonic f=h™*f,where his an integer > 0

DC f=0Hz (f = h* f, where h = 0)

Interharmonic f =h * fywhere his an integer > 0
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Sub-harmonic

f>0Hzandf<f;

Where f; is the fundamental power system frequency (50 Hz).

2. SYSTEM MODELLING

In the case of frequency converter with voltage source inverter, we can divide
the circuit into inverter part and rectifier part supplying capacitor in the DC Bus.
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Fig. 2. Three-phase bridge rectifier configuration

Typical waveform of taken
phase current under ideal
operating conditions (symmetrical
power supply, indefinite short
circuit power etc.) is on the
Fig. 3. The non-sinusoidal
waveform of phase current
creates higher frequency current
components. For the harmonic
components calculation of phase
current it is necessary to
simplify the phase current wave.
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Three-phase bridge rectifier
as an input part of the static
converter (Fig. 2) is modelled
with the focus on the calculation
of all harmonic components
presented in the current taken
by rectifier from a power
distribution network. It requires
making of a mathematical
model of the AC/DC converter.
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Fig. 3. Real and simplified phase current wave

so as the area of both currents will be identical for the same parameter d (where
d is a diode conduction time). From the figure is obvious that used simplification
is rough in commensurate with value of parameter d. The error of used
simplification is bigger with decreasing of parameter d and for small value d

corresponds to reality.
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Using the well-known quotation for Fourier analysis we can calculate
coefficients a, and by. Since the current waveform from Fig. 3 is symmetrical
odd function, coefficients a, are zero and we can solve coefficients by, only:

b, =3Tif (wt)sin(hat)daot (1)
T 0

After editing we will get:
2
b, = Ay Sin(ﬁj—sin(ﬁ+hdJ -sin(h—ﬁJ @
hz 2 2 2

For symmetrical power network is valid d+k = 60° and relation (2) we can
convert to:

b, 8l 9 cos N7 in 12 3)
hz 2

Back expression of current i by Fourier progression is:

i =81, . hd . hx hr . 4)
I (o) = ™sin—.sin—.cos—.sin(hat
i (o) hZ;, ho NS 5 5 (hot)
For higher current harmonics amplitudes is valid:
. hd
1 sin > g i )
Iy = h Iy d where |, = m -sin—-cos£:2,205.l m-SIN—
sin o T 2 6 2

When we fill to the relation (4), we find out that only harmonics of definite
orders (5., 7., 11., 13. etc.) will appear at frequency spectrum (see Fig. 4).
These harmonic orders are called characteristic harmonics and their amplitudes
are solved by equation (5) so-called “Modified 1over h rule”.



Harmonic currents of frequency converters with voltage source inverters 51

100

90 .
80 4
70 .
60 .
50 .

I/1 [%)

40 g

30 g

20 I]

10 ]

0 . . . lJ [ W | AR mom
15 20 25 30 35 40 45

1 5 10 50

harmonic order

Fig. 4. Frequency spectrum of ideal current wave

There are shown typical waveforms of phase current ii on Fig. 3, for
presented type of semiconductor converter (uncontrolled diode bridge rectifier)
can occur following variations of phase currents:

a) Interrupted current
1) One oscillation — Fig. 5
2) More oscillations — Fig. 6

b) Uninterrupted current
1) One oscillation — Fig. 7
2) More oscillations — Fig. 8
3) Aperiodic waveform — Fig. 9
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Fig. 5. Interrupted current — one oscillation Fig. 6. Interrupted current — more

oscillations
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Fig. 7. Uninterrupted current — one Fig. 8. Uninterrupted current — more
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3. SIMULATION RESULTS

Analytical harmonic calculation of simplified phase currents has been made
(chapter 2), however for practical using the analytical calculation is unbearable
and in this chapter we will take attention on numerical calculations of
semiconductor converters.

It is necessary ensure the appropriate results accuracy and choose simple
model as well for simulation. Example of applicable converter model for
simulations is shown on Fig. 2. There are simulation results made by model on
Fig. 2 under following conditions:

Power on the output side of converter (load) — P = 2.2 — 220 kW
Network short-circuit power — Sx =1 - 100 MVA

Induktance in input side of converter — L, = 6.8 — 680 uH
Induktance in converter DC link — Lss = 15 - 1500 uH
Capacitance in converter DC link — Css = 0.068 — 6.8 mF
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Fig. 10. THDi at Sx=22 MVA and P = 2.2-200 kW
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Fig. 11. THDi at Css =1 mF and P = 2.2-200 kW
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Fig. 12. THDi at SK = 22 MVA, Css=1 mF and P = 2.2-200 kW
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Fig. 13. THDi at Css = 0.047-10 mF, SK = 22 MVA and P = 2.2-200 kW
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4. EXPERIMENTAL RESULTS

On the following figures (Fig. 14-17) the experimental results according
chapter 3 have been presented. All measuring have been made from IEC
standard 61000-4-7 and 61000-4-30 point of view. We used harmonic analyser
for measuring and data storage of voltage and current harmonic components.

P=2.2 kWY, Cs5=0.47mF, Sks=22 MVA
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Fig. 14. Phase current i; and phase voltage U;
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Fig. 15. Harmonics of input converter current
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Fig. 17. Phase current at arc initiation of welding unit

5. CONCLUSION

The converter adversely influences not only load (e.g. fed motor by transient
motor overvoltage) but also power distribution network due to non-sinusoidal
taken current. Examples of converter properties influence on taken harmonic
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currents have been presented. Partly there are properties of design topology
and converter component parameters which user cannot influence. There are
additional protective approaches (e.g. tuned filters, choking coils at input part of
converter etc.) as well, which are offered with converters and positively
influence (decrease) taken harmonic currents. Power factor value is monitoring
together with harmonic currents. Harmonic current experimental results of
converters with voltage source inverter are compared at the close.
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PRADY HARMONICZNE
PRZETWORNIKOW CZESTOTLIWOSCI
Z PRZEKSZTALTNIKAMI TYPU
ZRODLA NAPIECIOWEGO

V. KUS, P. DRABEK,
J. FORT, M. PITTERMANN

STRESZCZENIE Uzycie znanej reguty “1nad h” nie wy-
starcza dla obliczania pradéw harmonicznych, poniewaz wartosci
harmoniczne sg duzo wyzsze i wyniki muszg by¢ modyfikowane.
Dlatego przedstawiono regute ,Modyfikowane 1 nad h”. W artykule
opisano wfasnosci przetwornikéw dotyczgce topologii i parametrow
elementow przetwornika, na ktore uzytkownik nie ma wplywu.
Omowiono wtasnosci dodatkowych przyrzadow, ktére sg oferowane
wraz z przetwornikami i wplywajq pozytywnie obnizajqc pobierane
prady harmoniczne. W przeksztattnikach napiecia wspotczynnik mocy
rézni sie znacznie pod wptywem pobieranego pradu. Porownano eks-
perymentalne wyniki przetwornikdbw z przeksztaftnikami typu Zzrodta
napiecia.



