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In fast charging station for Battery Electric Vehicles (BEVs) the three-phase PWM (Pulse
Width Modulation) inverters generate parasitic Differential-Mode Voltages (DMV) and
Common-Mode Voltages (CMV). Parasitic voltages are a side effect of using the width
modulation to shape the phase-to-phase inverter’s voltage. In this article the authors present
a mathematical description of the differential-mode (DM) and common-mode (CM) voltages
and carry out their spectral analysis. Based on the spectral harmonics analysis, the authors
present a method for filtration of harmonics of DM and CM voltages aimed at limiting the
capacitance parasitic currents: due to DM voltage – phase-to-phase parasitic current and
CM voltage – ground parasitic currents. A resonant filter was used to eliminate harmonics
of the input rectifier of the DC/DC converter supplied from a voltage inverter. As a result
of tests, the T HDi harmonic content factor was significantly reduced and ground leakage
current was eliminated from the PE electric shock protection system.

1 Introduction
The DC/DC converter rectifiers for charging electrochemical en-
ergy stores used in charging stations of Battery Electric Vehicles
(BEV) are non-sinusoidal receivers and generate current harmonics.
When PWM inverters are the source of voltage supplying local AC
networks, it is necessary to eliminate high-frequency differential
harmonics of differential-mode DM voltage and common-mode CM
voltage, which are disturbances resulting from the use of PWM
modulation. It is also necessary to limit the harmonic content of low
rows in the phase current, as they increase losses in the network. In
the case of rectifier power supply from the transformer, the phase
and thus phase-to-phase voltages are deformed, transformer volt-
age deformations, determined by the T HDu harmonic content ratio,
must not exceed of the permissible values [1],[2].

Scientific publications present solutions using transformers to
galvanically separate the inverter, which converts the energy of the
photovoltaic source from the input rectifier of the AC/DC/DC con-
verter of the EV charger [3]. An interesting solution seems to be
the use of a three-winding Yyd transformer in the 12-pulse diode
rectifier of the AC/DC/DC charger [4]. One of the authors’ research
goals is to demonstrate the possibility of obtaining a level of har-
monic content in the inverter current of a value close to when using
a 12-pulse rectifier with a Yyd transformer.

This paper consist of theoretical part where the PWM inverter

and the 6-pulse diode rectifier are analyses. It also shows the con-
cept of powering from renewable energy sources dedicated for fast
charging stations. Next part describes the solution of limiting distur-
bances of voltage inverters in hybrid system.Thanks to use of novel
configuration of filters against voltage disturbances it is possible
to mitigate the influence of rectifier on power supply system in
charging station. The last part shows the results of simulations of
rectifier’s harmonics compensator and laboratory experiments to
determine the conditions for cooperation of PWM converter with
DC/DC converter using the CM and DM filters.

This article is an extension of the issues presented in the refer-
ence [5] and also is a continuation of the research presented there.

2 Hybrid Powering of Power Electronic
Converters of EV Charging Station

In order to assure of high power and using of ”clean” electricity, the
electric vehicles charging station should be powered from hybrid
system with an energy storage. Figure 1 shows an exemplary im-
plementation of a hybrid power supply system for electric vehicles
charging station with using the renewable energy sources.

In a hybrid power system a few energy sources is used. The
loads are supplying from local AC or DC voltage supply network.
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In the hybrid network shown in Figure 1, the local DC voltage line
is connected to renewable energy sources (RES) (e.g. wind farms
or solar power plants) and energy storages, like batteries, fuel cells
or pumped storages. The AC line is powering also DC receivers
which are DC fast charging stations for electric vehicles. Solutions
are known in which electric vehicles are connected charging station
supplies energy to the power grid, here two-way DC/DC converters
are used as chargers for electric vehicles EV. The energy of electro-
chemical batteries can also be sent to an industrial power supply
network. At the same time, a power system that is synchronized
with the local hybrid power network can complement local sources
of ”clean” energy from periods of reduced efficiency (e.g. on cloudy
days for solar sources). In periods of increased efficiency of local
renewable energy sources, excess energy can improve the efficiency
of the power system. In such systems, bidirectional energy convert-
ers must be used [5], [6].

Figure 1: Local hybrid power supply system for EV charging stations with renewable
energy sources (wind and PV)

Figure 2 shows the EV fast battery charging station, which is
powered from a two-level voltage inverter or from the power grid.
The passive parallel harmonic current filter is connected to the
AC line with increased current consumption by the diode rectifier.
This allows you to control the amount of capacitive reactive power
supplied to the AC network by this filter. The passive filter used
limits the level of harmonics in the T HDi range from 5% to 10%
[5]. Powering the EV fast charging station from the low-voltage
industrial network leads to distortion of phase and phase-to-phase
voltages in this network. Voltage distortions increase due to the
power of the battery charging station, in particular at similar capac-
ities of MV / LV transformers in the power system. Such voltage
distortions cause disturbances causing incorrect operation of other
receivers connected to the power supply network, e.g. contactors,
PLC controllers and other [7]. Limiting the current harmonic con-
tent is necessary today, because the number of diode rectifiers and
their power is constantly increasing.

For the purposes of this article, it was assumed that the MV/LV
transformer of the power system supplies, apart from the fast EV
battery charging station, also other electric receivers. In places
where travelers service on expressways and highways, where fast
EV battery charging stations are located, transformers usually
power other receivers, such as pumps, lighting, air conditioners. It

was assumed that the fast charging station does not have its own
dedicated MV/LV transformer, which is why the use of effective
limiting harmonics of phase currents is very important.

Figure 2: Block diagram of an EV battery charger with a passive harmonic current
filter to provide sinusoidal current in the local power supply network

3 Mathematical Description of a Linear
Three-Phase Inverter Model

The transformation of DC voltage into single-phase and three-phase
AC voltage, with the use of the power-electronic PWM inverter, has
side effects such as the CM voltages [8], [9]. In this chapter, the
mathematical relations describing the voltage of the common mode
disturbances were derived bases on the description of the three-
phase linear model of the PWM inverter. The three-phase two-level
voltage inverter is shown with a symmetrical load in Figure 3. It
consists of three identical branches of half-bridges in each phase
and this three-phase system is symmetrical for individual harmonics.
In modeling and analyzing the inverter, a three-phase notation is
used [10], [11].

Figure 3: Basic scheme of three-phase two-level inverter with symmetrical load

On the basis of the three-phase inverter description, a mathemat-
ical relationship is determined, which describe the CM voltage of
the inverter with the grounded negative DC voltage bus and without
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galvanic ground of the power-electronic elements (such as an indus-
trial inverters and auxiliary railway equipment inverters) [10], [12].

The output phase-to-phase voltages of the inverter are described
as follow 1:

uAB = uAG + uBG

uBC = uBG + uCG

uCA = uCG + uAG

(1)

where: uAG, uBG, uCG are instantaneous voltages, which satisfy
the condition 2:

uAB + uBC + uCA = 0 (2)

If the load neutral point N is not connected to the reference point
G on the DC voltage side (Figure 3), then the phase voltages can be
expressed as 3:

uAN = 1
3 (2uAG − uBG − uCG)

uBN = 1
3 (−uAG + 2uBG − uCG)

uCN = 1
3 (−uAG − uBG + 2uCG)

(3)

By describing the switching states of inverter S A, S B, S C with 0
and 1 (e.g. S A=1, indicates the state in which the transistor in phase
A is switched on, and S A=0, when the lower transistor in phase A is
switched off), the output phase-to-phase voltages can be presented
as follows 4:

uAB = Ud(S A − S B)
uBC = Ud(S B − S C)
uCA = Ud(S C − S A)

(4)

Similarly for a symmetrical load the phase voltages are ex-
pressed by 5:

uAN =
Ud
3 (2S A − S B − S C)

uBN =
Ud
3 (−S A + 2S B − S C)

uCN =
Ud
3 (−S A − S B + 2S C)

(5)

If the G point is grounded in the Figure 3, then the uNG voltage
is determined by CM voltage of inverter 6:

uAG = uAN + uNG

uBG = uBN + uNG

uCG = uCN + uNG

(6)

The sum of all voltages from equations 5 is 6:

uAG + uBG + uCG = uAN + uBN + uCN + 3uNG (7)

Since uAG + uBG + uCG = 0, the CM voltage uNG of inverter is
determined by 8:

uNM =
uAN + uBN + uCN

3
(8)

The relation 8 indicates that the CM voltage of inverter is equal
to the voltage with respect to another ground point, e.g. G’ (Figure
3), which is not galvanically connected to the inverter’s electrical
circuit (e.g. relative to the protective PE ground of the drive sys-
tem). However, if the ground potential point G’ is shorted with the

negative DC voltage bus, then according to the Figure 3 the voltage
uGG′ = Ud/2 and then the following applies 9 [11]:

uNG′ = uNG + uMG′ = uNG +
Ud

2
(9)

Taking into account 9 and the voltages from the equation 6, a
dependency considering the sum is obtained 10:

uNG′ =
uAN + uBN + uCN

3
+

1
2

Ud (10)

From 10 a conclusion can be drawn that the grounding of the
negative DC voltage bus of the inverter does not eliminate the in-
verter’s common-mode voltage uNG′ , but instead only increases its
level relative to the ground. The grounding of the negative DC
voltage bus of the inverter causes the ground disturbances current
caused by this voltage, directly flow into the voltage inverter. It
is a property caused a higher impedance in industrial frequency
converters, because in this type of inverter’s there is no galvanic
connection between the negative DC voltage bus and ground [11].

4 Limiting Disturbances of High-
Frequency Voltage Inverters in a Hy-
brid Grid

The DM and CM voltage of the PWM inverter are its incherent fea-
ture [12], [13]. The filtration of these undesired voltages eliminates
a number of undesirable phenomena that occur when high-frequency
capacitive leakage currents occur: phase-to-phase current from DM
voltage and ground current from CM voltage. The use of signif-
icant inductance in the DM voltage filter, which simultaneously
impedance separates the voltage inverter from the resonant cur-
rent harmonic filter, simultaneously strengthens the level of current
harmonic filtration.

The use of DM and CM voltage filtration is of fundamental
importance for limiting the spread of high-frequency disturbances
in the hybrid power network [12], [14]. High-frequency ground
leakage capacitance currents usually flow through residual current
circuit breakers without causing them to respond to an exceeded
ground fault current, resulting in a risk of electric shock [15], [16].
Non-sinoidal phase voltages, e.g. in the form of a symmetrical rect-
angular waveform, will always generate a CM rectangular voltage.
Rectangular phase voltage with phase shifts close to zero arise with
the sinusoidal PWM modulation of the inverter and the modulation
depth factor M is close to zero.

In the inverter model from 5 supplying the diode rectifier from
Figure 10, a parallel resonance filter was used to limit harmonics in
phase currents. Inductance (L3, L4, L5) of the DM voltage filter in-
creases the impedance between the inverter and the resonant current
filter, thereby increasing its efficiency [5], [13].

Suppression of the CM voltage harmonics of the PWM inverter
is possible by forcing the capacitive leakage current CM as shown in
Figure 5. When the AM1 ammeter current is zero, only the harmon-
ics of the DM voltage are suppressed and the inverter phase-to-phase
voltages are sinusoidal.
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When the i0 = AM1 current is different from zero then addition-
ally the phase voltages are also sinusoidal and the CM voltage can
be described by the formula 11:

uCM =
1
3

1
C f

∫
i0dt (11)

where: i0 = current at AM1, C f - filter phase capacitance (Figure 5:
C6, C7, C8 and if C5� C f the uCM = uC5).

Formula 11 shows that with sufficiently large phase capacities
C f of the DM voltage filter it is possible to obtain phase voltages in
the form of pure sinusoidal waveforms. The voltages obtained from
the inverter (e.g. photovoltaic) supply the premises with a three-
phase AC voltage line to which single- and three-phase receivers can
be connected. Therefore it should be free of harmonics deforming
phase voltages. In the present case, the AC line is loaded with the
diode rectifier of the EV battery charger (Figure 10). The rectifier
battery load models the load while charging the battery storage
(e.g. DC/DC loaded converter). When galvanic connection of the
inverter power outputs with the rectifier power inputs, a sufficiently
large inductance value in the current path must be ensured. In
the simulation tests, the inverter sinusoidal PWM modulation with
a carrier frequency of 6kHz is used (modulation depth factor M = 1).

Figure 4: Event graph for PWM control of a three-phase inverter for one phase

The inverter PWM control in the form of an event graph is
shown in the Figure 4. The carrier section is a symmetrical triangle
with a frequency of 6kHz. Modulating waveforms are 50 Hz sine
waves. In each phase they are phase shifted by an angle of 120◦.
For conducted tests of current harmonics produced in the rectifier
and CM and DM inverter voltages, sinusoidal PWM modulation is
used.

In the inactive phase of the inverter (i.e. when energy is not
supplied by the inverter), the energy accumulated in the current path
inductances maintains a sufficiently large rectifier supply current.
The LC inductance of the DM disturbance filter accumulates energy
(WL=0.5LI2), which supports the flow of phase currents to the recti-
fier when PWM modulation blocks the flow of currents through the
inverter IGBTs.

Figure 5: Two-level PWM inverter with DM and CM voltages filters with local AC
line to supply of diode EV charger rectifier

The model of inverter with PWM sinusoidal modulation to feed
diode rectifier in electric vehicles charging station is shown in the
Figure 5. The reference [17] proposes other system structure with
use the isolation transformer or boost converter [18] with inverter
[1]. The inverter is powered by a solar power plant using PV mod-
ules (solar energy). The inherent DM and CM voltages of the PWM
inverter are minimized with the DM filter (phase-to-phase harmon-
ics) and CM filter (phase voltage harmonics after filtering the DM
harmonics first) [6].

The PWM inverter model with DM and CM voltage filters used
in simulation tests is shown in Figure 5. It enables simulation tests
of the hybrid power system [5]. Ansys Simplorer software was used
to build the model and perform simulation tests.

The phase-to-phase waveforms of the inverter obtained in simu-
lation tests indicate that the parallel resonant harmonic filter in phase
currents strengthens the inverter’s DM voltage filtration efficiency.
Comparing the phase-to-phase voltages of the inverter shown in
Figures 6 and 7, a nearly 10% reduction in the T HDu harmonic
content factor is visible when the current harmonic filter is on.

The voltmeters VM1 and VM11 used in the voltage inverter
model from Figure 5 indicate the phase-to-phase voltages before
and after the DM voltage filter, respectively. Figure 6 shows voltages
when switched off and figure 7 when the resonant current harmonic
filter is switched on.

Occurring surges in the phase-to-phase voltage lead to numerous
undesirable phenomena, including resonance phenomena. Suppres-
sion of higher harmonics at phase-to-phase voltage is fundamental
when limiting the high frequency disturbances spread in the local
AC network. The beneficial effect of the applied harmonic phase
current filter on increasing the harmonic suppression of the DM
voltage in the phase-to-phase voltages of the inverter is shown in
Figure 7.
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Figure 6: Phase-to-phase voltage of loaded PWM inverter (VM1) before DM and
CM filters and after DM and CM filters (VM11 - T HD1u=17.55%) when resonance
harmonic filter is off

Figure 7: Phase-to-phase voltage of of loaded PWM inverter (VM1) before DM and
CM filters and after DM and CM filters (VM11 - T HD1u=7.65%) when resonance
harmonic filter is on

5 Model and Research of a Current Res-
onant Filter in a Three Phase Rectifier
System Powered by a Voltage Inverter

Fast EV charging stations can be DC or AC powered. DC supply
from renewable energy generators or electrochemical reservoirs
(e.g. lithium-ion storage) relieves the local AC network. Power
supply for the input rectifiers of EV battery chargers (DC/DC con-
verters) requires harmonic current filtering, e.g. by using 5, 7 and
11 harmonic passive parallel filters. The harmonic filter is attached
to a three-phase AC line depending on the rectifier’s current rating.
At low current diode rectifiers, the filter is disconnected from the
AC line to limit the reactive capacitive power supplied to the power
system (Figure 2).

Figure 8: Chokes at the diode rectifier inputs to limit the steepness of the capacitor
bank charging current pulses - AC chokes

Figure 9: Chokes on the DC voltage side of the diode rectifier to limit the steepness
of the current pulses of the capacitor bank charging - DC chokes

Three-phase diode rectifiers are equipped with AC chokes - Fig-
ure 8 or DC - Figure 9, or a combination thereof. These are usually
chokes that cause a phase voltage drop from 3% to 4% at nominal
current, which results in providing T HDi harmonic content ratio
below 45% [1]. AC chokes protect the AC line against switching
commutation of current in rectifying diodes, but they cause unde-
sirable reduction of the rectified voltage value. DC chokes do not
lower the straightened tension. If the source of AC voltage supply-
ing the rectifier in the hybrid power supply network is a voltage
inverter, then when determining the value of the AC or DC choke in-
ductance of the rectifier, the inductance of the inverter’s DM voltage
filter should be taken into account. Usually the AC and DC chokes
have similar inductance values, which decrease proportionally with
increasing power of the rectifiers [5]. DC reactors are placed sym-
metrically in the branches +UDC and -UDC to ensure a symmetrical
CM voltage of the rectifier relative to the ground potential, when it
is fed from a power network with a TN network system.

The values of the capacity of the batteries and chokes used in
the diode rectifiers for 50kW and 500kW EV converters are summa-
rized in Table 1. The proportional relationship between the capacity
of the EV rectifier batteries (figures 8 and 9) and its power is visible
here, and the inductance of the chokes is inversely proportional.

Table 1: Basic parameters of EV rectifiers with power 50kW and 500kW

Pr[kW] 50 500
CDC[mF] 10 100

L0(4%) = LDC[mH] = LAC[mH] 0.3 0.03

Using the L0 AC or DC chokes in the rectifier with a CDC ca-
pacitor battery EV charger with values from the table 1 reduces the
harmonic content T HDi in the phase current of the AC line to a
value of approx. 40%-45% [1]. Further reduction of the harmonic
content coefficient, to the level of nearly 12% (Figure 12), was ob-
tained by using a three-branch passive resonance filter (for 5th, 7th,
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and 11th harmonic). Obtaining phase sinusoidal currents increases
the efficiency of the EV charger rectifier supply system [6]. The
AC and DC inductance of the chokes presented in table 1 take into
account the inverter DM voltage filter phase inductance connected
in series or the transformer inductance when the EV charger is
powering from the power grid.

6 Model and Simulation Tests of The Rec-
tifier’s Harmonic Current Passive Filter

Figure 10: Model of 6-diode rectifier with parallel resonant filters for 5th, 7th and
11th harmonics

Diode rectifiers are commonly used to convert AC voltage to DC.
In the DC/DC converter, the voltage is processed in such a way as
to maintain a constant allowable current for charging the EV battery
(Figure 1). In the rectifier model shown in Figure 10, the individual
components mean: bank of capacitors (C9, C10), rectifier resistance
load (R1 + R2), harmonic resonant filters for 5th, 7th and 11th
harmonics.

Fast Fourier transform was used to set the coefficient of the
T HDi phase harmonics. The results of simulation tests are shown
in Figures 11 and 12.

Figure 11: Phase voltage and currents waveforms on AC local network with the
PWM inverter and diode rectifie: VM3 – phase voltage before rectifier, AM2
(T HDi=45,4%) current before the harmonic filter, AM3 - current after the harmonic
filter when filter is off (Figure 10)

The phase current harmonics in Figures 11 and 12 are effectively

filtered by means of a passive resonant filter. The high efficiency
of the resonant filter is obtained by using the inductance of the
inverter’s DM voltage filter (Figure 5). In simulation studies, effec-
tive harmonic filtration has been demonstrated in the power supply
system of a voltage inverter - diode rectifier, without the use of a
separating transformer between these converters.

Figures 11 and 12 also show the VM3 phase voltage of PWM
inverter loaded with active power of 50kW. The sinusoidal shape of
the VM3 phase voltage indicates the effective operation of the CM
voltage filter on PWM inverter outputs (Figure 5).

Figure 12: Phase voltage and currents waveforms on AC local network with the
PWM inverter and diode rectifier: VM3 – phase voltage before rectifier, AM2 - cur-
rent before the harmonic filter, AM3 (T HDi=12.21%) - current after the harmonic
filter when filter is on (Figure 10)

7 Laboratory Experiments Results
Laboratory stand to testing cooperation of PWM volatge inverter
(1) with rectifier (7) of drive inverter loaded with motor (11) is
presented on the Figure 13.

The stand was built to examine the cooperation between a volt-
age inverter (for example, as a voltage source of a photovoltaic
power plant) and a diode rectifier loaded with capacitive battery
(for example, as an input stage of the DC/DC converter of an elec-
trochemical energy storage charger). This solution does not use
a separating transformer between the inverter and the rectifier, be-
cause it is an expensive solution, with large dimensions and weight.
The authors are looking for an alternative (low cost) solution without
using transformer separation between the inverter and the rectifier.

The main purpose of the research is to determine the conditions
for cooperation of a PWM voltage converter generating three-phase
alternating voltage with a DC/DC converter for charging EV batter-
ies as shown in the Figure 1.

The laboratory stand, depicted on the Figure 13, for AC nominal
line currents 3x10A/50Hz and phase-phase voltages 3x400V/50Hz
contains:

• LC filter (3xL=4mH, 3xC=3µF) at the inverter output
(differential-mode voltage filter) (4), which limits high fre-
quency disturbances in phase-phase voltages of inverter (1),

• radio frequency interferences filter RFI (2) of the inverter (1),

• branch of CM voltage filter: 2xC=2x15µF, L=1mH (5),(6),
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• diode rectifer of the voltage inverter (7),

• excess energy dissipation resistor (8),

• load system (11),(12) of the voltage inverter (7).

Figure 13: Block diagram of the laboratory stand for testing the cooperation of
the renewable energy voltage inverter with the diode rectifier of the vehicle battery
charging system

Figure 14 shows the measured line current and phase voltage
on the power supply of the loaded diode rectifier of AC/DC/AC
converter with 10A current. A significant deformation of the line
current in the measured phase is visible as a result of charging the
rectifer’s (AC/DC converter) capacitor banks (T HDi approx. 45%).

Figure 14: Phase voltage and phase current after the LC filter (4) at the test stand
shown in the Figure 13 with the passive harmonic filter AHF [order: 5, 7, 11]
switched off (9)

The phase voltage has a limited harmonic content of high orders,
which confirms the correct operation of the CM filter (Figure 13).
Previous simulation tests of the model of the local power supply
system for vehicle battery charging stations are consistent with
the experimental results (Figure 11) The capacitive reactive power
consumption is not significant here,which results from a negligible
phase shift of the first harmonic of the current and phase voltage.

The increased consumption of capacitive reactive power is ob-
served after connecting the AHF passive harmonic filter (orders: 5,
7, 11), also under nominal load conditions, as shown in the oscillo-
gram from the Figure 15 and the values are cosφ1=0.89, φ1=27◦.

The oscillogram from the Figure 15 confirms the effective filtra-
tion of low order harmonics through the attached parallel resonant
hamonic filter. The high efficiency of the LC passive filter was
obtained by using nearly 3% current path inductance (i.e. 3% phase
voltage drop on the inductance at nominal current), such as rectifier
DC inductance (Figure 9) and DM disturbance filter inductance
(Figure 5). Oscillogram from the Figure 15 also shows that the use

of a resonant parallel harmonic filter has enabled the reduction of
phase current harmonics to T HDi = 12.2% from above 45%. The
experimental result confirmed the previously obtained simulation
test result of the model shown in the Figure 12.

Figure 15: Phase voltage and phase current after the LC filter (4) at the test stand
shown in the Figure 13 with the AHF passive harmonic filter [order: 5, 7, 11]
switched on (9)

8 Conclusions

The presented system from transformerless supply of a 6-diode
rectifier from a two-level PWM inverter is a low cost alternative to
supplying the rectifier using a transformer. The tested power supply
system can be used in fast EV charging stations. The system enables
building a scalable EV charging station composed of modules, e.g.
50kW each.

In the tested system, the current efficiency of the inverter is
comparable to the load power of the rectifier.

The applied CM and DM voltage filtering of the inverter made
it possible to obtain practically sinusoidal phase and phase-to-phase
voltages in the local three-phase AC network.

By using a passive resonant current harmonic filter, practically
sinusoidal phase currents in the AC network were obtained at high
loads of the diode rectifier, which increases the efficiency of the
tested power supply system.

The applied DM differential voltage filters and CM common
voltage provide a sinusoidal shape of phase and phase-to-phase
voltage in the three-phase local AC network. The inductance of the
3xL DM filter also allows the accumulation of energy necessary to
maintain the rectifier current continuity. In the inactive phase of the
inverter (operation with passive control vectors: 000 or 111), the
energy accumulated in the DM filter inductances is transferred to
the rectifier.

To obtain sinusoidal phase and phase-to-phase voltages in the
local hybrid three-phase voltage network, it is necessary to use DM
and CM voltage filters of the inverter. The inductance of the DM
voltage filter enhances the efficiency of the resonant harmonic filter
of phase currents. If the CM filter is using, an additional energy
storage to limit the voltage rise above the permissible value in the
inverter’s DC circuit is need to consider. In case the PWM voltage
inverters feed the rectifier circuits, it is necessary to use passive or
active harmonic filter. The use of a passive harmonic current filter
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between the inverter and the rectifier has made it possible to reduce
the T HDi of phase currents to a level similar to that of 12-pulse
rectifiers with a transformer.

Simulation and experimental tests performed of the hybrid net-
work model using the PWM inverter, filters and the rectifier showed
the possibility of obtaining three-phase voltage source of PWM
inverters with limited harmonic content.
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