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Measurement and analysis of common and differential modes conducted emissions generated
by an AC/DC converter

Introduction. Rectifiers are the most important converters in a very wide field: the transport of electrical energy in direct current
and in the applications of direct current motors. In most electrical and electronic systems, rectifiers are non-linear loads made up of
diodes, therefore they are a source of harmonic pollution at a base frequency with a distorting line current signal that generates
electromagnetic interference. There are two disturbance modes: common mode and differential mode. These disturbances caused by
the rapid variation of current and voltage as a function of time due to the switching of active components, passive components such
as inductors, capacitors, coupling, etc. The purpose of this work is to study the conducted emissions generated by a rectifier
connected to the Line Impedance Stabilizing Network in an electric circuit. The determination of these disturbances is done for firstly
both common and differential modes at high frequency, and secondly harmonics current, line current at low frequency. The novelty
of the proposed work consists in presenting a study of disturbance generated by rectifiers using simulation and also experimental
measurements at low and high frequencies in order to compare the results. Methods. For the study of the disturbances conducted by
the diode bridge converter (rectifier), the sources of conducted electromagnetic disturbances were presented in the first time. Then,
the common and differential modes were defined. This converter was studied by LTspice Software for simulation and also
experimental measurements at low frequency for harmonics current and high frequencies for disturbances in common and
differential modes. Results. All the simulations were performed using the LTspice software and the results obtained are validated by
experimental measurements performed in the APELEC laboratory at the University of Sidi Bel-Abbes in Algeria. The obtained
results of conducted emissions at high frequency and total harmonics distortion of current at low frequency are compared between
simulation and experiment. References 22, figures 13.

Key words: electromagnetic disturbances, rectifier, line impedance stabilizing network, common mode, differential mode,
simulation, measurement.

Bcemyn. Bunpsamisaui € Haueax)CciugiuumMu nepemeopiosavamy y oydce WupoKil cgepi 3acmocysanHs: nepeoaya eneKmpoeHepeii
nocmitino2o cmpymy ma 3acmocy8anHs O06U2YHIE NOCMitiHo2o cmpymy. Y Oinbwiocmi eniekmpuunux ma eiekmpoHHUX CUCTeM
BUNPAMAAYT € HENTHIUHUMU HABAHMANCEHHAMU, WO CKAA0AIoMbCa 3 0i00i8, MOMY 60HU € OHCEPENOM 2APMOHIUHUX «3a0pYOHeHby Ha
0a308itl yacmomi 3i CHOMBOPEHHAM CUSHANLY TIHILIHO20 CIPYMY, WO 2eHEPYE eNeKMmpOMAsHIimHi 3aeadu. IcHye 0sa peswcumu 3a6a0:
3azanvHull ma ougeperyianoHull pescum. Lfi 3a6a0u UKIUKAHI WBUOKOIO 3MIHON CIPYMY | HaNpyeu 6 3anediCHOCMI 6i0 4acy yepes
nepeMuKaHHs AKMUSHUX KOMNOHEHMIB, NACUBHUX KOMNOHEHMIB, MAKUX K KOMYWKU [HOYKIMUBHOCMI, KOHOeHCamopu, mydhmu ma in.
Memoto Oanoi pobomu € GusueHHs KOHOYKMUGHUX BUNPOMIHIOBAHL, CHMBOPIOBAHUX BUNPAMIAYEM, MNI0 ‘€OHAHUM OO0 Mepedci
cmabinizamopa nogHo2o Onopy NiHii @ enekmpuuHoMy Koai. Busnavenna yux 3a6a0 nposooumucs, no-nepuie, K O 3a2a1bHO20, MAKI
0151 QUGPEPEHYIATLHO20 PeXCUMIE HA BUCOKIL Yacmoni, a no-opyee, OJisk 2APMOHIYHO20 CIMPYMY, JIHIUHO20 CIPYMY HA HU3bKIL 4acmomi.
Hoeusna 3anpononosanoi pobomu nonseac y noOawHi OOCHONCEHHS 3A8a0, CMBOPIOSAHUX GUNPAMAAUAMU, 3 GUKOPUCAHHAM
MOOenio8anHsl, a MaKodic eKCHEPUMEHMANLHUX GUMIPIOBANb HA HUZLKUX A GUCOKUX Yacmomax O NopieHAHHA pe3ynbmamis. Memoou.
s 0ocrioscenns 3a6a0, cmeoprosaHux Ol0OHUM MOCTNOBUM Nepemeoplogayem (Bunpamiadem), anepuie 6yau npeocmaesieni oxcepend
eeKMmpOMAzHImHUX 3a8a0, ujo sunuxaiome. Ilomimn O6yno eusnaueno sazanvnuti ma oughepenyianvrutl pexcumu. Lleti nepemeoprosay 6ys
suguenull npospamnum 3abesnevennam LTSpice Ons moOemosanus, a Mmakodlc eKCNepUMEHMATbHUMU BUMIDIOBAHHAMU HA HULKUX
yacmomax Onsi 2APMOHIIHO20 CIPYMY MA BUCOKUX YACMOmM 075l 34840 Y 3a2aibHOMY ma oughepenyianshomy pexcumax. Pesynemamu.
Vei moodenosanns Oyau euxonani 3 suxopucmannam npozpammozo 3abesnevenns LTspice, a ompumani pesynomamu niomeepodiceHi
EKCNEPUMEHMATbHUMU  SUMIPIOSAHHAMU, npogedeHumu 6 aabopamopii APELEC e Vuisepcumemi Cidi-benvb-Abbec 6 Anowcupi.
Ompumani pesynomamu 0Nt KOHOYKMUSHUX 30640 HA GUCOKIU 4ACMOMI Ma NOBHUX 2APMOHIYHUX CHOMEOPEHb CIMPYMY HA HU3bKIU
yacmomi NOPieHIIOMbCA CIMOCOBHO MOOENI08aHHA ma excnepumenniy. bion. 22, puc. 13.

Kniouosi cnosa: ejeKTpOMarHiTHi 3aBaau, BHIPSIMJISAY, Mepe:ka cTadili3aTopa moBHOro omopy JiHii, 3arajibHuii pesxum,
AudepeHniaIbHAN pesnM, MO II0BaHHS, BAMiDIOBaHHSI.

Introduction. With the development of electrical
energy installations, more and more static converters are
being connected to the electrical network. They inject the
electric power supplied by the generators on the network,
but unlike the classical electro-technical systems, they
also introduce harmonics LF (low frequency) and HF
(high frequency) in two different modes (common mode
and differential mode). Electromagnetic compatibility
(EMC) is one of the major constraints in the design of
power electronics structures. In the case of static
converters, the switching of semiconductors and their
interactions with environmental interference are the main
source of conducted disturbances.

Static converters are made up of electronic switches
(diode, IGBT, MOSFET) and passive components
(inductance, capacitance), and resistors allowing the
conversion and/or the regulation of a voltage (or a

current). However, electrical conversion systems are
sources of electromagnetic pollution due to the frequency
of switching of electronic devices, and the rapid variation
of voltage and current as a function of time [1-3]. So the
main sources of electromagnetic interference (EMI) in
power electronics come from switching converters
switches and produce essentially conducted and radiated
emissions [4-6]. On the basis of their modes of
propagation, disturbances can be distinguished into two
types: conducted disturbances, which propagate by
electrical conduction, and radiated disturbances, which
circulate through an electromagnetic field in the air [6, 7].

The most common conducted disturbances are
current and voltage harmonics at low frequencies and
electromagnetic disturbances either in common mode or
in differential mode at high frequencies, harmonic
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generators are non-linear loads. They don’t absorb a
sinusoidal current, although they are supplied with a
sinusoidal voltage (diode and thyristor rectifiers,
discharge lamps, etc) [8-11].

Rate of harmonic distortion at low frequencies.
The total harmonic distortion (THD) rate represents the
ratio of the effective value of the harmonics to the
effective value of the fundamental. It can be concluded
that there are no harmonics on the network if the THD is
equal to zero. It is defined as:

(M

where x, is the harmonic component of rank 7; x, is the
second harmonic.

The individual harmonic rate of the current (THD) is
defined by the ratio of the amplitude of the n™ order
harmonic component to the amplitude of the fundamental
term component

THD, = L 2)
n
where [, is the harmonic component of rank #; I is the
fundamental harmonic.

Figure 1 shows a distorted input current signal due
to the non-linear load, due to the presence of the third
order harmonic of frequency 150 Hz.

Is fundamental sinusoidal frequency (e.g 50Hz)

3rd harmonic f=3*50 =150 Hz

-t

signal observed on oscilloscope
Fig. 1. Input current distortion due to non-linear load [12]

Conducted disturbances in power electronic
devices. Various studies [12-16] on conducted
electromagnetic pollution have presented measurement
techniques in the different types of converters. In [12] the
disturbances generated by the chopper are determined in
common and differential mode with simulation and
experimental. Thus, the interference generated in an
inverter fed AC motor [13, 14], in our work we have
determined the emissions conducted at LF (odd
harmonics) and HF (common mode and differential
mode) generated by a single-phase diode bridge in the
time approach and frequency approach. The temporal
approach uses LTspice circuit simulation software and the
noise spectrum is obtained by a fast Fourier transform
(FFT) [17, 18].

The emissions conducted at HF subdivides has two
categories. The emissions in common mode are generated
by the flow of current that propagates in all conductors in
the same direction and the return is through the ground or
ground plane. This tendency is mainly due to parasitic
capacitances in the system that are sensitive to voltage
variations and products dv/d¢ on the lines, and the second
category is the differential mode. They are caused by the

flow of current that propagates in one conductor in a
direction and return in the other conductor in the opposite
direction. This current is mainly due to parasitic
inductances of the system, which are sensitive to
variations in the current di/d¢ generated on the conductors
[19-22].

Figure 2 illustrates the EMI measurement setup in a
diode bridge rectifier AC/DC converter with LF. As
shown in Fig. 2 in order to visualize the line current and
the source voltage, and to determine the odd harmonics
generated by the diode bridge rectifier.

AC/DC Brides Jinad

Load

Tline

(=]

Fig. 2. Descriptive diagram of the single-phase rectifier
experimental bench at LF

The second part of the measurement is devoted to the
HF conducted emissions, as shown in Fig. 3. The line
impedance stabilizing networks (LISN) was inserted
between the source and the rectifier. An equivalent circuit
for the LISN is shown in Fig. 2. The LISN was used to
stabilize the input line impedance and to ensure that the
measurement results are only related to the equipment
under test without influence of the line impedance [13].
The LISN is connected to a 50 Q termination or to a
spectrum analyzer with an input impedance of 50 Q. A
voltage drop across either 50 Q2 impedance constitutes the
total conducted noise voltage.

LISN
. —
‘AC‘S-u-urce ’_, T
= T

Fig. 3. Descriptive diagram of the single-phase rectifier
experimental bench at HF

Study of the disturbances of the AC/DC
converters. As long as the line current is positive, energy
is supplied by the network, which allows the capacitor to
charge. As soon as this current is cancelled, the diodes are
blocked. The load and the network are then disconnected,
which causes the capacitor to discharge into the resistor.
The study of electromagnetic disturbances in static
AC/DC converter is done in two steps: study of LF and
HF disturbances.
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Study of LF disturbances. Simulation of the single-
phase diode bridge rectifier. The single-phase rectifier
circuit simulated by LTspice Software (Fig. 4) has the
following data: Ve =25 V; Ls = 600 pH; R, =04 Q; f'=
50 Hz; Cy, =940 pF; Ry, =82 Q.

Rs Ls
) ) 0 ] -
0.4 60op D1 D2|
Vresl s T |
: Dl_1N4ﬂDILI_1N4007 . Cch ‘Rech
: T 7 82
SINE(O 20 50) D3 D4 940y
. s

.tran 40m DI_iN4007 DI_1N4007
AC Power Bridge Rectifier Load
Supply

Fig. 4.Diode bridge delivering on a load (LF model)

Experimental measurements. Figures 4, 5
represent respectively the descriptive diagram and a
photograph of the experimental bench that has been
realized representing the single-phase rectifier of type
PD2 based on the rectifier diodes 1N4007.

Ocilloscope

pacitor +charge

- ]
Fig. 5. Photo of the measurement bench of the electromagnetic
disturbances generated by a single-phase rectifier in diode
bridge

Figures 6, 7 illustrate respectively the voltage at the
bridge terminals and the line current /y;, that we obtained by

simulation and by experimental measurement.
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Fig. 6. Voltage at the terminals of the diode bridge Viigge
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Fig. 7. Line current in the single-phase rectifier /;,

From the voltage at the terminals of the bridge Virigge
represented in Fig. 6 and the current of the line Iy,
represented in Fig. 7 we notice a concordance between the
simulation and the measurements, the curves of simulation
and measurements are not purely sinusoidal. They present
deformations on the voltage at the input of the converter
and the current requested by the converter is a periodic
signal of period rigorously identical to the initial sinusoid
but of very different form because of the non-linear load.

Figure 8 shows the frequency spectrum of the line
current [, that we obtained by simulation and by
experimental measurement.
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Fig. 8. Line current spectrum:
a) simulation results; b) experimental results

From the experimental results obtained, we find that
it has a good agreement with those of the simulation. The
analysis of the results shows that the amplitudes of the
odd LF harmonics of the line current in the case of a
single-phase rectifier are larger because the rectifiers
(non-linear loads) are sources of harmonics.

Figure 9 shows the temporary variations of the
rectified voltage across the load that we obtained by
simulation and experimental measurement.

V.,V

— simulation
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S e NS0 S A= TN GO

¢, ms
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Fig. 9. Rectified voltage at the terminals of the load

=

Figure 10 shows the frequency variation of the
rectified voltage across the load that we obtained by
simulation and experimental measurement.

From Fig. 9 we notice a ripple in the rectified
voltage, this ripple shows the charge and discharge of the
capacitor. In Fig. 10, we notice the harmonics at LF
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because of the non-linear charge. Thus a resonance peak
at 10 kHz, after this resonance frequency there is a slight
disturbance.
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Fig. 10. Frequency variation of the rectified voltage across the load

Study of HF disturbances. All equipment with
switching power components produces and emits HF noise.
This noise can interfere with the reception of useful signals
and can cause system and equipment malfunctions.

In this section, we will present the two main modes
of propagation for EMI: the differential mode and the
common mode. The disturbances are measured by using
the LISN. Two quantities have all the information
concerning the diode bridge and the load: the line current
and the voltage across the bridge.

Simulation of a single-phase bridge rectifier with
LISN. We consider a single-phase rectifier with a LISN and a
resistance R for load. The circuit of Fig. 11 has the following
data: V.s=20V; f=50 Hz; Cy, = 940 uF; Ry, =82 Q.
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504 501 501 D1
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ol L
50p 50n 500
“tran 0 100mT 0300
AC Power LISN Bridge Rectifier Load
Supply

Fig. 11. Diagram of a single-phase diode rectifier
with the LISN under LTspice software

Experimental measurements. After the realization
of the single-phase diode bridge rectifier, we connected it
in series with the LISN, in order to measure the
electromagnetic disturbances, as it is presented in Fig. 3.

Study of the disturbances in differential mode.
Figure 12 illustrates the frequency variations of the
voltage across the LISN equivalent measurement resistor,
which represents the current image of the differential
mode disturbances generated by the diode bridge.
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Fig. 12. Spectrum of localized differential disturbances on LISN

From the results of Fig. 12 we note that at the
blocking of the diodes an oscillatory phenomenon of a
frequency and important amplitude appears. This
phenomenon is similar to the voltage jump at the end of
the encroachment of the bridge diodes. A similar
resonance and the same resonance frequency appear on
the spectrum of the AC voltage of the bridge.

Study of the disturbances in common mode. The
common mode disturbances were measured in order to
compare them with the simulation. In Fig. 13, the results of
the frequency variation (common mode current), obtained by
simulation and by experimental measurement, are presented.

The results of Fig. 13 present the spectrum of the
current in common mode, where we notice an oscillatory
phenomenon of a frequency and important amplitude that
appears and also a resonance.

By comparing the results of the current spectrum of
the two modes, it can be seen that the common mode
current spectrum is very high compared to the differential
mode current.

In practice, in order to minimize the effect of the
common mode current on the differential mode current,
the semiconductor radiators and the load ground plane are
isolated from the converter ground plane. In reality, the
HF behavior of the load requires a more complex analysis
of the EMI propagation paths [1].
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Fig. 13. Icp common mode current spectrum
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Conclusions.

1. Considering the importance of the determination of
the conducted disturbances generated by the static
converters AC/DC in the electric systems, it was decided
to carry out this study which is based on the use of the
simulation and also the realization of an experimental
bench to quantify this emission in the two common and
differential modes.

2. From the results obtained, it has been proved
practically that the disturbances in common mode are
very high compared to the disturbances in differential
mode, which requires the use of reduction means in order
to weaken or eliminate this type of disturbance, which
will be addressed in other future works.

3. The AC/DC converter was studied by LTspice
Software for simulation and also experimental
measurements at low and high frequencies in order to
compare the results. We notice the harmonics at low
frequency because of the non-linear charge. Thus a
resonance peak, after this resonance frequency there is a
slight disturbance.
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