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DEVICE AND PROCESS FOR REDUCING HARMONICS IN POWER
CONVERTERS

Subject of the invention

5 The present invention relates to a device and a
process for reducing interfering harmonics generated in a

power converter.

State of the art

10 Power electronics generally work by switches, which
leads to the creation of harmonics. Furthermore, a power
system consists of sub-systems, each working at its own
frequency. The combination of these various frequencies is
the source of harmonics by the phenomenon of beating.

15 A beat is the periodic variation in the amplitude
of an oscillation resulting from the superposition of two
neighbouring frequencies.

Generally, it 1is sought to decouple these sub-
systems by wusing filters comprising inductors (L) and

20 capacitors (C).

In the case of three-phase inverters for propulsion
engines in railway applications, for example, a treatment
of PWM waves by set wave correction in a discriminator has
moreover been proposed (publication WO 96/33548). This

25 process makes it possible to eliminate the dead times in
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»significantly reduce the undesirable harnonics, in particular the 5th and
7th order harnonics appearing in the engine currents and the 6th order

har moni cs apreai/eemeson the power supply side and 5 on the ®RAGRRE1HET4GUE
si de. However, changing the configuration of the system is often limted

by the | osses of sem conductors or by the physics of the system A |arge
nunber of docunents, and anong themthe 10 docunents US-A-4 638 417,

DE- A- 196 51tR81,sw-chihPlRe OGaveeB-shnd 28%|s8?a5> aﬂﬂg#ﬁffeén@ﬁ? @%&uﬂé}?ve
roposed to pl set wave that is variable, and in certain cases o
Pangom freaggnaéd% TR SV TP R BRded 1t POt Fota% hEhenadh epnd  7th

essenti al | yowiieh themdinhgf 4 g NS &:hel SeAbihe Ofcdh@ ddw et or hEhe
present invention is directed towards proposing a sinple device for
reduci ng, oPtBverRAEFi REFACFHES ARPeaEMtMtstiR | BPWeY | AYPPivneFide and

conmposkt i onoff thBeedyfher eBquéOssukt ching frequencies in nultistage power
converters. The present invention is directed in particular towards
proposi ng a devi ce BAUCHCHr 06ESS ARGt e Benfagprpbdono of siykeesystem

conprising ag beash twhiekd B o g fé@?#érﬁf@&ﬁ@k@ﬁéﬁ§t8mbx the
rheostatic braking 25 chopper, inverter/rectifier. in characteristic
el enents of PhK@ifAveht FBA FHEtpmesent invention relates to a device and a

process for reducing tlréqrg%”phhrtnﬂg§s & Hgggl%jaﬁ@gl,eand among them the
10 documents US-A-4 638 417, DE-A-196 51 281, DE-A-3 912 706,
GB-A-2 232 835 and US-A-4 339 697, have proposed to apply a
set wave that is wvariable, and in certain cases of random
frequency, to PWM waves intended to control the inverter,
essentially with the aim of reducing noise.
15

Aims of the invention

The present invention is directed towards proposing
a simple device for reducing, or even eliminating, the
harmonics originating from the composition of the different

20 switching frequencies in multistage power converters.

The present invention is directed in particular
towards proposing a device and a process that can be
applied to a system comprising at least two of the
following functional sub-systems: rheostatic braking

25 chopper, inverter/rectifier.

Main characteristic elements of the invention

The present invention relates to a device and a

process for reducing the amplitudes of undesirable

30 harmonics in multistage switching power converters, in
which the switch(es) of at least one of the said stages is

(are) controlled by pulses of variable random frequency.
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10 assembly being in series with a resistor.

Conventionally, one arm of a multilevel inverter,
for example of a three-level inverter, consists of at least
four switches, preferably of IGBT type, coupled in pairs.
Each switch is in parallel with a reverse-bias diode.

15 According to the invention, it is the chopper
switches that will be <controlled by variable random-
frequency pulses.

Thus, the device according to the present invention
comprises a wave generator consisting of variable random-

20 frequency pulses intended to control the chopper switches.

Preferably, the frequency obeys a Gaussian
distribution, the standard deviation of which is between
15% and 35% of the mean.

Advantageously, the mean corresponds to the fixed

25 frequency usually used for controlling the switches under
consideration.

According to one particular example, the mean
control frequency of the chopper is between 600 and 900 Hz
and the standard deviation is between 150 and 250 Hz.

30 According to one important characteristic of the
present invention, the multilevel inverter is directly
attached to the chopper, i.e. the chopper will be connected

to the inverter via its midpoint.
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charact eri stwo 00f6o¥dése present invention, the nultilevel i nversso1ioboss
directly attached to the chopper, i.e. the chopper will be connected to
the inverter via its mdpoint. WO 01/69765 PCT/BEO1/ 00044 4 This neans
that it is thus possible to avoid the presence of a separate internedi ate
capacitor voltage dhiisdenedroy thetcHhappes . thuBripefsdeseripdi ancafi tie

drawi ngs Figure 1 represents the circuit diagramof a two-, stage converter
accor di ng t & e at é&zf % hESRAE2 S g&rn&ef"%‘a&eentcsaptar‘r‘eltrﬂrr cHIL TR I:yr am

of a converdieridés Tt hhedeHoppeand the process for reducing 10 harnonics
according to the present invention. Figure 3 represents a waveform applied
to an inverter control, with three switching angles ul, u2 and a3. Figure

4 represent Brilkd QB tSIcINdE tHed lraldngk® Set wave signal, applied to

t he rheostaftTc Dbraki ng choppe the invention. Description of

the state of the ar FiBuger & 1rerpresris sthet wirsudge diorarean erf aecdvding

20 to the statecof,the art: Jd.Gonsists copventionald y,of . several

sub-assenbliesgﬁlﬂaﬂ ilter 1, brszng cﬁbpper % an§ inverter 4. Only one

armof a three-leveFibnvert & mapresents the circuit diagram of a
converter using the device and the process for reducing

10 harmonics according to the present invention.

Figure 3 represents a waveform applied to an
inverter control, with three switching angles «ol, «2 and
a3.

Figure 4 represents the control signal, with its

15 set wave signal, applied to the rheostatic braking chopper

according to the invention.

Description of the state of the art

Figure 1 represents a two-stage converter according
20 to the state of the art. It consists conventionally of
several sub-assemblies: input filter 1, braking chopper 2
and inverter 4. Only one arm of a three-level inverter has
been represented in the present case.
Conventionally, the input filter consists of an
25 inductor L and one or more capacitors C3 and C4.

The braking chopper 2 consists of two switches PFril
and Fr2, preferably of IGBT type and arranged in series,
each of these switches being in parallel with a reverse-
bias diode Drl and Dr2, the switch/reverse-bias diode

30 assembly being in series with a resistor R1 and R2 which
allows dissipation of the energy that is not consumed by

the load M1.
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. consists of an 25 inductor L and one or nore capacitors C3 and C4. The
braking chopper 2 consists of two switches Frl and Fr2, preferably of |GBT
type and ar Me0Qed97d5 series, each of these swi tches bei ng perTmirodlobsds W t h
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assenbly being in series with a resistor RL and R2 which all ows

di ssipation of the energy that is not consuned by the |oad ML. WD 01/ 69765
PCT /BEO1/00044 5 [In aalddilii:n‘mn tmcenmmm&etmltaQEt?Qéengﬁhen@th a -
capaci tor vol tage d|V|d for t.he cho onsi st of two ca actors
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| GBT type, coupled |n pairs ggl and T2, T3 and T4). On each swtch is
arranged in paralle PRg 1&Ver Pi BETAFOUEVEL tITISELSY cApaciarsiesfittae
divides 3 eonsestibaadflyt hgh tmogeapagit ans (dnanek £2.FS ralso Afalged 10
in parallel on the inverter 4. As will be seen in Fi gure 1, usually, the
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According to the present i nvention, as represented in Figufe 2,
proposed t oPédfineftoffe Mldpdint Diof Phe CaprRSHFOT aﬁ@lcﬁaetehe dweletrer 3

r ﬁlsge% ) \égl ¥ohXi8Rdn¥ b Rk’ 209ed 360940l Refyveen jthe o a%azpa%fdetaors-
10 in parallel on the inverter 4.
As will be seen in Figure 1, usually, the midpoints
of the chopper X' and X are, according to the state of the

art, not connected.

15 Description of one preferred embodiment of the invention

According to the present invention, as represented
in Figure 2, it is proposed to connect the midpoints of the
chopper and of the inverter, respectively (X and X'),
arranged accordingly between the two capacitors. This makes

20 it possible, in a particularly advantageous manner, to no
longer need to provide a capacitor voltage divider bridge
specific to each of the chopper 2/inverter 4 sub-systems.

The mode of functioning of the three-level inverter
4 1is entirely conventional and makes it possible to

25 distribute the HT direct voltage of the overhead contact
line over two IGBT switches by making them conduct in
pairs, first the top two (IGBT1l, IGBT2), then the middle
two (IGBT2, IGBT3) and finally the bottom two (IGBT3,
IGBT4) .

30 The approximation of a sinusoidal curve is thus
made by three voltage levels: HT, HT/2 and 0.

A second capacitor wvoltage divider is thus no

longer necessary to set the intermediate potential and thus
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01/69765 PCHiBER1bL000#4 06 ther hilk® ¢enkeek.functioning of the inverter,
since the connectign between the mdpoints X X allows a good
di stribution of theCRPERTEEI Wa§E. ecChipatedehi LRAVETERS-| &le thrpertlavel he

three- kevel syBrewStermaldpeagduxankes i bopessibl & d orLaduce dihe tavel ofs
harnonics, via a better dpproximation of the sinusoidal curve. As the
vol t age suppREBENBESt hevidveér t et Eort MEdwsael matsi sy nabt rilel sievsdidalt o
the axis Oyoutlyg devel opnment in 10 the Fourier series conprises only the
fundanental and odd harnonics (3rd, 5th, 7th, 9th, etc. order): HI(t) =
alsin (wt+o0l) + a33pnthswebBpgeabubnl{ibdt bySrhe. inveriterwhiochhte ileache

time, co iSiEh%y%HQQQQ%%Ha&é¥E¥MVg to the axis Oy, the development in
10 the Fourier series comprises only the fundamental and odd
harmonics (3rd, 5th, 7th, 9th, etc. order):
HT(t) = owsin(wt+d;) +assin(3wt+es) +assin(Swt+ds) +. ..
in which t is the time, w is the fundamental angular
frequency and ¢2;.1 is the phase corresponding to the
15 frequency (2i-1)w, i =1, 2, 3,
It may be shown that it is possible to obtain a

system of n linear equations with n unknowns in which the

coefficients a3, as, a;, ... are expressed as a function of
the switching angles @i, o2, o3, ... Figure 2 shows a
20 waveform corresponding to three switching angles oy, o, os.

By inverting the system of equations, the switching
angles oy, @, o3, ... can then expressed as a function of
the coefficients of the development in the Fourier series
di, as, ag,

25 It is thus possible to calculate the switching
angles required to eliminate certain harmonics, chosen from
the start. In other words, the astute choice of the
waveform applied to the inverter sub-system makes it
possible to eliminate, on the engine side, certain

30 harmonics, and in particular the most undesirable such as
the 5th and 7th order harmonics. The harmonics of 3rd order

and multiples of 3 are not an inconvenience on the engine
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normal functioning, thée rnverter thus
10 generates at the midpoint X, X' harmonics whose frequencies
are multiples of 3 of the working frequency. For example,
if the inverter operates at 50 Hz, the frequencies 150,
300, 450 Hz etc. are found at the midpoint.
In the example given in Figure 2, the braking
15 chopper, directly attached to the inverter, operates at its
own frequency (for example 800 Hz). This frequency is
liable to combine with all the harmonics present at the
midpoint to form a beat. Needless to say, this beat is
proportionately more intense the closer together the
20 frequencies are.

Specifically, 1if f1 is the harmonic frequency of
the inverter and £f2 is the frequency of the chopper, two
beats are obtained, of frequency(f1+£2)/2 and (f1-f2)/2.

To counter this phenomenon, it suffices to envisage

25 using a random frequency to control the chopper. The
distribution of this frequency is, for example, a Gaussian
distribution with a mean value equal to the usual working
frequency fo = 800 Hz and having a standard deviation of
the order of Af = 200 Hz. Figure 3 gives an example of a

30 control signal 6 for chopper IGBTs (IGBT Frl, IGBT Fr2), at
random frequency. The set wave 5 gives the level of the

modulation rate applied to the chopper.
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- reduction of beats that is proportionately larger the
greater the standard deviation is;
- reduction of the noise of the system;
- possible suppression of the capacitor voltage divider

15 between the chopper and the inverter.
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U538 SR ER sl kbl en, o) s ieguency eyl £ (e
ewiCktahesl, (her acterkzeddrnd a multilevel inverter  (4)
comprising at least four switches in series (T1, T2, T3,
T4), characterized in that the inverter (4) is directly
attached to the chopper (2) by providing a connection via
their midpoint (X = X') and in that it comprises a variable
random-frequency pulse generator controlling the switches
of said chopper (2).

2. Device according to Claim 1, characterized in
that the random frequency obeys a Gaussian distribution of
mean frequency equal to the frequency used for an

equivalent device at fixed frequency.

3. Device according to Claim 1, characterized in
that the random frequency obeys a non-Gaussian
distribution.

4. Device according to any one of the preceding

claims, characterized in that the standard deviation of the
distribution is between 15% and 35% of the mean frequency.

5. Device according to any one of the preceding
claims, characterized in that the switches of the inverter
(4) are controlled by pulses of a PWM wave corresponding to
switching angles (al, @2, a3, ...) calculated so as to
reduce or eliminate the amplitude of at least one odd
harmonic of the voltage waveform supplied by said inverter
(4) to a load (M1).

6. Process for reducing the amplitudes of the

undesirable harmonics generated in a multistage power
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controlled by variable random-frequency pulses.
10



