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E (57) Abstract: The invention concerns multistage power switching electronic device for reducing undesirable harmonics amplitudes
w={ generated in said device, in particular in the form of beats, comprising at least an input filter (1), a rheostatic braking chopper {2)
& including at least two switches (Fri, Fr2) and mutlilevel static converter (4) inclading at least four switches in series (T1, T2, T3,
o T4). The invention is characterised in that the oscillator {4) is directly attached to the chopper (2) providing a connection by their
midpoint (X = X") and it comprises a variable random frequency pulse generator controlling the switches of said chopper (2).
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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
freguency. The combination of these various frequencies is
the source of harmonics by the phenomenon of beating.

15 A beat 1s the periodic wvariation in the amplitude
of an oscillation resulting from the superposition of two
neighbouring frequencies.

Generally, it 1is sought to decouple these sub-
systems by using 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



mettant de rdduire ]es anplitudes des harnoni ques indesirabliesugdndoes dans
l edit dispositif, en particulier sous forne de battenent, conprenant au
noins on filtre d entree (1), un hacheur de freinage rheostatique (2)
conprenant au noins deux conmutateurs (Frl, Fr2) et on ondul eur

mul tini veaux (4) conprenant au noins quapre conmutateurs en serie (Tl, T2,
T3, T4), caractdrise en cc que 1' onduleur (4) est directenent accol 8 an
hacheur (2) en prevoyant une liaison par leur point mlieu (X = X ) et en
cc qu'i] cormeesaitenigdntad ewavesi apul silns de fyidauenceraliGat shdéce

vari abl e commandant | es_comut ateurs dudit hacheur &2). 17 August_ 2004 1
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the inventigpddRenRkasantsi N4 0hd el At eset iy davi 68raBdta dNocess for
reducing interfering harnonics generated in a_ power converter. State of

the art 10 Pohe?PrefEchrERPESCHeABPERIY"HoPR KRS WA ETeSURMIthsideardt o

the creati ofn of hda&MBPAEScoFiid hergore, a power system consists of
sub-systens, each working at its own frequency. The conbination of these

various frequenci esi?¥evehe Sbargénef ther rmrhsawsatirn phénddenory sien
beating. 15 & fealni sihheeReni0dhe YRkl % 's]';énf[imilgrﬁﬁy_ﬂcﬁ%d%r Onggy ahe

oscillation resulti nfq fromthe superposition o nei ghbouri n
frequenci esthyehes apT ythe tsystepught to decoupl e these sub- systens by

using filters compr shgqbndughors ) @it £aPaRH! of or(yg@ rpkhh tge case

of three-phase inverters for propul sion engines in railway” applications,

for ek@npl edocunerips nEAtA-4f OPAWH WY e PER <46 Bdv&8dor rEthoh 912 a706,
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set wave that i1s 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-systens: rheostatic btaking

25 chopper, inverter/rectifier.

Main characteristic elements of the invention

The present invention relates to a device and a

process for reducing the amplitudes o¢f 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.



2 the switching set waves and thus to significantly reduce 1fhagusidessrabl e
harnoni cs, in particular the 5th and 7th order harnonics appearing in the
engi ne currents and the 6th order harnoni cs appearing on the power supply
side and 5 on the engine torque side. However, changing the configuration
of the system is often limted by the IDsses 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 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 variable,
and in certain casee< t‘?’%ﬁdo?r?wﬁeﬁﬁgﬁ%#efo BRRMRa Fe IR e it ©6- %0t r ol

the invertalevi@sserbnglikyiwgt h ¢he ajigneafalr edéghbgipghse. d-AlyBcdisthe
i nvention The present invention is_directed towards proposing a sinple

device for i g9 ofRevidPWl | AL hBEFng2 tFReOHeR bni BFabingi r9BRET r om

the conposidh®n ahutte didf erSpl-c20 Swit&hing 4 equencies in mul tistage
power converters. The present invention is directed in particular towards

propost ng a devi ce Gawventpraspdsy t hahecathdmpermppbhedsts afsystemeast
conpri sing I ég@ of oW, Ag ti I -S : .
rheostatic ﬁ%k%ﬁék dhog%g??r%%égrréflréé§#fiqggé Néﬁﬁ C g%%%%%?ié?%c

el ement s ofsdrhiees nvesrdion bEiagpr aserhgedvenhi oparal deées wbtlh devidieodnd a -

process for reduckﬁg.the anpl i tudes of undesirable 30 harnnnics(in
mul ti st age BHAEHThg *PovErVEbifert ety THWhTFhCERETSVRTRRTREFS of 4RI east
one of the HAULISHAIRSI NG i He)1i O |£d-di JuHses of variabl e random

frequency.
10 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.
The chopper switches may be controlled by variable
15  random-frequency pulses.

In one aspect of the invention, there is provided
an electronic multistage power switching - device for
reducing the amplitudes of undesirable harmonics generated
in the said device, in particular in the form of beats,

20 comprising at least one input filter, a rheostatic braking
chopper comprising at least two switches and a multilevel
inverter comprising at least four switches in series,
characterized in that the inverter is directly attached to
the chopper by providing a connection wvia their midpoint

25 and in that 1t comprises a variable random-frequency pulse
generator controlling the switches of said chopper.

in another aspect of the invention, there is
provided a process for reducing the amplitudes of the
undesirable harmonics generated in a multistage power

30 switching device, comprisgsing at least one input filter a

rheostatic braking chopper comprising at least two switches



17 August 2004 3 The term "power converter" neans a power swrtagiust@oodevice
consi sting of several functional sub-systens conprising an input filter, a
rheostatic braking chopper and a nmultilevel inverter or rectifier. 5
Conventionally, the chopper consists of at least tw switches, preferably
of I GBT type and arranged in series, eagh being arranged in parallel wth
a diode arranged in reverse bias, the switch/reverse-bias diode assenbly
being in series with a resistor. 10 Conventionally, one armof a nultilevel

inverter, d£md exanphetefiedelihr derdeav@lr | nvaidLIsikPnshst s 1ehsat |@agt
f our smntches”¥ﬁgeferably of | GBT type, coupled in pairs. A Each switch is

in paral | elSH& eS8 1 eVt e 1HVES tET0d8e 1R EREPFELY sV EERERSFaythe the

control | ed dyoprsdd ablig dl5chandedsbhetiactilfetne! Mkl asPest afnd he
invention, there is grOV|ded, an electronic nultistage power sw tching

-devi ce forln¥ehRT ngPt kBCamiidPidds F UrRIeShPRBPE, hahwoRicEs rdeérsy dited in

the said dewige cid AAtddd af ithd hendgidp ofrdealrhr A0 LPBY I+ Michrle | east
one input filter, a rheostatic braking "chopper conprising at |east two
swi t ches arftRRAGHRITETSEIRNCY iRAeTe%r conprising at |east four switches in

series, characteriggg | nHdajed e 1 QX fs&Iné_'r;n_stégi éﬁcteh%o@tih%ﬁlﬂe%ﬁ_t Ghd he

b
chopper by providing a connection via their point 25 and in that it
conpri ses aWgitabte r d;sdonFonpegiency pidvse ggepsparsr coms¥atinag athe

swi t ches of,5ai 4, GhopREK, L@regagﬂeg, s OlntDRaLAVAN | QBnt LB &
provided a process for reducing the a Itudes of the wundesirable
har no¥l cs gemaRRREYWIteErend ti stage power 30 switching device, conprising

at |east one input ﬁféféyéﬁiy, the frequency obeys a Gaussian
distribution, the standard deviation of which is between
15% and 35% of the mean.
Advantagecusly, the mean corresponds to the fixed
15 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.

20 The multilevel inverter, is likely to be directly
attached to the chopper, i.e. the chopper will be connected

to the inverter via its midpoint.



rheostatic braking chopper conprising at |east two sw tches1iAujugesds 2004
3a and a nultilevel inverter conprising at |east four swtches, the
inverter being directly attached to the chopper via a connection
connecting the mdpoint of the inverter to the m dpoint of the chopper,
characterized in 5 that the swtches of fhe chopper are controlled by

vari able randomfrequency pul ses. Thus, the device according to an

enbodi ment of the invention, may conprise a wave generator consisting of
vari abl e random - f reguenayanyl $@sti ntended thasc Db tdiero 1@ veheppeie
switches. Preferably, the frequency obeys a Gaussian distribution, the
standard deRFIFHE of OthiTh FP AR R en N USRAHR B0 GHPAHE Mpanvoltage
Advant ageousi yiddPerdeathEafigsnonds to the fixed 15 frequency usually
used for controlling the switches under consideration. According to one
particul ar exanple, the mean control frequency of the chopper is between
600 angl 900gi¥er ok dPEp SiSNASE dtlggvagg‘;%s bet ween 150 and 250 Hz. 20
The nmultil ever_Tnverter, s {TKety tO De ectly attached to the chopper,
i.e. the chopper wifiguge cbnnepredente tthe igivartidr diagram pfdpoite- 17
August 2004.4 i [ fqd.S. t ihle VOl he presence of
a separate Sltnat%%]n%ﬁ%@%%%ﬁ%ﬁév%l%Bja;tekpeoﬁﬂv%)é eréfotranet h%é:’hopper. 5 Brief
description of the Eraawiengs Firppeesentepr edent ssittheiidi r cliigdgmhiragram of a

t wo-

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 «l, o2 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 Fril
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.



stage converter according to the state of the art. Figure 2{rapyesents the
circuit diagramof a converter using the device and the process for
reducing 10 harnonics according to the present invention. Figure 3
represents a waveformapplied to an inverter control, with three sw tching
angles al, a2 and a3. Figure 4 represents the control signal, withits 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

t wo- st age converterrraceaddditign,20tb0 dheusd atthedf vbheaget . sttefghB] St
conventional |y of several sub-assenblies: input filter 1, br akltfgg chopper
2 and i nveTARACULOTON YL IGHE® fthTiste T HHr g SWRAPRGW 7T HalR 9 lerwo
represent etcdphd ey aSEMHnEase. i Lawentdanal Iy, the input filter consists
of an 25 inductor L and one or nore capacitors C3 and C4. The brakin
chopper 2 consists Bt t @ st chedPEERE~1eV8dd FMYerifef dfaniSPEIse type
and argangesbriveserdes.ly eaghrofutbese smi tehesibeingri rRa alyslcidh a
reverse- bias diode Drl and Dr2, the switch/reverse-bias diode 30 assenbly
being i n s@iLLERRYY a°f edFETort ¥R antPRLI9hi éR PAlSWs (T} sandaffiZon B t he

energy thatai$ 7wf. cORsuaEe Byittheikoad rMiged” 1AUPLL 14004 D fd,addition,

to ensure the voltage strength, a capacitor voltage divider for the

chopper cor¥iatiffaie tWl cepaditor & CFammrides s ldaared. diorddar mdf a
thre?'leve%bﬂﬁ%gﬁfﬂg'§fr%ﬁée§§ﬂ5egapécﬁggfgnbﬁ%n%hiyaiQoFbQ%%%g%dIfn
consists of four swtches,
10 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 (IGBRT1, IGBT2), then the middle
two (IGBTZ, IGBT3) and finally the bottom two (IGBT3,
IGBT4) .

30 The approximation of a sinusoidal curve i1s thus
made by three voltage levels: HT, HT/2 and 0.

A second capacitor voltage divider is thus no

longer necessary to set the intermediate potential and thus



preferably of |1GBT type, coupled in pairs (T1 and T2, T3 andAlg)st 2004each
switch is arranged in parallel a reverse- bias diode D1 to N. A capacitor
voltage divider 3 consisting of the two capacitors Cls is also arranged in
10 parallel on the inverter 4. As will be seen in Figure 1, usually, the

m dpoints of the chopper X and X are, @ccording to the state of the art,
not connected. 15 Description of one preferred enbodi nent of the invention
According to the present invention, as represented in Figure 2, it is
proposed t ofeconndet therstcdpofuristidnimge ofhopper antkiafed hesipvertetke
respectively -(X and X arranged accordi ngly between e two capacitors.
Thi s nakes %%mig?cE)Jo%%i bbgéet,w?%fl antg%ﬁt i"&ﬂpéﬁ"&%ad%ant ggeoﬁﬁﬂ’ﬁﬁne‘?‘, PHho

| onger needdistpllovt tien ao£apiaei hDgh veblegge di vi der bridge specific to each
of the chopper 2/inverter 4 sutzs stems, The pode of functioning of the
three-1evel inverteroMRAEed grts e%/yt"&%_n]v%?ﬁjr otfay SRl nelke’ FRrgRske e to
25 disiribusestdie HIrdadeCtmadd age Poddigriaverbead L@t aghe | NRGeAVESE t WO

| GBT switches by making .themconduct in pairs, first the top two (IGBT1,

| GBT2), thetP I Hisidl &1 vd ASCEEE PERTSYIRABLPNNAT ythRe Boryemidab
(13BT3, |@BI&e. 30 The approxi mation of a sinusoidal curve is thus made
by three voltage levels: HI,  HT/2 and 0. A second capacitor voltage divider

is thus no |onger “ece¥sardl 1a9% eTURIMEL GhtRY R sk iotdntialthmdlearis 17
August 20046 E@fméhei €I T eElat upEt LONKAE Akikhe NUeld &levsi dfafedthein
connection between the mdpoints X, X allows a good
10 the Fourier series comprises only the fundamental and odd
harmonics (3rd, 5th, 7th, 9th, etc. order):
HT(t) = osin(wt+d;)+azsin(3wt+ds) +assin(Swt+ds)+. ..
in which t is the time, ® is the fundamental angular
frequency and ¢;i;-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 aj3, as, a;, ... are expressed as a function of
the switching angles o;, o, o3, ... Figure 2 shows a
20 waveform corresponding to three switching angles oy, oy, O3.

By inverting the system of equations, the switching
angles oy, o2, o3, ... can then expressed as a function of
the coefficients of the development in the Fourier series
a3z, dg, a7y,

25 It 1is 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



di stribution of the high voltage. Conpared with a two-I|evel 17 August@004t he
three-level 5 systemalready makes it possible to reduce the | evel of
har moni cs, via a better approxinmation of the sinusoidal curve. As the
vol tage supplied by the inverter to the load is symetrical relative to
the axis Oy, the developnent in 10 the Fpurier series conprises only the
fundanental and odd harnonics (3rd, 5th, 7th, 9th, etc. order): HI(t) =
alsin ((t+0l) +a3sin (36)t+03) +absin (5w+05) +.. . in whicht is the
time, 6) isside bBundendrt alsangulstted requendy aduki of ias tieephsisese
corresponding to the , 15 freclg:gn i - i =1, 2, 3, ... It may be

cy,(2i-1)co,
shown that TYSTE skl 7 10° ?%‘%/‘?1 %eug’%%fem of n linear equations with n
unknowns in which thmakbeffiti ents abudgh: abt . .to arﬂq@@(m%sas@ a1§2f6@1
function of the, switchi angl |, a2i a3, _... Figure 2 _shows
wavef or m corFREpbnf narfgg‘?hsgé%gﬁst (ﬂﬂeﬁg ahgfeE &%, Pessikier gy iR ting
the system e astisiti 0Schdhise SV €4y ARt t@Zhd@3invert&An(t hen
expressed ag, a function of the coeffjcients of the devel opment in the

Fourier serfeks &8¢ &91sa7Case, JBRRting tifis 1p694itsid & 0284l ctit &t e R%e

switching anghesssdubreg 19 8l tBinah8 Ger (Ao iRRIY S it osedpddom the
start. In other words, the astute choice of the waveformappliedto the -
i nverter su® SSRIMIRKEEIY- possible to elininate, on the engine side,

certain 30 harnoni gsyriafifl | AoPRAL Cuh@lctiiRe ifRst updesi nakkersych @y, s the
5th and 7th order harnonics. The harnonics of ard order and multi pl es of 3

are nb? an JERVFAEHT et HHPSHY o ¥ Awiranibppaitose 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, if f1 1is the harmonic frequency of
the inverter and f2 is the frequency of the chopper, two
beats are obtained, of frequency(£1+£f2)/2 and (f1-£f2)/2.

To counter this phenomenon, 1t 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 a2 standard deviation of
the order of Af = 200 Hz. Figure 3 gives an example of a

30 control signal ¢ 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.



side since it is a matter in this case of a three-phase sys¥ aogudt2004an
i nsul ated neutral. Usually, it is sought not to incorporate the capacitor
bridge 3 (Cis) and, as far as possible, to have 5 the braking chopper
directly connected to the inverter (X X ). In this case, beating is
inevitable and will be suppressed only ¢f a command is provided fromthe
chopper, as described below During normal functioning, the inverter thus
10 generates at the mdpoint X, X harnonics whose frequencies are
mul tiples of 3 of tdhe wr&idgrdd equeBeYmefrOr c€XaRRl Enverft itdhe ddrardtey
operates at, 50 Hz, the frequencies 150, 300, 450 Hz etc. are found at the
m dpoi nt. 137t AEREXAIPPE GV erPPHUF AR D, hhEDbriski Ag SampPldmsppef, 2
directly atdaohedidictieh idwer taf , i mRera eSS AlridiS e OWhd I eBe NSy
exanple 800 Hz). This frequency is |iable to conmbine with all the
har moni cs pFESetA™RLS tHEST Wi HPoMAt OVBTf sPmiRtEEHRL RéednEsSacPrshy aftchi s
beat i praportregakgby BN ewhERNTRARR | O56F teaet hediddea 2ndom
frequencies are. Specifically, if fl is the harnonic frequency of the
i nverter armPMeRy I8FFhVBguency of the chopper, two beats are obtained,
of frequency (f |+142@Ndebf1tnd2siRre T2-68UBREY, t hise PhaRQIENGY, it
suffices to envisage 25 using a randomTrequency to control the chopper.
The distrilAS%h BF the PPrequramBenents areddifplsdne Gaussi an
distribution with a I eq usyal Ki ; e fo =
800 Hz and havi ng g%tea%gg?&liggvi gt@ihgﬁﬁgkag?heggr d%&?éofﬂ%er{:&g%g @S’Fi gure
3 gi vids an howaiie ofevedl damaiandi gebtarg#gss :chopper | GBTs (I GBT Frl,
| GBT Fr2), at jgapdamd]egre T et. i I | _of e
nmodul ati on ratelrappl [ ecjé{t%flt E%x’éﬁogglé‘ft. 1W§01§09£¥8§a£gfy T8Tge? it
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..



17 August 2004 8 One preferred enbodi ment of the invention q@rsigasis20o4n
generating an input signal which is a sanpling of a sinus function over an
interval of finite time (for exanple one sanple every 10 ns over an

i nterval of one second) and 5 the frequency of which changes over tine
using a random nunber generator. Relatiye to the single frequency, the
swtching |osses in the power conponents are the sanme. The sol ution
reconmended by the invention has, 10 however, several inportant

advant ages: - reduction of beats thatcrarmgoportionately |arger the
greater the standard deviation is; - reduction of the noise of the system

- possi bl e suppression of the capacitor voltage divider 15 between the

chopper and the inverter Ele%lr@iﬁ@tm@ﬂ@ﬂs@a%%%e% sHieCh 9y Cdé%éé stage

power switching device for reducing the a t udes of undesirable
har noni cs SfYfenefadeeing th@esaﬁﬁpééﬁpgés |ﬁfpaﬂFKEm%ﬁahhﬁtth?ﬁ%ﬁﬁﬁQﬁ

beat s, 5 comyd sd gk & i@aﬁeogglanaghfsél teh, partReashatl 16 Hakidigh dyopper
conprising at |least two swtches and a nultilevel iInverter conprising at

| east four RSRtTheSoMPrigtRygesl é@@ﬁ%ﬁQﬂﬁzé@Puﬁ thatethe & mhgasratis
directly 100:?’%1&1%?%3@11% Eﬁ}e CHPPEE i D tDVtLQhQQ B CONNEAL QR Vi é?&hedr

m dpoi nt and I n nprises a variable random frequency pu
gener at or dohktiolevely @h@egﬁﬁrchggm@ﬂamnqiathdmmﬁt oupegivd&chesoriding to

daiml, cfggfgggyw %%%r%%terlzed in that the inverter is directly

10 attached to the chopper by providing a connection via their
midpoint and in that 1t comprises a variable random-
frequency pulse generator contrelling the switches of said
chopper.

2. Device accorxrding to Claim 1, characterized in

15 that the random frequency obeys a Gaussian distribution of
mean frequency equal to the frequency used for an

equivalent device at fixed freqguency.

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

20 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. bPevice according to any one of the preceding
25 claims, characterized in that the switches of the inverter
are controlled by pulses of a PWM wave corresponding to
switching angles calculated so as to reduce or eliminate
the amplitude of at least one odd harmonic of the voltage
waveform supplied by said inverter to a load.
30 6. Process for reducing the amplitudes of the
undesirable harmonics generated in a multistage power
switching device, comprising at least one input filter, a

rheostatic braking chopper comprising at least two switches



15 that the random frequency obeys a Gaussian distribution dff Augeste004
frequency equal to the frequency used for an equival ent device at fixed
frequency. 3. Device according to Claim1, characterized in that the
random f requency obeys a non-Gaussian 20 distribution. 4. Device according
to any one of the preceding clainms, chapacterized in that the standard
deviation of the distribution is between 15% and 35% of the nean
frequency. 5. Device according to any one of the preceding 25 clains,
characteri zath i nat halthie eswilt chigsreaftdhe d¢omerieing ar etconieaehl ededuyr

pul ses of a PWM wave cqrresponding to .switchin ngl es cal culated so as to
reduce or el MiHRY ttﬁlﬁ aﬁf)’l‘ﬁelrlf(?g oge&f]gl e %Fegﬁgyodﬂtﬁ%’? Ai ctof e

vol tage wemefppen suppl iedcbyinsatdohnv@diictting taad midbHintPr egessnd or
reducing the anplitudes of the undesirable harnonics generated in a

mul ti st age PHEETrESSwr? chffg HEPOEE hpriei AECRPSFeasagRE tiekgEeS it er, a
rheostmti c dHaKid1ge CHPRHe£ UPrisd NthAipd e aste tkh S 1IENE L\ & AUdiisite 2004
10 and a nultilevel inverter conprising at |east four swtches, the

i nverter beidPURTHERIYLRAY RMetFo the chopper via a connection
connecting the mdpoint of the inverter to the mdpoint of the chopper,
characterized in 5 that the switches of the chopper are controlled by

vari abl e randomfrequency pul ses.



