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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
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A large number of documents, and 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 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.
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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
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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.



foll ow ng functional sub-systens: rheostatic braking 25 choppegust2004
inverter/rectifier. Main characteristic elenents of the invention The
present invention relates to a device and a process for reducing the
anplitudes of undesirable 30 harnonics in nultistage sw tching power
converters, in which the swtch(es) of aj |east one of the said stages is
(are) controlled by pul ses of variable random frequency. 17 August 2004 3
The term "power converter” means a power switching device consisting of
several functional s SHeERET the@NPid Si g tasl Hudsfdild eto aviheostmd i c
br aki ng choEE)]ger and a_nultilevel inverter or rectifier. 5 Conventionally,
the chopperPeoifRicts of # |ITRRITTS%0 SWsERALath ef@RAFVED 1BItagHe and
arranged i ndi$eddeSfoLaAhe haidgpar ranged in parallel with a diode arranged
in reverse bias, the switch/reverse-bias diode assenbly being in series
with a resistor. 10 Conventionally, one armof a nultilevel inverter, for
exanpl & of Peidl¥ efsdSVEleidlY s S¥he mﬁ{ﬁ of at least four swtches,
preferably ©Of TGBT type, coupted rm parrs. Each switch is in parallel with
a reverse-bi as di oddlgWitfe thoppeesswischids iy du tcohtaotsrdoly avarvabl e
L5 random fLeauency, AL SEs. o 48, 16, ASRECGI, Of 115 IQWENd Al there 1
provided an efectronic nmultistage power switching -device for reducing
the anplitudes of UNidnsia alll e teprmerdndss gerier ataid-cuirt t bismiain devfi ceg i n
particul ar j r b , .canpr si at_|east. o input filter, a
rheostatic %%‘%%épc%g%gr e%%esrrpgf%gﬁ% a{ﬂ$eg§ tpmji{nocgevﬁ c%gg alﬁe wnd
mul til@vel hammeries aomprdisiqgattiegstedeantr iswdmthiem.d n seri es,
characterized in that e ipverter is . directly attached to . the chopper by
provi di ng a connec{?i&&% a i]heglerplrrﬁscfﬁloﬁsnt %5 %’H’cﬁtoﬁr‘{ haaipgﬁtlec mprd se¥ a
vari abl e randoemrtdr equeheylpuldieh gemesat ewicohtingl lanyd dsheasni behemdf
sai d choppeog3 I n anot her aspect of the invention, there is provided a
process for“Teduci ng the anplitudes of the

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.



undesirabl e harnonics generated in a multistage power 30 switahhingd20dexi ce,
conprising at |least one input filter a rheostatic braking chopper
conprising at |east two switches 17 August 2004 3a and a multil evel
inverter conprising at |east four swtches, the inverter being directly
attached to the chopper via a connection connecting the m dpoint of the
inverter to the m dpoint of the chopper, characterized in 5 that the

swi tches of the chopper are controlled by variable randomfrequency
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Figure 1 represents the circuit diagramof a two- stage converter according
to thkd st atraFl ke qr ttheriigurerten epresents the circuit diagramof a
converter using thedeyige and dhe i aegias-d of, reducing & harimni s
according to the present 1nvention.

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



Figure 3 represents a waveformapplied to an inverter contnplauguéttaooghr ee
swtching angles al, a2 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 accordigg 20 to the state of the art. It
consi sts conventionally of several sub-assenblies: input filter 1, braking
chopper 2 and inverter 4. Only one armof a three-level inverter has been
represent edfon tthe presesttcadenctCoswing i ofal tye tiherdayust, fshhee comsi sts
of an 25 inductor.L and .one or re capacitors C3 and C4, The brakin
chopper 2 CONSTRTE P} - "HNet cHtgge FAAPOIRES FX2. fr ef 8LABFS of | type
and arrangedistrSentbsny ofagche aiighesselsagd ches being in parallel with a
reverse- bias diode,Drl an Dr%i the sw tc%]r_everse- bi as di ode 30 assenbly
being in series wi tHPPHET St R G KV Svhi TRV e B $onst it sEh R THRVRE the
ener gy5t hatsystéot ateasdyedndlyes t he IakiMie 140 AuQURTice2008e 5 1L caddit i ON,
to ensure the volfage strength, a capacitor voltage divider for the
chopper conSTEIPHNEY 6 Lapsdtedr sePBIaRIMREIPR floviBEd. SiHEseFdabf a
three-levelcufwerter is represented 5 conventionally in Figure 1. It
consists of four switches, preferably of |1GBT type, coupled in pairs (T1 -

and T2, T3 and T4)2S Gheath tade cHERL RS Higdd s niperiteIta thaekead bias

di ode D1 toidN symbf@pactiDr r¥0ht 298 dbVider a3isCoRSI SHNHAfe Tdud WO in
capacjtors Cls Is also arranged in 10 parallel on the inverter 4. As w |
be sekh in BQuFeuiiefsqsries (BRHIGSE MBLY ofhehéurAspgatakX amdd oddr e,

accordi ng tigs iiieh Sit @304, then, artn, Nty CAUNECtSdie,1F. Description of one
preferred enbodi nent of the invention According to the present invention,

as represented 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, ds, 4az,

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



in Figure 2, it is proposed to connect the m dpoints of the17abgmpeooand of
the inverter, respectively -(X and X' ), arranged accordingly between the
two capacitors. This nakes 20 it possible, in a particularly advantageous
manner, to no |onger need to provide a capacitor voltage divider bridge
specific to each of the chopper 2/inverter 4 sub-systens. The node of
functioning of the three-level inverter 4 is entirely conventional and
makes it possible to 25 distribute the HT direct voltage of the overhead
contact |ineidwesihwe [iEBTiswat alescdyy pmkithd st hemseconduat thredadlisse first
the top two_(1GBT1,.1GBT2), then the m ddl two (1GBT2, IGBT3) and finally
t he bo?ton1?§ﬁF?T(¥ﬁ%ﬁ a?(iﬁ§ﬁf%t%é;ﬁ?HF roxi mati on of a sinusoidal curve
is thus nade by tlrsaeaMoftage: | eMel ssoddht HHcx angh 0. i o Ses®nck £ apged t or
vol tage divider js thus,no Lon if nece sa&g o0 set the Lngernediﬁge
potential afPIRusd 7PRugESt Zd% S8 1519 cbPFeBf POSEEPIFI nd DA ¥R
invertgr, stievtdieingoriesiéOndDeINEEN ddrenddERoitd Sthe Mvatdoms:a -good
di stributiaon of the high voltage. COWFared_mﬁth a two-1level inverter, the

three- 1 evel®' 5 sydt efl a3 eS85SnakRe 10 Posist blidevd tekdSceabfle VebEI RS

har noni cs,  #iyspPe HEId €6n BPPL OXh MabinRAnaf ifsh%rﬁv'lldﬁe‘@i $om GHe chdispd e
vol tage supplied by the inverter to the |oa is symetrical relative to
the axi s OFStFRSHVRESIRM¥in 10 the Fourier series conprises only the

fundament al and odchyfiHONLEEmE BT d.Fidldbi offithg, 9t heh&t CinQkdel): HREtd =
al sin é(t+Cﬂ) +a3dsin (36)t+03) +absin (Swt+05) +.. . in whicht is the
tinme,18) i IMItATARRE BHRAET Fr SHudENArE2iWhoses FrRIpHRes

correspondi e t @uibep1dS BEe@UQﬂ§Ytﬁgiwb}EQngifie%ue%cy3’For éﬁaﬂﬁ@éfﬁ
shown that it is possible to obtain a systemof n linéar equations with n

unknowns i nhitbe tHwexdcst f PepEAtesazt a0 &z, .the afscanpneised Hxda
function of300, 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.



the switching angles al, a2i a3, ... Figure 2 shows a 20 waveRagmt 2004
corresponding to three switching angles al, a2r a3. By inverting the

system of equations, the switching angles al, a2, a3, ... can then
expressed as a function of the coefficients of the devel opnent in the
Fourier series a3, as, a7, ... 25 1t isgthus possible to calculate the

swtching angles required to elimnate certain harnonics, chosen from the
start. In other words, the astute choice of the waveformapplied to the
inverter sub-systemmakeseidrrgdssmbbeinene! b Rake,imrRAtherengine side,
certain 30 harnonics, ,and in particul ar the mpst undesirable such as the
5th and 7t h'br SEPRAEABAI & %HBuFarsrﬁﬂﬂabls BRLSRd 16t dBr SR IRY t PHl & of 3
are not an di0oNVEMENGEh ydihere e dal AUSI 12004 ihhesi G Sidiandle i S a
matter in this case of a three-phase systemw th_an insulated neutral.
Usual Iy, ito1%s SUWME 76%7Y ol P nBdr BYRAL 80t ARBLegdpAcPfor sy isfFers)( @ and,
as farsas passi bkequbfchavr wnibe RIAKHAG chopper idier acddg cannegifd to
the inverter (X X). In this case, beating is inevitable and will be
suppr essed BHRAY fISNIGHRINd i s provided fromthe chopper, as described
bel ow. During nor mide 1fa4iGid ORLNGrhé N&iMET t eh-chllUscyl10 gRDerQlfSfing he
m dpoi nt X, X' harnoni cs whose frequencies are nmultiples of 3 of the
wor ki ng f r e RRSRS  1IFdrheaiie, congorant s mas tére gi@deat es at 50 Hz, the
frequencies 150, 300, 429 /2 &l CreBbRmEAHRE byt Nendl dpaidie s 4 t
exanpl e given in Figure 2, the braking 15 chopper, directly attached to
the iert drowesirdratsayesall tisoarirprfty egl@ndagesor exanpl e 800 Hz). This
frequency is IJ tQ C { i 1. th i S t
m dpoint to forfr‘raleaﬁgJ cg:elacﬁl. %25?%2?‘ ttrgl agcayl,étﬁfélg%gg?blﬁétg%fog%hg?%né{h ely
nmor e intense thEadteserthogdtanglanthalev2@ tficequerici es are. Specifically, if
fl 1s the har m%@o‘hécﬂieo%“eor}fcﬁh%f notiré% io@/etrl,;teersyasnc%nf_z is the frequency of
t he chopper, two !

- possible suppression of the capacitor voltage divider

15 between the chopper and the inverter..



beats are obtained, of frequency (f [+f2) /2 and (fl--f2) /37.Aufostczmaat er
thi s phenonenon, it suffices to envisage 25 using a random frequency to
control the chopper. The distribution of this frequency is, for exanple,
Gaussian distribution with a nean 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 exanple of a 30 control signal 6 for chopper
| GBTs (I GBT Frl, IGBT Fr2), at random frequency. The set wave 5 gives the

| evel of the

nodul ati on rate appliedctartge chopper. 17 August 2004 8 One

preferred enbodi nent of the invention consists in generating an input
signal which is a sanpling of a sinus function over an interval of finite
time (for exanple ne saRlA ALY A& DBsO¥GE BBwk Pt &FMalchgongePrREON)
and 5 the frequency of which changes over tine using a random™ number
gener at or . FRF at T¥@UEH Y hetBPngPBPLEEYdERCY Oft henGRAFANE W8 iae t he
power £onponaid Satdf {her88NBaidhges0LHE! i 9R LaceavRAded by the ddenid on
has, 10 however, several inportant advantages: - reduction of beats that
i s proportiRfRit®l ycrmpgEPingeatgrleassr Qe stanbafdlievi ati omdastatic
reduction of:4)he, NOSEBE L NEoRYSI 8- AOSTLALE SUPPT &38R LHE 4
capaci tor voltage divider 15 between the chopper and the inverter.. 17
August 2004n0ltOlgwWE 1inFRsterodiapmiling age pensit stweehsngtabesceln f or

reduci ng the Al | ufles ool cundes rapl e har M s o geRetal ed iqy e spi d

device, in particular in the

ormo eats, conprising at east one 1 nput

filtek) a raeosthad o brlekichpriwmpder wonprdisiqig atorresstl amor iswitttehies and

a multile
characterize

stad rIrpgE e ey i
e et he oy SPE% e GPPERERYET0 Y (e " o per

by provi di nfrecwomeatibse vganehator controlling 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

30

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.

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

a



mdpoint and in that it conprises a variable random frequengyugusism0o4
generator controlling the swtches of said chopper. 2. Device according to
Claim 1, characterized in 15 that the random frequency obeys a Gaussi an
distribution of nean frequency equal to the frequency used for an

equi val ent device at fixed frequency. 3j1¢0Device according to Caiml,
characterized in that the random frequency obeys a non-Gaussian 20
distribution. 4. Device according to any one of the preceding clains,
characteri zatd i nat hatu1the estandantredendat | @dmefidheg dast rilkuatsiton fsur

bet ween 15% and .35% of_.t he .nean frequency. 5. Device according to any one
of the precBHirgeDs Ah§ mé VT Lt BFLPEd aﬁrFHE#ythﬁtgﬁF?ﬁﬂest%f %

inverter afiomsuit r oibech byopuksesonl corfddians eper esR@WiMg b8 the
swi tching angl es cal cul atfed so as to reduce or elimnate the anplijtude of
at | east odﬁ%ﬁﬁf%&rﬁ%n? Soft IR W tAUget NG FBPBPRT s uSHIATEE e 1ggidy 1n
invert®r torad oah S0tchd¥ aSEShd WndsheiNg tha ol iddidss wiridisle
undesi rabl e harnonjcs generated in a multistage power swi tching device,
conpri si ng TN TFHELIGHRUFS9%er, a rheostatic braking chopper
conprising at |east two switches 17 August 2004 10 and a nmultil evel
inverter conprising at |least four switches, the inverter being directly
attached to the chopper via a connection connecting the m dpoint of the
inverter to the mdpoint of the chopper, characterized in 5 that the

swi tches of the chopper are controlled by variable randomfrequency

pul ses.





